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AUTS,  MAirorACimES,  AND  MINES. 


SMXsarTK  or  VAoma.  A  gem  of  a  deep  reddish-yeUdv,  approaoUiig  that 
of  dark  amter.    See  Htacintk. 

VAOX,  called  %]MOJacllt  in  a  box,  and  htmd-jaeJt,  is  a  portable,  mechanical  ingtrn- 
ment,  comiiiring  of  a  rack  and  pinion,  or  a  pair  of  daws  and  ratchet  bar,  moved  by  a 
'wineh  handle,  for  raising  heavy  ireigfats  a  htUe  -way  off  the  groond. 

7AOX  and  fACM-tUUMMMB  are  parts  of  a  stocking-frame.  A  term  applied 
to  vibrating  levers  in  varions  kinds  of  madiinery,  as  veil  as  the  8toc]dng-£rame.    See 

BOSIKBT. 

VAOX-SAOJL'is  the  largest  jack  or  vat  of  the  brewer. 

7AOK,  BUkOC  The  miners'  name  for  the  snlphide  (snlphniet)  of  xinc^  or 
blende.    See  Zao. 

9AtnL-9M,VXTm  The  large  fruit  of  the  Artoearptu  inttgr^folia,  L.,  one  of  the 
Biead-frnit  order.  This  is  the  Indian  jaca,  a  native  c^  Southern  Asia.  Its  fibres  are 
employed  tot  many  purposes  by  the  natives,  and  the  wood  is  used  for  fnmitnre.  A 
yellow  ^e,  derived  from  the  inner  bark  is  employed  in  India  for  dyeing  the  robes  of 
the  Buddhist  priests. 

VAOKSOVXra.  A  name  applied  by  Whitney  to  a  mineral  from  Keweenaw 
Pmnt,  I«ke  Si^erior.    It  appears  to  be  nothing  more  than  ae&aaxy  prehnite.    See 

PlUUUIlTil. 

yjMSQir  ASIKXiOOK.  A  peculiar  and  moat  ingenions  mechanism,  invented  by  M. 
Jacqaart  of  Lyons,  to  be  adapted  to  a  silk  and  mnslin  loom  for  snperseding  the  employ- 
ment of  draw-boys,  in  weaving  figored  goods.  Independently  of  the  ordinary  play  of 
the  warp  threads  for  the  formation  of  the  ground  of  snoh  a  web,  all  those  threads  which 
should  rise  simnltaneonsly  to  prodnce  the  Ague,  have  their  approbate  healds,  which 
a  child  formerly  raised  by  means  of  cords,  that  grouped  them  together  into  a  system, 
in  the  order,  and  at  the  time  desired  by  the  weaver.  This  plan  evidently  occasioned 
no  little  eranplieation  in  the  machine,  when  the  design  was  richly  figured ;  but  the 
apparatus  of  Jacquatt,  which  subjects  this  mancenvre  to  a  regular  mechanical  operati<», 
and  dearives  its  motion  from  a  simple  pedal  put  in  motion  by  the  weaveifs  feet,  was 
generally  adopted  soon  after  its  invention  in  1 800.  Every  common  loom  is  susceptible 
of  zecBiving  this  beautifiil  appendage.  It  costs  in  £Vanoe  200  fisncs  oi  91.  sterling, 
aad  a  little  more  in  this  country. 

Fig.  1287  is  a  front  elevation  of  this  mechanism,  supposed  to  be  let  down.   Fig.  1288 
is  a  cross  section,  shown  in  its  highest  position.    Fig.  1289,  the  same  section  as  the 
pceoedii^,  but  seen  in  its  lower  position. 
A  ia  the  flzed  part  of  the  fr«me,  supposed  to  form  a  part  of  the  ordinary  loom ; 

Q2     there  an  two  nights  of  wood,  with  two  cross-bars  uniting  them  at  their  upper  ends, 
aad  leading  as  intejyal  s  y  between  them,  to  place  and  work  the  moveable  frame  s 
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yibnting  round  two  flxad  points  a  a,  placed  laterally  opposite  each  other,  in  the  middle 
of  the  ipaoe  xy.fig,  1287. 
c  is  a  piece  of  iron  with  a  peculiar  currature,  seen  in  front,  ^.  1287,  and  in  profile, 


1287 


J^>.  1288  and  1389.  It  is  fixed  on  one  side  upon  the  upper  croas-bar  of  the  &ame  b, 
and  on  the  other,  to  the  intermediate  cross-bar  b  of  the  same  frame,  where  it  shows  an 
inclined  CHrrilinear  space  e,  terminated  below  by  a  semiciiclek 
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B  is  a  squaro  'woodsn  ana,  moveable  upon  itself  round  Uro  iron  piroU,  fixed  into  its 
tvo  ends ;  -which  axis  ooenpies  the  bottom  of  the  moveable  £nme  &  The  fonr  face*  of 
this  iqaaTe  axis  aie  pierced  irith  three  round,  equal,  tmlv-borad  holes .  ananged  in 
a  qmnconx.  Th»  teeth  a,  fig.  12B1,  are  stock  into  each  face,  and  ooEreipond  to 
holes  a,  fig.  1294,  made  in  the  cards  which  constitute  the  endless  chain  for  the  healds; 
K>  that  in  the  successive  application  of  the  cards  to  each  face  of  the  sqfiare  axis,  the 
holes  pierced  in  one  card  may  alvrays  &U  opposite  to  those  pieTced.in  the  other. 

The  right-hand  end  of  the  square  axis,  ii  which  a  section  is  shown  in  double  si^, 
fg.  1290,  carries  two  square  plates  of  sheet  iron  d,  kept  parallel  to  each  other  and 
a  little  apart,  by  four  spindles  s,  passed  oppomte  to  the  corners.  This  is  a  kind  of 
lantom,  in  whose  spindles  the  hooks  of  the  lever /y,  turning  round  fixed  points^  ^ 
beyond  the  right-hand  upright  a,  catch  hold,  either  above  or  below  at  the  pleasure  of 
the  weaver,  according  as  he  merely  pulls  or  lets  go  the  ooid  «,  during  the  vibmtoiy 
movement  of  the  frame  B. 

■  is  a  piece  t£  wood  shaped  like  a  T,  the  item  of  which,  prolonged  upwards,  passes 
freely  through  the  sroes-bar  6,  and  through  the  upper  cross-bar  of  the  frame  B,  which 
serve  as  guides  to  it  The  head  of  the  T-pieoe  being  applied  soocessiyely  against 
the  two  spindles  e,  placed  above  in  horisontal  position,  first  by  its  weight,  and  then 
by  the  spiral  spring  A,  acting  from  above  downwards,  keeps  the  square  axis  in' its 
position,  while  it  permits  it  to  turn  upon  itself  in  the  two  directions.  The  name  •pnn 
IS  pven  to  the  assemblage  of  all  the  pieces  which  compose  the  moveable  frame  b  b. 
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r  is  a  ctoss-bar  made  to  move  in  a  Tertical  dinction  by  means  of  the  lever  o,  in  the 
notches  or  grooves  >,  formed  within  the  fixed  uprights  a. 

H  is  a  piece  of  bent  iron,  fixed  by  one  of  its  ends  with  a  nut  and  screw,  upon  the 
eross-baz  r,  out  of  the  vertical  piano  of  the  piece  c.  Its  other  end  carries  a  friction 
roller  t,  which,  working  in  the  curvilinear  space  o  of  the  piece  c,  farces  this,  and 
eooseqnenUy  the  frame  b,  to  recede  from  the  perpendicular,  or  to  return  to  it  ac- 
oording  as  tne  cross-bar  f  is  in  the  top  or  bottom  oi  its  course,  as  shown  in  figi.  1288 
and  1289. 

I,  cheeks  of  sheet  iron  attached  on  either  side  to  the  cross-bar  F,  which  serve  as  a 
safe  to  a  kind  of  claw  K,  composed  here  of  eight  small  metallic  bars,  seen  in  section, 
fig*,  1288  and  1289,  and  on  a  greater  scale  in  /^.  1291. 

I,  upright  skewers  of  iron  wire,  whose  tops  bent  down  hookwise  naturally  place 
tbamselvss  over  the  little  bars  k.  The  bottom  of  these  spindles  likewise  hooked  in 
the  same  direction  as  the  upper  ones,  embraces  small  wooden  bars  I,  whose  oflSce  is 
to  keep  them  in  their  respective  places,  and  to  prevent  them  from  twirling  round, 
to  that  the  uppermost  hooks  may  be  always  directed  towards  the  sm^  metulic  bars 
upon  which  uiey  impend.  To  these  hooks  from  below  aro  attached  strings,  which 
after  having  crossed  a  fixed  board  m  n,  pierced  with  corresponding  holes  for  this  purpose, 
proceed  next  to  be  attached  to  the  threads  of  the  loops  destined  to  lift  the  warp  threads. 
K  K,  horizontal  spindles  or  needles,  arranged  here  in  eight  several  rows,  so  that  each 
spindle  corresponds  both  horizontally  and  vertically  to  each  of  the  h(Je8  pierced  in  the 
four  faces  of  the  square  aris  D.  There  aro,  therefore,  as  many  of  these  spindles  as  there 
are  holes  in  one  of  the  faces  of  the  square. 

F^.  1292  represents  one  of  these  horizontal  spindles,  n  is  an  eyelet  thioagh  which 
the  corresponding  vertical  skewer  passes,  o,  another  elongated  eyelet,  through  which 
a  small  fixed  spmdle  passes  to  serve  as  a  guide,  but  which  does  not  hinder  it  from 
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avmiic;  lengthwise,  -within  the  limits  of  the  length  of  tile  eydet.  p,  small  s^ial 
^tings  placed  in  ea«h  hole  of  the  case  ;  ;,  fig,  1291.  They  serve  the  purpose  of 
bringiiig  bsck  to  its  primitive  position  every  corresponding  needle  as  tfoaa  as  it  ceases 
te  j/um  upon  ic, 
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Fig.  1293  MprManta  the  pl«i  of  the  nvger  low  of  hori«mt«l  needles.  Fig.  1M4  is 
a  frSment  of  the  endlem  chain,  fanned  with  parforated  caida,  irhich  axe  made  to 
eircnlate  or  travel  by  the  rotation  of  the  shaft  d.  In  this  movement,  each  of  the 
perforated  cards,  whose  position,  form,  and  nnmber  are  determined  by  the  operation 
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of  tying-np  of  the  warp,  comes  to  be  applied  in  sncoeesion  against  the  fonr  faoes  of  the 
square  axis  or  drum,  leaving  open  the  corresponding  holes,  and  covering  those  upon 
the  &ce  of  the  axis  which  luve  no  corresponmng  holes  upon  the  card. 

Now  let  us  suppose  that  the  prea  n  is  let  down  into  the  vertical  position  shown  in 
y^.  1289 ;  then  the  card  applied  against  the  left  face  of  the  axis,  leaves  at  rest  or 
untouched  the  whole  of  the  horizontal  spindles  (skewers),  whose  ends  correspond  to 
these  holes,  but  pushes  back  those  which  are  opposite  to  the  unpieiced  part  of  the 
card ;  thereby  the  corresponding  upright  skewers,  8,  5,  6,  and  8,  for  example,  pushed 
out  of  the  perpendicular,  unhook  themselves  from  above  the  bars  of  the  daw,  and 
remain  in  their  place,  when  this  claw  comes  to  be  raised  1^  means  of  the  lever  a ;  and 
the  skewers  1,  2,  4,  and  7,  which  have  remained  hooked  on,  are  raised  along  with  the 
warp  threads  attached  to  them.  Then  by  the  passage  across  of  a  shot  of  the  colour, 
as  well  as  a  shot  of  the  common  weft,  and  a  stroke  of  the  lay  after  shedding  the  warp 
and  lowering  the  press  b,  an  element  or  point  in  the  pattern  is  completed. 

The  following  card,  brought  round  by  a  quarter  revolution  of  the  axis,  finds  all  the 
needles  in  their  first  position,  and  as  it  is  necessarily  perforated  diflbrently  from  the 
preceding  card,  it  will  lift  another  series  of  warp  thraads ;  and  thas  in  succession  for 
aU  the  other  cards,  wUch  compose  a  complete  system  of  a  figured  pattern. 

This  machine,  complicated  in  appearance,  and  which  requires  some  pains  to  be  nn- 
derstood,  acts  however  in  a  very  simple  manner.  Its  whole  play  is  dependent  upon  die 
movement  of  the  lever  o,  which  the  weaver  himself  causes  to  rise  and  £eJ1,  by  means 
of  a  peculiar  pedal ;  so  that  without  the  aid  of  any  person,  after  the  piece  is  properly 
read  in  and  mount^  he  can  execute  the  most  complex  patterns  as  easily  as  he  could 
weave  plain  goods ;  only  attending  to  the  order  of  his  weft  yams,  when  these  happen 
to  be  of  dif&rent  colours. 

If  some  warp  yams  should  happen  to  break  without  the  weaver  observing  them,  or 
should  he  mistake  his  coloured  shuttle  yams,  which  would  so  far  disfigure  the  pattern, 
he  must  undo  his  work.  For  this  purpose,  he  makes  use  of  the  lower  hooked  lever/', 
whose  purpose  is  to  make  the  chain  of  the  card  go  backwards,  while  working  the  loom 
as  usual,  withdrawing  at  each  stroke  the  shot  both  of  the  ground  and  of  Uie  figure. 
The  weaver  is  the  more  subject  to  make  mistakes,  as  the  figured  side  of  the  web  is 
downwards,  and  it  is  only  with  the  aid  of  a  bit  of  looking-glass  that  he  takes  a  peep  of 
his  work  finm  time  to  time.  The  upper  surface  exhibits  merely  loose  threads  in  dif- 
ferent points,  according  as  the  pattern  requires  them  to  lie  upon  the  one  side  or  the 
other. 

Thus  it  must  be  evident,  that  such  a  nnmber  of  pasteboards  are  to  be  provided  and 
mounted  as  equal  the  number  of  throws  of  the  shuUle  between  the  beginning  and  end 
of  any  figure  or  design  which  is  to  be  woven ;  the  piercing  of  each  pasteb^zd  indi- 
viduuly  will  depend  upon  the  arrangement  of  the  lifting  rods,  and  their  connection 
with  the  warp,  which  is  according  to  the  design  and  option  of  the  workman ;  great 
care  must  be  taken  that  the  holes  come  exactly  opposite  to  the  ends  of  the  needles ; 
for  this  purpose  two  large  holes  are  made  at  the  ends  of  the  pasteboards,  which  fall 
upon  conical  points,  by  which  means  they  are  made  to  register  correctly. 

It  will  be  hence  seen,  that,  according  to  the  length  of  the  figure,  so  must  be  the 
number  of  pasteboards,  which  may  be  readily  displaced  so  as  to  remonnt  and  produce 
the  figure  in  a  few  minutes,  or  remove  it,  or  replace  it,  or  preserve  the  figure  for  Aitore 
use.  31ie  machine,  of  course,  will  be  nnderstood  to  consist  of  many  sets  of  the  lifting 
rods  and  needles,  shown  in  the  diagram,  as  will  be  perceived  by  observing  the  dispo- 
sition of  the  holes  in  the  pasteboard ;  those  holes,  in  order  that  they  may  be  accn- 
rately  distributed,  are  to  be  pierced  hiaa  a  gauge,  so  that  not  the  slightest  variation 
aball  takeplacs. 
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To  faim  these  eaid-alips,  an  ingenitnu  sppaiatas  is  employed,  by  which  the  proper 
iteel  pouches  leqrured  far  tha  pierdng  of  mm  distiiict  csM  are  pUieed  in  their  zelatiTe 
otnanoDs  pidparatory  to  the  operation  of  pierdng,  and  also  hf  its  means  a  card  may 
be  ponched  inth  any  mmber  of  holes  at  one  operation.  This  disposition  of  the  punches 
is  efleeted  by  means  of  rods  connected  to  cords  disposed  in  a  frame,  in  the  nature  of 
a&lse  simple,  on  -which  the  pattern  of  the  work  to  M  performed  is  first  read  in. 

These  improred  pierced  csfds,  slips,  or  pasteboards,  apply  to  a  wearing  spparatusi 
which  is  so  arranged  that  a  figure  to  be  wioi«ht  canbe  extended  to  any  distance  along 
the  loom,  and  by  that  means  the  loom  is  ren^red  capable  of  producing  broad-figured 
wmks ;  having  the  long  lever  o  }daced  in  such  a  situation  that  it  affords  power  to  the 
foot  of  the  weaver,  and  by  this  means  enables  him  to  draw  the  heaviest  morintues 
and  figured  works,  without  the  assistance  of  a  draw-boy. 

^e  maehineiy  for  arranging  the  punches  consists  of  a  frame  with  four  npright 
standards  and  croaa-pieces,  which  contains  a  series  of  endless  cords  passing  under  a 
wooden  roller  at  bottom,  and  over  pulleys  at  the  tm).  These  pulleys  are  mounted  on 
axles  in  two  fiames,  placed  obliquelv  over  the  top  of  the  standard  fnme,  which  pulley- 
frames  constitute  the  table  commonly  used  by  weavers. 

.  In  Older  better  to  explain  these  endless  coeds,  fig.  129S  represents  a  single  endless 
ooid,  1  I,  irfiich  is  here  shown  in  operation,  and  part  of  another  endless  cord,  2  2, 
shown  stationary.  There  must  be  as  many  endless  cords  in  Uiis  frame  as  needles  in 
the  weaving-loom,  a  is  the  wooden  cylinder,  revolving  upon  its  axis  at  the  lower  part 
of  the  standards ;  b  b,  the  two  pulleys  of  the  pnlley-firamea  above,  over  which  the 
individual  endless  cord  passes;  e  is  a  small  transverse  ring.  To  each  of  these  rings  a 
wei^  is  suspended  by  a  single  thread,  for  the 
purpose  of  giving  tension  to  the  endless  coid.  d  is 
a  board  resembling  a  common  comber-bar,  idiich 
is  supported  by  the  cross-bars  of  the  standard 
ftsBM,  and  is  pierced  with  holes,  in  situation  and 
number  eorrespimding  with  the  perpendicular 
threads  that  pass  through  them;  which  board 
keeps  the  threMs  distinct  bom  each  other. 

At  e,  the  endless  cord  passes  through  the  eyes 
ef  wires  resembling  needles,  which  are  contained 
in  a  woodsD  box  placed  in  front  of  the  machine, 
and  shown  in  this  figure  in  section  only.  These 
wires  are  called  tlie  ftmek^frcjeeton;  they  are 
guided  and  supported  by  horisontal  rods  and 
vertical  pins,  the  latter  of  which  pass  through 
loops  formed  at  the  hinder  part  of  the  respective 
wires.  At/ are  two  horizontal  rods  extending  the 
whole  widdi  of  the  machine,  for  the  punnee  of 
producing  the  cross  in  the  coids ;  ^  is  a  thiu:  br^ss 
plate,  extending  along  in  front  of  the  machine,  ^d 
lying  close  to  the  box  wiiich  holds  the  pio^i- 
vrojtetort ;  this  plate  g,  shown  also  in  section, 
IS  called  the  pimM-ioMir;  it  contains  the  same 
mimbar  of  apertures  as  there  sre  pmich-prqectprs, 
and  diqnsea  so  as  to  correspond  with  each  other. 
In  each  of  these  apertures,  there  is  a  punch  for  the 
purpose  of  pieieiog  the  cards,  slips,  or  pastebovds 
with  holes ;  A  is  a  thick  steel  plate  of  the  eame  size  as  g,  and  shown  liiewise  in  section, 
eonesponding  also  in  its  number  of  apertures,  and  their  disposition,  with  the  punch- 
prmeetors  md  the  punch-holder.    TIiis  date  i,  is  called  the  punch-nceiver. 

The  object  of  this  machine  is  to  trantfer  such  of  the  punches  as  may  be  required  for 
piercing  any  individual  card  from  the  punch-holder,  g,  into  the  punch-receiver,  k ;  when 
they  will  be  properly  situated,  and  rMdy  for  piercing  the  individual  card  or  slip  with 
such  holes  as  have  been  read  in  upon  the  machine,  and  are  required  for  permitting  the 
waip  threads  to  be  withdrawn  in  the  loom,  when  this  card  is  brought  against  the  ends 
of  toe  needles.  TheproeessoftHtnsferring  the  patterns  to  the  pnnehee  will  be  elTected 
in  the  following  manner : — 

The  pattern  is  to  be  read  in,  according  to  the  ordinary  mode,  as  in  a  folse  simple, 
upon  the  endless  cords  below  the  rods  /,  and  passed  under  the  revolving  wooden 
cylinder  a,  to  a  sufficient  height  for  a  person  in  frtmt  of  the  naehine  to  reach  convc 
oiently.  Ha  there  takes  the  upper  tiireads  of  the  pattern,  called  the  btard,  and  draws 
(hem  forward  so  as  to  introduce  a  stick  behind  the  cards  thus  advanced,  as  ^hown  by 
dgia,  fogr  the  purpose  of  keeping  them  separatefrom  the  cords  which  are  not  intended,  to- 
IwopcRtsdvprni.    All  the  poMh-^^eetors  which ai«  connected  with  the  oordsibnw^t 
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foarward  will  be  thtu  mada  to  ^ass  tluough  the  conespondiog  ap«itun«  ot  tlie  ponch- 
holder  o,  and  hj  this  meami  will  project  the  punches  out  of  these  ogextvaeK,  into  cot- 
Mtponoung  apertures  of  the  imsch-ieoeirerX  The  punches  will  now  be  properly 
amnged  for  piercing  the  required  holes  on  a  card  or  8lip>  which  is  to  be  effectol  in 
the  following  manner : — 

KemoTe  ue  punch-reoeiven  fixan  the  front  of  the  machine ;  and  having  placed  one 
of  the  slips  of  card  or  pasteboard  between  the  two  folding  plates  of  metal,  completely 
pierced  with  holes  eonesponding  to  the  needles  of  the  loom,  lay  the  punch-receiver 
upon  those  perforated  plates ;  to  which  it  must  be  made  to  fit  by  mortises  and  blocks, 
the  cutting  parts  of  the  punches  being  downwards.  Upon  the  back  of  the  punch- 
receiver  is  uien  to  be  placed  a  plate  or  block,  studded  with  perpendicular  pins,  corre- 
sponding to  the  above  described  holes,  intp  which  the  pins  will  fall.  The  plates  and 
the  blous  thus  laid  together,  are  to  be  placed  under  a  press,  by  which  means  the  pins 
of  the  blodu  will  be  made  to  pass  through  the  apertures  of  the  punch-receiver;  and 
wherever  the  punch  has  been  deposited  in  the  receiver  by  die  above  process,  tlie  said 
punches  will  be  forced  through  the  slip  of  pasteboard,  and  pierced  with  such  holes  as 
are  required  for  producing  the  figured  desifpi  in  the  loom. 

Each  card  being  thus  {Herced,  the  punch-receiver  is  returned  to  its  place  in  front  of 
the  machine,  and  all  the  punches  for^  back  again  into  the  apertures  of  the  punch- 
holder  as  at  first.  The  next  sort  of  cords  is  now  drawn  forward  by  the  next  beard, 
as  above  described,  which  sends  out  the  puneh-proftetort  as  before,  and  disposes  the 
punches  in  the  punch-receiver,  ready  for  the  operation  of  piercing  the  next  card.  The 
process  being  thus  repeated,  the  whole  pattern  is  by  a  number  of  oparationB,  transferred 
to  the  pnnehes,  and  afterwards  to  the  cards  or  slips,  as  above  desoribed. 

JAOTHTX.    See  Jacimth — Htaoixth. 

7ASa.  Under  the  common  name  of  Jade  two  or  three  distinct  minerals,  re- 
sembling one  another  in  many  of  their  physical  characters,  but  differing  in  chemical 
composition,  are  popularly  confounded,  ^e  true  jade^  or  niphritt,  is  an  anhydrous 
silicate  of  lime  and  magnesia,  related  to  the  non-alnminoos  vaiietiea  of  hornblende. 
Jadritt  is  a  mineral  closely  resembling  brae  nephrite  in  external  characters,  but  dis- 
tinguished as  a  separate  species  by  Damour,  whose  analyses  show  that  it  is  essentially 
a  silicate  of  alumina  and  soda.  A  third  mineral,  originally  described  by  H.  B.  de 
Saussnre  as  a  jade,  was  termed  SauaawriU  by  T.  de  Sauasure :  this  was  tkejaia  tenact 
of  Hauy  and  the  early  French  mineralogists.  It  is  munly  a  silicate  of  alumina  and 
lime,  and  may  be  classed  with  the  species  termed  eoitite.  The  differences  in  com- 
position between  the  several  minerals  comprehended  under  the  general  name  of  jade 
are  shown  in  the  following  selected  analyses : — 


I. 

n. 

,  m. 

rv. 

SiUca 

64-S8 

6M0 

5917 

43-69 

Idme 

ie-06 

18-48 

2-68 

19-71 

Magnesia. 

2«-01 

28-30 

116 

2-08 

Soda 

•  •• 

•  ■• 

12-98 

308 

Alumina  ... 

•  •t 

0-72 

22-68 

27-72 

Ferosideof  iron 

■  •* 

•  •• 

•  •• 

2-61 

Protoxide  of  iron 

215 

3-30 

1-56 

•  •• 

Protoxide  of  manganese 
Water      .... 

« 

1-se 

0-68 

2-'60 

... 

•  •• 

0-86 

Total 

100-07 

100-48 

100-07 

100-04 

I.    Nephrite,  tram  Cliliu,  br  Banunebberg. 

n.    Ktphrite,  from  New  Zeiuand,  by  Bobeeier. 
ni.   Jtdrite,  from  Ohloa,  b7  Damonr. 
IV.    Samsiitlte,  from  Lake  of  Oeneva,  by  T,  Steny  Hunt. 

It  may  be  useful  to  give  the  means  of  discriminating  these  minerals  by  their 
behaviour  bef(»:e  the  blowpipe.  Nephrite  is  difficult  of  fusion,  does  not  colour  the 
flame,  but  when  moistened  with  solution  of  nitrate  of  cobalt  assumes  a  rose  colour, 
due  to  the  presence  of  magnesia ;  jadate  is  readily  fusible  to  a  transparent  ^lass,  and 
g^res  with  cobalt  a  blue  colour,  due  to  the  alumina ;  SaussuriU  is  more  fusible  than 
nephrite,  but  less  so  than  jadeite,  it  colours  the  fiame  blue,  and  becomes  blue  with 
eobalt. 

JTone  of  the  varieties  of  jade  hare  been  found  crystalliaed,  but  they  usually  occur 
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in  oiHnpact  tough  massw,  breaking  vith  a  splintery  fiactore.  The  specifie  gamtj 
Taries  horn  2-9  to  3-1,  rising  to  3'38  in  SanMnnte.  All  the  jades  are  hard  stones,  being 
nearly  as  hard  as  quartz,  bat  it  is  said  that  some  rarieties  when  first  broken,  are  so 
soft  as  to  be  readily  cut  -vrith  a  knife.  The  cdlonrs  are  Torioos  shades  of  green, 
oocamonally  posrang  into  a  greenish  white  tint. 

like  most  green  stones,  jade  lias  always  been  a  {fxoaxite  material  for  amulets.  It 
formerly  iioaseased  special  repute  for  caring  diseases  of  the  kidneys,  whence  the 
mineisloeical  name  nephrite  {in^f6t,  the  kid^ys),  and  the  popolar  name  kidney-eione 
(pwrrt  lAfkritimie,  "St. ;  pietra  di  hyada,  Sp. ;  Sieremtein,  Qer.). 

Jade  is  largely  used  in  China  as  an  ornamental  stone  under  the  name  of  yu.  itr. 
Pompelly  has  shown  that  the  jade  of  the  province  of  Yunnan,  known  as  fettui,  is 
really  jadeite.  The  Chinese  appear  to  have  formerly  obtained  consideraible  supplies 
of  jade  from  Eastern  Turkestan,  where  it  is  found  in  the  chain  of  the  Knen-lon 
Mountains.  The  jade-qoarries  on  the  Kara-kaah  Rirer  hare  been  visited  and  de- 
aoibed  by  Dr.  Cayley  and  by  Hermann  ron  Schlagintweit.  According  to  the  latter 
trareller,  jade  is  always  known  in  Khotan  under  the  name  of  yaskm. 

Jade  is  found  ezteDsively  in  New  Zealand,  and  is  employed  by  the  natives  for 
making  tikia,  or  the  grotesque  ornaments  worn  on  the  breast,  and  for  the  pecnltar 
instruments  of  war,  called  paitoo-pattooe  or  meret.  The  use  of  jade  for  these  axe-like 
weapons  has  led  to  the  popular  name  of  axe-eione  {SeiUtein,  Qer.).  The  New  Zealand 
jade  is  known  to  the  llaories  as  punamu  or  '  greenstone ; '  and,  according  to  Von 
Hochstetter's  map  it  is  found  along  the  west  coast  of  the  South  Island ;  indeed,  {his 
island  is  called,  nom  the  occurrence  of  jad^  Te  Waki  Piuiafmt,  or  'The  place  of  the 
greenstone.' 

Jade  also  occurs  in  Siberia,  and  fine  specimens  have  been  btooght  by  M.  Alibert, 
with  his  graphite,  from  the  Qoremment  of  Irkutsk. 

In  prehistoric  times,  jade  and  jadeite  were  used  for  amulets  and  ornaments,  and 
specimens  have  been  fbund  among  the  relics  of  the  old  pile-buiidings,  or  lyahUmten, 
of  the  Swiss  lakes.  It  is  carious  to  coqjectnre  whence  this  material  could  have  been 
derived;  for,  with  the  exception  of  an  erratic  block  found  at  Schwems^  in  Qermany, 
tme  jade  is  not  known  to  occur  in  western  ^Europe.  The  so-called  jade  pebbles  of 
lona  are  nothing  more  than  serpentinons  marble. — S.'W.'R, 

7ABBZTB.     See  Jadb. 

YAOCHniT.    Falm-sugar,  prepared  from  Sagverus  taoehar\fer 
.  XBlXJLV.    The  root  of  the  EK^mium  piaya,  Bth.,  a  membw  of  the  Conwlmdaeea, 
at  Bindweed  order.    It  takes  its  name  from  ^alapa,  a  dty  of  Mexico.    Its  uses  as  a 
common  purgative  are  well  known. 

7AIKAZOA  VBWXB.    One  of  the  names  given  to  Aixspiob 


y ftH MMOM I'X'JB.  A  Buljphide  of  lead  and  antimony,  containing  about  40  per 
cent,  of  lead  and  34  of  antimony.  It  occurs  in  several  mines  in  the  north-east  of 
OomwaU,  and  in  DevoDahir«k  but  has  not  hitherto  been  available  as  an  ore  of  lead. 

JAWTOM.    CrataUaiajtmeea,  a  vegetable  fibre  used  for  ropes.    See  Fibbbs. 

TAVAJr  BASTR*    Terra  Japoinea.    See  Gambib. 

9M»MM  &A0^innU  A  IJard  black  varnish  prepared  from  the  Stagmaria 
tenueifiua. 

9A9AM  vavnB.  A  0(8idiment  raepared  in  China  and  Japan  by  bruising  the 
capsules  of  the  XaiUhoacylo*  piperitum,  D.C.  From  this  plant,  or  from  a  closely-allied 
,  Stenhoose  obtained  two  peonliar  principles,  which  he  called  Xanthosyune  and 


I SAOO.    A  starch  obtained  horn  the  stem  of  the  Cycas  revoJuta, 

9A9MM IVAZ.  A  Vegetable  wax  obtained  &om  the  fhiits  of  Bkue  ntcceianta, 
L.,  and  perhaps  other  species.  It  has  been  imported  fh>m  Japan  for  use  in  candle- 
making. 

9 APAmraro  is  a  kind  of  varnishing  or  lacquering,  practised  irith  excellence  by 
the  Japanese,  whence  the  name. 

The  only  difference  between  varnishing  and  japanning  is  that  after  the  Application 
of  every  coat  of  colour  or  varnish,  the  object  so  vamiwed  is  placed  in  an  oven  or 
stove  at  as  Ugh  a  tempeiatare  as  can  safdy  be  employed  without  injuring  the  articles 
or  causing  the  varnish  to  blister  or  run. 

For  black  japanned  works,  the  ground  is  first  prepared  with  a  coating  of  black,  mode 
by  mixing  diote  ivory  black  to  a  proper  consistence  with  dark  coloured  antnw  varnish, 
as  this  gjvcs  a  blacker  snr&oe  than  could  be  produced  by  japan  alone.  If  the  surface 
is  requirad  to  be  polished,  five  or  six  coats  of  japan  are  necessary  to  give  sufiident 
body  to  prevent  the  japan  tem  being  rubbed  through  in  polishing. 

Coloured  japans  are  made  by  mixing  with  some  hard  varnishes  the  required  colour, 
sad  proceeding  as  described.    See  VAiunsR. 

r,  tils  nuns  given  to  a  varied  of  Ziioon  from  Cegrlon.    It  is  seldcm' 
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pL;-fc«t1y  trutspAtent,  and  ia  dther  ooIonrieBs  or  grey,  with  tingea  of  green,  blue,  ted, 
and  yellow  of  Tarions  shades,  bat  generally  smoky  and  ill-defined.  It  oceora  in  worn 
angaUr  pieces,  or  in  small  detached  crystals,  laiely  ezoeeding  6  or  8  caiats  in  wei^t, 
chiefly  in  the  sand  of  a  river  in  Ceylon.  The  snr&ces  of  the  crystals  are  smooth,  and 
possess  a  Instre  matb  nearly  approsching  that  of  the  diamond  than  any  other  gem. 
At  the  present  day,  though  oat  of  fashion  and  in  no  request,  it  is  still  occasionally 
sold  for  inferior  diunonds. 

Davy  says  that  the  li{^t  grey  varieties  of  the  zircon  are  sold  by  the  inhalntants  of 
Ceylon  as  imperfect  diamonds,  the  natives  being  altogether  ignorant  of  the  trae 
nature  of  the  mineral.  It  is  most  abundant  in  the  district  of  Matora,  whence  it  has 
its  common  name  in  Ceylon  of  Maiwra  diamond.  The  colourless  siicon  is  also  cut 
and  sold  as  a  false  diamond  in  the  basaars  of  India. — H.^.B. 

JAMOUSTM,  A  hydrous  sulphate  of  peroxide  of  iron,  with  an  aUcaline  sulphate. 
It  takes  its  name  £rom  Barranco  Jaroso,  in  the  Sierra  Almagrera,  in  Spain. 

JAMWWat  {Jatpt  oaMdomt,  Vt. ;  JaipU,  Qvt.)  is  a  sub-spedee  of  quartc,  of  which 
there  are  five  varietiea: — 1.  The  Xigyptian  red  and  brown,  forming  nodules  with 
liiu;  or  tendiil-ahaped  delinaationa.  2.  Porcelain  jasper,  or  clay  utered  by  heat, 
and  difieiing  ttcaa  true  jasper  by  being  Aisible  on  the  edges,  before  the  blowpipe. 
8.  Striped  or  riband  jasper.  4.  Common  jasper,  fi.  Agate  jasper.  The  prettiest 
specimens  are  cut  for  seals,  and  tbt  the  inferior  kinds  of  jewellery  ornaments.    See 

L4FIDABT.— H.W.B.      

VATBOmA  BKAWBBOT.  A  plant  belonfpng  to  the  Eiiplioriiaeem,  from  which 
the  CbsfOM  Dual  is  prepaied,  and  from  the  expressed  juice  of  which  ate  obtained 
Oaitava  tiareh  and  fitpioca.    See  Tapioca.^ 

The  seeds  of  Jainpha  purfftuu  yield  jatropha  oil,  and  the  nvts  of  this  and  some 
other  species  of  Jatropha  are  known  as  '  Fhymc  nuts.' 

JBAJr.  A  twilled  cotton,  usually  strij^ied.  Satin-jeans  are  woven  so  as  to  present 
a  smooth  gloe^y  appearance.    Itisiuedforstays,  &c. 

JSUbT,  AVXMAS*    See  OaiATiKB ;  Gi,tn ;  and  IsixauLSs, 

ja&KT,  VBOTUBMi   A  great  many  vegetable  productions  yield  upon  infusion 
or  decocU(m  gelatinous  solutions.    These  vary  venr  much  in  character.    The  jelly  of 
■  ripe  currants  and  other  berries  is  a  compound  of  mucilage  and  acid,  which  loses  its 
power  of  gelatinising  by  prolonged  ebullition. 

9WMMXMM.    A  woouen  d^  made  in  Scotland. 
'  jnUB  saar.    Beef  dned  in  the  sun :  mudii  of  this  has  been  introduced  from 
the  South  American  States,  but  it  has  not  hitherto  been  much  used,  although  sold  at  a 
Teiy  low  price. 

natvaAUnC'AaTXCniOXa.  The  edible  tubers  of  the  Belianthii  tuieronw. 
The  ejnthet  of '  Jemsalem '  is  a  corruption  of  the  Italian  giratol. 

jrassJUtCm  or  JAMUKBKM,  a  well-known  family  of  plants.  The  Jaimium 
fivtieani,  a  native  of  the  sonthem  parts  of  France,  J,  odoratissimum,  a  native  of  India, 
and  J.  tumbac,  a  native  of  India  and  Arabia,  are  used  to  obtain  the  essential  oil  or 
jasmine.    See  FaBnmBT. 

jar.  (Met,  or  Jail,  fV.}  Jet  ooemra  in  the  upper  lias  shale  in  the  neaghbour- 
hood  of  'Whitby,  in  Torfcshire,  in  which  locality  this  beautifol  substance  has  been 
worked  for  many  hundred  years.  -  The  jet-miner  searches  with  great  care  the  slaty 
tocks,  and  finding  the  jet  spread  out,  often  in  extreme  thinness  between  the  lamina- 
tions of  the  rock,  he  fidknra  it  with  great  care,  and  frequently  he  is  rewarded  by  its 
thickening  out  to  two  or  three  inches. 

.  The  bcM  jet  is  obtained  from  a  lower  bed  of  the  upper  lias  formations.  This  bed 
has  an  average  thickness  of  about  20  feet,  and  is  bown  as  jet  rock.  An  inferior 
kind,  known  as  soft  jet,  ia  obtained  from  the  upper  part  of  the  upper  lias,  and  tram  the 
sandstone  and  shale  above  it. .  The  production  of  jet  in  this  countzy  appears  to  be 
limited  to  the  coast  of 'Soikahiie,  from  about  nine  milea  south  of  Whitby  to  Bonlby,  and 
about  the  aame  distance  to  the  nottii  j  the  eatates  of  laei  Unlgrave  being  especially 
productive.    Tliere  ia  a  eoiiona  allusion  to  this  in  Brayton'a  ■  Polyolbion ' : — 

nie  roda  tr  XonUgrave.  too,  mjr  glorigs  iralh  to  set, 
Out  of  tbgir  ormnniad  rooks  can  give  jon  perteot  jet. 

I)r.  Yoosff,  in  his  '  GeoloQ'  of  the  Yorkshire  Coast,'  writes — '  Jet,  which  oecota  here 
tn  coiiaiden3>le  qnantitiea  in  the  aluminous  bed,  may  be  properly  classed  with  fossil 
Wood,  aa  it  appeart  to  be  wood  t*  a  high  etate  qf  UtmMintation.  Pieces  of  wood  im- 
projinated  with  silex  are  often  found  completely  crusted  with  a  coat  of  jet  about  an 
inch  tUcL  But  the  most  common  form  in  wluoh  the  jet  occurs  is  in  compact  masses 
of  fhmi  half  an  inch  to  2  inches  thick,  from  8  to  18  inches  broad,  and  of  10  or  12  feet 
long.    The  outer  surface  ia  always  marked  With  longibidinal  attiie,  like  the  grain  of 
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vood,  and  tiie  tnnsvtiM  tmiban,  vhioh  ia  conehoidal,  and  has  a  resinoiu  Instre,  dupkys 
the  animUH'  giowth  in  compressed  elliptical  conss.' 


It  does  not  appear  to  ns  Oat  the  '  ligneons  origin '  oriMet  is  by  any  means  established ; 
indeediirethinktheamomit  of  evidence  is  against  it.  Titareis  no  example,  as  feras  we 
can  leam,  of  any  discoreiy  of  tnie  jet  having  a  strictly  ligneons  stractnre,  or  showing 
anything  like  tiie  conTersion  of  wood  into  this  eoal-lika  snbstance.  There  appears, 
howem,  to  hare  been  some  ccmfiudon  in  the  obaerration  of  thoae  who  hare  written 
(ra  the  aobjeet.  Mr.  Simpson,  the  intelligent  curator  of  the  Whitby  Mnsenm,  iriio 
has  pcud  much  attention  to  the  subject,  says, '  Jet  is  generally  considered  to  have 
been  tiood,  and  in  many  cases  it  nndonbtedly  has  been  so ;  for  the  woody  stmctore 
often  remains,  and  it  is  not  nnlilcely  that  oomminnted  vegetable  matter  may  have 
been  changed  into  jet.  Bat  it  is  evident  that  vegetable  matter  is  not  an  essential 
paxt  of  jet,  for  we  freqnently  find  that  bdne,  uid  uie  scales  of  fishes  also  have  been 
dianged  into  jet.  In  the  Whitby  Unseam  there  is  a  large  mass  of  bone,  which  has 
the  extarioor  converted  into  jet  for  about  a  quarter  of  an  inch  in  thickness.  The 
jetty  matter  appeam  to  have  first  entered  the  pores  of  the  bonck  and  there  to  have 
haiaened;  ana  daring  the  minetalisin^  process,  the  whole  bony  matter  has  been 
gtadnally  displaced,  imd  its  place  occnpied  by  jet,  so  as  to  preserve  its  original  form.' 
After  an  attentive  examination  of  this  specimen,  we  are  not  disposed  to  agree  entirely 
with  Mr.  Simpson. 

Jet  eertainly  inemsts  a  mass  which  has  something  the  stmctnie  of  a  bone,  but, 
withal  a  chemical  examination  of  its  constitnenta,  we  dionld  hesitate  even  to  say  it  was 
bone.  Wood  without  doubt  has  been  fbund  mcxiuttd  with  jet,  as  fragments  of  animal 
matter  may  also  have  been.  But  it  is  qnite  inconsistent  with  our  knowledge  of  physical 
and  chemical  changes,  to  suppose  that  ixith  animal  and  vegetable  matter  would  undergo 
this  change.  By^nvweuof  suAsittuMm,  we  know  that  silica  will  take  the  place  oocni^M 
\y  c^bon,  or  woody  matter ;  as,  tat  example,  in  the  fossil  palms  of  Trinidad,  and  the 
silicifled  forests  of  i^ypt;  but  we  have  no  example  within  the  entire  range  of  the 
ooal-formations  of  the  worid  of  carbon  taking  the  pkee  of  any  of  the  earths. 

Jet  is  fbood  in  {dates,  iriiich  are  sometimes  penetrated  by  belemnitee.  Hr.  Kpley,  of 
"Whitby,  has  several  canons  examples, — two  plates  of  jet,  in  one  case  enclose  water- 
worn  qnartx  pebbles ;  and  in  another  jet  partially  invests  an  angular  ftagment  of 
quarts  rock.  'This  is  the  more  remarkable,'  says  JSx.  Simpson,  'as  qnartz  rock,  or, 
indeed,  any  other  sort  of  rocky  ftragment,  is  rarely  firand  in  the  upper  lias.' 

The  very  &et  that  we  find  jet  snrronnding  belemnitee,  casing  adventitious  masses 
of  stame,  and  iuTesting  wood,  seems  to  show,  that  a  liquid,  or  at  all  events,  a  plastic 
condition,  must  at  one  time  have  prevailed.  We  have  existing  evidence  of  this.  Dr. 
Tomig,  in  the  work  already  quoted,  says : — ■  In  the  cavities  of  nodules  containing 
petrifiictions,  we  sometimes  meet  with  petrolaum,  or  mntnU  oil.  When  first  exposed. 
It  is  gentraUy  qui^  fluid  and  of  a  daric  green  colour;  but  it  soon  becomes  viscid  and 
black,  and  at  last  hardens  into  a  kind  of  pitch,  which  generally  melts  with  heat,  and 
iriien  ignited  bnms  with  a  crackling  noise,  and  emits  a  strong  bituminous  smell.' 
One  mote  sample  of  evidence  in  favour  of  the  view  that  jet  has  been  farmed  from 
wood.  It  is  stated  feed's  ■  ninstiated  Guide  to  Whitby')  that  in  front  of  the  cliff- 
work  of  Hailbnme  Wyke  existed  a  petrified  stump  of  a  tree,  in  an  erect  posture,  3 
fcet  hig^  and  15  inches  across,  having  the  roots  of  coaly  jet  in  a  bed  of  shale ;  whilst 
the  triuik  in  the  sandstone  was  partly  petrified,  and  partiy  of  decayed  sooty  wood. 
Even  in  this  eiamplw  it  would  appear,  that  after  alt  a  coating  of  jet  was  all  that 
really  ansted  npon  this  example  <x  the  eqnisetom,  which  pnbably  stands  where  it 
grew.  Hr.  Simpson,  in  a  valuable  little  publication,  *  The  Fossils  of  the  Yorkshire 
Uas  described  from  Kature,  with,  a  short  Outline  ol  the  C^logy  of  the  Yc^kshire 
Coast,'  says : — '  From  all  we  know  respecting  this  beautiAil  mineral,  it  appears  ex- 
eeedinglT  probable  that  it  has  its  origin  in  a  certain  bituminous  matter,  or  petroleum, 
-which  abundantly  impregnates  the  jet-rock,  giving  oat  a  strong  odour  when  it  is 
exposed  to  the  air.  It  is  i^uently  found  in  a  liquid  state  in  the  chtmbers  of  ammonites 
and  belenmitesand  other  cavitie^  and,  whilst  uie  unsuspicious  operatoc  is  breaking  a 
lias  nodnle,  it  flies  oat  and  stains  his  garment.  This  petroleum,  or  mineral  (nl,  also 
oocors  in  nodoles  which  contain  no  organio  remains ;  and  I  have  been  informed  by 
ao  experienced  jet-miner  that  such  nodules  are  often  associated  with  a  good  seam  <x 
jet,  and  are  therefore  regarded  as  an  omen  of  success.'  • 

Jet  is  supposed  to  have  been  worked  in  this  conntzy  long  before  the  time  of  the 
Banes  in  England,  for  the  Romans  certainly  used  jet  for  ornamental  purposes.  Lionel 
Oharltan,  in  the  '  History  of  Whitl^,'  says,  that  he  found  the  ear-ring  ef  a  lady  having 
the  form  of  a  heart,  with  a  hole  in  the  upper  end  for  a  suspension  from  the  ear;  it  was 
found  in  one  of  the  Soman  tomnli,  lying  dose  to  the  jaw-bone.  There  is  no  doubt 
that  when  the  abbey  of  Whitby  was  the  seat  of  learning  and  the  resort  of  pilgrims,  jet 
nsaries  and  CMsseswsN  then  common.  The  mannfactnw  was  carried  on  tMl  flie  tims  ot 
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Elizabeth,  vhen  it  se«ms  to  hare  ceased  Bnddecly,  and  tniB  not  rcitmied  till  the  yonr 
1800,  vhen  Sobert  Jefierson,  a  painter,  and  John  Carter  made  beads  and  eroaseB  'with 
files  and  knives : — a  neck  gnard,  made  in  this  manner,  fetched  one  guinea.  A  stranger 
coming  to  Whitby  saw  them  working  in  this  rude  way,  and  advised  them  to  try  to  turn 
it ;  thfiy  followed  his  advice  and  found  it  answer ;  several  more  then  joined  them,  and 
the  trade  has  been  gradually  increasing  since. 

In  1^60  the  jet-trade  of  Whitby  realised  about  45,000{. ;  bat  since  that  time  it  has 
donbled  itself.  In  1870  the  value  amounted  to  84,000^;  in  1871  to  80,000/. ;  in 
1872  to  881OOO2. ;  and  in  1873  it  probably  exceeded  90,0001. 

Two  kinds  of  jet  occur  at  Whitby — the  hard  and  the  soft.  The  hard  jet,  which  alone 
is  now  worked,  is  found  in  layers  of  varying  extent  and  thickness ;  the  largest  known 
specimen  having  measured  6  feet  4  inches  in  length,  about  6  inches  in  width,  and  1^ 
inch  in  thickness ;  it  weighed  11}  lbs.  Formerly,  the  hard  jet  was  worked  in  the  cliffs 
by  a  dangerous  process  called  '  dessing ' ;  but  the  cliff- workings  are  now  almost  entirely 
abandoned,  and  most  of  the  jet  is  obtained  firom  mines  in  the  Cleveland  hills,  the 
most  extensive  workings  being  those  of  Bilsdale,  near  Bronghton.  About  20  mines 
are  at  present  open,  giving  employment  to  about  200  miners.  Rough  hard  jet  varies 
in  value  from  4«.  to  21«.  per  lb. ;  but  the  soft  jet  realisra  only  6t.  6d.  to  30s.  per 
stone,  and  it  is  now  rarely  worked  at  Whitby,  since  Spanish  jet  can  be  imported  at  the 
same  price.  The  Spanish  does  not  stand  wear  so  well  as  the  Whitby  jet,  nor  does  it  bear 
exposure  to  the  weather.  The  two  kinds  may  be  distinguished  by  scratching  them 
with  a  knife,  the  Spanish  giving  a  very  irregular  scratch,  whilst  the  Whitby  gives  a 
fine  groove. 

In  working  jet,  the  first  operation  is  to  remove  the  dcin,  or  onter  surface,  which  is 
chipped  off  with  an  iron  chisel ;  the  denuded  pieces  are  then  sawn  up  into  sises 
adapted  for  the  required  articles,  and  are  worked  into  form  by  carving  and  tmming ; 
finally,  the  objects  are  polished  with  Muge  on  a  board  coveted  with  hide,  by  which 
means  a  fine  velvety  lustre  is  obtained.  There  are  at  present  upwards  of  200  work- 
shops in  Whitby,  the  largest  being  that  of  Mr.  Charles  Bryan,  which  gives  employ- 
ment to  about  1 20  hands.  Most  of  the  jet  ornaments  are  sent  to  London ;  the  inferior 
ones  are  mostly  purchased  for  the  American  market.  A  trade  is  also  carried  on  with 
the  Continent  and  with  most  of  our  colonies. 

The  jet  workers  complain  of  the  great  scarcity  of  designs  in  jet.  Several  designs 
have  been  sent  them ;  but  the  artists  not  being  aoqtiainted  with  the  peculiarities  of 
the  material,  their  desi^s  are  not  generally  applicable,  and  the  mannfitcturer  is  much 
more  successful  in  the  imitation  of  nattiral  objects  than  any  artificial  combination. 

For  recent  information  on  jet,  we  are  indebted  to  a  paper  on  WMtby  Jet  and  itt 
MaHi{facture,  by  Mr.  J.  A.  Bower,  F.C.S., '  Journal  of  the  Society  of  Arts,'  December 
18,  1873. 

nrrsAWa  Goods  east  mio  tie  tea  from  a  ship  in  stress  of  weather ;  Jlottam  being 
the  portion  of  a  ship  and  cargo  which  remaiiu  floating  upon  the  vxUen ;  and  lagan,  or 
ligan-goods,  being  merchandise  which  is  cast  overboard,  and  snnk  with  a  buoy  attached, 
so  that  they  may  be  possibly  discovered. 

SWmaULWM'B  00XA>  Usually  an  alloy  of  about  25  per  cent,  of  copper  with 
75  of  gold.    See  AixoT. 

JMWTiTiWa'B  XOxroaa  A  carefully-prepared  peroxide  of  iron,  naed  for 
polishing. 

tmwwUUKant.    See  BuotrraT;  Obx;  and  LkftDtxt. 

nfWB  VXTOH.    A  fine  variety  of  asphalt  from  the  Dead  Sea.    See  Abpbalt. 

naOIVa,_  a  mining  term.  Separating  the  ore  with  a  griddle,  or  wire-bottomed 
rieTe,the  heavier  substances  passing  through  to  the, bottom  or  lower  part  of  ^e  sieve, 
the  lighter  substance  r^aining  on  the  upper  port. 

JBRTA  ^TAM.  A  substance  somewhat  resembling  caoutchouc,  imported  fh>m 
India.    See  CAOt>TCHot;c. 

YOBAJi  JilTa.  Uranium-vitriol,  or  hydrous  sulphate  of  uranium  and  copper, 
found  at  Joachimstahl  in  Bohemia,  and  Johonngeorgenstadt  In  Satony, 

JUJIIBB.  The  fruit  of  the  Lici/phue  vuharie  and  L.  jtyuba,  about  the  siie  of, 
and  nearly  resembling,  a  small  plum.  The  French  confectioners  prepare  a  lozenge 
from  the  jnice  of  the  fruit,  but  nearly  all  the  jigubes  sold  by  our  druggists  and  con- 
fectioners are  mvely  dried  mucilage,  flavoured  and  sweetened. 

JUMVBR,  a  mining  term.  A  large  borer,  steeled  at  each  end  like  chisel  bits.  It 
is  worked  by  the  hand. 

XmnPBB.  A  genus  of  plants  belonging  to  the  order  Omifera.  About  twenty 
species  are  known.  This  plant  is  cultivated  mostly  for  its  berries,  which,  when  dis- 
tilled with  water,  yield  a  volatile  essential  oil.  The  berries  are  largely  employed  in 
the  manufacture  of  Hollands  and  gin.  The  French  name  of  the  plant  is  Geniion,  and 
hence  our  Eng^sh  words  *  gin '  and  'geneva.' 
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lb*  Jmmpinu  Strmudiana,  the  Sennuds  zed  cedar,  is  a  large  tsree  trith  soft  and 
fragnot  vood,  and  is  what  is  oaed  in  ""Ung  pencils,  and  by  cabinet-makers. 

The  J.  Virginia,  II,  is  also  used  as  the  so-called  cedar  for  lead-pencils. 

TOVM  eoDsiats  of  the  fibres  of  two  plants,  callid  the  chonch  and  isbond  (Cor- 
ekonu  oUtonu  and  O/nhonu  oapnUarit),  eztsnsiTelj  cnltirated  in  Bengal,  and 
liraniiii^  in  &et,  the  material  of  which  gunny-bags  and  gunny-cloth  are  made.  It 
fetches  nearly,  though  not  quite,  so  hi^  a  pnce  as  sunn.  See  Smtx.  It  comes  into 
competition  with  flax,  tow,  and  oodilla,  in  the  manu&ctuie  of  stair  and  other  carpets, 
bagging  for  cotton  and  other  goods,  and  sruih  like  fabrics,  being  extensively  used  for 
these  purposes  in  Dundee.  But  it  is  unsuitable  ft>r  cordage  or  other  articles  into 
which  hemp  is  manu&etnred,  from  its  snapping  whea  twisted,  and  rotting  in  water. — 

The  importanoe  of  jute  as  an  article  of  mann&etnre  is  shown  by  the  following 
statement  of  the  Exporti  &om  India  from  1860,  when  it  first  began  to  attract  attention 
in  this  country,  to  1863 : — 

Total  ViJtw 
Owls.  X 

1860 391,098  88,989 

1861 684,461       .     196,986 

1862 686,027  180,976 

1868 340,797  112,017 

1864 609,607  214,768 

1866 699,666  220,241 

1866 882,716  329,076 

1867 673,416    ,        274,987 

1868 788,820  303,292 

1869 317,890  625,099 

1860       .        .        .        .  •     .   ■    761,201'  290,018 

1861 1,092,668  409,372 

1862 1,232,279  637,610 

1863 1,266,884  760,466 

The  i^d  progress  of  the  jnto  manufacture  in  this  cuiuilry  is  thus  shown.  The 
following  Tables  show  the  increase  since  1869,  which  is  to  be  aceoonted  for  by  the 
low  cost  of  the  material,  and  its  possessing  a  considerable  amount  of  spinning 
quality. 

In^port* :  neai^g  Mfrvm  Sriiith  India. 

Tesn  Owts, 

1869 2,467,000 

1870 2,376,000 

1871  .        .        .        .        .        .  8,464,020 

187S 4,041,018 

1878 4,643,000 

The  AtUowlng  qoanlitiei  of  yam  and  waste  of  jute  were  imported  in  1871  and 
1872:— 


FranBnssia       .       .       . 
„     Holland     .        .        , 
„     Belgium    .        . 
„     France       .        .        . 
„     Other  countries . 

Total      .       . 

1871 

187«                     1 

llM. 

29,000 

349,286 

178,787 

3,739,981 

t 

400 

4,914 

6,868 

60,918 

Itt. 

2eii844 

28,182 

2,286,166 

66,929 

A 

4,891 

1,847 

49,631 

.     1,644 

3,197,068 

62,690 

3,682,071 

■  67,618 

The  President  of  the  Chamber  of  Cominerce,  Dundee,  at  a  meeting  (1873)  stated 
that  great  prosperity  had  attended  the  Dundee  trade  during  the  past  year,  that  the 
whole  machinery  had  been  in  operation,  and  that  full  employment  had  been  obtained 
by  all.  The  importation  of  jute  had  never  been  greater  than  in  this  year,  being  some 
20,000  tons  more  than  last.  It  was  mentioned  as  another  indication  of  the  prosperity, 
that  the  deposits  of  the  working  classes  engaged  in  the  jute  manufacture  in  the 
•aTings-bank  during  the  present  year  had  increased  by  86,000/.  or  37,000/. 

It  is  in  Scotland  especially  where  goods  made  from  jute  represent  a  large  bradch 
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of  indiut^.  This  vary  chMp  raw  material  ii  employed  there,  eitJiegr  pure  or  mixed, 
to  make  ordinary  brown  cloth,  bat  more  especially  eaddng,  packinK-cloui,  and  carpets. 
The  jnte  yams  used  for  carpets  are  of  the  richest  and  most  raned  oolonrs,  and  are 
sometimes  used  in  ooqjunction  with  coooa>nat  fibre.  Even  the  Brossels  and  yelvet-pile 
carpets  are  imitated  with  snoceee  in  appaaraaoe,  bnt  not  in  durability.  Dundee  and 
its  sorronnding  neighbouriiood  are  the  prindpal  seats  of  this  fhst-increasing  manofac- 
tnre.  The  number  of  spindlea  acting  on  jote  in  Dondee  is  oonsideisbly  abore  60,000. 
A  reiy  beautiful  doth  rar  binding  books  is  made  from  jute. 

The  bulk  of  the  raw  jnte  exported  is  sent  to  I^anoe.  About  80,000  cwts.  are 
annually  returned  in  the  shape  of  jute-yam. 

The  amount  of  British>Bud«  jnte-yazii  and  mamifiwtare*  exported  ms  as  toU 
lows  during  the  last  five  yean : — 

Tans  Ifaasbotani 

lis.  Tdb 

1869  ....      8,041,000  £0,127,000 

1870  ....    12,669,000  57,920,000 

1871  ■        ...        .    18,710,000  62,310,000 

1872  .        .        .        ,    12,716,000  84,462,000 

1873  ....     12,376,000  06,589,000 

This  is  exclnsive  of  jute  bags  and  sacks,  which  are  not  separately  dassifled  in  the 
trade  returns. 

The  following  Parliamentary  return  of  the  jnt«  Etporti  in  1872  shows  the  cotmtries 
to  which  our  manu&ctiu<es  were  sent : —  ... 


Jute  Yam : 
To  Germany 
„  Holland 
„  Belgium 
„  France 
„  Spain  . 
,.  Italy   . 
„  United  States :  Atlantic 
„       „        „       Pacific 
„  Other  countries   .        . 


To 


JiUe  ltain{factwrt$: . 
Russia        .  ...       .       . 

Denmark     ........ 

Oermany 

HoUand      .        .        .■.'.'. 
Portugal  and  Iladeira.        .        ... 

Italy 

Austrian  Territories    .... 

Turkey  Proper    

Egypt         

United  States :  Atlantic 

„         „        Pacific 
Foreign  West  Indies    .... 
United  States  of  Colombia  (New  Oranada) 

Venezuela 

Peru 

Chili 

Braiil 

Umgnay 

Ai^entine  Bepublic     .... 
British  Possessions  in  South  Africa 

Australia 

British  North  America        .       ... 
Other  countries 


Total. 


lbs. 
1,684,272 
2,866,962 

792,640 

263,900 
4,842,692 

444,680 

1,626,610 

14,429 

289,986 


12,716,969 


.Tuds 

771,276 

1306,617 

22,662,478 

4,108,478 

920,369 
2,188,060 

606,162 
2,824,000 

622,410 
19,829,126 
4,292:098  ' 
1,209;906 

646i600 

406,200 
2,027,400 

992,200 
9,061,024 
1,887,840 
3,263,760 

407,740 
1,342,680 

614,430 
2,939,370 


84,462,467 


« 
88,621 
64,448 
19,640 

9,396 

96,222 

12,260 

28,180 

278 

7,296 


261,389 


« 
16,343 
29,806 

399,494 
78,163 
20,819 
44,391 
10,042 
42,286 
18,767 
.320,461 
76,860 
24,881 
11,416 
9,406 
85,416 
17,944 

184,638 
22,620 
62,096 
11,126 
83,278 
18,167 
61,238 


1,486,484 
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A  naow  for  a  eky-iionstoiM  in  Oeylon. — Simmondt, 
A  hydioiu  ralpbate  of  potash  and  magnaBta,  oeeurtiag  in  the  gnat 
nline  depoDta  oveAjiog  the  »)ck-<alt  at  Staafut,  in  Prussian  Saxony.    It  hag 
beeome  an  in^oztant  '^'inmaiwal  aonioe  of  solpbate  of  potash. 

mASt.  A  mmkig  term.  '  Wild  iron ;  a  coarse,  false  kind  of  xtos^—Borlatt,  In 
St.  Jnst,  in  Oamvim,  a  edUan  loth  is  a  lode  containing  much  iKHk 

MJkXMMnVWMOM,  An  instrument  dsTised  by^  Rof eseor  Wheatstone.  An  elastic 
thin  bar  is  fixed  by  <ute  of  its  extremities,  and  at  its  free  end  it  canies  a  rilvMed  or 
polished  ball ;  a  ray  of  light  is  reflected  fiom  this  ball,  andvhen  the  thin  plate  is  put 
in  vibration,  the  fine  point  of  light  describes  vaiioas  cnrrea,  corresponding  -with  the 
musical  notes  prodocea  by  the  Tibrations. 

XAUnnoSOOVSa  A  veil-known  instmment  invented  by  Sir  David  Brewster, 
It  has  been  ma«h  employed  in  arts  of  design.  The  leading  conditions  are  that  the 
angle  at  '«4iich  the  reflectors  are  plaeed  is  a  snbmnltiple  of  360°,  that  the  only  pasi> 
tions  in  which  a  body  can  be  placed  to  form  perfectly  symmetrical  images  are  between 
the  ends  of  the  mirrors,  or  in  contact  with  the  ends,  and  the  eye  mast  be  as  near  as 
possible  to  ilie  angnlai  pdnt. 

»»^-*  The  Arabs  gave  this  nsme  to  an  annual  plant  which  grows  near  the 
sea-shore,  now  known  under  the  name  of  SaUola  $oda,  and  £rom  whose  ashes  they 
extracted  a  substance,  which  they  called  dicii,  iar  making  soap.  The  term  Kali  is 
used  by  Qerman  chemists  to  denote  caustic  potash,  and  AWmmi,  its  metallic  basis, 
insteea  otoatpoUui  and  poUuiiiun. 

»»^-'""""     Dana's  name  for  native  potash-alum.    See  Alvm. 

»*****-*.  or  XAMZJUk  9Ta.  An  Indian  yellow  dye  for  silks,  ob^uned 
fron  the  Sottlera  tmetoria,  Bxb.  The  ,red  powder  which  covers  the  fruit  is  mixed 
-with  alum  or  with  carbonate  of  soda,  and  yields  an  orange  dye.  ifaninln  is  also 
employed  medicinally  in  the  East. 

XAJMaPTVXiaov.  This  article  was  flrst  made  in  the  year  1843,  but,  like  moet 
newprodnctions,  it  remained  for  some  time  nnappreeiated.  At  length  it  was  used 
by  S&  Charles  Barry  for  the  corridors  of  the  Houses  of  Parliament. 

At  flrst  it  was  produced  in  its  unstained  colour,  but  subsequently  it  has  been  stained 
of  many  difTerent  colours.  It  is  also  impressed  with  surface-colour  designs  of  varied 
and  amnopriata  sul^ects.  It  is  an  admirable  recipient  of  colour,  whidi  penetrates 
throughout  its  substance,  and  remains  permanent,  Kiunptulicon  is  composed  of 
gntta-pweha.  India-rubber,  and  ground  cork. 

Other  materials  have  been  tried,  such  as  prepared  oil  and  ground  cork  ;  but  this 
has  not  been  veiy  successfuL    In  some,  sawdust  has  been  substituted  for  coik. 

One  of  the  great  advantages  of  kamptnlicon  is  its  property  of  deadening  sound. 
The  Kamptnlicon  Klastie  Floor-CIolh  Company,  who  have  extensive  works  at  Bow 
Common,  nimiah  the  &llowing  notice  of  tiiis  manufacture : — 

The  first  part  ot  the  manu&cturing  process  is  the  purification  of  the  native  caont- 
ehonc  or  India-rubber.  It  is  flrst  put  to  soak  into  large  water  tanks  heated  by  steam, 
and  when  sufficiently  softened,  is  placed  before  a  circular  knife  of  cast  steel,  revolving 
at  the  rate  of  3,000  times  a  minute,  and  cut  into  small  blocks ;  and  is  then  taken  to  a 
pair  of  powerful  cast-steel  rollers,  which  seise  it,  and  grind  it  with  immense  force ; 
and,  aided  by  a  jet  of  water,  all  the  day  and  foreign  ingredients  are  expelled  and 
wadied  away ;  it  is  passed  several  times  through  this  machine,  till  it  is  perfectly  free 
tram  all  impnritiee,  when  it  is  taken  to  a  formidable  apparatus,  called  the  masticator, 
which  consists  of  a  massive  structure  of  iron,  fltted  with  cylinders,  of  which  every 
part,  being  subject  to  a  violent  straining,  is  rendered  as  strong  as  possible.  The 
material  having  been  of  a  loose  though  tough  mass  on  entering  tlus  machine,  is 
gradually  crushed  and  worked  down  into  a  body  of  consistent  substance,  and  has 
altered  to  a  light  brown  colour.  This  process  is  attended  with  the  evolution  of  much 
heat,  cansed  by  the  immense  friction  in  the  working  of  the  material,  and  any  water 
yet  remaining  in  the  mass  is  actually  converted  into  Steam,  a  succession  of  explosions 
constantly  bong  heard  in  the  apparatus  from  the  disengaged  air  or  steam ;  it  is  then 
ronoved  and  worked  into  the  proper  consistency,  by  bein^  passed  through  deeply- 
indented  rollers,  which  further  grind  and  incorporate  it  with  the  different  colours, 
tec,  for  spreading  npon  doth  and  roUing  into  sneets  for  steam  packing;  this  is  the 
most  tedious  and  azpensive  part  of  the  manufacture,  at  it  goes  through  several -pairs 
«f  aiiniJar  loUan^  vbich  require  great  mechanical  power.    After  bnng  brought  to 
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this  state,  which  is  varied  according  to  the  pnipofle  for  which  it  is  teqniied,  it  is 
taken  to  a  still  larger  set  of  rollers,  which  consists  of  four  cast-steel  cyhnden,  mcfa 
of  23  inches  diameter,  and  62  inches  on  the  face ;  these  rollers  are  beautifdlly  turned 
and  polished,  fitted  with  steam  connections,  as  well  as  for  hot  and  cold  water,  and  are 
estimated  to  have  cost  upwards  of  1,600^.,  there  being  great  dif&culty  in  obtaining 
rollers  of  so  large  a  size. 

The  material  forms  a  sheet  upon  the  first  roller,  and,  as  it  passes  over,  is  pressed 
into  the  oloth  through  the  other  rolls,  and  wound  off  in  front  of  the  machine  on  n 
roller  connected  witii  it,  the  average  speed  of  the  machine  being  such  as  to  produce 
1,500  to  2,000  yards  per  day.  After  leaving  the  machine,  the  fabric  or  rubber  is 
subjected  to  the  Tulc^ising  process  by  being  placed  with  sulphur  at  tempera- 
tures of  £rom  300°  to  370°  Fahr.,  which  renders  the  India-rubber  highly  elastic, 
and  gives  it  the  properties  of  resisting  the  influence  of  grease  or  acids.  The  whole 
of  the  machinery  is  worked  by  a  pair  of  horizontal  double-cylinder  engines  of  66 
horse-power,  and  one  engine  of  30  horse-power.  Space  will  not  permit  ns  to  describe 
the  farther  machinery  fbr  making  all  the  various  articles  in  dataiL 

MJiMWTTM.  Aft  arsenide  of  manganese,  probably  from  Saxony ;  named  after  Sir 
Bobert  Kane,  by  whom  it  was  first  described. 

XAJrOAJMO.  A  marsupial  animal,  native  of  Austnlia.  Its  tail  makes  eseel- 
lent  soup ;  and  its  skin,  when  tanned,  becomes  a  soft  and  durable  leather. 

MJLOXXK,  A  name  derived  from  the  Chinese,  which  is  sometimes  applied  to 
porcelain  clay.    See  Clat,  Fobcblain. 

XCASABII'i  a  name  of  amber,  of  Arabic  origin,  in  use  upon  the  Continent. 

KAWlg  or  OASir.  A  Cornish  miner's  term,  frequently,  according  to  Borlase, 
ased  to  signify  the  solid  rock — ^more  commonly  a  pile  of  rocks. 

XiBBTJmi'l'B.  The  name  given  by  Hansmann  to  anhydrous  sulphate  of  lime, 
Jd  oompUment  to  the  Qerman  mineralogist  Karsten,    See  AicHToans. 

SAT,  or  XHAT.  An  Arabian  drug,  obtained  &om  the  Catia  edulis  and  C. 
tpmota.  It  is  said  to  be  chewed  by  the  Arabs  for  the  sake  of  its  exhilarating  effects ; 
whilst  a  decoction  prepared  team  it  is  used  as  tea. 

XATmnnntOO  or  OUVramnnkOO.  A  caoutchouc-like  substance  ob- 
tained ftom  the  Euphorbia  antt^uorum  of  Boxburgh.  It  was  first  exhibited  in 
this  country  in  the  Great  Exhibition  of  1861,  being  sent  by  Mr.  W.  Elliott  from 
Vizagapatam. 

It  was  of  a  dark  brown  colour,  opaque  except  in  thin  pieces,  hard  and  somewhat 
brittle  at  oommon  tampeiatures,  but  easily  softened  by  heat.  Perfectly  insoluble  in 
boiling  water,  but  becoming  soft,  viscid,  and  remarkably  sticky  and  adhesive  like 
bird-lime,  reassuming,  as  it  cools,  its  original  character. 

It  is  said  to  be  used  for  joining  metal,  fastening  knife-handles,  &c. 

XAUBxa  or  XA-orsza  saanr.   See  Daxhab. 

SAVA  BOOT.  The  root  of  the  Piper  methysticum,  Font,  used  in  the  South 
Sea  Islands  for  preparing  a  disgusting  beverage. 

UBOa  AjrCBOB.    A  small  anchor  with  an  iron  stock  nsed  for  warping, 

KWHTi.  A  barge  nsed  on  the  Tyne  to  carry  coaL  These  barges  are  constructed 
to  cany  21  tons.  The  keel  'is  worked  by  means  of  one  oar  at  the  gunwale  and  a 
tuxep  at  the  stem.  Of  late  years  the  build  and  rig  of  these  vessels  have  been  so 
^eatly  improved,  that  the^  can  now  work  to  windwara  in  as  good  a  style  as  a  sloop,' 
Dunn,  Winning  and  Working  of  Cottiariei. 

A  manager  of  coal  barges  and  colliers  in  the  Sniham  and  Northum- 


berland district 

aeaava,  a  mining  term.  A  large  vat  used  in  dressing  ores :  also  a  brewet'i  term 
tot  a  mash  tub. 

UO.    A  cask  containing  five  gallons. 

^''**     A  boiler  used  in  bleaching  establishments.    See  Blbachinq. 

XB&V  ( Faree,  Fr. ;  Wartek,  Qec.)  is  the  crude  alkaline  matter  produced  by 
incinerating  various  species  of  fud,  or  tea-vxed.  They  are  cut  with  sickles  from  the 
rocks  in  the  summer  season,  dried  and  then  burned,  with  much  stirring  of  the  pasty 
ash.  Br.  Ure  analysed  many  specimens  of.  kelp,  and  found  the  quantity  of  soluble 
matter  in  100  parts  of  the  best  to  be  ficom  S3  to  62,  while  the  insoluble  was  from  47 
to  88.    The  soluble  consisted  of: 

Sulphate  of  soda ,8*0  19-0 

Soda,,  as  parbonate  and  sulphunt        .        .        .      8'5  6-5 

Huriate  of  soda  and  potash        ....    36*5  87-6 

630    ,       930 
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Hm  iuohible  matter  oonnattd  of : 

Carbonate  of  lime 24-0  lO'O 

Silica .  8-0  0-0 

Alnmina,  tinged  ^th  iron  oxide ....  9*0  10*0 

Sulphate  of  lime 0*0  9'5 

Snlphax  and  low 6-0  8'5 

47-0  880 

The  fint  of  theee  specimen*  was  from  Heisker,  the  second  firom  Eone,  both  in  the 
Isle  of  Sl^,  upon  the  ptopeztr  of  Loid  Maodonald.  Fiom  these,  and  many  othef 
anal;raes  which  wen  made  by  !Dr.  TTm,  it  appears  that  kelp  is  a  substance  of  rery 
miabls  eompoaition,  and  henoe  it  was  very  apt  to  raodnce  anomalous  results,  when 
empWed  as  the  chief  alkaline  flnx  of  crown  glass,  which  it  was  for  a  Teiy  long  period. 
The  Fuctu  veiietdotua  and  F.  nodonu  are  reckoned  to  i^id  the  best  kelp  by  in- 
dneration ;  but  all  the  species  yield  a  better  product  when  they  are  of  two  or  three 
years'  growth  than  when  cut  younger.  The  vareo  made  on  the  shores  of  Normandy 
contains  almost  no  carbonate  cf  soda,  but  much  snlphate  of  soda  and  potash,  some 
hyposulphite  of  potash,  chloride  of  sodium,  iodide  of  potassium,  and  chloride  of  potas- 
Bum ;  tne  aretsge  composition  of  the  soluble  salts  being,  according  to  Gay-Lnssac, 
66  of  chloride  of  sodium,  25  of  chloride  of  potassium,  and  a  little  snlphate  of  potash. 
The  very  low  price  at  which  soda-ash,  the  <by  crude  carbonate  from  the  decomposition 
of  sea  salt,  is  now  sold,  has  superseded  the  use  of  kelp  fbr  this  purpose. 

Mr.  E.  C.  C.  Stanfiord  has  introduced  a  process  for  preparing  kelp  by  simply  carbo- 
nisiiig  the  weeds.    The  sea-weeds  are  collected  during  the  winter,  and,  ii^en  dried  and 
eompreaaed,  are  distiUed  in  ntorts  at  a  eompaiatiTaly  low  temperature.    See  Atam; 
lopnos;  Potash. 
WtMMIltMM  SAAi    See  Bio  and  BiosroifB. 

XSBATnr.  An  animal  principle  obtained  from  hairs,  nails,  horn,  feathers,  and 
other  integumentary  tissuss. 

WW  O&anrs,  AXXBBaKBB,are  the  dried  bodies  of  the  female  insects 
of  the  species  Ooectu  iiieii,  which  lives  upon  the  leaves  of  the  Quenut  Hex  (prickly 
oak).  Kirby  and  Spenee,  and  also  Stephens,  state  that  the  Coocut  Uiei*  is  found  on 
the  Querotu  eoecifera.  The  word  hermet  is  Arabic,  and  signifies  '  little  worm.'  In 
the  middle  ages,  this  dye-stnff  was  therefore  called  termieulut  in  Latin,  and  vermeil 
and  vermilitm  in  french.  It  is  curious  to  consider  how  the  name  vermilion  has  been 
since  transferred  to  red  sulphuret  of  mercnry. 

Kermes  has  been  known  in  the  East  since  the  days  of  Moses ;  it  has  been  employed 
frooa  time  immemorial  in  India  to  dye  silk ;  and  was  used  also  by  the  ancient  Greek 
and  Boman  dyers.  Pliny  speaks  of  it  under  the  name  of  eoecigranitm,  and  says  that 
there  grew  upon  the  oak  in  Africa,  Sicily,  &c.,  a  small  excrescence  like  a  bud,  called 
ciuculium ;  that  the  Spaniards  paid  with  these  grains  half  of  their  tribute  to  the 
Bomans;  that  those  produced  In  Sicily  were  the  worst;  that  they  served  to  dye 
purple ;  and  that  those  f^m  the  neighbourhood  of  Emerita  in  Lusitania  (Portugal) 
were  the  best. 

In  Germany,  during  the  ninth,  twelfth,  thirteenth,  and  fourteenth  centuries,  the  rural 
serfs  were  bound  to  deliver  annually  to  the  convents  a  certain  quantity  of  kermes, 
the  Coeciu  PoUmicui,  among  the  other  products  of  husbandry.  It  was  collected  from  the 
trees  upon  St  John's-day,  between  eleven  o'clock  and  noon,  with  roligious  ceremonies, 
and  was  therefore  called  JohanniaUnt  (St.  John's  blood),  as  also  (German  cochineal. 
At  the  above  period,  a  great  deal  of  the  German  kermes  was  consumed  in  Venice,  for 
dyeing  the  souiet  to  which  that  city  gives  its  name.  After  the  diseoveiy  of  America, 
cochineal  having  been  introduced  began  to  supersede  kermos  for  all  brilliant  red  dyes. 
The  principal  varieties  of  kermes  are  the  Coocut  guerous,  the  Coceut  Polonicut,  the 
Coeeutfragaria,  and  the  Ooeeui  una  vrti. 

The  Ooectu  guercu*  insect  lives  in  the  south  of  Europe  upon  the  kermes  oak.  The 
female  has  no  wings,  is  of  the  size  of  of  a  small  pea,  of  a  brownish-red  colour,  and  is 
covered  with  a  whitish  dust.  From  the  middle  of  May  to  the  middle  of  June  the  eggs 
are  oolleeted,  and  exposed  to  the  vapour  of  vinegar,  to  prevent  their  incubation.  A 
portion  of  ens  is  left  upon  the  tree  for  the  maintenance  of  the  brood.  In  the  depart- 
ment  of  the  Bonches-du-Bhdne,  one  half  of  the  kermes  crop  is  dried. 

The  kermes  of  Pdand,  or  Ooeeiu  Polonicut,  is  found  upon  the  roots  of  the  Scleran  Utu 
MTOMW  and  the  Stitrantiut  annutu,  in  sandy  soils  of  that  country  and  the  Ulcraine. 
This  speciee  has  the  same  properties  as  the  preceding;  one  pound  of  if,  according  to 
Wolfe,  being  capable  ef  dyeing  10  nounds  of  wool;  but  Hermstaedt  could  not  obtain 
a  line  eoloor,  although  he  employed  S  times  as  much  of  it  as  of  cochineal.  The  Turiuv 
Armenians,  and  Cossacks  dye  with  kermes  their  morocco  leather,  cloth,  silk,  as  well  as 
the  umbm  aad  tvls  of  their  horses. 
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The  keimes  called  Coocm  fragati*  u  fotiod  prindpally  in  Sibaria,  upon  tba  not  of 
the  common  stzawberry. 

The  CbMiHttMurnis  tirioet]ieBizpoft]ieFo|iihkjanne^anddjMirit]iaInmafin« 
red.    It  ocean  in  Boasia. 

Keimee  ia  fonnd  not  only  npop  the  Lyoopoiium  complanaiwA  in  the  UloRuno,  bat  upon 
a  great  many  other  plants..        ..... 

Qood  kennee  is  plump,  of  a  deep  red  colour,  of  an  agreeable  smell,  and  a  rough  and 
pungent  taste.  Its  colouring  matter  is  soluble  in  water  and  alooW :  it  becomes  yel- 
lowish or  brownish  vith  acids,  and  violet  or  crimson  with  allcalis.  Sulphate  of  uron 
blackens  it.  'Wth  alnm  it  dyes  a  blood-red ;  with  copperas,  an  agate-giey ;  with 
sulphate  of  copper  and  tartar,  an  oUre-green ;  with  tartar  and  salt  of  tin,  a  lirely  cin- 
namon-yellow ;  with  more  alum  and  tartar,  a  lilac ;  with  sulphate  of  one  and  tartar, 
a  violet.  Scarlet  and  crimson  dyed  with  kermes  were  called  grain  ooloun.  The  red 
cape  for  the  Iievant  are  dsred  at  Orleans  with  equal  parts  of  kermes  and  madder,  and 
occasionally  with  an  addition  of  Brasil-wood.  Aennes  is  but  little  used  in  England  at 
present  as  a  dyeing  substance. 

UUEb    Pure  mineml  kermea  is  regarded  by  Benelius,  Fuchs, 


and  Bose,  as  an  amorphous  tersulphuret  of  antimony.  As  the  preparation  has  but 
little  use  in  the  arts  except  as  an  artist's  colonr,  for  its  mode  of  preparation  and  its 
chemical  constitution,  we  refer  to  Watts's '  Dictionary  of  Chemistry.' 

XnmMTB.  Bed  antimony  ore,  composed  of  oxygen,  S-29 ;  antimony,  74'4S ; 
sulphur,  20*49.  It  occurs  in  the  form  of  tufts  of  cheny-red  hair-like  oyatals,  at 
Biaunsdor^  near  Fniberg,  in  Saxony,  and  at  a  few  other  localities. 

MMtanUi  SOASmrO.    See  CSoFFBB. 

MMMOBJMM,  A  name  given  to  one  of  the  mineral  oils,  obtained  from  the  oU> 
wells  and  oil-shales  of  America,  and  other  places. 

MMMtMT.  A  coarse  staff  woven  £rom  long  wool,  chiefly  manu&ctoied  in  tlie 
north  of  England. 

TTtW^'M"'"™  Commonly  spelt  AZMUiMM.  A  fine  fabric  woven  plain  from  thp 
finest  wools ;  a  mannfactnre  of  the  west  of  Kngland  principally. 

KarCKOV.  A  name  derived  from  the  Japanese  ki^af.  It  is  prepared  fh>m 
mushrooms,  especially  tiam  the  Agaricm  oampi^ru,  by  sprinkling  them  with  salt, 
letting  them  diain,  and  boiling  the  juice  with  spices.  Wunnt-ketchup  is  made  from 
green  walnuts  in  a  similar  manner. 

Xaroms.  a  class  of  organic  bodies  derived  from  aldehydes  by  substitution  of 
one  atom  of  hydrogen  for  one  atom  of  an  alcohol-radical.  For  example,  acetone  is 
acetic  ketone ;  that  is,  it  may  be  regarded  as  acetic  aldehyde  in  which  one  atom  of 
hydrogen  is  replaced  by  the  radical  methyl,    See  Watts's  'Dictionary  of  Chemistry.' 

XBATA.  One  of  the  largest  and  handsomest  trees  growing  on  the  western 
coast  of  Africa.    The  wood  is  <S  fine  qnality>  ^nd  of  a  reddiui  colour  like  mahogany. 

XIASOOOA  VTOOS,  called  also  Amboyna  wood.  This  wood  is  said  to  be  toe 
excrescence  or  burr  of  the  Pttrotpermttm  indieum,  or  of  tixa  Pieroearput  draco,  from 
the  Moluccas,  the  Island  of  Borneo,  Amboyna,  &c 

XiaB&a<  a  mimng  term.  A  bucket  usually  made  of  iron,  in  which  the  ore  is 
drawn  to  the  surface  from  the  depths  of  the  mine. 

XXBBaBWZVSTaB-OASPaT.  A  carpeting  so  called  from  the  place  of  its 
early  manufacture.  This  kind  of  carpet  is  now  principally  made  in  Scotland. 
Kidderminster  is  composed  of  two  webs,  each  consisting  of  a  separate  warped  woof. 
The  two  are  interwoven  at  intervals  to  prodnoe  the  figures.  The  two  webs  being  passed 
at  intervals  through  each  other,  each  part  bein^  at  one  time  above  and  the  other 
below,  it  will  be  evident,  when  tjie  webs  are  of  different  cobois,  that  the  figures  will 
be  the  same  on  both  sides,  only  the  colours  will  be  reversed.  These  carpets  should 
be  made  entirely  of  wooL 

XZaSBSSTa.  A  hydions  sulphate  of  magnesia,  containing  MgO.SO'-fHO 
(MfSO*  +  B'O).  It  occurs  in  large  quantities  in  the  upper  part  of  the  great  saline 
deposits  overlying  the  rock-salt  of  Scassfurt,  near  Magdebeig,  in  Prussian  Saxony. 
The  kieserite  is  specially  characteristic  of  a  zone  of  the  deposits,  known  as  the 
kieseriU  rmion,  which  occurs  below  the  camallite,  and  above  the  polyhalite  region. 
Kieserite  forms  abont  17  per  cent  of  the  salts  in  that  portion  of  the  deposit  to 
which  it  gives  its  name.  It  is  separated  from  the  associated  salts  by  solution  and 
ciystallisation.  Large  qnantities  of  sulphate  of  magnesia  prepared  from  kieserite 
are  now  sent  into  the  market  by  the  Stassfurt  manufacturers. 

The  first  attempts  to  economise  kieserite  were  made  in  1864,  when  it  was  pro- 
posed to  employ  it  in  the  preparation  of  sulphate  of  potash.  Since  that  time  the 
applications  have  greatly  incr«tsed,  and  it  hais  now  become  an  important  article  of 
commerce. 

The  largest  quantity  of  the  raw  material  is  sent  to  this  emairj,  vbwe  it  takes  ths 
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place  of  the  solphate  of  magneBU,  formerly  manufactured  &om  dolomite,  or  from  Oredan 
magBCsite,  in  cotton  printing.  Another  portion  of  Ideeerite  is  converted  into  Glauber 
nits,  -wlueh,  on  accoont  of  its  freedom  fiom  iron,  are  highly  prized  by  gas  mann- 
£u!tarers. 

Mannfactniers  of ' Uanefixt'  employ  kieserite,  instead  of  sulphnric  add,  to  precipi- 
tate the  sulphate  of  baryta  from  cnlorids  of  barium,  and  in  all  similar  cases  where 
it  is  propoaed  to  mepare  a  difficultly-soluble  solphate,  the  kieserite  can  be  advan- 
tageonsly  used.  Kieserite  is  recommended  as  a  substitute  for  gypsum  in  agriculture, 
as  a  top-dressing  for  clover,  and  is  largely  employed  in  England  for  this  purpose. 
It  is  proposed  to  use  kieserite  in  the  manufacture  of  alum.  There  is  a  mineral  called 
bauxite,  which  chiefly  consists  of  the  hydrated  oxide  of  aluminium ;  this  is  easily 
dissolved  in  hydrochloric  add;  cheap  potash  salts  and  the  calculated  quantity  of 
kieserite  are  added ;  alum  crystallises  out  of  the  solution,  and  chloride  of  magnesium 
remains  in  Haa  mother-liquid. 

The  uses  indicated  above  are  wholly  inadequate  to  consume  the  enormous  quantities 
now  obtained  from  the  Stassfort  mines,  Millions  of  pounds  of  kieserite  are  annually 
brought  to  the  surface,  and  it  is  becoming  u  serious  question  to  know  what  to  do  with 
it.  If  it  could  be  used  as  a  substitute  for  gypsum  in  building  materials  and  cements, 
its  cheapness  wonld  at  once  commend  it  to  notice.  Experiments  looking  to  this  appli- 
cation have  been  tried. 

Two  equivalents  of  kieserite  and  one  equivalent  of  caustic  lime  were  stirred  to  a 
paste  in  water :  the  mass  hardened,  bat  remained  grannlar  and  brittle.  On  caldning 
it,  however,  again  pulverising  and  moistening  with  water,  it  set  to  a  solid  marble-like 
mass,  which  could  be  applied  to  many  useful  purposes.  It  is  proposed  to  employ  this 
material  for  ornamental  decorations  in  the  interior  of  houses,  and  in  general  for  the 
manu&cture  of  cements,  and  as  a  substitute  for  plaster-of-Faris. 

Kieserite  appears  likely  to  prove  a  valuable  accession  to  our  supply  of  useful 
minerals,  to  be  ranked  by  the  side  of  kainite,  a  potash  mineral  also  found  at  Stass- 
fbrt,  and  now  largely  imported  into  the  United  States. 

"KTJiVUXOMMMKXM.  A.  variety  of  Geocronite  from'  Eilbricken,  Clare  oountgr, 
Ireland. 

»TBi'>IIWl  OOAX.    A  variety  of  anthradte. 

ZZUbAS.  The  name  given  by  the  Cornish  miners  to  the  day  date  of  tliat 
district  It  varies  very  much  in  colour  and  character,  being  sometimes  day- 
white,  and  at  other  times  grey  or  blue.  It  is  in  one  district  soft ;  in  another  compact 
and  hard. 

KCUr,  {Four,  Fr.,  Ofen,  Ger.)  is  the  name  given  to  a  certain  variety  of  furnace  in 
which  substances  can  be  submitted  to  the  influence  of  heat.  In  general,  a  kiln  may  be 
described  to  be  a  structure  of  some  considerable  size,  in  which  limestones,  iron-ores,  or 
the  like,  can  be  caldned,  bricks  and  cement  stones  burnt,  pottery  baked,  or  glass 
annealed. 

The  ordinary  brick-kiln  has  been  already  described  in  the  artide  Bbices  ;  there 
are,  however,  a  few  modem  arrangements  which  demand  some  more  especial  des- 
cription. 

l&rUontal  Close  Kilnt. — These  are  employed  very  extensively  on  the  Continent.  One 
is  represented  in^.  1296.  Although  intended  for  bricks,  it  is  often  advantageously 
used  as  an  ordinary  potter's  kiln.  A  is  the  firing  kiln ;  B  is  the  fuel-grate ;  o  the  ash- 
pit, and  D  the  chimney.  The  fire  proceeds  from  the  narrow  end  through  the  whole 
length  of  the  kiln  to  Uie  chimney.  Below  the  flue  is  the  door  b,  which  is  bricked  up 
during  every  operation.  The  perforated  wall  a  a  separates  the  flre-hearth  from  the 
burning  chamber,  and  diffuses  the  flame  uniformly  over  the  whole  front  part  of  the 
chamber ;  tiio  position  of  the  fire-grate  is  found  in  practice  to  be  exceedingly  good,  and 
is  recommended.  The  grate  is  inclined  towards  the  kiln  for  the  purpose  of  fadli- 
tating  the  addition  of  fuel.  The  curve  in  the  roof  conducts  the  flames,  without 
interruption,  into  the  burning  chamber.  The  fire-door,  e,  can  be  easily  drawn  up  by 
means  of  the  vdght  o,  and  £e  chains  passing  over  the  ptdleys  «  n.  The  flue  p,  and 
a  few  others  in  uie  side  of  the  kiln,  tend  to  keep  the  brickwork  dry,  which  is  an 
important  point  in  getting  up  the  heat.  '  The  heat  in  all  furnaces  thus  constructed  is 
greatest  in  the  neighbourhood  of  the  wall  a  a  ;  and  to  }>revent  the  vitrification  of  the 
bricks,  a  certain  quantity  of  lime  is  tJirown  into  the  front  part  of  the  kiln.  In  such  a 
Aimace  as  this,  the  firing  chamber  is  3|  feet  high  and  10  feet  long,  and  a  full  charge 
is  6,000  bricks. 

Sewcatttt  Kilnt  are  arched  kilns  or  ovens.  These  have  been  improved  by  Mr.  C.  G. 
JTohnson,  who  constructs  a  flue  running  along  the  back  of  a  range  of  these  kilns,  and 
instead  of  pladng  the  chimney  at  the  end  farthest  from  the  fire,  he  places  it  near  the 
fire.  A  communication  is  formed  between  the  kilns  of  the  fine  running  along  the  hack 
of  the  range.  Suitable  dampers  regulate  the  heat,  which  can  be  drawn  through  any  kiln 
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iiom  back  to  front  bjtbeehimney.   Fig.  1297i8a£rooteleTaUoiiof  apoctioDof  aianga 
of  lulna  thus  constructed,    a  is  the  oody  of  the  kiln,  -where  the  bridas  are  stacked 
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on  a  plane  floor ;  i,  a  flue  that  connects  any  two  or  more  kilns  with  each  other,  tlio 
communication  being  regulated  by  means  of  dampen  i'  i' ;  c,  chimney  with  damper  </ ; 
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d,  an  aiehtray  tar  settiiig  and  diawing  the  ldln«,  made  up -«rith  bricka  danbed  ^th 
claj,  BO  as  to  be  air-tight  while  the  bricka  aie  burning.  The  system  of  firing  ie  the 
■ame  as  in  the  ordinaiy  end  firing  OTens.  The  mode  of  vorkingis  simple :  Na  I  kiln 
when  fired,  is  put  into  commnnication  with  No.  2,  this  kiln  having  had  the  opening 
in  front  closed  up,  and  the  damper  in  the  ohimnoy  opened.  No.  2  kiln  acts  as  a  chimney 
to  No.  1  doling  the  time  that  the  moisture  is  being  driTon  off  fitim  the  bricks  in  it. 
While  Uiia  operation  is  going  on,  No.  3  kiln  can  be  set,  and  as  soon  as  the  moisture 
is  esmelled  from  the  bricks  in  the  first  kiln,  communication  can  be  closed  with  Na  2, 
anduiat  vith  No.  3  opened.  The  waste  heat  will  then  pass  into  No.  3.  This  can  be 
repeated  as  many  times  as  there  axe  kilns,  and  the  firing  up  of  the  kiln  with  the  dried 
bncks  effected. 

In  HellmAnn's  brick-kiln,  at  his  works  near  Hanorer,  the  firing-chamber  is  8  feet 
from  side  to  aide,  12  feet  8  inches  to  the  top  of  the  arch,  and  20  feet  4  inches  in  length. 
This  space,  -which  is  much  laiger  than  that  in  the  kiln  just  described,  will  contain 
24,000  bricks.  The  mean  quantity  of  ooal  consumed  in  firing  this  kiln  is  260  cwts. 
The  kiln  is  heated  from  i  grates,  which  join  in  the  centre. 

The  open  Dutch  kilns  are  much  larger.  Heren  describes  one^l  feet  wide,  110  feet 
long,  and  2fi  feet  high,  containing  66  layers  of  bricks,  one  above  the  other,  consisting 
of  more  than  3,000,000  bricks,  which  are  bnmt  in  36  days  by  the  fiames  tiom  10  fires. 
The  Biil  kiln  {fitf.  1298)  used  in  Waiblingen  is  of  a  similar  character.  This  kiln 
is  heated  by  two  fiite ;  between  the  fires  and  the  chimney  A  there  are  two  working 
chambers,  a  lower  chamber  c  for  burning,  and  an  upper  chamber  B  for  drying  the 
bricks.  The  working  chambers  and  chimney  are  separated  &om  each  other  by  per- 
forated an^es ;  the  lower  arch  a  a  above  the  fire  being  perforated  with  25  apertures 
for  the  passage  of  the  fiames,  while  between  the  drying  chamber  and  the  chimney 
there  are  18  similar  passages.  The  fuel  is  placed  below  the  chief  chamber  c  and  in 
&ont  of  it,  in  a  prolongation  of  the  fire  channels  a  a,  in  which  the  grates  are  set. 
Several  modifications  of  these  kilns  have  been  from  time  to  time  introduced,  and  they 
have  been  specially  varied  to  meet  the  conditions  for  burning  roofing  tiles,  pipes,  &c, 
but  in  principle  they  are  essentially  the  same. 

Hoffmann's  Stnught  Kil». — The  following^.  (1299)  represents  in  section  a  kiln  on 
Hoffinann's  system  as  arranged  by  CihamberUin  and  Wedekind. 

a  a  is  the  brick-work  of  the  kiln ;  b,  the  fire-place  at  one  end,  the  opposite  end 
opening  with  a  chimney  c,  by  a  fine  d;  a  number  of  openings  e  e,  provided  with 
closely-fitting  covers,  are  constructed  along  the  roof  of  the  kilns  for  the  introduction  of 
smnll  fneL  The  entire  length  of  the  kilns  having  been  filled  with  bricks,  in  a  fit  state 
for  burning,  a  fire  is  lighted  in  the  fire-place  i,  and  air  is  allowed  to  enter  freely  through 
the  fire-d<wr.    When  the  heat  at  this  end  of  the  kiln  is  snffidently  high,  f^iel  is  intro- 

1399 


duced  thront^  the  openings  <  <  on  the  top.  The  hob  air  and  prodnets  of  combustion 
peas  along  tne  entire  length  of  the  kUn,  between  the  goods  stacked  in  it,  gradually 
heats  it,  and  finally  passes  off  by  the  fine  i2  to  the  chimney  a.  So  soon  as  that  portion 
of  the  stacked  bri^,  into  and  amongst  which  the  tatl  has  been  supplied,  bus  become 
sufildently  burnt,  the  further  supply  of  fuel  is.  stop^,  and  the  supply  is  then  carried 
on  through  other  openings  e  in  advance,  so  as  to  mingle  t^e  fuel  with  the  adjoining 
bricks,  which  by  this  time  will  be  sufficiently  heated  to  ensure  the  combustion 
of  such  fneL  Those  bricks  which  have  been  tboraughly.  burnt  are  now  allowed 
to  cool  gradually  by  the  action  of  the  cold  air  which  passes  amongst  thorn  and  takes 
up  the  cakvic,  which  is  transferred  to  the  succeeding  bricks  on  its  way  to  the  chimney. 
In  this  manner  the  process  of  burning  is  continued  until  the  extreme  end  of  the 
kiln  hsLS  been  reached,  some  of  the  goods  having,  in  the  meantime,  been  drawn 
and  replaced  by  fresh  ones,  so  that  the  kiln  will  be  ready  for  relighting  by  the  time 
the  last  Qf  tbe  goods  is  withdrawn.  These  kilns  may  be  provided  at  intervals  with 
sliding  doors,  wjiich  extend  across  the  kiln,  and  subdivide  it  into  a  number  of  separate 
compartments,  facility  is  thus  aSirdod  for  making  um  <^  these  compartmenba  as  drying 
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ehambers,  whilst  the  other  portion  of  the  kiln  'is  burning.  The  drying  tohj  be 
facilitated  hy  bringing  hot  air  from  the  cooling  portions  of  the  kiln  into  the  drying 
chamber  for  the  time  being,  by  means  of  a  moveable  pipe  or  flue,  which  may  l« 
adjusted  to  any  of  the  holes,  e,  in  roof.  When  the  bricks  are  Bufficently  dry,  the  doors 
and  flue  are  removed  so  as  to  bring  them  within  the  direct  range  of  the  hot  air  and 
products  of  combustion  from  the  burning  bricks,  preparatory  to  their  being  Hred  from 
above.  In  this  arrangement  flues  provided  with  dampers  should  be  employed,  leading 
from  each  compartment  to  separate  chimneys,  or  to  one  common  flue  leading  to  a  single 
chimney,  and  each  compartment  should  have  near  its  upper  part  a  flue  for  carrying  off 
the  steam  and  vapour,  evolved  during  the  process  of  dicing, 

Pottery-kitni  are  sometimes  constructed  upon  this  principle,  in  compartments ;  the 
number  varying  considerably  according  to  the  conditions  required :  these  are  not 
usually  continuous.  The  greatest  possible  heat  is  required  for  baking  porcelain.  The 
porcelain  kiln  consists  of  a  round  chamber,  on  the  floor  of  which  the  porcelain  vessels, 
enclosed  in  teggart,  are  arranged  in  columns.  The  flames  All  the  whole  space,  dr- 
culating  between  the  columns,  and  escaping  through  different  apertures  in  the  top  of 
>  the  chamber ;  from  thence  they 

"""  enter  a  second  chamber,  and  their 

heat  is  still  suflScient  for  baking 
biscuit-ware.  .  Fig,  1300  repre- 
sents the  S&vres  porcelain  kiln. 
The  kiln  is  surrounded  by  four 
separate  flres  A  A,  which  first  beat 
the  space  l,  which  is  intended  for 
completely  burning  tlie  porcelain  ; 
the  upper  chamber  l'  being  used 
for  baking  the  biscuit;  while  the 
third  space  l"  may  be  used  for  the 
same  purpose,  or  for  drying  the 
seggars,  the  flame  escaping  through 
the  chimney  c.  The  heartlis  of 
the  porcelain  kiln  are  peculiar ; 
they  are  constructed  without  any 
grate,  and  built  in  such  a  manner 
that  the  draught  is  forced  to  take 
a  contrary  direction  to  that  which 
it  usually  takes  in  other  kilns. 
The  space  c  is  filled  with  red-hot 
fuel,  which  is  passed  in  throu);h 
the  aperture  b,  and  completely  fill 
the  space  /.  The  draught  in  the 
first  instance  is  downward,  in  tlio 
direction  of  the  arrow,  through  //, 
and  the  spaces  between  the  fuel  in 
f  and  c ;  this  creates  a  long  flame, 
which  escapes  through  p  into  the 
chamber  l.  The  round  aperture  o 
is  usually  closed  with  a  clay 
stopper ;  through  this  opening  the 
fire  18  stirred ;  o,  at  the  foot  of  the 
hearth  is  used  for  removing  the 
ashes  when  necessary,  the  draught  being  always  regulated  by  the  lid  V.  The  flue  is  divi- 
ded by  three  tongues  into  three  channels  p,  in  order  that  the  fiame  may  be  dispersed ;  ly 
and  s  are  the  doors  for  the  insertion  of  the  goods.  In  the  arched  covering  of  the  space 
L  twenty-five  apertures  1 1  an  left  to  conduct  the  fiame  into  the  chamber  l'.  Any 
single  opening  would  draw  all  the  fiame  together — the  object  is  to  spread  it.  Half  the 
number  of  openings  are  made  in  the  roof  al  i!  f  f,  for  a  similar  purpose.  Small 
openings  are  made  in  the  walls  of  the  chamber  l,  through  which  the  colour  of  the  fire 
may  be  watched.  The  whole  of  the  kiln  is  bound  together  with  iron  bands  to  prevent 
its  falling  to  pieces.  Such  furnaces  are  usually  20  feet  in  diameter,  they  are  con- 
structed internally  with  fire-stone,  aud  surrounded  on  the  outside  with  bricks. 

Hoflmann't  Conimuota  Kiln. — Fig.  1302  represents  a  vertical  section,  and^.  1301. 
a  sectional  plan  of  a  continuous  kiln,  combined  with  a  second  or  inner  chamber,  by 
which  dry  or  warm  air  may  be  taken  from  any  of  the  heated  chambers  of  the  kiln  to 
any  of  the  other  chambers,  for  the  purpose  of  drying  green  bricks  or  other  articles 
trom  which  it  is  desired  to  drive  ofr  the  moisture,  a,  the  brickwork  of  the  kiln,  a 
portion  of  the  annular  burning  and  drying  space  of  which  may  be  shut  off  or  sepa- 
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rated  from  the  rest  by  two  moTenble  diaphragms,  6,  V,  to  form  a  drying  chamber. 
The  entire  kiln  is  capable  of  being  subdivided  into  a  number  of  compartments, 
ntunbered  in^.  1301  from  4  to  10  inclnsive,  although  any  other  number  maybe  need. 
Each  compaitment  is  provided  trith  a  door  at  c,  through  -which  the  goods  are  intro- 
duced and  removed.  Ifiom  the  upper  part  of  the  several  compartments  extend  a 
series  of  flues,  i  d,  converging  towards,  and  opening  into,  an  annular  smoke-chamber, 
e,  which  surrounds  the  chimney,  /,  and  communicates  therewith  by  the  passages  or 
openings,  g.  The  inner  ends  of  these  flues  inside  the  smoke  chamber  are  closed  or 
left  open  by  means  of  conical  plugs,  k  k,  which,  by  being  elevated,  will  regulate  the 
amount  of  opening  of  the  flues.  A  closed  man-hole,  t,  fig.  1302,  is  made  in  each  of 
these  flues  for  the  &cility  of  cleaning.  VHlves,  k  {fig.  1301),  connect  any  one  of  these 
flnea,  when  open,  with  the  annular  passagp,  2,  for  dry  or  warm  air,  the  bottom  of  the 
passage  communicating,  by  means  of  valve  m,  with  the  flues,  n,  which  lead  irom  the 
lower  portion  of  the  compartments  of  the  kiln  to  the  smoke  chamber,  e,  before  referred 
to.  These  flues,  «,  are  also  provided  with  conical  plugs  or  dampers,  o,  similar  to 
those  which  are  fitted  on  to  the  inner  ends  of  the  flues,  d. 

In  fig.  1301  the  chambers  4  and  6  are  represented  as  being  shut  off  from  the  doors, 
b,  V,  and  are  supposed  to  contain  green  bricks  ;  the  chamber  6  is  being  fllled  whilst 

1301 


the  goods  are  being  removed  from  chamber  7  ;  the  chambers  8,  0,  and  10,  all  contain 
burnt  goods  in  the  act  of  cooling ;  whilst  the  other  chambers  are  being  fired,  the  hot  air 
therefrom  passing  through  the  goods  in  the  chambers  1  and  2  (not  i^own),  and  being 
obatmcted  by  the  door,  b,  from  entering  the  dtying-chambers  4  and  6  direct,  it  passes 

1302 


:E#?S5»^ftwS>?---- 


by  the  bottom  fine,  n,  of  the  series  direct  to  the  smoke-chamber,  e,  and  thence  to  the 
chimney,  the  plug  or  damper,  being  more  or  less  open  for  that  purpose  according  to 
1  he  draught  required.  The  fresh  air  enters  by  the  doors,  c  c,  passes  through  the 
heated  goods  in  the  chambers  7,  8,  and  9,  thereby  cooling  the  goods,  and  at  the  same 
time  taking  up  the  caloric.  A  portion  of  this  air  so  heated  passes  onwards  through 
the  chambers  10;  11,  12,  1,  2,  and  thence  by  the  flue,  »,  to  the  chimney,  whilst 
another  portion  enters  one  of  the  fines,  d,  at  -the  mouth  thereof,  and  as  the  plug  or 
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TalTe,  A,  on  the  iimer  end  of  this  flue  is  closed,  the  heated  air  enters  by  the  open 
TalTe,  k,  in  the  annular  chamber  or  passage,  t.  The  warm  air  then  travenes  the 
chamber,  «,  passes  through  the  only  open  TtuVe,  m,  at  the  series  into  the  flue,  n,  of 
the  series,  the  end  of  which  in  the  smoke  chamber  is  dosed  by  the  Talve,  o,  and 
thence  to  the  drying-chamber,  4,  Eind  chamber,  3,  and  finally  escaping  at  d  by  the 
flue  and  open  plug  or  valve,  h,  into  the  smoke  diamber,  e,  and  chimney,/;  th»  whole 
of  the  valves,  h,  o,  k,  and  m,  are  kept  dosed,  except  those  which  are  in  connection 
with  the  flues  for  the  time  being ;  and,  so  soon  as  the  goods  in  the  drying-chambeis  3 
and  4  are  sufficiently  dry  for  burning,  the  doors,  b,  are  removed,  and  replaced  at  b', 
exposing  the  bricks  in  the  chamber  9  ,to  the  direct  action  of  the  heat  firom  the  kiln- 
flres,  whilst  the  chamber  6,  just  filled  with  green  bricks,  forms,  with  the  chamber  4,  ' 
a  drying-chamber.  A  fresh  set  of  valves  or  dampers  is  now  opened,  and  the  opera- 
tions of  burning  and  drying  proceed  in  a  continuous  manner. 

Kilns  for  special  purposes  demand  especial  contrivances ;  but,  usually,  thOT  are  in 
principle  like  one  or  other  of  those  which  have  been  described.  For  Malt-Kiln,  see 
Haxt. 

KOKBIUSOa  C]UL'r  or  SXAXa.  The  sands  which  underlie  the  Portland 
stone  of  Dorsetshire  and  the  south-west  of  England  are  based  upon  a  considerable 
thickness  of  dark  brownish-  or  bluish-grey  clay,  to  which  the  term  Kimeridge  Clay 
has  been  given  by  geologists  from  the  circumstance  of  its  being  largely  devdoped  and 
well  displayed  in  the  ne^bourhood  of  the  village  of  that  name. 

Throughout  the  Isle  of  Fnrbeck,  but  especially  in  the  part  of  it  in  question,  the  clay 
assumes  a  very  shaly  and  bituminous  character,  sometimes  passing  into  more  massive 
beds  of  brownish  shaly  coal,  possessing  a  concboidal  fracture. 

The  Bomans,  and  also  the  Celts  who  inhabited  the  country  previously  to  its  inva- 
sion by  the  former  nation,  appear  to  have  manufactured  the  harder  portions  of  the 
shale  into  cups  and  other  artides,  but  chiefly  into  beads,  armlets,  and  biacdets, 
specimens  of  which  last  have  been  found  in  the  neighbouring  barrows,  in  some  cases 
still  encircling  the  wrists  of  skeletons. 

Circular  discs  of  shale,  about  the  size  of  a  penny  piece,  have  also  been  dug  up  in 
great  numbers  in  this  partlf  the  Isle  of  Purbeok :  as  many  as  600  were,  upon  one  ■ 
occasion,  found  dosely  packed  together. 

Authorities  have  been  much  divided  in  opinion  as  to  the  origin  and  use  of  these 
circular  pieces  of  shale.  By  some  they  are  supposed  to  have  passed  current  as  money 
or  tokens,  whence  the  name  of  Kimeridge  coal-money,  by  which  they  are  commonly 
known,  has  been  applied  to  them ;  but  the  most  probable  suppodtion  is,  that  they 
were  the  portions  of  the  material  fixed  to  the  lathe,  and  left  adhering  to  it  after  the 
armlets  or  other  ornaments  of  a  similar  description  had  been  turned  from  their  outer 
circumferences,  and  that  at  some  subsequent  period  these  refuse  pieces  of  the  turner 
were  worn  as  amulets  or  charms  by  the  superstitious.  '     . 

The  shale  around  Kimeridge  abounds  in  animal  and  vegetable  matter,  the  former 
consisting  of  the  shells  of  oysters,  ammonites,  &c.,  together  with  the  bones  and  teeth 
of  large  saurians  and  fish  ;  while  the  latter  is  in  so  finely  divided  a  state  as  not  to 
be  distinguishable  to  the  eye.  Much  carbonate  of  lime  and  pyrites  are  also  present, 
especially  in  those  portions  in  which  animal  remains  are  most  abundant. 

The  variation  in  the  external  character  of  the  shale  is  accompanied  by  a  corre- 
sponding variation  in  the  relative  proportions  of  min^r^l  and  organic  matter  contained 
in  it ;  those  portions  which  are  the  moee  fissile  and  slaty  containing  a  large  proportion 
of  mineral  matter  combined  with  a  relativdy  small  proportion  of  organic  matter ; 
while,  on  the  other  hand,  in  the  harder  and  more  massive  portions  which  break  with 
a  conchoidal  fracture,  the  organic  matter  is  greatly  in  excess  of  the  mineral  matter,  as 
is  shown  by  the  following  analyses : — 


Amount  of  volatile  matter . 
„        „  mineral  matter . 

OteTlsh-gieen  delioatdy  flnOe 
shale 

Brown  Shale 

wtth  coneholdal 

fracture 

B 

1961 
80-49 

62-8 
47-2 

733 
26-7 

10000 

100-0 

100-0 

When  heated  the  shale  rives  off  copious  fumes  of  a  disagreeable  odour  resembling 
that  of  petroleum ;  and  when  ignited  it  bums  of  itself  with  a  dull  smoky  flame, 
leaving,  when  freely  exposed  to  the  atmosphere,  a  reddish  ash,  which  generally  re- 
tains uie  form  of  the  original  fragment. 
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The  sbaleha*  long  been  ireed  for  fiiel  bj  the  people  of  the  district  where  it  ocenrs, 
and  the  ashes  left  after  oombustion  have  long  been  known  to  the  farmers  on  the  coast 
to  exercise  a  beneficial  inflnence  upon  their  crops,  especially  turnips  ;  but  the  unplea- 
sant smell  given  out  by  it  when  burning  has  prevented  it  from  being  used,  except  by 
thepoorer  inhabitants. 

The  composition  of  this  gas,  freed  from  earbonie  acid  and  sulphuretted  hydrogen 
by  passing  thnmgh  an  ordinary  lime  purifier,  was  as  follows : — 

Oleflant  gas  and  congeners   ......     lO'O 

Light  carburetted  hydrogen  and  hydrogen     .        ...     79*0 

Cttbtaiic  oxide     .        .       .       .        ."       .        .        i    110 

loop 

The  Gompoait!oB  of  the  (soke  produced  waa  -.m- 

Carbon 78'4    .       .        .        .    728 

Ask       ,       ,       ,       ,       ,    34-3    .....  30-3 

107'7  las'! 

Tbe  -esesM  tlbave  lOO  uiaM  from  the  ptMenee  of  mlphides  in  the  coal,  which 
daring  the  plocess  d  ineiitaration  absorb  oxygen,  and  are  converted  into  dnlphates. 

A  ton  of  abtXe  fumiatied  11,800'  evbic  feet  of  this  pttrifled  gas,  th^iUnraimting 
power  of  iriuch,  naad  in  the  ai^sod  burner,  consuming  6  cubic  feet  per  hoar,  equalled 
that  of  20  a|>arm  candles,  while  the  ^rcentage  of  coke  remaining  was  36*6. 

The  liqtiid  and  solid  products  obtained  by  the  distillation  of  the  shale  at  a  low  tem- 
petatUTSt  aie  anoibnsiTely  smelling,  dark  brown  oil,  suspended  in  an  aqueous  liquid, 
charged  with  solphnietted  hydrogen,  carbonic  acid,  and  ammoni*. 

Thn  oil,  pDri&d  and  distilled  wiA  water,  ftamished  an  oily  liquid  heavier  than 
water ;  a  tar-like  Teadne  being  left  in  the  retort. ' 

The  oily  liquid  wfaidi,  ^en  purified,  gives  out  the  odour  of  the  fintot  varieties  of 
coal-gas  naphtha,  is  a-  mizkure  of  several  chemical  substances. 

"Wben  treated  with  ooneestnted  nitric  acid,  this  oily  liquid  is  divided  into  two 
portions,  one  of  which  is  dissolved  by  the  add,  wiiile  the  othisr  insoluble  ^rtion 
floats  on  the  snrfiice  of  the  solution  in  the  fbrm  of  a  li^t  oohwriesij  oily  Hqnid, 
resembling  in  its  general  character  the  hydroearboss  of  Boghead  coWI-tsr,  atid  of 
pettDlenm.  The  nitric adBtion  which  forms  the'  larger  prOportiOii  of  the  oily  Dqtijd, 
when  mixed  -with  water,  ftimishes  a  denee^  heavy,  yellowish  oil,  'with  the  odour  of 
nitzo-benaoL 

Hence  it  appears  that  the  oily  liquid  obtained  by  the  distSUation  of  the  shale  con- 
sists chiefly  of  bensol  and  its  homologues,  mixed  -Aith  small  qnantities  of  petroleum 
hydrocarbons.  YHien  sufficiently  purified  it  is  applicable  for  all  the  purposes  for 
which  benzol  is<  em^oyed,  for  dissolving  India-rubber  attd  gutta-percha,  for  re- 
moving stains  frqm  fitbries,  for  preparing  varnishes,  for  making  artificial  oil  of 
almonds,  &c.  '' 

On  subjecting  to  distillation  without  'water,  and'  at  a  rather  high  temperatore, 
the  oily  tar-like 'residue  remaining  in  the  retort  after  the  crude  volatile  Oil  is  ob- 
tained by  heat  tram  tbe  shale,  had  been  dictilled  with  'water,  other  volatile  products 
aie  obtained. 

The  first  portios  of:  the  oil  obtained  dnring  the  distillation  is  of  an  amber  colour 
when  first  distilled,  and  much  less  limpid  timn  the  oil  produced  by  distillation  with 
'water.  It  also  poeaeeses  an  offensive  sulphnnnuf  onell,  which,  however,  is  lost  on 
exposure  to  the  air,  while  the  dl  assumes  a  mocb  darker  colonr.  This  oil  is  acted 
upon  by  sulphuric,  nitric,  and.  hydrochlorie  aoids,  fay  iriiich,  especially  I^  tiie  first,  a 
portion  of  it  is  resinifled. 

The  remaining  portion  of  the  oil,  when  washed  -with  water  and  afterwards  dis- 
tilled with  steam,  furnishes  a  perfectly  colo'urless  oil  'with  the  properties  of  pamffine. 
This  last  oil,  'which  forms  but  a  small  portion  of  the  originkl  oil,  behaves  in  all 
respects  like  ths  paraffine  oil  obtained  from  Boghead  eannel  coal,  alld  is  applicable 
to  the  Itdnicatian  of  machinery,  and  all  the  other  purposes  to  which  that  liquid  is 
apdJed.    . :   >     1 

The  blai^i^di-like,  coky  residue  left  in  the  retort  resembles  in  general  character 
the  coke  produced  from  coal  in  the  manufacture  of  gas. 

The  aril  of  the  inonerated  coke  contains  nearly  the  same  |Hrop<nrtions  of  silica, 
ahimina,  and  iron,  as  PoitUmd  cemenb.  The  following  is  m  analysis  of  die  ash  left 
fay  the  shale,  which  egotains  the  larger  amount  of  mineral  matter : — 
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Alb  Cft  Dorwtshln  abkla       Fortlanl  ocnuBl 
Insoluble  reddae  ....    29-01 


Peroxide  of  iron 
Silica    . 
Alumina 
Lime    . 
Carbonic  add 


710  8-80 

21-75  22-23 

10-60  '          7-76 

20-62  64-11 

10-92  2-16 


100-00  91-64 


Some  few  yean  since  vorks  were  established  at  Wsreham,  for  the  purpose  of 
extracting  naphtha,  and  other  products,  from  the  shale  by  distillation ;  but  the 
manufacture  was  abandoned  in  consequence  of  the  impossibility  of  destroying  the 
smell  given  out  by  the  naphtha.     We  learn  (1874)  that  the  works  are  to  be  resumed. 

The  treatment  of  the  shale  at  Wareham,  according  to  Mr.  John  C.  Mansel,  was 
conducted  in  the  following  manner : — 

The  retorts  were  charged  with  about  5  cwts.  of  shale,  preyously  broken  into  pieces 
about  2  inches  square,  and  the  temperature  was  maintained  as  nearly  uniform  as  pos- 
sible. Id  order  to  obtain  the  required  uniform  temperature  the  retorts  were  constructed 
so  as  to  hare  backs  of  lead.  The  gas  formed  in  the  retorts  was  then  condensed  by 
means  of  a  leaden  worm,  and  the  product  was  a  crude  oil ;  a  larse  quantity  of  gas  was 
made  during  this  operation,  which  was  not  condensed,  but  used  for  ordinary  purposes. 
The  crude  oil  was  allowed  to  stand  in  long  tanks  for  48  hours,  for  the  purpose  of 
letting  the  ammoniacal  water  (of  which  there  is  a  large  quantity)  subside.  The  oil 
was  then  put  into  a  still  and  rectified  once  or  twice  as  the  case  might  be.  The  first 
product  was  a  light  oil,  making  overproof  75° ;  the  next  products  were  heavy  oils,  ood- 
taining  poraffine. 

The  shale,  on  being  taken  out  of  the  retorts,  was  placed  in  close  vessels,  and  when 
cool  was  ground  in  a  mill  for  manure.  In  its  unmanufactured  state  the  shale  was 
not  snf&ciently  rich  in  ammonia  for  this  purpose;  but  at  this  stage  the  artificial 
manure  was  said  to  be  as  Taluable  as  Ickaboe  guano,  both  having  been  recently 
analysed  for  the  purpose  of  comparison.  By  keeping  the  temperature  low  in  the 
retorts,  neither  tlie  phosphates  nor  the  organic  matter  were  destroyed. 

KZmnMW  OOA&.    See  KimntinoB  Ci.at  or  Sr4i& 

XXiro'S  BXiVa.    See  BLin  FiomitTS. 

BnrCWTOWS  mr^X.  An  alloy  which  is  known  as  Kingston's  metal  is 
much  used  for  the  bearings  and  packings  of  machinery.  James  Pole  Kingston 
patented  in  1853  the  use  of  an  alloy  which  he  specified  as  prepared  in  the  following 
manner : — 

An  alloy,  consisting  of  copper  9  lbs.  and  tin  24  lbs.,  is  first  melted  ;  then  9  lbs.  of 
mercury  are  added,  and  the  whole  combined.    When  cooled,  it  is  ready  to  be  used. 

MJtnVB  Ta&&0^7.  A  mixture  of  arsenious  acid  and  orpiment,  used  as  a  pig- 
ment 

XXWO-I^OOS  is  imported  from  the  BraziU,  and  is  sometimes  called  violet 
wood.  This  is  one  of  the  most  beantifol  of  the  hard  woods,  and  is  used  in  small 
cabinet  work. 

MXMXO  ACZD.    A  peculiar  acid  extzacted  by  Yanquelin  from  cinchona, 

XOro  is  an  extract  obtained  most  probably  from  the  Pteroearjnu  marsupium, 
which  grows  on  the  Malabar  coast.  In  India  kino  is  used  for  dyeing  cotton  a  nankeen 
colour.  It  is  of  a  reddish-brown  colour,  has  a  bitter  styptic  taste,  and  consists  of 
tannin  and  extractive,  75  parts,  and  a  red  gum  25  parts.  It  is  used  only  as  an 
astringent  in  medicine.    Kino  is  often  called  a  gum,  but  most  improperly  so. 

MXr.    A  Malacca  weight  for  tin,  of  40  lbs.  11  oz.  avoirdupois. — Simnumda. 

XXPB.  The  tanners  call  the  skins  of  young  animals  kips.  The  skins  of  full- 
grown  cattle  of  small  breed  are  also  so  called.    See  Lbitesb. 

XnUIOTWASBn  is  an  alcoholic  liquor  obtained  by  fermenting  and  distilling 
braised  cherries,  called  Kirtcheit  in  German.  The  cherry  usually  employed  in  Switzer- 
land and  Germany  is  a  kind  of  morello,  which  on  maturation  becomes  black,  and  has 
a  kernel  very  large  in  proportion  to  its  pulp.  When  ripe,  the  fruit,  being  made  to 
fall  by  switching  Uie  trees,  is  gathered  by  children ;  thrown  promiscuously,  nnripe,  ripe, 
and  rotten  into  tubs;  and  crushed  either  by  hand,  or  with  a  wooden  beater.  The 
mashed  materials  are  set  to  ferment ;  and,  whenever  this  process  is  complete,  the 
whole  is  transferred  to  a  still,  and  the  spirit  is  run  off,  by  placing  the  pot  over  the 
common  fireplace. 

The  fermented  mash  is  usually  mouldy  before  it  is  put  into  the  alembic,  the  capital 
of  which  is  luted  on  with  a  mixture  of  mud  and  dung.  The  liquor  has  accordingly,  for 
tfie  most  part,  a  rank  smell,  and  is  most  dangerous  to  health,  not  only  iirom  its  own 
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erad«  enential  oQ,  bat  from  tbe  pnusio  acid  derived  ftom  tlM  distillation  of  the  eheny- 
■tonee. 

There  ia  a  anperior  kind  of  KtncHmasaar  made  in  the  Black  Foreat,  prepared  with 
fever  ksmela,  ftam  choice  fruit,  properly  pressed,  fermented,  and  distilled. 

KBKWASrZTB.  A  mineral  foond  in  basalt  on  the  north-eastern  coast  of  Ireland, 
consisting  of  silica,  lime,  alumina,  and  protoxide  of  iron. 

*I*h.  A  -workman's  name  for  the  dTstalline  scales  of  graphite,  which  separate 
fiom  certain  kinds  of  cast  iron  on  cooling. 

»f*  •«■«'  m^n,WliWXMH  XKAOHZW.  Mr.  Kent^s  machine  for  this  pnrpose 
consists  of  a  box  or  case,  containing  a  conple  of  wooden  discs,  fixed  near  to  eacn  other 
upon  a  horizontal  iron  rod  or  spindle,  which  passes  throngh  the  case,  and  is  caused  to 
rotateby  means  of  a  winch-handle.  Each  disc  is,  for  about  three-fourths  of  the  area 
of  its  inner  face,  covered  with  alternate  rows  of  bristles  and  stripe  of  leather ;  and  the 
remaining  fourth  part  is  covered  with  bristles  only.  The  knife-blades  to  be  cleaned 
are  introduced  through  the  openings  in  the  case,  between  the  rubbing  surfaces  of  tbe 
discs ;  and  rotatory  motion  being  given  to  the  discs  by  a  winch-handle,  the  knives  are 
rapidly  cleaned  and  polished. 

Mr.  Masters  constructed  knife-cleaning  machines  upon  the  same  plan  as  the  above ; 
but  the  rubbing-sur&ee  of  each  disc  is  formed  erf  strips  of  buff  leather,  with  only  a 
narrow  circle  of  bristles  around  the  edge  of  each  surface,  to  clean  the  shoulders  of  the 
knives ;  small  brushes  are  fixed  beneath  the  holes  in  the  case,  through  which  the 
blades  of  the  knives  are  inserted,  to  prevent  the  exit  of  dust  from  the  apparatus. 

Mr.  Price  has  also  devised  a  machine  for  cleaning  knives,  and  another  for  cleaping 
forks.  The  knife-cleaner  consists  of  a  horixontal  drum,  covered  with  pieces  of  leather 
or  felt,  and  fixed  within  another  drum  or  circular  framing,  lined  with  leather  or  felt. 
The  knives  are  intiodnoed  through  openings,  in  a  moveable  circular  plate,  at  the  front 
of  the  outer  casing,  and  enter  between  the  surfaces  of  the  two  drums.  Tbe  plate  is 
fixed  upon  a  horizontal  axis,  which  extends  through  the  case,  and  is  furnished  at  the 
back  with  a  handle ;  by  turning  which  the  disc  is  caused  to  rotate  and  earn-  round  the 
knivee  between  the  su^aces  of  the  drums.  The  fork-cleaner  consists  of  a  box,  with  a 
long  rectangular  opening  in  the  side ;  behind  which  two  brushes  are  fixed,  &ce  to  fuse. 
Between  these  brushes  the  prongs  of  the  forks  are  introduced,  and  the  handles  are 
secured  in  a  carrier,  which  is  made  to  advance  and  recede  alternately  by  means  of 
a  throw-crank,  and  thereby  thrust  the  prongs  into  and  draw  them  out  of  contact  with 
the  bmahes.  The  carrier  consists  of  two  metal  plates,  the  lower  one  carrying  a  cushion 
of  vulcanised  India-rubber  for  the  fork  handles  to  rest  upon,  and  the  upper  being  lined 
with  leather ;  they  are  hinged  together  at  one  end,  and  are  connected  at  the  other, 
when  the  handles  have  been  placed  between  them,  by  a  thumb-ecrew. 

KVOX&8.  A  mining  tmn  in  Germany  for  lead  on  separated  from  the  smaller 
pMta. 

XMOtftMMM  are  excrescences  produced  by  the  puncture  of  an  insect  upon  the 
flower-cups  of  several  species  of  oak.  They  aro  comprassed  or  flat,  irregularly-pointed, 
generally  prickly  and  hard ;  brown  when  ripe.  They  abound  in  Styria,  Croatia, 
Sdavonia,  and  Katolia ;  those  from  the  latter  country  being  the  best.  They  contain 
a  great  deal  of  tannin,  are  much  employed  in  Austria  for  tanning,  and  in  Germany  for 
dyeing  fawn,  grey,  and  black.    See  Gaixs. 

M,orro-BMmtr.  The  name  in  the  Moluccas  for  the  Manilla  hemp,  or  rather  for 
the  fibres  of  the  wild  plantain  of  those  islands,  the  Mum  textilit. 

XOH&-KABBZ.  A  variety  of  cabbage  {Brauica  oleracea),  in  which  the  stem 
enlarges  into  a  fleshy  excrescence,  resembling  a  turnip. 

WO'fc*  XVTS.  The  bitter  seeds  of  certain  species  of  Siereulia,  highly  esteemed 
for  their  medicinal  properties  by  the  tribes  on  the  Niger, 

KOVKZaS  is  the  name  of  a  liquor  which  the  Kalmucks  make  by  fermenting 
mare's  milk,  and  from  which  they  distil  a  favourite  intoxicating  spirit,  called  rack  or 
raehf. 

The  milk  is  kept  in  bottles  made  of  hide  till  it  becomes  sour,  is  shaken  till  it  casts 
up  its  cream,  and  is  then  set  aside  in  earthen  vessels,  in  a  warm  place  to  ferment,  no 
yeast  being  re<juired,  though  sometimes  a  little  old  konmiss  is  added.  21  lbs.  of  milk 
put  into  the  still  afibrd  14  ox.  of  low  wines,  from  which  6  oz.  of  pratty  strong  alcohol, 
of  an  unpleasant  flavour,  are  obtained  by  rectification. 

XOmUB  vrOOB.  The  wood  of  Uie  New  Zealand  pine,  Vammara  Australit,  one 
of  the  most  magnificent  of  the  coniferous  woods.  It  is  also  called  eowdie  and  kauris 
wood.    It  is  much  used  for  the  masts  of  ships. 

nikWnatXA.    A  ahmb,  which  is  a  native  of  Peru,  yielding  the  well-known 
rhatany  root,  often  used  as  a  dentifrice. 
See  Cbbosote. 
See  CaxoLm. 
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acVBIlX  OX&<  Anoil'cxpmssed  from  the  seeds  of  tbe  Aleuritet  triloba,  at  c&ndle- 
lilit  tree.    It  is  used  as  an  artist's  oil. 

aeWHUXlTBa.  This  is  the  tough  flbrons  rhkone  •t'tn  ladiau  gmss.  II U  -woren 
Into  a  &bric  called  tatty  in  India ;  it  has  an  extensire  use  in  the  mann&ctim  of 
awninga,  blinds,  and  srinsfaadBS  ;  these  are  often  sprinkled  with  water  during  the  hot 
seasons,  which,  by  eTapoistion,  cools  the  air  in  the  apartment,  aAd  at  the  same  time 
impsits  an  agreeable  odour. 

XTAsm.  A  stone,  which  is  sometimes  bine  and  transparent.  It  is  then  «m> 
ploysd  as  a  g«m ;  it  nsembles  sapphire.  Ita  chemical  composition  is,  tilica,  37'0 ; 
tUnmina,  63*0. 

MTAmsnrO.  A  process  fbr  preserving  wood,  snccessftilly  carried  out  hj  the 
late  Hr.  Kyan  of  New  York.  A  solution  of  conosire  sublimate  is  forced  into  tfao 
pores  of  the  timber.  This  chloride  of  mercury  combines  with,  and  coagulates  the 
TegetaUe  albumen,  and  thus  renders  the  wood  impervious  to  air  or  moisture. 

XTAirpx.  The  old  name  of  aniline.  It  was  applied  by  Runge  to  the  base  £Rsm 
coal-tar. 

XTSOSXXB.  A  sulphide  of  copper  containing  traces  of  arsenic,  ftom  BricdtUt 
near  Annaberg,  in  Saxony. 


ULSASBAQOBV  VfcUlV.  -  A  sohUaoo  of  chloride  of  aodai  occasionally  used 
in  bleaching.    See  CaidBiDB  of  Lddk. 

KAaSAWac.  A  resin  found  on  the  leaves  of  the  Oistiu  Orttieut,  ia  Candia. 
It  is  used  in  perfbmery  and  for  pastiles. 

&AaBABOBXXat  or  Tiftll»inw»  raXiSVAB,  is  a  beastifbl  mineral,  with 
brilliant  obsnging  colours,  blue,  red,  and  green,  &c  Spec  gi*T.  270  to  2'76. 
Scratdie*  glass ;  sffiirds  no  water  by  calcination ;  ftasible  at  the  blowpipe  into  a 
frothy  bead;  soluble  in  ranriatic  acid ;  solution  afibrds  a  copious  precipitate  with 
oulate  of  ammonia.  Cleavages  of  93}°  and  86}° ;  one  of  which  is  brilliant  and 
pearly.  Its  constituents  are,  silica,  66*76 ;  alumina,  2<t'5  i  lime,  11 ;  soda,  4 ;  oxide 
of  iron,  1-36;  water,  0*9. 

Labradorite  receives  a  fine  polish,  and  the  beanty  of  its  ch&toyant  refleeddris  re- 
commends it  as  an  article  of  onament. — H.W.B. 

In  addition  to  the  play  of  iridescent  colours  exhibited  on  the  brachydiagonal 
cleavage-plane  of  labradorite,  the  mineral  usually  presents  an  aventurine-like  appear- 
ance due  to  the  enclosure  of  microscopic  scales  and  crystals  (inierclitha).  The  minute 
structure  of  labradorite  has  recently  been  studied  by  Schrauf,  of  Vienna,  and  other 
microscopists.    See  Fblspab. 

»lkB»iH>0»  TBA.  An  inf^on  of  the  leaves  of  Ledum  paluttre  and  L.  Mi- 
folium,  drunk  in  ports  of  North  America. 

KABmUTAK.  Cytitm  Labumam.  {Arboit  cmttvmn,  Fr. ;  Goldngm,  6er.) 
The  wood  of  the  labumam-tree  is  sometimea  used  in  ornamental  cabinet-#ork  and 
in  marquetry.  *  In  the  labumam  there  is  this  peculiarity,  namely,  that  the  me- 
dullary plates,  which  are  large  and  yery  distinct,  are  white,  whereas  the  fibres 
are  a  dark  brown — a  circumstance  which  g^ves  an  extraordinary  appearance  to  this 
wood.' — Aikm. 

UlVnUJIWIl,  in  Metallurgy,  means  a  series  of  canals  distributed  from  the  lead 
of  a  stamping-mill ;  through  which  canals  a  stream  of  water  is  transmitted  for  sus- 

E ending,  carrying  dS,  and  depositiog,  at  difierent  distances,  the  ground  ores.    See 
laassDia  or  Oi^s. 

&AO.  (LaqiK,  Fr. ;  Laek,  Laelffarben,  Qer.)  A  resinous  substance  produced 
by  the  puncture  of  a  peculiar  female  insect,  called  Coecut  laeca  ot  fictu,  upon  the 
branches  of  several  plants ;  as  the  Fiout  rdigioda  or  the  pepel  tree,  the  F.  Indica,  the 
Shamiuujtguba,  the  Oroton  laociferwn  or  bihar  tree,  and  the  Buteafiondota,  the  Dhak, 
which  grow  in  Siam,  Assam,  Pegu,  Bengal,  and  Malabar.  The  twig  becomes  thereby 
inerusted  with  a  reddish  mammillated  resin,  having  a  crystalline-looking  fracture. 

The  female  Inc-insect  is  of  the  size  of  a  louse ;  red,  round,  flat,  with  12  abdominal 
circles,  a  bifurcated  tail,  antenus,  and  6  claws,  half  the  length  of  the  body.  The  male 
is  twice  the  above  size,  and  has  4  wings ;  there  is  one  of  them  to  6,000  females.  In 
November  or  December  the  young  brood  makes  its  escape  from  the  eggs,  lying  be- 
neath the  dead  body  of  the  mother ;  they  crawl  about  a  little  way,  and  t&sten  them- 
selves to  the  bark  of  the  shrubs.  About  this  period  the  branches  often  swarm  to 
such  a  degree  with  this  vermin,  that  they  seem  covered  with  a  red  dust ;  in  this  case, 
they  are  apt  to  dry  up,  by  being  exhausted  of  their  juices.    Hany  of  these  insects, 
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hawent,  become  the  prey  of  otlieHi,  or  are  earned  off  by  the  feet  of  birds,  to  wbich 
tbej  attach  themselTeB,  and  are  transplanted  to  other  trees.  They  soon  produce 
■mall  nipple-like  incrastations  opon  the  twigs,  their  bodies  being  apparently  glued, 
by  means  of  a  transparent  liquor,  vhich  goes  on  increasing  to  the  end  of  March,  so 
a*  to  frarm  a  eelliilar  texture.  At  this  time  the  animal  resembles  a  small  oral  bag, 
vithont  life,  of  tlie  size  of  cochineaL  At  the  commencement,  a  beautiful  red  liquor 
on\y  i«  pereeired,  aftanruds  eggs  make  their  appearanee ;  and  in  October  or  Korem- 
ber,  vhan  the  red  liquor  gets  exhausted,  twenty  or  thirty  young  ones  bore  a  hole 
through  the  bock  of  t^ieir  mother,  and  come  forth.  The  empty  cells  remain  upon  the 
branch  aa  These  are  composed  of  themilkyjuics  of  tJie  plant,  which  serves  as  nourish- 
ment to  the  insects,  and  which  is  afterwards  transformed  or  elaborated  into  tBe  red 
ecdooring  matter  that  is  found  mixed  with  the  resin,  but  in  greater  quantity  in  the 
bodies  of  the  insects,  in  their  eggs,  and  still  more  c<^iously  in  the  red  liquor  secmted 
ibr  feeding  the  yoong.  After  the  brood  escapes,  the  cells  contain  much  less  colouring 
mttttr.  On  tlus  account,  the  branches  should  be  broken  off  before  this  happens,  and 
dried. io. the  son.  In  the  East  Indies  this  operation  is  performed  twice  in  the  year; 
the  first  timie  in  March,  the  second  in  October.  The  twi^  encrusted  with  the  radiated 
cellnlar  snbetance  constitute  the  tiick-lae  of  commerce.  It  is  of  a  red  colour  more  or 
lev  deep,  nearly  transparent,  and  hard,  with  a  brilliant  conchoidal  firactnre.  The 
itiek-lac  of  Sjam  is  the  best ;  it  often  forms  an  inerastation  fiilly  one  quarter  of  an 
inch  thick  all  round  the  twig.  The  stick-lac  of  Assam  rnnka  next ;  and,  last,  that  of 
Bengal,  in  which  the  resinous  coat  is  scanty,  thin,  and  irregular.  There  are  three 
kinds  of  lac  in  commerce :  stick-lac,  which  is  tbe  substance  in  its  natural  state,  soed- 
lac,  and  shell-lac    According  to  the  analysis  of  Dr.  John,  stick-lac  consists  of- 

An  odmow  common  resin ,  80*00 

A  resin  insoluble  in  ether 20-00 

Colouring  matter  analogous  to  that  of  cochineal .        .        .  4*50 

Bitter  balsamic  matter 3'00 

Sun  yellow  extract    .        .        .        .        .        .        .        .  0*60 

Acid  of  the  stick-lac  (laccie  add)        .....  073 

Tatty  matter,  like  wax 3-00 

Skins  of  the  insects,  and  colouring  matter  ....  2-50 

SaHs .        ,        .        .        . 1-25 

Earths 0-76 

Lobs .  4-76 

120-00 

Aceotding  to  Franks,  the  constituents  of  stick-lac,  are,  resin,  65*7 ;  substance  of 
the  lae,  28-3 ;  coloaring  matter  0-6. 

8eed-lae. — •'When  the  resinous  concretion  is  taken  off  the  twigs,  coarsely  pounded, 
and  triturated  with  water  in  a  mortar,  the  greater  part  of  the  colouring  matter  is  dis- 
tolred,  and  tlie  granular  portion  which  remains  being  dried  in  the  sun,  constitutes 
tai-iae.  It  contains  of  course  less  colouring  matter  than  the  stick-lac,  and  is  much 
less  aoloble.    Mr.  Hatchett's  analysis  of  seed-lac  was  as  follows : — 

Berin     .        .  . .68 

Colouring  matter  . 10 

Wax     .       .  7 

eiuisn.  .  6-5 

Foreign  bodies  ........      6-fi 

Low  4 

100 

Johq  found  in  100  parts  of  it,  resin,  66-7 ;  wax,  1*7 ;  matter  Off  the  loe,  16'7 ;  bitter 
balsamic  matter,  2*6 ;  colouring  matter,  3'9 ;  dun  yellow  extract,  0*4 ;  envelopes  of 
inaeeta,  2-1 ;  laccie  acid,  0-0 ;  salts  of  potash  and  lime,  1*0 ;  earths,  6'6 ;  loss,  4-2. 

iStfi/  fgc-T-Ip  India  the  mediae  is  put  into  oblong  bags  of  cotton  cloth,  which  are 
held  orer  a  charcoal  fire  by  a  man  at  each  end,  as  soon  as  it  begins  to  melt,  the 
hag  is  twisted  so  as  to  strain  the  liquefied  resin  through  its  substance,  and,  to  make 
it  drop  upop.  smooth  stems  of  the  banyan-tree  (Musa  paradisa).  In  this  way,  the 
resin  ^yireads  into  thin  plates,  and  constitutes  the  substance  known  in  commerce  by 
the  name  of  sisU-Zoi). 

The  F«^  sfeick-laCf  being  T«iy  dork  ooloored,  fhinishes  a  diell-lac  of  a  ocneepond- 
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ing  deep  hne,  and  therefore  of  inferior  value.  The  palest  and  finest  shell-lac  is  lirongfat 
from  the  northern  drear.  It  contains  very  little  colouring  matter.  A  stick-lac  of  an 
intermediate  kind  comes  from  the  Mysore  country,  ■which  yields  a  brilliant  lac-dye 
and  a  good  shell-lac 

8heU-lae,  by  Mr.  Hatchett's  analysis,  consists  of  lesin,  906 ;  colouring  matter,  0*6 ; 
wax,  4-0 ;  gluten,  2-8 ;  loss,  IS;  in  100  parts. 

The  resin  may  be  obtained  pure  by  treating  shell-lac  irith  cold  alcohol,  and  filtering 
the  solution  in  order  to  separate  a  yellow  grey  pulverulent  matter.  When  the  alco- 
hol is  again  distilled  of^  a  brown,  translucent,  hard,  and  brittle  resin,  of  specific  gravity 
ri39,  remains.  It  melts  into  a  viscid  mass  with  heat,  and  diffuses  an  aromatic 
odour.  Ajihydrous  alcohol  dissolves  it  in  all  proportions.  According  to  John,  it  con- 
Bists  of  two  resins,  one  of  which  dissolves  readily  in  alcohol,  ether,  the  volatile  and 
fat  oils ;  while  the  other  is  little  soluble  in  cold  alcohol,  and  is  insoluble  in  ether  and 
the  volatile  oils.  Unverdorben,  however,  has  detected  no  less  than  four  difieient 
resins,  and  some  other  substances  in  shell-lac  Shell-lac  dissolves  with  ease  in  dilute 
muriatic  and  acetic  acids,  but  not  in  concentrated  sulphuric  add.  The  resin  of  shell- 
lac  has  a  great  tendency  to  combine  with  salifiable  bases ;  as  with  caustic  potash,  which 
it  deprives  of  its  alkaline  taste. 

This  solution,  which  is  of  a  dark  red  colour,  dries  into  a  brilliant,  transrarent  red- 
dish brown  mass ;  which  may  be  re-dissolved  in  both  water  and  alcohoL  By  passing 
chlorine  in  excess  through  the  dark-coloured  alkaline  solution,  the  lac-resin  is  precipi- 
tated in  a  colourless  state.  When  this  precipitate  is  washed  and  dried,  it  forms,  with 
alcohol,  an  excellent  pale-yellow  varnish,  especially  with  tlie  addition  of  a  little  tur- 
pentine and  mastic. 

With  the  aid  of  heat,  shell-lac  dissolves  readily  in  a  solution  of  borax. 

The  substances  which  Unverdorben  found  in  shell-lac  are  the  following:— 

1.  A  resin,  soluble  in  alcohol  and  ether; 

2.  A  lesin,  soluble  in  alcohol,  insoluble  in  ether; 

3.  A  rerinoos  body,  little  soluble  in  cold  alcohol ; 

4.  A  crystallisable  resin ; 

6.  A  resin,  soluble  in  alcohol  and  ether,  but  insoluble  in  petroleum,  and  nneiTS- 
tallisable. 

6.  The  ungaponified  tat  of  the  eoeeut  insect,  as  well  as  oleic  and  marganc  adds. 

7.  Wax. 

8.  The  laecine  of  Dr.  John. 

9.  An  extractive  colouring  matter. 

Shell-lac  is  largely  used  in  the  manufacture  of  sealing-waz  and  varnishes,  and  for 
japanning. 

ZJIC-STS,  Lao-Lake,  or  CaJce-lac,  is  the  watery  infusion  of  the  ground  stick-lac, 
evaporated  to  dryness,  and  formed  into  cakes  about  two  inches  square  and  half  an 
inch  thick.  Dr.  John  found  it  to  consist  of  colouring  matter,  50 ;  resin,  25 ;  and 
solid  matter,  composed  of  alumina,  plaster,  chalk,  and  sand,  22. 

Dr.  Hacleod,  of  Madras,  states  that  he  prepared  a  very  superior  lac-dye  from 
stick-lac,  by  digesting  it  in  the  cold  in  a  slightly  alkaline  decoction  of  the  dried  leaves 
of  the  Menecylon  tinctnrium  (perhaps  the  M.  capUeUatum,  from  which  the  natives  of 
Malabar  and  Ceylon  obtain  a  safiGron-yellow  dye).  This  eolation  being  used  along 
with  a  mordant  consisting  of  a  saturated  solution  of  tin  in  muriatic  ado,  was  found 
to  dye  woollencloth  of  a  very  brilliant  scarlet  hue. 

The  cakes  of  lac-dye  imported  from  India,  tttamped  with  peculiar  marks  to  designate 
their  different  manufacturers  (the  best  DT,  the  second  XMcB,  the  third  CE),  are  now 
employed  in  England  for  dyeing  scarlet  cloth,  and  are  found  to  yield  an  equally  bril- 
liant colour,  and  one  less  easily  affected  by  perspiration  than  that  produc(Bd  by 
cochineaL  When  the  lac-dye  was  first  introduced,  sulphuric  acid  was  the  solvent 
applied  to  the  pulverised  cakes,  but  as  muriatic  (hydrochloric)  add  has  been  found 
to  answer,  it  has  to  a  great  extent  supplanted  it.  A  good  solvent  (No,  1)  for  this 
dye-stuff  may  be  prepared  by  dissolving  3  pounds  of  tin  in  60  pounds  of  muriatic  add, 
of  spedfic  gravity  1-19.  The  proper  mordant  for  the  cloth  is  made  by  mixing  27 
pounds  of  muriatic  add  of  sp.  gr.  1-17,  with  1^  pound  of  nitric  add  of  1-19  ;  putting 
this  mixture  into  a  salt-glazed  stone  bottle,  and  adding  to  it,  in  small  bits  at  a  time, 
grain  tin,  till  4  pounds  be  dissolved.  This  solution  (No.  2)  may  be  used  within 
twelve  hours  after  it  is  made,  provided  it  has  become  cold  and  clear.  For  dyeing; 
three  quarters  of  a  pint  of  the  solvent  No.  1  is  to  be  poured  upon  each  pound  of  the 
pulverised  lac-dye,  and  allowed  to  digest  upon  it  for  six  hours.  The  doth  before 
being  subjected  to  the  dye-bath,  must  be  scoured  in  the  mill  with  fuller's  earth.  To 
dye  100  pounds  of  pelisse  doth,  a  tin  boiler  of  300  gallons  capadty  should  be  flUed 
nearly  brimful  of  water,  and  a  fire  kindled  under  it.    Whenever  the  temperature 
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rim  to  160°  Fahr.,  a  handftil  of  bnn,  and  half  a  pint  of  the  solution  of  tin  (So.  2) 
an  to  be  intxodoced.  The  froth,  which  riaea  as  it  appronchea  ebullition,  must  be 
skimmed  off;  and  when  the  liquor  boils,  1 0^  pounds  of  lac-djre,  previonslj  mixed  with 
7  pints  of  the  solrent  Na  1,  and  3|  pounds  of  solution  of  tin  No.  2,  must  be  poured 
in.  An  instant  afterwards,  10}  pounds  of  tartar,  and  4  pounds  of  ground  sumach, 
both  tied  np  in  a  linen  bag,  are  to  be  suspended  in  the  boiling-bath  for  five  minutes. 
The  fire  bein^  now  withdrawn,  20  gallons  of  cold  water,  with  ]  0}  pints  of  solution  of 
tin  being  poured  into  the  bath,  the  cloth  is  to  be  immersed  in  it,  mored  about  rapidly 
during  ten  minutes ;  the  fire  is  to  be  then  re-kindled,  and  the  cloth  winced  more 
■lowly  through  the  bath,  which  must  be  made  to  boil  as  quickly  as  possible,  and 
maintained  at  that  pitch  for  an  hour.  The  cloth  is  to  be  next  washed  in  the  river ; 
and  lastly  with  water  only,  in  the  fnlling-milL  The  above  proportions  of  the  ingre- 
dients piridnce  a  brilliant  scarlet  tint,  with  a  slightly  purple  cast.  If  a  more  orange 
hue  be  wanted,  white  Florence  aigal  may  be  used,  instead  of  tartar,  and  some  more 
sumach.     Lac-dye  may  be  substitnted  for  cochineal  in  the  orange-scarlets. 

To  determine  the  tinctorial  power  of  lac-dye  by  comparison  with  proved  samples,  a 
dye-bath  is  prepared  as  follows : — 6  grains  of  argal,  20  grains  of  flannel  or  white  cloth, 
6  grains  of  lac-dye,  6  grains  of  chloride  of  tin,  1  quart  of  water.  Heat  the  water  to 
the  boiling  point  in  a  tin  or  china  vessel ;  add  thereto  the  argal,  and  then  the  piece  of 
cloth  or  flannel.  Weigh  off  5  grains  of  the  lac-dye  and  pulverise  it  in  a  Wedgwood 
mortar,  with  the  5  grains  by  measure  of  chloride  of  tin,  and  pour  the  whole  into  the 
hot  liquor  containing  the  cloth,  taking  care  to  rinse  the  mortar  with  a  little  of  the 
hot  liquor ;  keep  the  whole  boiling  for  about  half  nn  hour,  stirring  the  cloth  or 
flannel  abont  with  a  glass  rod ;  then  withdraw  the  cloth,  wash  and  dry  it  for  com- 
parison. 

&&OOZC  ACXS  crystallises,  has  a  wine-yellow  colour,  a  sour  taste,  is  soluble  in 
water,  alcohol,  and  ether.    It  was  extracted  from  stick-lac  by  Dr.  John. 

ZtAOOZMM  is  the  portion  of  shell-lac  which  is  insoluble  in  boiling  alcohol.  It  is 
brown,  Inittle,  translucid,  consisting  of  agglomerated  pellicles,  more  like  a  resin  than 
anything  else.    It  is  insoluble  in  e&er  and  oils.    It  has  not  been  applied  to  any  use, 

bAOSBABX.  The  reticulated  bark  of  the  X<^(!<<a /in^ria.  This  splits  into 
fibres,  which  resemble  lace.  Lagetta  cloth  has  been  imported  into  this  country  under 
the  name  otffiUHa.  The  fibres  of  the  lagetta  bark  possess  great  strength,  and  have 
been  used  in  the  West  Indies  for  making  ropes,  whips.  See. 

&ACn  BCAMOTAOnnUi.  The  pillow-made,  or  bone-lace,  which  formerly  gave 
occupation  to  multitudes  of  women  in  their  own  bouses,  has,  in  the  progress  of  me- 
chanical invention,  been  nearly  superseded  by  the  bobbin-net  lace,  mann&ctured  at 
first  by  band-machines,  but  recently  by  the  power  of  water  or  steam.  Bobbin-net 
may  be  said  to  surpass  every  other  branch  of  human  industry  in  the  complex  ingenuity 
of  its  machinery ;  one  of  Fisher's  spotting  ^mes  being  as  much  beyond  the  most 
enrions  chrahometer  in  multiplicity  of  mechanical  derice,  as  that  is  beyond  a  common 
roasting-jack. —  Ure. 

The  threads  in  bobbin-net  lace  form,  by  their  intertwisting  and  decussation,  regular 
hexagonal  hole*  or  meshes,  of  which  the  two  opposite  sides,  the  upper  and  under,  are 


1303 


1304 


directed  along  the  breadth  of  the  piece,  or  at  right  angles  to  the  salvage  or  border. 
fiff.  1803  shows  how,  by  the  crossing  and  twisting  of  the  threads,  the  r^ular  six-sided 
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mesh  is  produced,  and  that  the  texture  results  from  the  nnion  of  three  separate  seta  of 
threads,  of  which  one  set  proceeds  downwards  in  serpentine  lines^  s  second  set  {no- 
ceeds  from  the  left  to  the  right,  and  a  third  ftom  the  tight  to  the  left,  both  in  slanting 
directions.  The  oblique  threads  twist  themselves  round  the  vertical  ones,  and  also 
does  each  other  betwixt  them,  in  a  peculiar  manner.  This  msj  be  readily  nndetstood 
by  examining  the  representation.  In  comparing  bobbin-net  with  common  webv  the 
perpendiculiu  threads  in  the  flgarc which  are  parallel  to  the  bonier^  maj  be  regarded 
as  the  warp,  and  the  two  sets  of  slanting  threads  as  the  wefL 

These  warp  threads  are  extended  up  and  down,  in  the  original  moontiiig  of  tiis 
piece  between  a  top  and  bottom  horizontal  roller  or  beam,  of  which  one  is  cajled'tlie 
vxirp  beam,  and  the  other  the  laee  beam,  because  the  wsrp'and  flniahed  lace  are  wound 
upon  them  respectiTely,  These  straight  warp  threads  recMTB  their  eontortion  i^m 
the  tension  of  the  weft  threads  twisted  obliquely  round  them  sltamately  to  the  nght 
and  the  left  hand.  Were  the  warp  threads  so  tightly  drawn  that  they  became  in- 
flexible, like  flddle-strings,  then  ihe  lace  wotdd  assimie  the  appearance  shown  in 
Jig.  1304 ;  and  although  this  condition  does  not  really  exist,  it -may  serve  to  illustrate 
the  structure  of  the  web.  The  warp  threads  stand  in  the  positions  aa,(^  of,  and 
a"  of' ;  the  one  half  of  the  wpft  proceeds  in  the  direction  i  b,  if  V,  and  if  b" ;  and  the 
second  crosses  the  first  by  rumiing  in  the  direction  o  c,  ot  ef  cf,  towards  the  opposite 
side  of  the  fiibric.  If  we  pursue  the  path  of  a  weft  thread,  we  find  it  goes  on  till  it 
reaches  the  outermost  or  last  warp  thread,  which  it  twists  about ;  not  once  as  with  tiie 
others,  but  twice ;  and  then  returning  towards  the  other  border,  proceeds  in  a  reverse 
direction.  It  is  from  this  double  twist,  and  by  the  letorn  of  the  weft  threads,  that  the 
selviige  is  made. 

The  ordinary  material  of  bobbin-net  is  two  cotton  yams,  of  from  No.  180  to  No.  250, 
twisted  into  one  thread ;  but  sometimes  strongly  twisted  single  yam  has  been  used. 
The  beauty  of  the  fabric  depends  upon  the  qniJity  of  the  material,  as  well  as  the 
regularity  and  smallness  <A  the  laeshes.  The  number  <^  warp  threads  in  a  yard  in 
brendth  is  from  600  to  900;  which  is  eqnivalent  to  ftom  20  to  SO  in  an  inch.  The 
Kize  of  the  holes  cannot  be  exactly  inferred  from  that  circumstance,  as  it  depends  partJy 
upon  the  oblique  traction  of  the  threads.  The  breadth  of  the  pieces  o£  bobbnwiet 
Varies  from  edgings  of  a  quarter  of  an  inch  to  webs  li  or-  even  20  quarters,  that  is, 
2  yards  wide.  .    •  i 

Bobbiu-net  lace  is  manufactured  by  means  of  very  complicated  and  costly  machines, 
called /nraxf.  The  limits  of  this  Dictionary  will  admit  of  an  explanation  of.no  more 
than  the  general  principles  of  themanufiicitnrei  The  Areads  foretossiagand  twisting 
round  the  warp  being  previously  gassed,  that  is,  freed  ftom  loose  fibres  by  singeing 
with  gns,  are  wound  round  small  pulleys,  called  bobbins,  which  are,  with  this  view, 
deeply  grooved  in  their  periphery. '  Figt,  1806,  1306,  exhibit  the  bobbin  aloB«>  aod 
with' Its  carriage. 

In  the  section  of  the  bobbin  a,  fig.  1306,  the  deep  groove  is  shown  in  which  the 
thread  is  wound.  The  bobbin  consists  of  two  thin  discs  of  brass,  cat  out  in  a  stamp- 
press,  in  the  middle  -of  each  of  which  there  is  a  hollow  space  e.  ■  These  discs  are 
riveted  tc^ether,  leaving  an  interval  between  their  edge  all  wund,  in  which  the  thread 
is  coiled.    The  zound  hole  in  the  centre,  with  the  litUe  notch  at  top,  serves  for  spitting 


1306 


1305 


them  upon  a  feathered  rod,  in  older  to  be  filled  with  thread  by  the  rotation  of  that 
rod  in  a  species  of  reel,  called  the  bobbin-filling  machine.  Each  of  these  bobbins 
(about  double  the  size  of  the  figure)  is  inserted  into  the  vacant  space  o  of  the  car- 
riage, fig.  1306.  This  is  a  small  iron  frame  (also  double  the  size  of  the  figure),  which, 
at  0  e,  embraces  the  grooved  border  of  the  bobbin,  and  by  the  pressure  of  the  spring 
Af,  prevents  it  from  falling  out.  This  spring  serves  llkewiser  to'applpr  suffieieDt 
friction  to  the  bobbin,  so  as  to  prevent  it  from  giving  off  its  thread  at^  by  its  rotation. 
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nnjten'  a  cecteia  small  foree  of  tneUon  be  emplojed  upon  the  thread.    The  camlinaar 

giQore  i  k,  nmk  in' each  face  or  gide  of  the  carriage,  has  the  depth  shovn  in  tha 

(action  at  A.     The  groove  corre- 
sponds to  the  idterval  between  the 

taeth  of  tbe  comb,  or  ban  of  the 

bolt,  in  which   each  carriage  is 

placed,  and  baa  its  morement.    A 

portion   of  that  bolt  or  comb  is 

Bho-wn  at  a,  Ji^.  1807  in  plan,  and 

one  bar  of  a  oircnlar  bolt  machine 

at  o,  in  section.    If  ire  snppose  two 

snch  combs  or  bolts  plarad  vith 

the  ends  of  ^e  terth  oppoaite  each 

other,  bttt  a  little  apart,  to  let  the 

trarp  threads  be  stretched,  in  one 

retCioal  plane,  bet'ween  their  ends 

07  tips,  -we  i^all  have  an  idea  of 

the  skeleton  of  a  bobbin^net  ma- 
chine.    One  of  these  two  combs,  in 

the  double  holt  machine,  has  an 

occacaonal  lateral  movement  called 

tkogj^ngt  e^oal  to  the  iDterral  of 

ene  tooui  or  bolt,  by  which,  after  it 

has  xeceived  the  bobbins,  with  theb  carriages,  into  its  teeth,  it  can  shUt  that  interval 

to  tha  cue  side,  and  thveb;  get  into  a  position  to  retom  the  bobbins,  with  their 

eaniages,  into  the  next  series  of  interstices  or  gates  in  the  other  bolt.    By  this  means 

tha  whole  series  of  carriages  receives  sncceesivo  side  steps  to  the  right  in  one  bolt,  and 
to  the  left  in  the  other,  so  as  to  perform  a  species  of  counter-mardi,  in  the  oonrse  of 
which  they  are  made  to  cross  and  twist  ronad  about  the  vertical  warp  threads,  and 

'thus  to  form  the  meshes  of  the  net. 

Ihe  nvmbei  of  movements  required  to  fimn  a  row  of  meshes  in  the  double  tier 
machine,  that  is,  in  a  firame  with  two  combs  or  bars,  and  two  rows  of  bobbins,  is  six; 
that  is;  the  whole  of  the  carriages  (with  their  bobbins)  pass  from  one  bar  or  comb  to 
the  other  six  times,  during  which  passages  the  different  divisions  of  bobbing  and  warp 
threads  change  their  relative,  positions  twelve  times. 

This,  inteschange  or  traversing  of  the  carriages  with  their  bobbins,  which  is  the 
most  diffitnlt  thing  to  explain,  but  at  the  same  time  the  most  essential  principle  of  the 
l%ce-machinB,  may  be  tolwably  well  nndearstood  b^  a  careful  study  of  .^.  1308,  in  which 
the  simple  line  I  represents  the  bolts  or  teeth,  the  sign  ^  the  black  line  of  carriages,  and 
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the  sign  ^  the  front  line  of  carriages.  H  is  the  front  comb  or  bolt  bar,  and  i  the  back 
hcAt  Imv.  The  former  remains  always  fixed  or  stationary,  to  receive  the  carriages  as 
they  may  be  presented  to  it  by  the  shogging  of  the  latter.  There  must  be  always  one 
odd  carriage  at  the  end  ;  the  rest  being  in  pairs. 

No.  1  represents  the  carriages  in  the  front  comb  or  bar,  the  odd  carriage  being  at 
the  left  end.  The  black  line  of  carriages  is  first  moved  on  to  the  back  bar  i,  the  odd 
carriage  as  seen  in  No.  I,  having  been  left  behind,  their  being  no  carriage  opposite  to 
drive  it  over  to  the  other  oomb  or  bar.  The  carriages  then  stand  as  in  No.  2.  The 
bar  I  now  shifts  to  the  left,  as  shown  in  No.  3  ;  the  front  carriages  then  go  over  into 
the  back  bar  or  comb,  ss  is  represented  by  No.  4.  The  bar  i  now  shifts  to  the  right, 
and  gives  the  position  No.  5.  The  front  carriages  are  then  driven  over  to  the  front  bar, 
and  leave  the  odd  carriage  on  the  back  bar  at  the  right  end,  for  the  same  reason  as 
before  described,  and  the  carriages  stand  as  shown  in  No.  6.  The  bar  i  next  shifts  to 
the  left,  and  the  carriages  stand  as  in  No.  7  (the  odd  carriage  being  thereby  on  the  back 
bar  to  the  left).  Tbe  back  carriages  now  come  over  to  the  front  bar,  and  stand  .as  in 
No.  8..   The  beck  .bar  or  comb  x  shifts  to  the  right  as  seen  in  No.  9,  which  com* 
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pletes  the  traverse.  The  whole  carriages  with  their  bobUns  have  now  changed  their 
podtion,  as  will  be  seen  hj  comparing  No.  9  with  No.  1.  The  odd  carriage.  No.  1, 
f  has  adranced  one  step  to  the  right,  and  has  become  one  of  the  front  tier ;  one  of 
the  bade  tier  or  line  ^  has  advanced  one  step  to  the  left,  and  has  become  the  odd 
carriage ;  and  one  of  the  front  ones  f  has  gone  over  to  the  back  line.  The  bobbins 
and  carri  ^s  throughout  the  whole  width  of  the  machine  have  thns  oroesed  each  other's 
course,  and  completed  the  mesh  of  net. 

The  carriages  with  their  bobbins  are  driven  a  certain  way  from  the  one  comb  to  the 
other,  by  the  pressure  of  two  long  bars  (one  for  each)  pla(»d  above  the  level  of  the 
comb,  until  they  come  into  such  a  position  that  their  projecting  heels  or  catches  i  •', 
fy.  1306,  are  moved  off  by  two  other  long  flat  bars  below,  called  the  locker  plates,  and 
thereby  carried  completely  over  the  interval  between  the  two  combs. 

There  are  six  different  systems  of  bobbin-net  machines : — 1.  Heathcoate's  patent 
machine.  2.  Brown's  traverse  warp.  3.  Morley's  straight  bolt.  4.  Clarke's  pusher 
principle,  single  tier.  6.  Leaver's  machine,  single  tier.  6.  Morley's  circular  bolt.  All 
the  others  are  mere  variations  in  the  construction  of  some  of  their  parts.  It  is  a 
remarkable  fact,  highly  honourable  to  Uie  mechanical  judgment  of  the  late  Mr.  Horley 
of  Derby,  that  no  machines  except  those  upon  his  circular-bolt  principle  have  been 
found  capable  of  working  successfully  by  mechanical  power. 

The  circular-bolt  machine  (comb  with  curved  teeth)  was  used  by  Mr.  Morley  for 
making  narrow  breadths  or  edjgings  of  lace  immediately  after  its  first  invention ;  and 
it  has  been  regularly  used  by  the  trade  for  that  purpose  ever  since,  in  consequence  of 
the  inventor  having  declined  to  secure  the  monopoly  of  it  to  himself  by  patent.  At 
that  time  the  locker  bars  for  driving  across  the  carriages  had  only  one  plate  or  blade. 
A  machine  so  mounted  is  now  called  '  the  single-locker  circular  bolt'  In  the  year 
1824,  Mr.  Morley  added  another  plate  to  each  of  the  locker  bars,  which  was  a  great 
improvement  on  the  machine  for  making  plain  net,  but  an  obstruction  to  the  making 
of  narrow  breadths  upon  them.  This  machine  is  now  distinguished  from  the  former 
by  the  term  '  double  locker.' 

A  rack  of  lace  is  a  certain  length  of  work  counted  perpendicularly,  and  contains 
242  meshes  or  holes.  Well-mAde  lace  has  the  meshes  a  little  elongated  in  the  direc- 
tion of  the  selvage. 

Mr.  Heathcoate's  machine,  invented  in  1809,  was  the  first  successful  lace-making 
machine. 

Mr.  Morley  patented  his  in  1811 ;  and  in  the  same  year  Messrs.  Marl  and  Clarke 
invented  the  pusher  machine,  and  Messrs.  Leaver  and  Turton,  of  New  Radford,  brought 
forward  the  lever  machine.  In  1817,  Mr.  Heathcoate  applied  the  rotatory  movement 
to  the  circular-bolt  machine,  and  mounted  a  manufactory  at  Tiverton  on  this  plan, 
where  the  lace  manufacture  is  still  carried  on  extensively. 

XJkO^im  is  a  varnish,  consisting  chiefly  of  a  solution  of  pale  shell-lac  in  aleohd, 
tinged  with  saffinn,  annotto,  or  other  colouring  matters.  *  That  commonly  employed 
is  made  by  dissolving  shell-lac  in  proof  spirit,  and  colouring  with  the  resinous  substance 
called  dragon's  blood.  The  lacquer  heightens  the  colour  of  brass,  or  renders  it  more 
golden  in  tint.  Lacquer  may  be  pale  or  deep  in  tint,  when  it  is  known  as  pale  or 
bronze  lacquer,  or  it  may  be  variously  coloured.  A  transparent  colourless  lacquer 
is  a  desideratum  for  German  silver.  A  substance  called  bleached  shell-lac  is  sold, 
and  I  believe  used  for  very  pale  lacquer.  The  lacquer  is  warmed  and  brushed  over 
the  articles,  which  have  been  also  previously  warmed  on  stoves.  If  the  temperature 
is  too  cold,  a  dulness  of  surface  is  produced,  which  is  not  removed  by  re-heating. 
The  surface  of  brass  is  frequently  coloured  or  bronzed  after  '  dipping,  and  b  ifore 
lacquering.  A  dark  grey  coating  is  produced  by  dipping  the  article  in  a  solution  of. 
arsenious  acid  in  hydrochloric  acid,  by  applying  a  dilute  aqueous  solution  of  bi- 
chloride of  platinum,  by  applying  an  aqueous  solution  of  corrosive  sublimate  mixed 
with  vinegar,  or  by  rubbing  plumbago  over  the  surface.  By  the  application  of 
lacquer  to  the  surface  of  brass,  which  has  received  a  dark  grey  coating  by  any  of 
these  processes,  a  bronze-like  tint  is  produced,  due  to  the  light  reflected,  through  the 
coloured  stratum  of  varnish  produced  by  lacquering,  from  the  bright  surface  under- 
neath. Precisely  the  same  effect  may  be  obtained  by  rubbing  plumbago  over  a  piece 
of  writing-paper,  and  then  lacquering  the  surface,  as  in  the  case  of  brass.  For 
common  work,  the  corrosive  sublimate  method  is  extensively  used ;  it  is  said  to  cause 
trouble  when  it  comes  in  contact  with  softer  solder,  with  which  the  reduced  mercury 
amalgamates.  The  platinnm  process  is  used  for  instruments,  such  as  theodolites, 
levels,  jcc. ;  and  in  tliese  the  bronze  is  much  blacker,  as  pale  is  employed  instead  of 
yellow  lacquer.  These  methods  I  know  are  employed,  and  probably  there  may  be 
many  others.  The  beautiful  colours  of  brass  foils  are  communicated  by  variously- 
coloured  lacquers.  The  coating  of  resinous  matter  adheres  with  remarkable  tenacity, 
and  is  not  cwtadied  by  bending  the  foil  backwards  and  forwards  repeatedly.    The 
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BMtnnftetnra  of _  these  foils  i»,  I  bclievs,  quite  an  art,  and  tarmetlj  there  was  only  one 
iwtaon  in  Birmingham  who  knew  how  to  practise  itsnccessfiilly.' — Pcrct/i  Metallurgy . 
UkOTZO  AOXl»,  C'»H'»0"  (0«>H>').  i^w.  Nanceicacid.  {Amde  lactiqut.'Bi.', 
MiiehtSurt,  Ger.)  Discovered  by  Scheele  in  sour  millc.  Subsequently,  M.  Biaoonnot 
eamined  the  boot  liquid  which  floats  above  starch  during  its  manufacture,  also  the 
addifled  decoetiana  of  various  vegetables,  including  beet-root,  carrots,  peas,  &c,  and 
found  an  acid  iriiich  he  oonsidered  to  be  peculiar,  and  consequently  named  the  naneeic. 
"^B  >cid  formed  under  all  these  drcumstancea  turns  out  to  be  the  same ;  it  is,  in  fact, 
lacUo  add,  which  modem  researches  show  to  be  a  constant  product  of  the  fermentation 
of  sugar,  starch,  and  bodies  of  that  class.  The  acidity  of  sauerkrant  is  due  to  the 
preaeoce  of  the  same  substance.  Liebig  extended  and  confirmed  the  experiments  made 
many  years  ago  by  Berzelius,  on  the  presence  of  lactic  acid  in  the  juice  of  flesh,  but 
he  doiied  its  ezistenee  in  urine,  as  asserted  by  MM.  Cap  and  Homy,  and  others. 
_  Preparaiitm. — Xactio  acid  can  be  prepared  easily  in  any  quantity  by  the  fermenta- 
tion of  sugar.  Care  must  be  taken,  however,  that  the  process  does  not  go  too  far, 
because  lactic  acid  undergoes  with  &dlity  another  decomposition,  by  which  it  becomes 
converted  into  butyric  acid.  The  following  pocess  of  M.  Bensch  for  the  preparation 
of  lactate  of  lime  can  be  recommended  by  the  autjior  of  this  article  as  yielmng  at  a 
small  trouble  and  expense  a  very  large  quantity  of  product.  In  feet,  he  has  prepared 
with  fadlitr  upwards  of  3  pints  of  but^c  acid  iam.  lactate  of  lime  obtained  in  this 
matmer.  Dissolve  6  lbs.  of  lump-sugar,  and  \<a.o{  tartaric  acid  in  2^  gallons  of 
boiling  water.  Leave  for  a  day  or  two,  and  then  add  2  oe.  of  rotten  cheese,  and  a 
gallon  of  skimmed  milk  stirred  up  with  3  lbs.  of  well-washed  prepared  chalk.  The 
temperature  should  not  fall  below  86°  F.  nor  rise  above  96°.  The  water  lost  by 
evaporation  must  be  made  up  by  adding  a  little  every  few  days.  After  a  time,  vary- 
ing ftom  10  days  to  a  month,  according  to  the  temperature  and  other  circumstances, 
the  whole  beeranes  a  magma  of  acetate  of  lime.  Two  gidlons  of  boiling  water  must 
then  b«  added,  and  }  oc.  of  quicklime,  and  the  whole,  ^^r  being  boiled  for  half  an 
hoar,  is  to  he  filtered  through  a  linen  or  flannel  bag.  The  filtered  liquid  is  to  be 
evumated  until  it  begins  to  get  somewhat  syrupy,  the  fluid  in  this  state  being  put 
■ade  to  allow  the  salt  to  crystallise.  The  crystals,  after  being  slightly  washed  with 
cold  water,  are  to  be  recrystallised  two  or  three  times.  To  obtain  lactic  acid  firom  the 
lactate  of  lime,  it  is  necessary,  in  the  first  place,  to  convert  the  latter  salt  into  that  of 
one.  For  this  purpose  a  crude  lactic  add  is  first  obtained  thus :  to  every  2  lbs.  3  os. 
of  lactatie  of  lime  dissolved  in  twice  its  weight  of  boiling  water,  7  oz.  of  oil  of  vitriol 
previooaily  diluted  with  twice  its  volume  of  water  are  to  be  added.  The  boiling  fluid 
IS  to  be  strained  through  a  linen  bag  to  remove  the  predpitate  of  gypsum,  and  the 
filtoed  liqnid  is  to  be  txnled  for  16  minntes  with  8}  oz.  of  cuhonate  of  sine.  The 
boiling  must  not  be  continued  longer,  or  a  subsalt  of  sparing  solubility  would  be  pro- 
dnced.  _  The  liqnid,  iHiieh  is  to  be  filtered  boiling,  will  deposit  on  cooling  the  lactate 
of  line  in  colourless  crystals,  which  are  to  be  washed  with  a  little  cold  water,  and  after 
being  drained  are  to  be  dried  by  exposnre  to  the  air  on  frames  covered  with  filtering 
paper.  The  mother-liquid  will  yield  a  fresh  quantity  of  lactate  if  it  be  boiled  with 
the  salt  remaining  on  the  filter  and  evaporated. 

From  the  lactate  of  one  the  add  is  to  be  separated  by  passing  sulphuretted 
hydrogen  throogh  the  solution  of  the  salt  in  eight  times  its  weight  of  boiling  water. 
The  gas  is  to  be  expelled  by  heat,  and  the  fluid  on  evaporation  yields  pure  syrupy 
lactic  add. 

lactic  add  is  a  colourless  syrupy  liquid  of  a  powerful  pure  add  taste.  Its  spedflc 
gravity  is  1-216.    It  is  Ubasie. 

The  most  important  salts  of  lactic  add  axe  those  of  zinc  and  lime.  The  former  salt 
is  that  generally  fbnned  in  examining  animal  or  vegetable  fluids  with  a  view  to  the 
isdation  of  the  add.  It  is  found  witii  two  different  quantities  of  water  according  to 
the  dieumstances  under  which  it  is  prepared,  and  it  is  worthy  of  remark  that  the 
amount  of  water  of  dystallisation  renuu^bly  afi&cts  the  solubility  of  the  salt  in  water 
andalcohoL 

All  the  butyric  add  employed  for  the  preparation  of  butyric  ether,  or  pine-spple 
essence,  is  now  prepared  by  the  fermentation  of  lactate  of  lime.^^/.Q.W. 

_&&OTOmrrSK  is  the  name  of  an  instrument  for  estimating  the  quality  of 
milk,_ealled  also  a  Oalaetometer.  The  most  convenient  form  of  apparatus  would  be 
a  series  ot  glass  tabes  each  about  1  inch  in  diameter,  and  12  inches  long,  graduated 
through  a  space  of  10  inches,  to  tenths  of  an  inch,  having  a  stopcock  at  the  bottom, 
and  suspended  upright  in  a  frame.  The  average  milk  of  the  cow  being  poured  in  to  the 
hdgfat  of  10  indies,  as  soon  as  the  cream  has  all  separated  at  top,  the  thickness  of  its 
Ixxfy  may  be  measured  by  the  scale ;  and  then  the  skim-milk  may  be  run  off  below 
into  a  hydrometer  glass,  in  order  to  determine  its  density  or  relative  richness  in  caseous 
matter,  and  dilution  with  water. 
Vol.  IU.  S 


Digitized  by 


Google 


8*  LAMING'S  MIXTXJBE 

ZACnBTam  naOKArxom,  a  ffeolo^iealttrm.    BelongSng  to  a  lak«b 

KABAIimK,  A  fragrant  gum-resin  obtained  from  sereral  species  of  Oitiut,  t* 
C.  ladan\fenu  and  C.  Ledan.    It  is  nsed  in  Tu^ey  as  a  peifame. 

XAttAiy  OOOBS.     SeeJRSUL 

XiAZas.  Under  Uiis  general  title  an  indnded  all  tbose  pigmentt  which  are  pre- 
l^red  by  combining  vegetaUe  or  animal  colouringmatter  with  earths  ax  metallic  oxides. 
The  general  method  of  preparation  is  to  make  an  infkiaion  of  the  substance,  and  to  add 
thereto  a  solntion  of  common  alnm ;  or  sometimes,  -when  it  has  been  necessary  to 
extract  the  colouring  matter  by  the  agency  of  an  acid,  a  solution  of  alnm  saturated 
with  potash.  At  first,  a  slight  precipitate  falls,  consisting  of  alumina  and  the  colouring 
matter;  but  if  some  alkali  is  added,  the  precipitate  is  increased.  Bome  colour- 
ing matters  are  brightened  by  alkalis ;  then  the  decoction  of  the  dye-stuff  \a  made 
in  an  alkaline  liquor,  and  being  filtered,  a  solution  of  alnm  is  poured  into  it.  Where 
the  af&nity  of  the  colouring  matter  for  the  subsulphate  of  alumina  is  great,  alumina 
recently  precipitated  is  agitated  with  the  decoction  of  the  colouring  body.  The  manu- 
facture of  lakes  depends  on  the  remarkable  property  possessed  by  alumina,  of  com- 
bining with,  and  separating  the  organic  colouring  matters  ttom  their  solutions. 

Bed  Laket. — The  finest  of  these  is  CASioKa,  which,  as  carminated  lakes,  called 
lake  of  Florence,  ■Paris,  or  Vienna,  is  usually  prepared  by  taking  the  liquor  de- 
canted from  the  carmine,  and  adding  freshly-precipitated  alumina  to  it.  The  mixture 
is  warmed  a  little,  briskly  agitated,  and  allowed  to  settle.  Sometimes  alum  is  dissolved 
in  the  decoction  of  cochineal,  and  then  the  ahunina  precipitated  by  potash ;  but  the 
colour  is  not  good  'vrtien  lakes  are  thus  prepared,  and  to  improye  it  the  dyer's  solution 
of  tin  is  often  added.    A  red  lake  may  be  prepared  ftom  kermes  in  a  similar  manner. 

Brazil-wood  yields  a  red  lake.  The  wood  js  boiled  in  a  proper  quantity  of  water 
for  IS  minutes,  and  then  alum  and  solution  of  tin  being  added,  the  liquor  is  to  be 
filtered,  and  solution  of  potash  poured  in  as  long  as  it  occasions  a  precipitate.  This 
is  separated  by  a  filter,  the  powder  well  washed,  and  being  mixed  with  a  little  gum- 
water,  made  into  cakes.  Sometimes  the  Brasil-wood  is  boiled  with  vinegar,  instead  of 
water.  An  excess  of  potash  produces  a  lake  of  a  violet  colour,  and  cream  of  tartar 
gives  it  a  brownish  hue. 

Madder  is  much  used  in  the  preparation  of  lakes. 

The  following  process  is  recommended : — 

Diffuse  2  lbs.  of  ground  madder  in  i  quarts  of  water,  and  after  a  maoetation  of  10 
minutes  strain  and  squeeze  the  grounds  in  a  press.  Bepeat  this  maceration,  &c., 
twice  upon  the  same  portion  of  madder.  It  will  now  have  a  fine  rose  c<donr.  It 
must  then  be  mixed  with  6  or  6  lbs.  of  water  and  \  lb.  of  bruised  alum,  and  heated 
upon  a  water-bath  for  3  or  4  hours,  with  the  addition  of  water,  as  it  evaporates ;  after 
which  the  whole  must  be  thrown  on  a  filter-cloth.  The  liquor  wliich  passes  through 
is  then  to  be  filtered  through  paper,  and  precipitated  by  carbonate  of  potash.  If 
potash  be  added  in  three  successiTe  doses,  three  difierent  lakes  will  be  obtained  of 
diminishing  beauty.  The  precipitates  must  be  washed  until  the  water  comes  off 
colourless,  then  with  gum-water  made  into  cakes. 

Yellow  Laket  are  made  with  decoctions  of  Persian  or  French  berries,  to  which  some 
potash  or  soda  is  added ;  into  the  mixture  a  solution  of  alum  is  to  be  poured  so  long 
as  any  precipitate  falls.  Quercitron  will  yield  a  yellow  lake,  provided  the  deeocUon 
is  jpurified  by  either  butter-milk  or  glue.  Annotto  lake  is  formed  by  dissolving  this 
substance  in  a  weak  alkaline  lye,  and  adding  a  solution  of  alum  to  the  solution. 

Lakes  of  other  colours  can  be  prepared  in  a  similar  manner ;  but  true  lakes  of  other 
colours  are  not  usually  manufactured. 

TiftWHWHllTiW  18  said  of  a  metal  which  may  be  extended  by  passing  between 
steel  or  hardened  (chilled)  cast-iron  rollers. 

In  the  manufacture  of  rail  and  bar  iron,  laminated  iron  is  rolled  together  at  a 
welding  heat,  until  the  required  bar  or  rail  is  formed  (see  Ruu).  This  is,  even 
under  the  best  possible  dnmmstancea.  a  defective  manufacture.  The  union  of  the 
bars  is  never  absolutely  complete,  and  the  result  of  the  long-continued  action  of 
trains  of  carriages  upon  all  rails  is  the  development  of  the  laminated  plates,  which 
frequently  j>e«2  o£f;  layer  after  layer,  to  the  destruction  of  the  rail,  and  to  the  great 
danger  of  the  traveller.  Hallway  iron  should  be  rolled  into  form  from  perfectly 
homogeneous  masses  of  metal.  This  lamination  of  iron  rails  has  been  laid  hold  of 
by  those  who  advocate  the  hypothesis  that  the  slate  rocks  owe  their  lamination  to 
mechanical  pressure,  whereas  it  is  evidently  the  result  of  an  imperfect  manufacture. 
See  BoLUxo  Mn.Ls. 

TiAMnnys  WaXSUMMm  A  mixture  of  porous  hydrous  peroxide  of  iron  with 
sawdust,  used  fbr  absorbing  sulphuretted  hydnigen  in  the  purification  of  coal-gas. 
The  sulphur  accumulated  in  this  mixture  may  be  lecorered  by  calcination,  or  by 
means  of  steam. 
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,  or  tbe  dead  nettle,  ia  saidbr  Lencui  toafibtdfiNmiUlasveil 
«  greenish-Tallow  dye.  The  A  purpumnn  dyes  a  reddish-gnj  vith  nit  of  tin,  and 
a  greenish  tint  with  iion-liquor. 

UUMV-a&ACS.  Every  person  knows  that  -when  the  combustion  of  oil  in  a  lamp 
is  imperfect  it  poon  forth  a  dense  Tolome  of  black  soot.  According  to  the  quantity 
of  carbon  contained  in  the  material  employed,  so  is  the  illuminating  power  of  the 
flame  produced  by  combnstion.  If,  therefore,  wa  haye  a  yeiy  brilliant  flame,  and  we 
subject  it  to  any  conditioiiB  which  shall  impede  the  progress  of  the  combination  of  the 
carbon  with  the  oxygen  of  the  air,  the  result  is  at  once  the  formation  of  solid  carbon, 
or  lamp-black.  This  is  exhibited  in  a  remarkable  and  often  an  annoying  manner  by 
the  camphine  lamp.  If  oil  of  torpentine,  resin,  pitch-oil,  or  fat-oil,  be  bomt  in  lamps 
imder  a  hood,  with  either  a  r^id  draught  or  an  insufficient  supply  of  air,  the  lamp- 
black collects  on  the  hood,  ana  is  occasionally  removed.  Sometimes  a  metaUio  roller, 
generally  of  tin,  is  made  to  rerolve  in  the  flame,  and  rub  against  a  brush.  By  the 
cooling  influence  of  the  metal,  the  heat  of  the  flame  is  diminished,  the  combnstion 
retarded,  and  the  carbon  deposited,  and  in  the  revolution  of  the  cylinder  swept  off. 
Camphor  bnrning  forms  a  very  beautiful  black,  which  is  sometimes  used  as  a 
pigment. 

The  cominon  varieties  of  lamp-black  are  made  from  all  sorts  of  reiiue  resinous 
matters,  and  from  the  rejected  fragments  of  pine-trees,  &c.  In  Qermany,  a  long  flue 
is  constructed  in  connection  with  the  furnace  in  which  the  resinous  substances  are 
burnt)  and  this  fine  communicates  with  a  hood,  composed  of  a  loose  woollen  cloth,  held 
np  by  a  rope  passing  over  a  pulley.  Upon  this  the  soot  collects,  and  is  &om  time  to 
time  shaken  down.  In  the  best-conducted  manufactories  about  3  cwts.  of  lamp-black 
is  collected  in  each  hood  in  about  twelve  hours.  In  England,  lamp-black  is  sometimes 
raepared  from  the  refuse  coking  coal,  or  it  is  obtained  in  connection  with  coke-ovens. 
The  lamp-black,  however,  obtained  £rom  tho  combustion  of  ooal  or  woody  matter  is 
never  pure.     See  Asixai.  Black  ;  Bonb  Bi.acx  ;  Itobt  Bijlcx. 

KAJOV,  SAVT.     See  Sirsnc  LmF. 

Tiftltyg.  Under  iLLuimtATioit,  will  be  £mnd  some  notices  of  several  kinds  of 
lamps,  with  especial  reference  to  the  quantity  of  light  produced  by  them. 

lamps  are  very  varied  in  form,  and  equally  varied  in  the  principles  inTolred.  A 
brief  description,  howerer,  of  a  few  of  the  modem  varieties  is  necessary. 

He  Moderator  ixim^.— The  spiral  spring  has  been  introduced  into  the  moderator 
lamps,  for  the  purpose  of  forcing  the  oil  up  the  wick  of  the  lamp.  This  will  be  nnder- 
Btood  by  the  foUowihg  description  and  drawings: — The  distinguishing  character  of 
the  moderator  lamp  is  the  direct  transmission  of  the  power,  in  the  reservoir  of  oil, 
to  the  resistance  offered  by  the  weight  of  the  column  of  oil,  as  it  rises  to  the  cotton ; — 
and  secondly,  the  introduction  of  a  rectangular  regulator,  which  equilibrates  constantly 
by  the  resistance  of  the  oil  and  the  force  applied  to  raise  it.  In  the  reservoir  {jig, 
1309),  is  a  spiral  spring  which  pressra  on  the  disc  or  piston,.^.  1810,  which  is  fur- 
nished with  a  valve  opening  downwards.  This  spring  is  attached  to  a  tooth-rack, 
worked  by  a  pinion  wheel,  by  means  of  which  it  is  wonnd  np.  The  mechanical 
force  of  the  spring  is  equal  to  £com  15  to  20  pounds ;  and  as  this  force  is  exerted  upon 
the  disc,  floeting  on  the  oil,  this  is  forced  np  through  the  tube,  and  it  overflows  to 
the  aigand  burner,  thoroughly  satniating  the  cotton,  and  supplying  a  constant  stream 
of  oiL  This  oil  &lls  back  into  the  reservoir,  and  is,  of  course,  above  the  disc  When 
the  spring  has  run  down,  it  is  again  wound  up ;  and  then  the  valve  opening  downward 
allows  the  oil  to  flow  back  beneath  the  disc,  to  be  again  forced  up  through  the  tube. 
As  the  pressure  employed  is  so  great,  the  oil  would,  but  for  the  '  moderator,'  flow  over 
with  too  much  rapidity.  This  moderator,  or  legul^or,  is  a  tapering  rod  of  iron-wire, 
which  is  placed  in  the  ascending  tube ;  and,  as  the  pressure  increases,  it  is  forced  more 
into  it,  and  checks  the  flow  of  oil ;  whereas  as  it  diminishes  it  falls,  and  being  tapering, 
allows  more  oil  to  rise.  Several  ingenious  adjustments  are  introduced  into  these 
lamps,  as  manufactured  by  the  Messrs.  Tylor  of  Warwick  Lane,  with  which  we  need 
not  at  present  deal.  The  cylinders  containing  the  oil  are  covered  with  cases  in  metal 
or  sometimes  of  porcelain.  Two  drawings  of  these  are  shown (^.  I81I  and.^.  1312). 
These  lamps  admit  evidently  of  yet  more  elegant  forms  than  have  been  given  them. 
The  nm-shaped,  firom  the  antique,  in  very  pure  taste,  is  the  last  introduction  of  the 
hoose  above  namwd. 

It  would  be  tedious  to  enumerate  the  various  modifications  of  form  and  action  to 
which  the  oil  lamp  has  been  subject,  previous  to  its  arrival  at  what  may  be  deemed  its 
perfect  oonstmction  by  Argand.  The  discovery  of  the  mode  of  applying  a  new 
principle  by  this  indrndnal  not  only  produced  an  entire  revolution  in  the  manufacture 
of  tiie  article,  but  threatened  with  ruin  all  those  whom  the  patent  excluded  &em 
part)cip«tian  in  the  new  trade ;  so  much  so  indeed,  that  Argand,  who  had  not  been 
apigcenticed.  to  tiie  business,  was  pablidy  peneeuted  by  the  tinners,  lockfoniths,  and 
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iiomnongers,  trho  disputed  bis  li^t  by  any  imxiroTemeiits  to  inhingt  the  profits  of 
their  chartered  rocation.    '  This  mTentJon,  to  quote  a  deecriptioD  <rf  the  lamp  pub- 


1309 


1311 


1312 


liehed  some  yean  ago,  '  embracee  bo  many  improrements  npon  the  common  lamp,  and 
has  become  so  general  thronghont  Europe,  that  it  may  be  justly  ranked  amongst  the 
greatest  discoveiies  of  the  age.  As  a  substitute  for  the  candle,  it  has  the  advantage 
of  great  economy  and  convenience,  with  much  greater  brilliancy ;  and  for  the  purpose 
of  producing  heat,  it  is  an  important  instrument  in  the  bands  of  the  chemist.  We 
may,  with  some  propriety,'  continues  this  authority,  '  compare  the  common  lamp  and 
the  candle  to  fire  made  in  the  open  air,  without  any  forced  method  of  supplying  it 
with  oxygen ;  while  the  Argand  lamp  may  be  compared  to  a  fire  in  a  furnace,  in 
which  a  rapid  supply  of  oxygen  is  famished  by  the  velocity  of  the  ascending  current. 
This,  however,  is  not  the  only  advantage  of  this  valuable  invention.  It  is  obvious 
that,  if  the  combustible  vapour  occupies  a  considerable  area,  the  oxygen  of  the  atmo- 
sphere cannot  combine  with  the  vapour  in  the  middle  part  of  the  ascending  column. 
The  outside,  therefore,  is  the  only  part  which  enters  into  combustion ;  the  middle 
constituting  smoke.  This  evil  is  obviated  in  the  Aigand  lamp,  by  directing  a  current 
of  atmospheric  air  through  the  flame,  which,  instead  of  being  raised  from  a  solid  wick, 
is  produced  from  a  circular  one,  which  surounds  the  tube  through  which  the  air 
ascends. 

The  mechanism  of  the  Argand  burner,  in  its  improved  stats,  will  be  dearly 
understood  from  the  annexed  figures  and  explanation,  which  apply  equally  to  eadi 
description  of  the  lamps  hereafter  described. 

A,  fig.  1313,  is  a  brass  tube,  about  8^  inches  in  length,  and  1^  inch  wide;  within 
this  tube  is  placed  another,  B,  which  is  soldered  &st  inside  by  the  flange  at  c :  the 
space  between  these  tubes  contains  the  oil  surrounding  the  wick,  and  which,  being 
freely  admitted  from  the  reservoir  by  the  side  pipes  d  b,  rises  in  the  tubular  space, 
either  to  a  height  corresponding  with  its  leTel  in  the  reservoir,  or  at  least  so  as  to 
maintain  the  wick  in  a  state  of  constant  saturation.  The  tube  b  is  of  considerable 
thickness,  having  a  spiral  groove  cut  about  it  from  top  to  bottom  ;  r  is  a  metallic 
ring  made  to  slip  over  the  tube  b,  it  contains  a  short  pin  inside,  which  flts  exactly 
into  the  spiral  groove  just  mentioned ;  o  is  the  circular  woven  cotton  wick,  the  lower 
end  of  wluch  is  drawn  tight  npon  the  neck  of  the  ring ;  K  is  a  copper  tube,  with  a  slit 
nearly  from  top  to  bottom  ;  it  admits  the  ring  t,  imd  being  dropped  over  the  inner 
tube  B,  exactly  fits  the  inside  of  the  wider  tube  a,  by  means  of  a  narrow  zim  aeaz  the 
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tap  at  0,  mnd  aaotlieF'  at  the  bottom  b ;  between  the  upper  rim  and  the  margin  there 
is  »  small  projecting  pin  e,  irhich,  -when  the  vhole  apparatus  ia  combined,  fits  into  the 
earitjng  of  the  collar  i.  To  prepare  the  lamp  for  nse,  the  tube  h  is  placed  between  a 
and  B,  aa  jnst  described ;  the  ring  T,  with  its  charge  of  cotton,  is  nest  inserted,  the 
pin  in  the  inside  &lling  into  the  spiral  groove,  and  that  on  the  ontside  entering  the  slit 
m  the  tube  k,  which,  on  being  tnmed  about,  moves  the  ring  f  down  upon  the  screwed 
inner  tube,  until  the  wick  only  jnst  rises  above  the  superior  edges  of  the  tubes,  in  the 
interval  between  which  it  lies  in  the  oil.  In  this  stage  t^he  frame  i  is  placed  on  the 
nick  in  the  collar  at  e,  falling  upon  the  pin  near  the  top  of  h  ;  the  lower  disc  fg, 
passing  over  the  tube  A,  at  once  presents  a  convenient  support  for  the  glass  chimney, 
and  a  fingwr-hold  for  ruling  the  wick.  The  central  tube  is  open  throughout,  oom- 
municatitig,  at  its  lower  end,  with  the  brass  receptacle  x  ;  the  latter  is  perforated  at 
top,  to  admit  the  air  which,  by  circulating  through  the  above  tube,  and  the  hollow 
flame  which  surrounds  it,  causes  the  lamp  to  burn  with  that  peculiar  freedom  and 
brilliancy  which  distingnish  the  Argand  construction.  This  last-mentioned  receptacle 
likewise  catchee  any  small  quantity  of  oil  which  may  pass  over  the  inner  tube  during 
the  combustion  of  the  wick.  i.  is  the  brass  peg,  which  fits  into  the  upper  part  of  the 
lallar,  in  the  table-lamp. 
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In  addition  to  tlie  endlew  variety  of  small  portable  lamps,  the  peculiarities  of 
which  it  would  be  tedious  to  particularise,  and  the  merit  of  which,  as  compared  with 
those  on  the  Argand  principle,  consists,  for  the  most  part,  in  their  cheapness,  the 
more  important  articles,  and  those  generally  in  demand,  may  be  distinguished  as  fixed 
or  Iwacket  lamps,  supended  or  chandelier  lamps,  and  table  or  French  lamps — all  these 
having  burners  on  the  principle  above  described.    The  former  sort  were,  previous  to 
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the  introdactioii  of  gas,  vet;  common  in  ehopt.  The  glob*  t,  (Jig,  1314),  which  is 
sometimes  made  plain  and  sometimes  embossed,  as  in  the  cnt,  sciews  ofl^  when  the 
oil  is  ponied  in  at  an  opening  in  the  lower  part,  which  is  afterwaids  closed  hj  means 
of  a  slide  attached  to  the  stem  b,  and  the  globe,  Urns  replenished,  is  inverted  and 
screwed  into  the  part  c.  When  the  lamp  is  used,  the  stem  b  is  raised  a  little,  and  the 
oil  is  suffered  to  flow  through  the  intermediate  tube  into  the  cistern  d,  only  at  the  rata 
at  which  it  is  consumed  by  the  burning  of  the  wick.  The  peculiar  form  of  the  glass 
chimney  is  admirably  calculated  to  assist  in  the  more  complete  combustion  of  the 
matter  drawn  up  to  the  wick  when  impute  oil  is  used,  a  desideratum  originally  in  part 
secured  by  placing  over  the  central  tube,  and  in  the  midst  of  the  flame,  a  ciicolor 
metal  plate,  by  means  of  which  the  ascending  column  of  air  was  tuned  out  of  its  per* 
pendicular  course,  and  thrown  immediately  into  that  part  of  the  flame  where  the  smoke 
IS  formed,  and  which  by  this  ingenTous  contrivance  is  effectually  consumed ;  this  appli- 
cation, however,  is  not  necessary,  nor  the  form  of  much  moment,  whan  punfled  sperm- 
oil  is  used.  These  lamps  being  usually  made  to  move  on  a  pivot  at  F,  attached  to  the 
wall  or  other  support,  are  very  convenient  in  many  situations,  as  being  easily  advanced 
over  a  desk  or  counter,  and  afterwards  turned  aside  when  not  in  tise. 

The  sinombral  lamp  having  passed  out  of  use  need  not  be  ^escribed. 

The  use  of  spirit  lamps  followed,  and  we  have  the  naphtha  and  camphine  lamps  of 
this  order.  The  accompanying  woodcut  {fig.  1315)  shows  the  peculiarity  of  the  cam- 
phine lamp,  where  the  reservoir  of  spirit  (turpentine  deprived  of  smell)  is  far  below 
the  burner,  to  which  it  ascends  by  capillary  attraction,  through  the  tubes  of  the 
cotton  wick.  Lamps  to  burn  naphtha  {Bdmantmi,  &c)  are  constructed  on  the  same 
principle,  as  are  all  the  paraflSne  and  mineral-oil  lamps. 

One  of  the  best  oil  lamps  is  that  known  as  Carcel's  lamp. 

In  this  lamp  the  oil  is  raised  through  tubes  by  clockwork,  so  as  continually  to 
overflow  at  the  bottom  of  the  burning  wick ;  thus  keeping  it  thoroughly  soaked,  while 
the  excess  of  the  oil  drops  into  the  cistern  below.  Lamps  of  this  description  will 
bum  most  satis&ctorily  for  many  years ;  but  it  can  hardly  be  trusted  in  the  hands 
of  a  servant,  and  when  it  gets  at  all  deranged,  it  must  be  sent  to  its  constructor,  in 
Paris,  to  be  repaired.  The  light  of  this  lamp,  when  furnished  with  an  appropriate 
tall  glass  chimney,  is  veiy  brilliant,  though  not  perfectly  uniform ;  since  it  fluctuates 
a  little,  but  always  perceptibly  to  a  nice  observer,  with  the  alternating  action  of  the 
pump-work ;  becoming  (Ummer  after  eveiy  successiTe  jet  of  oil,  and  brighter  just 
before  its  return.  The  flame,  moreover,  ^ways  flickers  more  or  lees,  owing  to  the 
powerful  draught,  and  rectangular  reverberatory  shoulder  of  the  chimney.  The 
mechanical  lamp  is,  however,  rem&rkable  for  continuing  to  bom,  not  only  with  un- 
abated but  with  increasing  splendour  for  7  or  8  hours ;  the  vivacity  of  the  combustion 
increasing  evidently  with  the  increased  temperature  and  fluency  of  the  oil,  which,  by 
its  ceaseless  circulation  through  the  ignited  wick,  gets  eventually  pretty  warm.  In 
the  comparative  experiments  made  upon  different  lights  by  the  Parisian  philosophers, 
the  mechanical  lamp  is  commonly  taken  as  the  standard.  It  is  not  entitled  to  this 
pre-eminence,  for  it  may  be  made  to  emit  very  different  quantities  of  light,  according 
to  differences  in  the  nature  and  supply  of  the  oil,  as  wdl  as  variations  in  the  form 
and  position  of  the  chimney. 

The  following  experiments  by  Dr.  Ure  are  well  worth  preserving: — 

The  great  obstacle  to  the  combustion  of  lamps  lies  in  the  viscidity,  and  conse- 
quent sluggish  supply,  of  oil  to  the  wicks ;  an  obstacle  nearly  insuperable  with 
lamps  of  the  common  construction  during  the  winter  months.  The  relative  viscidity 
or  relative  fluency  of  different  liquids  at  the  same  temperature,  and  of  the  same 
liquid  at  different  temperatures,  has  not,  I  believe,  been  hitherto  made  the  subject 
of  accurate  researches.  I  was,  therefore,  induced  to  make  the  following  experiments 
with  this  view. 

Into  a  hemispherical  cup  of  platinum,  resting  on  the  ring  of  a  chemical  stand,  I  in- 
troduced 2,000  water-grain  measures  of  the  liquid  whose  viscidity  was  to  be  measured, 
and  ran  it  off  through  a  glass  siphon,  ^th  of  an  inch  in  the  bore,  having  the  outer  leg 
3^  inches,  and  the  inner  leg  3  inches  long.  The  time  of  efflux  became  tiie  measure  (^ 
the  viscidity ;  and  of  two  liquids,  if  the  specific  gravity  and  consequent  pressure  upon 
the  siphon  were  the  same,  that  time  would  indicate  exactly  the  relative  viscidity  of 
the  two  liquids.  Thus,  oil  of  turpentine  and  sperm-oil  have  each  veiy  nearly  the 
same  density;  the  former  being,  as  sold  in  the  shops,  « 0-876,  and  the  latter  from 
0*876  to  0*880,  when  pure  and  genuine.  Now  I  found  that  2,000  grain-measures  of 
oil  of  turpentine  ran  off  through  the  small  siphon  in  96  seconds,  while  that  quantity 
of  sperm-oil  took  2,700  seconds,  being  in  the  ratio  of  1  to  28}  ;  so  that  the  fluency  of 
oil  of  turpentine  is  28}  times  greater  than  that  of  sperm-oil.  Pyroxilic  spirit,  com- 
monly called  naphtha,  and  alcohol,  each  of  specific  gravity  8°125,  were  found  to  run 
off  respectively  in  80  and  120  seconds ;  showing  that  the  former  was  60  per  cent. 
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.more  flneat  than  the  latter.  Spenn-oil,  when  heated  to  265°  Fahr.i  runs  off  in  300 
seconds,  or  Jtb  of  the  time  it  took  when  at  the  temperature  of  64°.  Southern  whale 
oil,  baring  a  greater  density  than  the  sperm-oil,  would  flow  off  fiister  were  it  not 
more  viscid.  2,000  grain-measares  of  water  at  60°  run  off  through  the  said  siphon  in 
7o  sec(»ids,  but  when  heated  to  180°  they  run  off  in  61  seconds.  Concentrated  sul- 
phuric add,  though  possessing  the  great  density  of  1'840,  yet  flows  off  very  slowly  at 
64°,  on  account  <?  its  viscidity,  whence  its  name  of  oilof  vitdoL  2,000  grain-measures 
of  it  took  660  seconds  to  discharge. 

For  a  continuation  of  this  subject,  and  a  fnztber  deacriptiao  of  lamps  of  various 
kinds,  see  also  Sii.bkb  Liobt  ;  Safhtt  Lamp. 

ZtAacno  AOXS.  &/n.  Aldehydic  acid ;  Acetylous  acid.  (Acide  Uaitpique,  Fr.) 
If  a  little  ether  be  placed  at  the  bottom  of  a  glass,  and  some  spongy  platinum  attached 
to  a  wire  of  the  same  metal  be  ignited  and  suspended  about  an  inch  from  the  fluid, 
it  will  glo'v  and  continue  to  do  so  for  a  long  time.  On  the  other  hand,  if  a  spiral  of 
platinum  wire  be  placed  over  the  wick  of  a  spirit-lamp,  and  the  latter  be  first  ignited 
and  then  blown  out,  the  wire  will  continue  at  a  red  heat  until  all  the  sfarit  is  ex- 
hausted. Kumeious  sesquioxides,  when  placed  warm  on  wire-gause  over  capsules 
containing  alcohol,  will  ^ow  in  the  same  manner.  Under  all  these  circumstances,  a 
powerfiil  odour  resembling  aldehyde  is  evolved,  which  strongly  affects  the  eyes.  If 
this  experiment  be  made  in  such  a  manner  that  the  volatile  product  may  be  condensed, 
it  will  be  fbnnd  to  be  strongly  acid.  It  is  powerfully  reducing  in  its  tendency,  and 
if  heated  with  the  oxides  of  silver  or  gold,  converts  them  into  the  metallic  state,  and 
the  liquid  is  found  to  contain  acetic  acid  and  redn  of  aldehyde.  If,  however,  the 
acid  liquid  be  only  very  gently  warmed  with  oxide  of  silver,  a  portion  of  the  latter  is 
^Bsolved ;  but  wbenbaiyta  is  added  to  preciiHtate  the  silver  as  oxide,  and  the  fluid 
is  wanned,  the  metal  instead  of  the  oxide  comes  down,  and  the  fluid,  when  tested  for 
the  nature  of  the  acid,  is  found  to  contain  nothing  but  acetate  of  baryta.  These 
phenomena  are  explained  by  some  chemists  by  supposing  the  fluid  to  ooutain  an  acid 
which  they,  following  the  late  Professor  Daniell,  call  the  lampic,  and  supposed  to 
conbun  On'O*  (0'H*0').  When  lampic  acid  is  treated  first  with  oxide  of  silver,  and 
then  with  baryta- water,  and  heated,  they  consider  that  the  oxygen  of  the  oxide  of 
silver  is  transferred  to  the  lampic  acid,  and  converting  it  into  acetic  acid,  which  com- 
bines with  the  baryta,  while  the  metallic  silver  is  precipitated.  The  following  equa- 
tion explains  the  reaction  supposed  to  take  place : — 

C3*H«0»+  BaO  +  AgO  =  C«H»0»,BaO  +  Ag  +  HO. 

Lampic  acid.  Acetate  of  baryta. 

C*B*0' 4- BaO  +  AcH>  -  (C<B'0*)'Ba -t- AC*  +  B^O. 

The  converson  of  the  lampic  acid  into  acetic  acid  is  therefore  attributed  to  the  oxidis- 
ing tendency  of  the  oxide  of  silver.  Those  who  regard  the  decomposition  from  the 
above  point  of  view,  consider  lampic  acid  to  be  acetylous  acid,  that  is  to  say,  to  bear 
the  same  relation  to  acetylic  acid  (acetic  4cid)  that  sulphurous  acid  does  to  sulphuric 
add. 

UUCBSKZVB.  With  the  fleece  on,  these  are  extensively  used  for  dothing,  for 
door-mats,  and  the  like.  Pnunan  lamhiJcins  are  used  for  linings,  for  coat  collars  and 
cuffii.  Attracan  lamb,  which  is  a  rich,  glossy,  black  skin,  with  short  fur,  is  used  for 
many  ornamental  costumes.  Hungarian  lamb  :  this  skin  forms  the  national  coat  of 
Hungary.  Spaniih  lamb:  the  short  jacket  of  the  Spaniard  is  made  of  this  skin. 
It  is  said  that  npwards  of  a  million  lambskins  are  imported  annually  into  this  country 
for  glove-making. 

TiAWiimwrrB.  A  sulphato-carbonate  of  lead  occurring  at  Leadhills  in  Lanark- 
shire, whence  the  name. 

XiAJrca  'WOOB.  Uvaria  lancmlaia  or  Guaiteria  wrgata.  This  wood  is  imported 
from  Jamaica  and  Cuba,  in  long  poles  from  3  to  6  inches  diameter.  Lance  wood  is 
paler  in  colonr  than  box ;  it  is  selected  for  elastic  works,  as  gig-shafts,  aichery  bows, 
springs,  &c.  These  are  bent  into  the  required  form  by  boiUng  or  steaming.  Sur- 
veyor's rods,  ordinary  rules,  and  billiard  cues  are  made  of  lance  wood. 

X>A3fSBB.  In  mining,  the  man  who  attends  at  the  month  of  the  shaft  to  receive 
the  '  kibble  of  ore'  as  it  rniches  the  surface. 

XiAaroXTB.  A  basic  sulphate  of  copper,  tiata  Cornwall,  described  a  few  years 
ago  by  Frof.  Maskelyne.. 

'  UunrBAJrVMi  Ametal  discovered  by Mosander  in  1841.  It  occurs assodated 
with  didyminm  and  cerium,  in  certnin  mre  Swedish  minerals. 

XAVKBABT.  Art  of.  The  art  of  the  lapidary,  or  that  of  cutting,  polishing,  and 
■ngiaving  gems,  was  faiown  to  the  ancients,  mapy  of  whom  have  left  admirable  spe- 
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ctmens  of  thrir  ddll.  The  Greeks  were  passionate  loreTS  of  rings  and  engrared 
stones ;  and  the  most  parsimonions  among  the  higher  classes  of  the  C^renians  an  said 
to  have  worn  rings  of  the  value  of  ten  mins  (about  30^.  of  onr  money).  By  far  the 
greater  part  of  the  antique  gems  that  have  reached  modem  times  may  be  considered 
as  so  many  models  for  forming  the  taste  of  the  student  of  the  fine  arts,  and  for  in- 
spiring his  mind  with  correct  ideas  of  what  is  truly  beautiful.  With  the  cutting  of 
the  diamond,  however,  the  ancients  were  unacquainted,  and  hence  they  wore  it  in  its 
natural  state.  Bven  in  the  middle  ages,  this  art  was  still  unknown ;  for  the  four  large 
diamonds  which  enrich  the  clasp  of  the  imperial  mantle  of  Charlemagne,  as  now  pre- 
served in  Paris,  are  uncut,  octahedral  crystals.  But  the  art  of  working  diamonds 
was  probably  known  in  Hindostan  and  Ohina  in  very  remote  periods.  After  Louis  de 
Bergnen's  discovery,  in  1176,  of  polishing  two  diamonds  by  their  mutual  attrition,  all 
the  finest  diamonds  were  sent  to  Holland  to  be  cut  and  polished  by  the  I>atch  artists, 
who  long  retained  a  superiority,  now  no  longer  admitted  by  the  lapidaries  of  London 
and  Paris.    See  Diamond. 

The  operation  of  gem-cutting  is  abridged  by  two  methods :  1,  by  cleavage ;  2, 
by  cutting  off  slices  with  a  fine  wire,  coated  with  diamond-powder,  and  fixed  in 
the  stock  of  a  hand-saw.  Diamond  is  the  only  precious  stone  which  is  cut  and 
polished  with  diamond-powder,  soaked  with  olive  oil  upon  a  mill  plate  of  very  soft 
steel. 

Oriental  rabies,  sapphires,  and  topazes,  are  cut  with  diamond-powder  soaked  with 
slive  oil,  on  a  copper  wheel.  The  &cets  thus  formed  are  afterwards  polished  on 
another  copper  wheel,  with  tripoli,  tempered  with  water. 

Emeralds,  hyacinths,  amethysts,  garnets,  agates,  and  other  softer  stones,  are  cnt  at  a 
lead  wheel,  with  emery  and  water ;  and  are  polished  on  a  tin  wheel  with  tripoli  and 
water,  or,  stiU  better,  on  a  zinc  wheel,  with  putty  of  tin  and  water. 

The  more  tender  precious  stones,  and  even  the  pastes,  are  cut  on  a  mill-wheel  of 
hard  wood,  with  emeiy  and  water ;  and  are  polished  with  tripoli  and  water  on  another 
wheel  of  hard  wood. 

Since  the  lapidaiy  employs  always  the  same  tools,  whatever  be  the  stone  which  he 
cuts  or  polishes,  and  since  the  wheel  discs  alone  vary,  as  also  the  substance  he  uses 
with  them,  we  shall  describe,  first  of  all,  his  apparatus,  and  then  the  manipulations  for 
diamond-cutting,  which  are  applicable  to  eveiy  species  of  stone. 

The  lapidar^s  mill,  or  wheel,  is  shown  in  perspective  in.^.  1316.  It  consists  of 
a  strong  name  made  of  oak  carpentry,  with  tenon  and  mottisea  jcnnts,  bound  together 
with  strong  bolts  and  screw  nuts.  Its  form  is  a  parallelopiped,  of  from  8  to  9  feet 
long,  by  from  6  to  7  feet  high ;  and  about  2  feet  broad.  These  dimensions  are  large 
enough  to  contain  two  ootdng  wheels  alongside  of  each  other,  as  represented  in  the 
figure, 
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Besides  the  two  sole  bars  b  b,  we  perceive  in  the  breadth,  6  cross  bars,  c^  d,  b,  f,  o. 
The  two  extreme  bars  c  and  o,  are  a  part  of  the  frame-work,  and  serve  to  bind  it. 
The  two  cross-bars  d  and  r,  carry  each  in  the  middle  of  their  length,  a  piece  of  wood 
as  thick  as  themselves,  but  only  4^  inches  long  (see  yC^.  1316),  joined  solidly  by 
mortises  and  tenons  with  that  cross-lor  as  well  as  with  the  one  placed  opposite  on  the 
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atbar  puallel  &ee.  Thete  two  pieces  are  called  nmmtn  (lintela);  the  one  plaoed 
at  ]>  ia  the  appar ;  the  one  at  w  the  lower. 

In  fig.  1818  this  &ce  ie  shown  inside,  in  otder  to  explain  how  the  mill  wheel  is 
placed  and  snppozted.  The  same  letteis  point  out  the  same  objects,  both'  in  the  pre- 
ceding and  the  following  figures. 

In  each  of  these  avmviert  a  square  hole  is  cut  out,  exactly  opposite  to  the  other  in 
iriikh  are  adjusted  by  friction  a  square  piece  of  oak,  a  a,  fig.  1318,  whose  extremities 
an  perforated  with  a  conical  hole,  whim  receiTca  the  two  ends  of  the  arbor  H  of  the 
wheel  I,  and  forms  its  socket.  This  square  bar  is  ac^usted  at  a  conyenient  height  by 
a  double  wooden  wedge,  b  b.  The  cross-bar  in  the  middle  b,  supports  the  table  o  e,  a 
strong  plank  of  oak.  It  is  pierced  with  two  large  holes,  whose  centres  coincide  with 
the  centzes  of  the  conical  holes  hollowed  out  at  the  end  of  the  square  pins.  These 
holes  of  about  6  inches  diameter  each,  are  intended  to  let  the  arbor  pass  freely  throngh, 
bearing  its  reepeetiTe  wheel,    (See  one  of  these  holes  at  i,  in  fig.  1320  below). 

Each  wheel  is  composed  of  an  iron  arbor  TB.,fig.  1818,  of  a  grinding  wheel  i,  which 
difiars  in  substance  according  to  circumstances,  as  already  stated,  and  of  the  pulley  i, 
furnished  with  sereral  grooves  (we  fig.  1320),  whixJi  has  a  square  fit  upon  the  arbor. 
The  arbor  cairies  a  collet  d,  on  which  are  four  iron  pegs  or  pins  that  enter  into  the 
wheel  to  &8ten  it. 

The  wrfaeel  plate,  of  which  the  ground  plan  is  shown  at  x,  is  hollowed  out  towards 
its  oentz«  to  half  its  thickness ;  when  it  is  in  its  position  on  the  arbor,  as  indicated  in 
fig.  1320,  a  washer  or  feraule  of  wrought  iron  is  put  over  it,  and  secured  in  its  place 
tfj  a  doable  wedge.  In  fig.  1320  the  wheel-plate  is  represented  in  section,  that  the 
eonneetioii  of  the  whole  parts  may  be  seen. 
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A  boaid  g  (ate  fig.  1816  and,^.  1824)  about  7^  inches  high,  is  fixed  to  the  part  of 
the  frame  opposite  to  the  side  at  which  the  lapidary  works,  and  it  prerents  the  sub- 
stances made  use  of  in  the  cutting  and  polishing  from  being  thrown  to  a  distance  by  the 
centrifugal  force  of  the  wheel-plate. 

Behind  the  apparatns  is  mounted  for  each  grinding-plate,  a  large  wheel  T,  (see 
fig.  1316),  similar  to  a  cutler's,  but  placed  horizontally.  The  wheel  is  groovod  round 
its  dicumference  to  receiTe  an  endless  cord  or  band,  which  passes  round  one  of  the 
giooTes  of  the  pulley  j,  fixed  below  the  wheel-plate.  Hence,  on  turning  the  .fly-wheel 
li,  the  plate  reTolves  with  a  Telocity  relatiye  to  the  Telocity  communicated  to  the  wiiecl 
I,  and  to  the  difbrence  of  diameter  of  the  wheel  l,  and  the  pulley  7.  Each  wheo  L, 
is  mounted  on  an  iron  arbor,  with  a  crank  (see  h,  fig.  1317). 

The  lower  pivot  of  the  arbor  h  is  conical,  and  tiurns  in  a  socket  fixed  in  the  floor. 
The  great  wheel  i.  rests  on  the  collet  t,  farnished  with  its  4  iron  pins,  for  securing  the 
connection.  Aborethe  wheel  an  iron  washer  is  laid,  and  the  whole  is  fixed  by  a  double 
wedge,  which  enters  into  the  mortise  I,  fig.  1317. 

l^.  1321  exhibits  a  ground-plan  view  of  all  this  assemblage  of  parts,  to  explain  the 
etmcture  of  the  machine.  Everything  that  stands  above  the  upper  tummer-bar  has 
been  suppressed  in  this  representation.  Here  we  see  the  table  c  e ;  the  upper  mmmer 
m  ;  the  one-wheel  plate  I,  the  other  having  been  removeil  to  show  that  the  endless  cord 
does  not  cross ;  the  two  large  wheels  t.  l,  present  in  each  machine,  the  crank  bar  N, 
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Been  separate  tii.;^.  ISS^,  'Which  Mnres  for  tnming  the  -wheel  i»  THaa  hax  is  formed  of 
three  iron  plates  n,o;p,j;  and  ;,  r  (fy.  1S22).  The &ni  is  bent  round  at  the  point 
n,  to  embrace  the  ttad  « ;  tjie  second  ;  9,  is  of  the  same  breadth  and  thickness  as  the 
■first ;  and  the  third,  is  adjusted  to  the  latter  irith  a  hinge  joint,  at  the  point  ;,  where 
they  are  both  turned  into  a  circular  form,  to  embrace  the  crank  x.  When  all  these 
pieces  are  connected,  they  ore  fixed  at  the  proper  lengths  by  the  bneklee  or  sqaaxe  rings 
ttt,  Thich  embraoe  these  pieces,  as  is  shown  in^.  1322.  . 

The  Btud  «,  seen  in;^.  1322,  is  fixed  to  the  point  v,  by  a  wedge-key  upon  the  arm  p, 
represented  Beparately,  and  in  perspectire,  in  Jig.  1323.  The  labourer  seises  the  two 
upright  jwgs  or  haniues  *  * ;  by  the  alternate  forward  and  backward  motion  of  his 
arm,  he  communicates  the  same  motion  to  the  crank-rod,  which  transmits  it  to  the 
crank  of  the  arbor  M,  and  impresses  on  the  arbor,  and  the  wheel  which  it  bears,  a 
.rotatory  movement 


1323 
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J^.  1324  shows  piece-meal  and  in  perspective  apart  of  the  lapidary's  wheel-mill. 
There  we  see  the  table  e  c,  the  grind  plate  i,  whose  axis  is  kept  in  a  vertical  position 
by  the  two  square  plugs  a  a,  fix«l  into  the  two  svmmert  by  tbe  wedges  b  b.  On  the 
two  sides  of  the  wheel-plate,  we  perceive  an  important  instrument  called  a  dial,  which 
serves  to  hold  the  stone  during  the  cutting  and  polishing.  Tbe  instrument  has  received 
lately  important  ameliorations,  to  be  described  in  Jig.  1325.  The  lapidary  holds  this 
in^troment  in  his  hand,  he  rests  upon  the  iron  pins  u  u,  fixed  in  the  table  lest  he  should 
be  affected  by  the  velocity  of  the  revolving  wheel-plate.  He  loads  it  sometimes  with 
weights  «  «,  to  make  it  t^  better  hold  of  the  grinding-plate. 

fig.  1326,  shows  an  improvement  made  by  one  of  the  most  expert  lapidaries  of 
Geneva,  whereby  he  cuts  and  polishes  tbe  facet  with  extreme  regularity,  converting  it 
into  a  true  diaL  Bach  of  the  two  jaws  bears  a  large  conchoidal  cavity,  into  which  is 
fitted  a  brass  ball,  which  carries  on  its  upper  part  a  tube  e,  to  whose  extremity  is 
fixed  a  dial-plate//,  engraved  with  several  concentric  circles,  divided  into  equal  parts, 
like  the  toothed-wheel  cutting  engine-plate,  according  to  the  number  of  &cet« 
to  be  placed  in  each  cutting  range.  The  tube  receives  with  moderate  friction 
the  handle  of  the  cement-rod,  which  is  fixed  at  the  proper  point  by  a  thumb-screw,  not 
shown  in  the  figure,  being  concealed  by  the  vertical  limb  d,  about  to  be  described. 
1326  1326  1327 


A  neidla  or  index  g,  ijlaced  with  a  square  fit  on  the  tail  of  the  cement-rod,  marks  by 
its  points  the  divisions  On  the  dial-plate  //.  On  the  side  m  n,  of  the  jaw  A,  there 
is  fixed  by  two  screws,  a  limb  d,  forming  a  quadrant,  whose  centre  is  supposed  to  be 
at.  the  centre  of  the  ball.  The  quadrant  is  divided  as  usual  into  90  degrees,  whose 
highest  point  is  marked  0,  and  the  lowest  would  mark  about  70 ;  for  the  remainder  of 
the  arc  down  to  90  is  concealed  by  the  jaw.  The  two  graduated  plates  are  used  as 
follows: — 

When  the  cement-rod  conceals  zero  or  0  of  the  limb,  it  is  then  vertical,  and  serves 
to  cut  the  table  of  the  brilliant;  or  the  point  opposite  to  it,  and  parallel  to  the  table. 
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On  ""H^g  it  slope  a  little,  6  degrees,  for  example,  all  tha  filets  will  maw  lie  in  the 
came  zone  provided  that  the  inclination  be  not  allowed  to  vaiy.  On  turning  round  the 
cement-rod  and  the  index  g  maiia  the  dirisions  so  that  by  operating  on  the  circle  with 
16  divisions,  stopping  for  some  time  at  each,  16  fucets  will  have  been  formed,  of  perfect 
equality,  and  at  equal  distances,  as  soon  as  the  revolution  is  completed. 

In  cutting  the  stones,  they  are  mounted  on  the  cement-rod  b,  fig.  1326,  whose  stem 
is  set  upright  in  a  socket  placed  in  a  middle  of  a  sole  piece  at  A,  which  receives  the 
stem  of  the  cement-rod.  The  head  of  the  rod  Alls  the  cup  of  A.  A  melted  alloy  of 
tin  and  lead  is  poured  into  tha  head  of  the  cement-rod,  in  the  middle  of  which  the 
(tone  is  immediately  plunged ;  and  wherever  the  solder  has  become  solid,  a  portion 
of  it  is  pared  off  from  the  top  of  the  diamond,  to  give  the  pyramidal  form  shown  in  the 
figure  at  B. 

There  ia  an  instrument  employed  by  the  steel  ^xilisheis  for  pieces  of  clodi-work,  and 
by  the  manufactnrers  of  watch-glasses  for  polishing  their  edges.  It  consists  of  a 
solid  oaken  table,  ^.  1327.  The  top  is  perforated  with  two  holes,  one  for  passing 
through  the  pulley  and  the  arbor  of  the  wheel -plate  b,  made  either  of  lead  or  of  hard 
wood,  according  to  circumstances ;  and  the  other  c  for  receiving  the  upper  part  of  tha 
arbor  of  the  large  pulley  D.  The  upper  pulley  of  the  wheel-plate  is  supported  by  an 
iron  prop  b,  &xed  to  tha  table  by  two  wooden  screws.  The  inferior  pivots  of  the  two 
pieces  are  supported  by  screw  sockets,  working  in  an  iron  screw-nut  sank  into  the 
summer-bar  F.  Tha  lags  of  the  table  are  made  longer  or  shorter,  according  as  the 
workman  chooses  to  stand  or  sit  at  his  employment.  Emery  with  oil  is  used  for 
grinding  down,  and  tin-putty  or  colcothar  for  polishing.  The  workman  lays  the  piece 
on  the  flat  of  the  wheel-plate  with  one  hand,  and  presses  it  down  with  a  lump  of  cork, 
while  he  tnms  round  the  handle  with  the  other  band. 

A  very  convenient  form  of  apparatus  has  been  devised  by  Hr.  James  B.  Jordan, 
and  manufactured  by  Messrs.  Cotton  and  Johnson,  of  Orafton  Street,  Soho,  for  the 
purpose  of  preparing  thin  sections  of 

minemla,  rocks,  and  other  hard  sub-  °  ° 

stance  for  microecopical  observation. 
This  machine  is  represented  in  Jigs. 
1328,  1829.  and  1330.  It  consists  of 
s  wooden  frame-work,  a  a,  support- 
ing a  crank-axle  and  driving-wheel, 

two  feet  diameter ;  the  top  part  of 

this  &ame  consists  of  two  cross- 
pieces  a',  fixed  about  an  inch  apart, 

as  in  the  bed  of  an  ordinary  turning- 
lathe  ;  into  the  slot  between  them  is 

placed  a  casting   b,  carrying    the 

bracket  for  the  angle-pulleys  c;  this 

casting  is  bored  to  receive  tiie  spindle 

n,  which,  by  means  of  the  treadle, 

is  made  to  revolve  at  the  rate  of  400 

or  500  revolutions  per  minute.    It 

is    also    bored  to  receive  another 

spindle  x,   to  tha  top  of  which  is 

fixed  a  metal  plate  jr,  for  carrying 

the  small  cup  h,  to  which  the  speci- 
men is  attached  by  means  of  pre- 
pared wax.    This  means  of  mecha-  I 

nically  applying  the  work  to   the  [ 

alicer  is  &r  preferable  to  holding  it  I 

in  the  hand  in'the  ordinary  way  ;  I 

the  requisite  pressure  against  the  ' 

cutting  disc  is    regulated   by  the 

weigl)t  e,  and  tha  thickness  of  the 

slice  by  the  thumb-screw  x,  on  which 

the  spindle  rests.    By  thi^  means  it 

is  possible  to  cut  tolerably  thin  and 

parallel  slices,  of  from  j^th  to  1th 

of  an  inch  in  thickness;  the  thin- 

neas  of  course  varying  according  to 

the  strength  of  the  rock  which  is 

bang  operated  npon.    The  slitting 

disc  is  made  of  s<nt  iron,  «ght  inches  diameter,  and  about  jgth  of  an  inch  in  thickness, 

and  it  is  fixed  on  the  spindle  D,  between  two  brass  plates  4  inches  diameter,  charged 

with  diamond-powder  in  the  usual  way. 
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LAPS 


The  slices  are  ttill  Anther  rednced  in  thickness  by  grinding  \nth  fine  emoiy  and 
'water  on  a  lead  '  lap,'  trbich  is  made  to  reTolre  on  the  spindle  D.  The  lap  is  8  inches 
diameter,  and  about  {ths  of  an  inch  thick  in  the  centre,  cast  with  rounded  edges  and 


L329 
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slightly  convex  sides ;  this  form  &cilitate8  the  grinding  of  a  uniform  thinness,  there 
being  al'ways  a  tendency  on  a  fiat  surface  (which  soon  wears  hollow)  for  the  edges  of 
the  section  to  grind  away  before  it  is  sufliciently  thin.  One  side  of  the  section  can 
easily  be  ground  and  finished  by  holding  in  the  hand ;  and  this  being  done,  it  must  bo 
cemented  with  hard  Canada  balsam  to  a  small  square  of  plate  glass,  in  order  to  grind 
the  other  side,  which  operation  must  be  carefully  carried  on  until  the  structure  appears 
distinct  and  well  defined.  The  finish  requisite  is  best  giveu  by  careAil  rubbing  on  the 
fiat  surface  of  a  hone-stone  until  all  traces  of  the  lines  of  grinding  and  scratches  are 
removed. 

Thin  sections  for  microscopic  study  are  then  usually  re-monnted  in  Canada  balsam 
under  a  glass  cover  in  the  ordinary  way. 

XJUraS  TiftTilTbX.  A  silicate  of  soda,  lime,  and  alumina,  with  the  sulphide  of 
iron  and  sodinm  in  minute  quantities.  This  beautiful  mineral  is  fonnd  in  crystalline 
limestone  of  a  greyish  colour,  on  the  banks  of  the  Indus,  and  in  granite  in  Persia, 
China,  and  Sibena. 

The  finest  varieties  are  highly  esteemed,  being  employed  in  the  manufactore  of 
costly  vases.  It  was  also  the  source  &om  which  the  beautiful  pigment  ultramarine, 
was  obtained,  but  this  colour  is  now  prepared  artificially  at  a  very  cheap  rate.  See 
Ultbuusiks. 

KAVZS  OTiTiftWiTS,  or  Pot-stone.    An  impure  form  of  steatite. 

&AVS.  Metal  polishjng-wheels.  Metal  wheels  or  laps  made  of  nearly  every  metal 
and  alloy  in  common  use,  have  been  more  or  less  employed  in  the  mechanical  arts  as 
vehicles  for  the  application  of  several  of  the  polishing-powders.  But  of  all  Inps,  not- 
withstanding their  variety,  those  of  lead,  sli^tly  alloyed,  and  supplied  with  powdered 
emery,  rendered  the  most  conspicuous  service.  Generally  the  plane,  or  fiat  surface  of 
the  lap,  is  emploj^  ;  at  other  times  the  cylindrical  edge,  as  by  cutlers ;  but  the  portion 
actually  used  in  either  case  is  called  the  /ace  of  the  lap.  There  are  several  kinds  of  laps. 
The  lap  is  in  some  cases  a  thin  disc  of  metal,  fixed  by  means  of  a  screwed  nut  against 
a  shoulder  on  the  spindle,  but  it  is  better  with  lead  laps  to  employ  an  iron  plate  cast 
full  of  holes  to  support  the  softer  metal.  The  casting  mould  may  in  this  case  be  either 
an  iron  disc,  with  a  central  screw  to  fix  the  iron  centre  plate  at  tile  time  of  pouring,  or 
the  mould  may  be  made  of  sand  and  in  halves,  after  the  usual  manner  of  the  foundry. 
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In  rather  ease  the  iron  plate  should  be  made  as  hot  as  the  fluid  metal,  which,  by 
enteriiig  the  holes,  becomes  firmly  united  to  the  iron,  especially  if  the  holes  are  largest 
on  the  reverse  side,  or  that  away  irom  the  lead, — BoUtapfftk 
Lap  is  also  a  roll  or  sliver  of  cotton  for  feeding  the  cards  of  a  spinning  machine. 

XJUtB.    The  &t  of  the  pig.  ^ 

'■'-*»"  033b.  Lard  being  subjected  to  a  pressure,  an  oil,  oUine,  is  expressed,  ttearint 
being  left.  This  lard  oil  is  much  used  tea  Inbrieating  machinery,  and  it  has  been  em- 
ployed for  the  adulteration  of  oliye  oil. 

I.ftV,T»W»»Ti'LTTB.  A.  borate  of  ammonia,  fimn  the  boracic-acid  lagoons  of 
Tuscany. 

TiHB»B.  All  Indian  cut  stones  are  called  UaJa.  They  are  in  general  ill-sbaped 
or  irregular  in  their  form,  their  depth  ill-proportioned,  and  the  table,  or  face,  seldom  in 
the  centre  of  the  stone,  sometimes  too  broad  or  too  small,  and  none  properly  polished. 
The  chief  thing  regarded  is  saving  the  size  and  weight  of  the  stone.  These  stones  are 
always  new  wrought  when  brought  to  Europe. 

XtATBa-COKSS.  Cords  for  turning  hithes.  These  cords  are  made  of  intestines 
of  horses,  cleaned  and  prepared  by  the  separation  of  the  mucous  membrane  in  the 
manner  described  under  Gold  Bkatxbs'  Skdt.  A  wooden  ball,  armed  in  its  lower 
port  with  four  cutting  blades,  at  equal  distances  from  each  other,  is  fixed  by  an 
upright  piece  of  wood  to  a  bench.  The  end  of  anintcitine  is  then  drawn  over  this  ball, 
and  as  the  gut  is  pulled  downwards  it  is  divided  into  four  equal  bands  or  strips. 

Four  or  eight  of  these  strips,  according  to  the  thickness  which  it  is  intended  to  give 
to  the  cord,  are  tied  with  a  peculiar  knot  to  one  end  of  a  thick  piece  of  cord.  The  end 
is  passed  around  a  peg  introduced  into  a  hole  in  a  solid  poet,  to  the  side  of  which  a 
number  of  pegs  are  attached.  At  a  distance  of  ten  or  eleven  yards  from  the  first 
one,  another  post  is  fixed,  similarly  provided  with  pegs,  and  over  one  of  these  latter 
the  middle  of  the  assemblage  of  strips  is  passed,  the  other  end  being  brought  back,  and 
attached  to  the  first  peg  by  means  of  auotber  knotted  cord.  The  tied  end  of  the  strisp 
is  then  attached  to  the  wheel  by  a  hook  connected  with  Uie  vhirl,  which  is  made  to 
revolve  until  the  strips  are  sufficiently  twisted.  The  twisted  end  is  then  kept 
stretched  by  attaching  it  to  the  peg,  and  any  projecting  filaments  are  cut  aS.  After 
being  stretched  for  some  time,  the  cords  are  then  twisted  again,  and  a  third  and 
a  fourth  time  are  twisted  by  hand,  being  each  time  rubbed  with  and  drawn  through  a 
bnneh  of  moistened  horsehair  after  the  twisting,  and  again  stretched  out  between  the 
two  posts.  If  the  cord  is  not  smooth  and  even  after  the  twisting  is  completed,  it  is 
made  so  by  rubbing  with  a  piece  of  dog-skin.  It  is  then  dried,  and  by  soma  makers 
is  exposed  to  the  vapours  of  sulphur.  At  last  the  ends  are  cut  o^  and  the  cord  is 
rolled  in  a  coil. 

In  order  to  avoid  the  putrid  emanations,  &om  the  intestines,  which  are  generally 
in  an  incipient  state  of  decomposition,  Labarraque,  recommends  to  clean  them  at 
once,  turn  the  inside  out,  and  put  them  to  soak  over  night  in  a  cask  containing,  for 
fifteen  or  twenty  intestines,  chloride  of  potash,  at  13°  or  18°,  1  lb. ;  water,  4  gallons. 
The  mucous  membrane  is  ready  to  be  detached'  the  next  day ;  and  after  its  removal, 
and  a  thorough  washing,  the  intestines  can  at  once  be  preptued,  as  has  been  already 
described. 

KA.TH  'WOOB.    The  outside  cuttings  of  flr-treee,  used  for  being  split  into  laths. 

X>&TTBar  is  a  somewhat  antiquated  term,  which  was  applied  to  several  kinds  of 
sheet  metal.  '  Mines  of  latten,  whatever  may  have  been  meant  by  the  word,  are  men- 
tioned in  the  time  of  Heniy  VI.,  who  made  his  chaplain,  John  Botteright,  comp- 
troller of  all  his  mines  of  gold,  silver,  copper,  latten,  lead,  within  the  counties  of 
Devon  and  Cornwall.'    Is  tin  meant  by  the  term  ? —  Watton's  Chemical  Esaay$. 

In  the  reigns  of  Henry  VIII.  and  Edward  VL,  several  acts  of  parliament  were 
passed,  prohibiting  the  exportation  of  brass,  copper,  latten,  bell-metal,  gun-metal, 
sehrof  metal,  &c  Windows  &amed  with  lead  are  called  lattice  windows  in  the 
West  of  England. 

The  term  is  now  applied  to  sheet  or  plate  brass.  Black  latten  is  rolled  sheets ; 
iJunen  latten  is  in  tMnner  dtteti ;  and  roll  latten  is  polished  on  both  sides. 

Xt&VOKZVCI  OUUI.  The  popular  name  of  nitroue  oxide  or  nitrogen  monoxide, 
MO  (VO).  It  is  best  prepared  by  heating  solid  nitrate  of  ammonia,  this  salt  being 
resolved  I^  heat  into  laughing  gas  and  water.  The  gas,  when  inhaled,  produces  a 
peculiar  intoxicating  effect,  usually  without  being  followed  by  any  ill  consequences. 
Of  late  years  laughing  gas  has  been  largely  used  by  dentists  as  an  anaesthetic.  Care, 
however,  is  needed  in  administering  it,  as  i^  majiprod^ice  serious  results  on  individuals 
suffering  from  certain  affections  of  the  hea^t. 

Xt&VKOJM  TXT JU,  or  IJfflonecin^  feolite.  A,  hydrpus  silicate  of  alumina  and  lime, 
occurring  in  cavities  in  amygdaloid^  tr^p  ropks  and  in,  metallifeTOUs  veins.  It  is 
common  in  some  of  the  copper  deposits  of  ^ake  ^npei^or.  .       , 
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'    XAWDBX.    A  miner's  term  for  a  wooden  tube  or  gatter  to  ooorey  water.    A 
long  shallow  trough,  canTing  off  the  ore  from  the  stamps. 

KAtmsb  OXK.  This  oil  is  known  also  under  the  name  ot  'oilof  baya'  and  is 
obtained  fn>m  either  the  fresh  or  dried  berries  of  the  bay  tree  (Launu  nobilis),  which 
grows  principally  in  the  south  of  Europe ;  and  is  also  cnltiyated  in  our  gardens,  the 
hsares  being  used  by  the  co<^  on  account  of  their  flavour.  The  berries  were 
analysed  by  Bonasbre  in  1824,  and  amongst  other  things,  were  volatile  oil,  08,  laurin 
(camphor  of  the  bay  berry),  I'O,  and  &ed  oil,  12'8,  in  100  parts  of  the  berries, 
jbuhunel  states  that  the  fixed  oil  is  obtained  tmm  the  fresh  and  ripe  berries  by 
bruising  them  in  a  mortar,  boiling  them  for  three  or  four  hours  in  water,  and  then 
pressing  them  in  a  sack.  The  expressed  oil  is  mixed  with  the  decoction,  and  on 
cooling  is-  found  floating  on  the  surface  of  the  water.  When  the  dried  berries  are 
used,  they  are  first  subjected  to  the  vapour  of  water  until  they  are  wall  soaked,  and 
are  then  rapidly  pressed  between  heated  metallic  plates.  By  the  latter  process  they 
yield  one-fifth  of  their  weight  of  oil.  It  is  importiBd  in  barrels  from  Trieste.  It  has 
a  butyraceous  consistence  and  a  granular  appearance.  Its  colour  is  greenish,  and  its 
odour  like  that  of  the  berries.  Cold  alcohol  extracts  from  it  the  essential  oil  and 
green  colouring  matter,  leaving  the  lauro-»Uarine,  which  composes  the  principal  part 
of  it.  With  alkalis  it  forms  soaps.  But  its  principal  use  is  in  medicme,  and  more 
particulsirly  in  veterinary  medicine.  It  has  been  used  as  a  stimulating  liniment  in 
sprains  and  bruises,  and  in  paralysis. 

Native  Oil  of  Laurel  i^Uancock^  ;  Laurd  Turpentine  (Slenhonse). — Imported  from 
Semerara ;  obtained  by  incisions  m  the  bark  of  a  large  tree,  called  by  the  Spaniards 
'  Azeytt  de  eassafras,'  growing  in  the  vast  forests  between  the  Orinoco  and  the 
Parime.  This  oil  is  transparent,  slightly  yellow,  and  smells  like  turpentine,  but 
more  agreeable,  and  approaching  to  oil  of  lemons.  Its  specific  gravity  at  50°  Fahr. 
is  0-8645.  It  consists  of  two  or  more  oils  isomeric  with  each  other,  and  with  oil  of 
turpeDtJne.  Its  colour  is  due  to  a  little  resin.  It  is  an  excellent  solvent  for  caout- 
thooe;: — iPtreira. 

Xk&intXO  AOZn.  An  add  obtained  from  the  fat  of  the  bay  tree  {Laurus  nobilii), 
and  from  the  oil  of  pchurim  beans  (foia  pickurim  maj.) 

&AintXSB.  A  sulphide  of  osmium  and  ruthenium,  found  in  the  platinum  wash- 
ings in  Borneo. 

&AVA.  The  ejected  matter  of  volconoes.  ■  The  stone  which  fiows  in  a  melted 
state  from  a  volcano.' — LyM.  M.  Abich  obtained  from  the  Etna  lava  of  1669,  48'83 
silica.  He  found  the  lava  to  consist  of  54*80  labradorite,  34*16  augite,  7*08  olivine, 
and  3*08  magnetic  iron. 

Bischoff  gives  the  following  two  analyses  of  lava: — 

Hecla  Etna 

Silica    ......    5176  49*63 

Alumina 13*61  22*47 

Peroxide  of  iron   ....    15*60    "  10*80 

Lime 6*14  9*05 

Magnesia 1*35  2*68 

Potash 3*41  307 

JSoda 1*21  0*98 

KAVA-^VAsa.    A  peculiar  stoneware,  manufactured  and  coloured  to  assume 
the  semi-vitreous  appearance  of  lava. 
XiA.'VXQt.    Porphyra  laciniata  and  XJlva  latierima.    See  Auax. 
KAVSarSBB,  OZZi  or.    See  Febfithxbt. 

From  the  flowers  of  the  LavandiUa  ipieata  the  oil  of  spike  is  obtained,  which  is 
used  by  painters  on  porcelain,  and  by  artists  in  the  preparation  of  some  varnishes. 
L&'WV.    A  fine  linen  fabric 

KAZmUTB  (Eng.  and  Fr. ;  Lasniiith,  Ger.),  firom  an  Arabic  word,  amil,  meaning 
heaven.  It  is  a  blue  vitreous  mineral,  found  massive  and  crystalline,  traversing  clay 
slate,  and  sometimes  associated  with  spathic  iron ;  spec.  grav.  2*76  to  2*94 ;  scratches 
glass ;  afiTords  a  little  water  by  calcination ;  fusible  into  a  white  glass ;  dissolves  in 
acdds  with  loss  of  colour ;  the  solution  leaves  an  alkaline  residuum,  after  being  treated 
with  carbonate  of  ammonia,  filtered,  evaporated,  and  calcined.  By  analysis  it  is  found 
to  consist  of: — 

1  J 

Phosphoric  add   '.       •       .       .    48*88  46*79 

Alumina 31*77  27*10 

Protoxide  of  iron  ....      8*90  7*10 

Magnesia 9*89  11*87 

Water  .       .   '    .       •       *       .      6*56  7'12 
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(Ttomb,  Vt.  ;  Bid,  Oer.)  Thk  metal  appears  to  hare  beon  known  at 
a  Teiy  early  period.  It  is  mentioned  by  Moses,  as  a  metal  in  common  ose.  Job 
describee  mining  for  lead,  and  the  metallurgie  processes  of  refining  and  separating 
silTer  from  lead  are  very  clearly  described  by  b<rth  Job  and  Jeremiah.  Lead  has  a 
bluish-giey  oolonr,  and,  when  recently  cut,  it  exhibits  considerable  Instre,  which, 
howeTsr,  it  speedily  loses.  It  is  one  of  the  softest  of  the  ordinary  metals,  is  easily 
cut  with  a  knife,  may  be  scratched  with  the  nail,  and  marks  paper  with  a  grey  stain. 
licad  is  malleable,  and  may  be  beaten  into  thin  leayes,  but  these  are  of  vet^  im|)erfect 
tenacity ;  hence,  it  cannot  be  drawn  into  thin  wire ;  a  wire  of  ^th  of  an  inch  m  dia- 
meter will  not  support  20  lbs. 

If  lead  be  prepared  in  a  yeiy  finely  divided  state,  it  is  pyropkorie.  This  is  usually 
prepared  from  the  tartrate  of  lead,  by  heating  it  in  a  glass  tube  as  long  as  any  fumes 
are  eTohred  ;  consequently,  it  is  finely-divided  lead,  combined  with  some  carbon.  As 
soon  as  Uie  fnmes  cease,  the  tube  must  be  closed  at  the  blowpipe-lamp.  If  at  anytime 
the  tube  is  broken,  and  the  powder  scattered  in  the  air,  it  buns  with  a  red  flash. 

If  lead  is  heated  in  closed  vessels,  it  Aises  at  636°  F.  (336°  C),  and  at  a  red 
heat,  it  gives  ofif  vaponrs.  If  fased  lead  is  allowed  to  cool  slowly,  it  crystallises  in 
a  Bometrnat  peculiar  manner ;  the  crystals  are  referrible  to  the  cnbic  system,  but 
they  group  themselves  in  a  very  complicated  and  interesting  way.  By  the  dectro- 
chemical  action  of  zinc  on  a  solution  of  the  acetate  of  lead,  crystals  of  that  metal  are 
obtuned  in  an  arborescent  form.  This  experiment  is  usnally  spol^en  of  as  the  forma- 
tion of  Satttnia  trte,  Saturn  being  the  alchemic  name  for  this  metal. 

When  fused  in  the  air,  lead  oxidises  rapidly,  and  it  becomes  covered  with  an 
iridescent  pellicle,  often  of  great  beauty.  It  then  {nsses  into  a  yellow  powder 
(litharge),  protoxide  of  lead. 

Pure  lead  is  not  afifeeted  by  perfectly  pure  water  f^ee  from  air ;  but  if  air  be  present, 
the  metal  is  oxidised  at  its  expense,  and  the  oxide  thus,  formed,  combining  with 
carbonic  acid,  is  deposited  on  the  lead  in  minute  ciystsb  as  a  basic  carbonate  of  lead. 
The  water  will  then  b;  foupd  U)  con^n  lead  in  solution,  and  such  waters  drawn 
from  impme  cisterns  often .  prodpce  yeiy  4istre8sing  consequences.  If  the  water 
contains  any  sulphates,  the  .lead  .is  tl^rown.  down  as  a  sulphate  of  lead,  which  is 
insoluble; 

7%»  Oret  of  Lead. 

1.  SiUive  lead. — ^Hr.  Greg  appears  to  doubt  the  existence  of  native  lead  in  this 
conntiy.  He  says,  however,  *  Native  lead  has  been  recently  discovered  in  undoubtedly 
genuine  specimens  in  the  province  of  Ouanaxuato  in  Mexico.'    Some  equally  genuine 

rimens  of  native  lead  have  been  found  in  the  Grassington  mines  and  examined  by 
Editor ;  these  are  in  the  cabinets  of  the  Ouke  of  Devonshire^  and  of  the  late  Stephen 
Eddy,  and  it  is  now  we  presume  in  the  possession  of  his  son. 

2.  Mmittm.  Native  oxide  of  lead. — This  rare  ore  has  been  found  in  Anglesea,  at 
Alston  Moor,  the  Snailbeach  Mine  in  Shropshire,  at  Orassington,  the  Leadhills  in 
Scotland,  and  Wicklow  in  Ireland    Its  composition  is — lead,  90'66,  oxTgen,  9'84. 

3.  Cenusiie.  Carbonate  of  lead.  White  Leadore(JBleiapath,QBT.). — l^is  ore  occurs 
in  crystals,  in  fibrous,  compact,  and  earthy  masses.  It  is  found  at  several  of  the  lead 
mines  of  Cornwall  and  X>evon9hire ;  remarkably  fine  specimens  have  been  obtained 
from  Frank  Mills  Mines  in  Devonshire,  one  of  which  is  in  the  Museum  of  Practical 
Qeology.  In  nearly  all  the  mines  producing  the  ores  of  lead,  cenunte  is  formed, 
varying  much  in  its  character  with  the  different  conditions  under  which  it  has  been 
formed. 

This  ore,  in  its  purest  state,  is  colourless  and  transparent  like  glass.  It  may  be 
recognised  by  the  following  chara'^ters :  Its  specific  gravity  is  from  6  to  6*7 ;  it  dis- 
solves with  more'or  less  ease,  and  with  effervescence,  in  nitric  acid;  becomes  im- 
mediately black  by  the  action  of  sulphuretted  hydrogen,  and  melts  on  chafcoal  before 
the  blowpipe  into  a  button  of  lead.-  According  to  Klaproth,  the  carbonate  of  Leadhills 
contains  82  parts  of  oxide  of  lead,  and  1 6  of  carbonic  acid,  in  98  parts.  This  mineral 
is  tender',  scarcely  scratches  calcspar,  and  breaks  easily  with  a  waved  conchddal 
fractore.  It  possesses  the  doable  refracting  property  in  a  very  high  degree;  the 
'doable  image  being  very  visible  on  looking  through  the  flat  JaMs  of  the  prismatic 
crystals.  Its  crystalline  forms  are  very  numerous,  and  are  referrible  to  the  rhombic 
system.    It  is  also  found  in  an  earthy  state.  .  ., 

4.  Jngietit*.  BtdphaU  qf  lead,  or  Vitreous  lead  ^Bldvitriol,  Qet.). — This,  mineral 
dosely  resembles  carbonate  of  lead ;  so  t^t  the  external  charsicters  are  inadequate,  to 
distin^sh  the  two.  But  the  following  are  sufficient.  It  does  not  effervesce  with  nitric 
add;  it  is  but  feebly  blackened  by  sulphuretted  hydrogen;  it  first  decrepitates  and.then 
ra^lts  befiare  the  Uowpipe  into  a  transparent  glass,  winch  becomes  milky  as  it  cools.  By 
(he  oombined  action  of  .beat  and  chaiooal,  it  posMS  first  itio  a  red  pnlverolent  ozid^ 
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and  tben  into  metallic  lead.  It  eoniiita,  according  to  Elapiotli,  of  71  oxide  of  lead, 
26  anlphnrie  add,  2  vator,  and  1  iron.  The  prevailing  form  of  czyBtallisation  is  the 
rectangular  octahedron,  Those  angles  and  edges  are  yarionsl j  modified.  This  mineral 
vas  first  recognised  in  Anglesea,  hence  its  name.  It  was  fanod  in  the  Channel  Islands 
at  Sark  Mine,  and  is  occasionally  met  with  in  the  Leadhills  and  at  Wanlockhead  in 
Scotland,  at  Glemalore  in  Wicklow,  and  at  BallTCorus  Mine,  Ca  Dublin. 

6.  Pkospkate  of  lead.  i^rontorpAtfo.— This,  like  all  the  combinations  of  lead  with 
an  add,  exhibits  no  metalhc  Instre,  but  a  Tariety  of  colours.  Before  the  blowpipe, 
upon  charcoal,  it  melts  into  a  globule  externally  crystalline,  which  by  a  oontinnance 
of  the  heat,  with  the  addition  of  iron  and  boradc  acid,  affords  metallic  lead.  Its  con- 
stituents are  80  oxide  of  lead,  18  phosphoric  acid,  and  1*6  hydrochloric  acid,  aocotding 
to  ElapTOth's  analysis  of  the  mineral  firom  Wanlockhead.  The  crystalline  forms  are 
derived  {torn,  an  obtuse  rhombohedron.  Phosphate  of  lead  is  a  little  harder  than  white 
lead ;  it  is  easily  scratched,  and  its  powder  is  always  grey.  Its  specific  grsTity  is  6-9. 
It  baa  a  vitreous  lustre,  somewhat  adamantine.  Its  lamellar  texture  is  not  very 
distinct;  its  firactore  is  wavy,  and  it  is  easily  firaogible.  The  phosphoric  and  arsenic 
adds  being,  according  to  M.  Mitscherlich,  isomorphous  bodies,  may  replace  each  other 
in  chemie^  combinations  in  every  proportion,  so  that  the  phosphate  of  lead  may  include 
any  proportion,  &om  the  smallest  Action  of  arsenic  acid  to  the  smallest  fraction  of 
phosphoric  acid,  thus  graduating  indefinitely  into  arsenate  of  lead.  The  yellowish 
variety  indicates,  for  the  most  part,  the  preeence  of  arsenic  add.  It  is  found  in 
Cornwall,  Devonshire,  Yoricshire,  Derbyshire,  and  Cumberland,  very  fine  specimens 
bdng  found  in  the  Alston  Moor  mines, 

6.  Arsenate  qflead.  MinuteeUe. — The  name  is  derived  firom  luitofrlit,  imitator,  the 
■pedes  so  nearly  resembling  pyromorphite.  The  colour  of  this  ore  varies  ttom  straw- 
yellow  and  wax-yellow  to  brown,  reddish-brown,  orange,  yellow,  and  red.  Before  the 
blowpipe,  OD  chsjcoal,  it  emits  arsenical  fiimes,  andyidds  a  bead  of  lead.  Theanalysi* 
by  Ininenoy  gives  the  following  as  ita  oompoeitiott  :— 

Arsenate  of  lead    ........    84'56 

Phosphate  of  lead  ,        .        .      ' 4'60 

Chloride  of  lead 9-OS 

At  Drygill,  in  Cumberland,  this  ore  has  been  met  with  in  snffldent  abundance  to  be 
worked  to  some  extent  as  an  ore  of  lead.  The  mimetesite  fh>m  this  mine  was  at  one 
time  used  in  the  manufacture  of  flint-glass,  to  which  it  gave  neat  brilliancy.  The 
form  of  the  arsenate  of  lead,  when  it  is  crystallised,  is  a  pnsm  with  six  faces,  of 
nearly  the  same  dimensions  as  that  of  phosphate  of  lead.  When  pure,  it  is  redudble 
npen  charcoal,  before  the  blowpipe,  into  metallic  lead,  with  the  copious  exhalation  of 
arsenical  fumes ;  but  only  in  part,  and  leaving  a  crystalline  globule,  when  it  contains 
any  phosphate  of  lead.  The  arsenate  of  lead  is  tender,  friable,  sometimes  even 
pulverulent,  and  of  specific  gravity  S'04.  That  from  the  Saxon  mines  of  Johann- 
Qeorgenstadt,  consists,  according  to  Rose,  of  oxide  of  lead,  77'6 ;  arsenic  add,  12*6 ; 
phosphoric  add,  7'6  ;  and  chlorine,  I'fi. 

7.  Sulphide  of  lead.  Galena  (Bleiglaru,  Oer.). — This  is  the  most  abundant  ore  of 
lead ;  it  may  be  indeed  regarded  as  the  only  commercial  ore  of  value,  if  we  except 
the  carbonates,  which  are  probably  formed  hj  the  decomposition  of  galena.  Its  pre- 
vailing forms  are  the  cube  and  a  combination  of  the  cube  and  octahedron ;  lustre 
metallic,  opaque,  colour  and  streak  lead  grey.  Fracture  conchoidal,  but  difficult  to 
obtain,  owing  to  the  readiness  with  which  it  cleaves.  The  localities  of  galena  need 
not  be  named  here,  as  the  lead-producing  districts,  of  which  a  list  will  be  presently 
given,  will  include  them,  galena  occurring  in  them  all.  Thomson's  analysis  of 
galena  gives — 

Lead 8£-18 

Snlphnr 13-02 

Iron .        .      0-SO 

*  It  is  a  remarkable  fiict  that  silver  should  invariably  be  present  in  galena,  some- 
timee,  indeed,  in  very  minute  proportion ;  and  the  same  generalisation  ma^  now  be 
received  as  established  with  reqiect  to  the  preaoice  of  gold.  The  silver,  it  is  certain, 
usually  exists  in  galena  in  the  state  of  sulphide ;  and  so,  probably,  does  the  gold. 
The  mode  of  existence  of  sulphide  of  silver  in  galena  is  not  always  the  same,  as  may 
be  inferred  from  the  &ct  that  by  vxuhing,  nearly  the  whole  of  the  silver  is  carried 
away  from  some  kinds  of  galena ;  while  by  the  same  treatment  of  other  kinds  of  galena 
the  loss  of  silver  is  inconsidtiable.  It  is  an  error  to  suppose  that  largely-crystalline 
galena  is  gmerally  poor  in  nlver.' — Percy. 

8.  JamMonite  is  a  combination  of  lead,  antimony,  and  sulphur.  It  occnrs  in  adcular 
oystals,  or  in  parallel  or  diverging  groups,  and  more  frequently  in  flbnms  masses.  It 
is  foond  in  many  places  in  OomwAllaiid  Devon.  Hose's  analysis  gives  the  following 
as  its  oonpositioo : — 
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Lead 8871 

Antimony 34-90 

Inm 2-96 

Copper 0-Sl 

Zino 0-74 

Salphnr 26-68 

103-06 

Some  Jttme»(miU  found  near  Bamptoa  in  Seyon  oontainad  15  per  cent,  of  (ilver. 

9.  Bounumitt  is  fonnd  near  Utkeard  in  Cornwall,  not  tax  tiom  Kingibridge,  and 
doM  to  Beer  Alston  in  Deronshire.  It  oocnrs  in  many  places  on  the  Continent,  and  is 
found  in  both  Natth  and  South  Amadca.  Bammelsbaig  gives  it  the  following  com* 
poation: — 
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Hug  mineial  may  be  regaided  as  a  doable  sulphide  of  lead  and  antimony,  analogons 
to  the  doable  snlpmde  of  copper  and  iron. 

The  following  ores  of  lead  are  only  of  minaralogioal  interest : — 

10.  CUoro-earbomUeoflead.  Cron^ordUe.  PJuMoenite.  Sm),-lMd.—T!iM<xn\>Mt, 
pale  yellow  colour,  is  reducible  to  metnllic  lead  by  the  agency  of  soda,  and  is  not 
nltned  by  the  hydiosalphides.  Before  the  blowpipe  it  melts  first  into  a  pale  yellow 
tmn^iarent  globule^  with  salt  of  phosphorus  and  oxide  of  copper,  and  manifests  the 
presence  of  uilorine.  It  is  fingile,  tender,  softer  than  carbonate  of  lead,  and  is  some- 
times almost  colourless,  with  an  adamantine  lustre.  Spec  grar.  6-06.  Its  constituents, 
Kccoiding  to  Beizelins,  are,  lead,  26-84 ;  oxide  of  lead,  67'07 ;  carbonate  of  lead,  6-25 ; 
ehlorine,  8-84;  silica,  1-46;  water,  0-64,  in  lOO  parts. 

.   \\.  flatttteiiU.    Super- or  bmoirids  of  lead.    A  doubtfUl  spedesi 

12.  Ltnariie.    Cupreotu  mlphaie  of  lead.    Found  at  Leadhills,  and  in  Cumberland. 

13.  Smanmte.    aulphato-ettrionaU  qflead.    Occurs  at  Leadhills. 
li.  JJOHoriile.    Smphato-oarbonate  of  lead.  Ditto. 

16.  LeadlnUiU.   Sutphato-iriearbonate  qflead.       •    Ditto. 

16.  CaledonUe.    Cimreouittt^kato-aarbo»atei^  lead.  DiVto. 

17.  VanadinaU,     Vanadate  of  lead. 

18.  Widfemte.    UdMaterflead. 

,  19.  Oeocromte,    Suiphantimonide  (if  lead. 
20.  Mendipiie.    Oxyehloride  of  lead. 
31.  MaOoekUe,  ditto. 

22.  Croeomie.    Sed  lead  ore  or  Ckromate  tjflead. 

23.  VaumuUnile.    CkronuUe  of  lead  and  copper. 

A  few  other  lead-bearing  minerals  might  have  been  named,  but  from  their  haring 
so  commercial  -value,  it  has  not  been  thought  necessary  to  do  so. 

His  ores  of  lead,  which  may  be  represented  by  galena,  or  the  sulphide  of  lead,  that 
bang  the  truly  commercial  variety,  are  foimd  in  rocks  of  different  ages  from  the 
granite  and  day-slates  to  the  Triassio  formations.  In  the  Devonian  slate  rooks,  in, 
the  neighbourhood  of  Ijskeard  in  Cornwall  are  m^y  most  productive  lead  mines. 
To  the  north  of  Truro  is  the  abandoned  lead  mine  Huel  Bose,  which  from  its  long, 
celebrity  gave  its  name  to  the  district ;  and  again  to  the  south  of  Helstone  there  have 
been  some  valuable  workings  for  lead.  These  formations  cf  lead  ore  have  all  been  in 
the  day-alate,  Or '  killas '  rocks  of  Cornwall.  In  Devonshire  many  most  valuable  lead 
mines  have  been  worked  in  mmilar  rocks.  In  these  the  celebrated  mines  of  Beer 
Alston  on  the  Tamar  existed.  With  a  very  few  exceptions,  but  little  lead  has  been: 
discovered  in  the  black  slates, — the  carboniferous  series  of  Devonshire.  Some  lead 
ore  has,  however,  been  discovered  in  the  New  !Bed  Sandstone  and  in  the  slate  rocks  im> 
mediately  adjoining  tiiem  near  Newton  St.  Cyres.  To  the  north  of  the  carboniferous 
rocks  of  Devonshire  we  have  a  renewal  of  day-slate  rocks,  similar  in  all  respects  to 
those  which  are  found  near  Liskeeid  in  Cornwall ;  in  these  rocks  are  the  once  famous' 
Bigentiferons  lead  mines  of  Combe  Martin,  from  which  Edward  the  Black  Prince 
derived  an  immense  revenue. 

Tbejead  mines  of  the  Hendip  Bills,  which  were  at  one  time  veiy  poducitive,  are  in 
the  mountain-limestone  formation.  The  lead  which  is  now  obtained  from  the  Hendips 
is  smeltedrfhim  the  lefoae  slimes  and  slags  left  by  the  old  miners.     Thow  of, 
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Cordigaiuhire  an  fonnd  in  clay-sUtMand  ^tetones,  correniondentwitlioc  naderlying 
the  lovest  bads  described  by  Sir  B.  Hmrchuon  in  his  Silunan  System. 
*  In  Shropshire  tb  have  lead  ore  oceurring  in  the  original  Silurian  locks,  the  Llandeilo 
formation.  *  In  that  lofiy  and  ragged  district  of  raropsbire  which  lies  around  tiis 
village  of  SheWe  and  the  Comdon  mountains,  and  which  extends  west  of  the  Stiper 
Stones  range  into  Uontgomairshire '  {Mwrchiton),  lead  lodes  ass  abundant.  In 
Derbyshire,  in  Yorkshire,  in  Cumberland,  Northumberland,  and  Durham,  the  lead 
mines  prove  the  most  productive  in  the  mountain-limestone  formations,  although  there 
are  some  instances  in  -which  good  lead  mines  have  been  worked  in  the  sandstones  and 
shales.  In  addition  to  these,  we  have  the  mines  in  the  LeadhiUs  and  at  Wanlock- 
bead,  oonsistisg  chiefly  of  the  Silurian  slates,  in  Scotland ;  Luganure,  &&,  in  the 
granite  districts  of  WicUow,  Newtonards  in  County  Down,  with  a  few  others  in 
Ireland,  and  the  lead  mines  in  the  Silurian  rocks  of  the  Isle  of  Man, — these  are  the 
principal  districts  &om  which  our  large  supplies  of  lead  ore  axe  obtained. 

The  principal  lead  mines  at  present  worked  in  other  parts  of  the  world  are  the 
following : — 1.  Foullaonen  and  Hnelgoet,  near  Carhair  in  France,  department  of 
Finisterre,  being  veins  of  galena,  which  traverse  a  day-slate  resting  on  granite.  The^ 
have  been  known,  for  upwards  of  three  centuries;  the  workings  penetrate  to  a 
depth  of  upwards  of  800  yards,  and  in  1816,  furnished  600  tons  ^  lead  per  annum, 
out  of  whicn  1,034  pounds  avoirdupois  of  silver  were  extracted.  2.  At  VUlefort  and 
Yiallay,  department  of  Loz&re,  are  galena  mines  said  to  produce  100  tons  of  lead 
per  annum,  400  kilogrammes  at  silver  (880  lbs.  avoird.).  t.  At  Pes^  and  Maoot,  to 
the  east  of 'Montiers  in  Savoy,  a  galena  mine  exists  in  talc-schist,  vriiidi  has  produced 
annually  200  tons  of  lead,  and  about  400  kilogrammee  of  silver  (1,280  lbs.  avoird.). 
4.  The  mine  of  Vedrin  near  Kamur  in  the  Low  Countries,  is  opened  upon  a  vain  of 
galena,  traversing  compact  limestone  of  a  transition  district ;  it  has  ftamiahed  200 
tons  of  lead,  ttom  ■wiiicb.  886  pounds  avoirdupois  of  silver  ware  eztraoted.  6.  In 
Saxony  the  g^na  mines  are  so  rieb  in  silver  as  to  make  the  lead  almost  overlooked. 
They  are  ennmeiated  nnder  ffilver  OresL  6.  The  lead  mines  of  the  Harts  have  been 
likewise  eonridered  as  silver  ones.  7-  Those  of  Bleyberg  in  the  Eifsl  are  in  the 
same  {oedicameDt.  8.  The  galena  mines  of  Bleyberg  and  Villach  in  Caxinthia  are 
in  compact  limestone.  0.  In  Bohemia  to  the  south-west  of  Prague.  10.  Mines  of 
Joachimsthal  and  Bleistadt  on  the  southern  slope  of  the  Erzgebirge,  produce  argentj- 
ferous  galena.  11.  There  are  numerous  lead  mines  in  Spain,  the  most  important 
being  in  the  granite  hills  of  Linariis,  upon  the  southern  slope  of  the  Siena  Morena, 
and  in  the  district  of  the  small  town  of  Caujagar.  Sometimes  enormous  masses  of 
galena  are  extracted  from  the  mines  of  Linaris.  There  are  also  mines  of  galena  in 
Catalonia,  Oranada,  Mureia,  and  Almeiia,  the  ore  of  the  last  locality  being  eenarally 
poor  in  diver.  12.  The  lead  mines  of  Sweden  are  very  argentiferous,  and  worked 
chiefly  with  a  view  to  the  silver.  18.  Hie  lead  mines  of  Dsouria  are  numerous  and 
rich,  lying  in  a  transition  limestone^  which  rests  on  primitive  Mcks ;  their  lead  is 
netdectad  on  aoooimt  of  the  silver. 

There  have  been  a  few  lead  mines  in  this  country,  which  have  been  equally  pro- 
ductive of  silver.  This  was  aspedally  the  case,  with  the  lead  mine  which  was 
formerly  worked  near  Combe  Martin,  and  the  nines  formerly  worked  at  Beer  Alston 
in  Devonshire.  One  of  the  most  remarkable  of  recent  examples,  is  a  small  mine  known 
as  Huel  Floiencf,  near  Tavistock,  ttom  wliioh  some  lead  ore  has  been  sold  at  upwards 
of  90L  a  ton,  on  account  of  the  large  quantity  of  silver  it  contained.  At  the  conclu* 
rion  of  this  article  some  tables  will  be  given,  showing  the  argentiferous  character  of 
the  diftrent  lead-producing  districts  of  the  United  Kingdom. 

Befive  proceeding  to  the  consideration  of  the  metallurgy  of  lead,  a  few  brirf  notices 
of  the  history  of  lead  mining  may  not  be  out  of  place. 

As  we  have  already  stated,  mining  for  lead  must  hare  been  one  of  the  earliest  of 
man's  subterranean  laboors,  and  at  all  periods  of  historv  we  learn  that  lead  mines 
have  been  worked.  The  Bomans,  especially,  worked  lead  mines  in  Spain,  and,  after 
the  conquest  of  this  country,  in  many  of  our  lead-producing  districts,  e^iedaUy  in 
0srdigul8hir^  Shropshire,  and  Flintshire. 

Lead  mining  appears  to  have  been  carried  on  from  a  very  early  period  in  Alston 
Hoar,  and  some  other  of  the  northern  districts.  But  in  the  wast  of  Kngland,  lead 
mining  must  be  regarded  as  a  somewhat  recent  induslary. 

Borlase  mentions^  in  1768,  that  lead  mines  had  anciently  and  lately  been  worked 
in  ConiwaU,  and  tint  those  most  noted  formerly  were  Penrose,  Penwerty,  Trevascus, 
Belastian,  and  Guamdc  (Garras).  He  states  that  Penrose  mines  (near  Helstone)  had 
been  wrought  for  about  200  years — that  is,  ficom  about  the  middle  of  the  sixteenth 
oentniy — and  that  they  had  yielded  tderable  profit  within  thirty  years.  The  only 
lead  mine  worthy  of  note  at  work  in  his  time,  was  at  St.  Issy,  near  Fadstow.  Ptyce 
dsscribae  the  lead  ore  of  Qarraa,  near  Truro,  to  have  been  so  argentiferous,  that  when 
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vrought  about  1730,  it  pudmsei  100  n.  of  ulrer  in  Um  ton  of  lead,    Hnal  Fool, 
near  Helatone,  about  1790,  yielded  from  40  to  60  oz.  of  lilrerper  ton  of  lead,  and 
voAs  were  elected  for  extracting  the  ulrer.    The  lead  om  of  ^Vneal  Boae  contained  ■ 
60  OS.  of  silTer  per  ton. 

In  DeTonaliiTe,  the  Comba  Martin  and  Beer  Alston  mines  hav«  long  been  cele- 
brated for  tiieir  aigentifeioas  lead  ores.  It  is  stated  that  the  produce  of  these  mines 
vas  onusoaUy  great  in  the  reigns  of  Edward  L  and  Edirard  IL  In  1293,  William 
de  Wjmusdham  aooonnted  at  the  Treasury  for  270  lbs.  of  silver  raised  in  Seyon. 
In  1294,  it  amounted  to  6212.  10<.  veight ;  and  in  1294,  to  704/.  St.  Id.  weight  '  In 
1396,  great  profit  is  stated  to  liare  been  derired  &om  the  Devon  mines ;  and  860 
miners  were  impressed  out  of  Derbyshire  and  Wales  to  work  in'them.  In  1860,  a  writ 
was  issoed,  authorising  certain  persons  to  take  up  as  many  mineis  and  workmen  as 
shovld  be  neeeasary  to  work  in  the  king's  mines  in  Devon,  allowing  them  reasonable 
wage*  aoocrding  to  the  custom  of  the  country;  to  arrest  and  imprison  such  as  should 
resist,  till  they  should  give  security  to  serve  the  king  in  the  said  aines,  and  to  buy 
and  provide  timber  at  a  competent  price. 

Henry,  bishop  of  Winchester  and  cardinal  of  England,  as  one  of  the  ezeontors  of 
John,  duke  of  Bedford,  who  had  a  grant  from  the  Mng  ot  the  gold  and  silver  mines 
of  Dermi  and  Cornwall,  rendered  26  lbs.  and  2  oz.  weight  of  pure  silver  as  the  16th 
part  of  the  pure  silver  raised  in  those  counties  from  16th  December,  21st,  to  16tb 
August,  23ra  of  the  same  king's  reign. 

The  Combe  Martin  mine  was  re-opened  in  the  reign  (tf  Elizabeth.  13ie  working 
of  tius  mine  was  strongly  recommended  to  the  I^ng  Parliament  in  1669;  but 
Ly8<Hia  observes  that  it  does  not  appear  to  iiave  been  again  wodced  until  the  dose  of 
that  century,  and  then  without  success.  In  181S  it  was  again  opened  and  worked 
for  fonr  years,  producing  only  208  tons  of  ore  in  that  time.  In  18S7  they  were  again 
worked,  and  it  was  evident  that  the  previous  mining  operations  had  been  very  un- 
akilfally  managed.  The  two  lodes  near  Beer  Alston  have  produced  large  quantities  of 
argentueions  ^ena,  often  containing  from  80  to  120  os.  of  silver  per  ton  of  lead. 
Afcoiding  to  Mr.  Hiteliings,  the  greatest  quantity  which  occurred  in  that  part  of  them 
named  the  South  Hooe  mine  was  140  oz.  of  silver  per  ton  of  lead.  In  1784  and  1786 
the  silver  produce  of  these  mines  amounted  to  6,600  oz.  From  Hnel  Betsy,  near 
Tavistodc  which  was  re-opened  in  1806,  from  300  to  400  tons  of  lead,  and  from 
4,000  to  5,000  OS.  of  silver,  were  annually  obtained.  Lead  mines  were  worked  at  a 
vary  early  period  in  the  Isle  of  Uan,  but  the  leeent  workings  only  date  from  the 
commencement  of  the  present  century.  The  mines  of  Cardi^nshire  were  evidently 
w<Bked  by  the  B<mians.  In  the  reigns  of  Haniy  VII.  and  of  Elizabeth  they  attracted 
much  attention,  and  Qerman  miners  were  invited  to  work  them. 

Hie  English  lead-miners  distinguish  three  different  kinds  of  deposits  of  lead  ore : 
mitw-SKtM,  jme-t€i}i»,  and  fltU^teiiu,  Tlie  English  word  '  vein '  corresponds  to  the 
Frendl  termfilon  ;  but  miners  make  use  of  it  indifferently  in  England  and  France,  to 
indicate  all  the  deposits  of  Uiis  ore,  adding  an  epithet  to  distinguish  the  different  forms ; 
thna,  raie-veiiu  are  true  veins  in  the  geological  acceptation  of  the  word  vein ;  pipe- 
trnns  are  masses  usually  vary  narrow,  and  of  oblong  shape,  most  frequently  parallel  to 
the  dana  of  the  rocky  strata ;  and  JIat'VeiM  are  small  beds  of  ores  interposed  in  the 
middle  o£  these  strata. 

In  the  north  of  England,  which,  on  account  of  its  great  preponderance  in  produce, 
we  take  as  the  basis  ot  our  description  of  lead  mining,  the  ores  are  for  the  most  part 
found  in  «mu  {lodei  in  Cornish)  and  flats.  Although  different  names  have  been  as- 
signed to  oooaaional  varieties,  the  usual  occurrence  of  lead  ore  is  in  rake-veins,  or 
direct  mnmng  Teins,  usually  named  as  veins,  with  some  distinctive  appellation  rae- 
fijced,  as,  for  example,  Bampgill  Vnn,  Hndgillbum  Vein.  Other  veins,  lying  parallel, 
receive  a  similar  prefix,  with  the  addition  of  the  words  north,  east,  or  south ;  but  for 
the  last-named  the  word  sun  is  often  used ;  as,  for  instance,  Hudgillburn  Sun  Vdn, 
and  2nd  and  3rd  Sun  Vein  if  further  discoveries  are  made  of  other  parallel  veins. 
Considerable  quantities  of  ore  are  also  raised  from  horizontal  extensions  of  porticms 
of  the  vein  c^ed  flati,  and  these  are  interposed  between  the  strata  a^'aoent  to  the 
vein. 

Baie-teiiu  are  the  most  common  form  in  which  lead  ore  occurs  in  Cumberland. 
They  are  in  general  narrower  in  the  sandstone  which  covers  the  limestone  than  in  the 
ealeareoQS  beds.  A  thickness  of  less  tlian  a  foot  in  the  former  becomes  suddenly  3  or 
4  feet  in  the  latter;  in  the  rich  rein  of  Hudgillburn,  the  thickness  is  17  feet  in  the 
Gnat  Untetiont,  while  it  does  not  exceed  3  feet  in  the  overlying  WatertiU  or  sandstone. 
This  influence  exercised  on  the  veins  by  the  nature  of  the  enclosing  rock,  is  instruo-. 
tive ;  it  determines  at  the  same  time  almost  uniformly  their  richness  in  lead  ore,  an 
ohaervation  similar  to  what  has  been  made  in  other  countries,  especially  in  the  veins 
of  Eoogsberg  in  Norway.    The  Cumberland  veins  are  constantiy  richer,  the  more 
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potreiiVil  they  aie,  in  tbe  pottions  vhich  tiaTena  the  cslcareona  locks,  Uiad  in  the  beds 
of  sandstone,  and  more  particnlarl^  the  schistose  rocks.  It  is  rare  in  the  rock  called 
plate  (a  solid  slaty  clar)  liar  the  rem  to  include  any  ore ;  it  is  commonly  filled  vith  a 
species  of  potter's  earth.  The  upper  calcareous  beds  are  also  in  general  more  produo- 
tiTe  than  the  lover  ones.  In  most  of  these  mines,  the  veins  trere  not  worked  till 
lately  below  the  fifth  calcareous  bed  (the  four-&thom  limestone),  vhidh  is  807  yards 
beneath  the  Mllstone-Qrit ;  and  as  the  first  limestone  stratum  is  108  yards  beneath 
it,  it  follows  that  the  thiRknew  of  the  part  of  the  ground  where  the  Tsins  are  rich  in 
lead  does  not  in  general  exceed  200  yanls.  It  appears,  however,  that  veins  have  been 
mined  in  the  neighbourhood  of  Alston  Hoor  downwards  to  the  eleventh  calcareous 
stiatom,  or  l^iw  mttom  limestone,  irtiich  is  418  yards  under  the  Millstone-Grit  of  the 
coal  formation,  immediately  above  the  iriiinsill ;  and  that  they  have  been  followed 
above  the  first  limestone  stratum,  as  high  as  the  grindstone  sill,  which  is  only  88  yards 
below  the  same  stratum  of  Hillstone-Gnt ;  so  that  in  the  total  thickness  of  the  plnmbi- 
ferous  formation  b  there  more  than  836  yards.  It  has  been  asserted  that  lead  veins 
have  been  traced  even  further  down,  into  the  Hemerby  scar-limestone;  but  they  have 
not  been  mined.       ^ 

The  greatest  enrichment  of  a  vein  takes  place  commonly  in  the  pcnnts  where  its 
two  sides,  being  not  far  asunder,  belong  to  the  same  rock ;  and  its  impoverishment 
occurs  when  one  side  is  calcareous  and  the  other  a  schistose  clay.  The  minerals  which 
most  finqnently  accompany  the  galena  are  carbonate  of  lime,  fluoride  of  calcium,  sul> 
pbato  of  baiyta,  quarts,  and  pyntes. 

The  mpa-wMM  (oauis  in  ^«nch)  are  seldom  of  great  length;  but  some  have  a 
considetaUe  width ;  their  c(»npoeition  being  somewhat  similar  to  that  of  the  rake-veins. 
Thm  meet  commonly  in  the  neighbourhood  of  the  two  systems,  sometimes  being  in 
evident  eommnnieation  together ;  they  are  occasionally  barren ;  but  when  a  wide  pipe- 
vein  is  metalliferous,  it  is  said  to  be  very  productive. 

The  flat-veint,  or  tirata-vmu,  seem  to  be  nothing  else  than  expansions  of  the  matter 
of  the  vein  between  the  }danes  of  the  strata ;  and  contein  the  same  ores  as  the  veins 
in  their  vicinity.  When  they  are  metalliferous,  they  are  worked  along  with  the  ad- 
jacent rake-vein,  and  are  productive  to  only  a  certain  distance  from  that  vein,  unless 
they  get  enriched  by  crossing  a  rake-rein.  Some  examples  have  been  adduced  of  ad- 
vantageous workings  in  flat-veins  in  the  ffrtat  linuttone  of  Cumberland,  particularly  in 
the  mines  of  Coaldeugh  and  Kenthead.  The  ra}ee-i)emi,  however,  furnish  the  greater 
part  of  the  lead  triiich  Cumberland  and  the  ac|jacent  counties  send  every  year  into 
the  market. 

The  metalliferous  limestone  oecnpies,  in  Derbyshire,  a  length  of  about  25  miles  from 
north-weet  to  south-east,  under  a  very  variable  breadth,  which  towards  the  south 
amonnts  to  26  miles.  Castleton  to  the  north,  Buxton  to  the  north-weet,  and  Matlock 
to  the  south-east,  lie  nearly  upon  ite  limits.  It  is  snnonnded  on  almost  all  sides  by 
the  Millstone-0rit,  which  covers  it,  and  which  is,  in  its  torn,  covered  by  the  coal  strata. 
The  nature  of  the  rocks  beneath  the  limestone  is  not  known.  In  Cumberland  the 
metJtllifarons  libiestone  includes  a  bed  of  trap,  designated  under  the  name  of  toAtiu^. 
In  Derbyshire  the  trap  is  much  more  abundant,  and  it  is  thrice  interposed  between  the 
limestone.  These  two  rocks  constitute  of  themselves  the  whole  mineral  mass,  through 
a  thickness  of  about  6S0  yards,  measuring  from  the  Millstone-Grit ;  only  in  the  upper 
portion,  that  is  near  the  Milljstone-Qrit,  there  is  a  pr^ly  considerable  thickness  of 
ar^o-calcareons  schiste. 

Four  great  bodies  or  beds  of  limestone  are  distinguishable,  which  alternate  with 
three  masses  of  trap,  called  toadstone.  The  lead  veins  exist  in  the  calcareous  strata, 
but  disappear  at  the  limite  of  the  toadstone.  It  has,  however,  been  ascertained  that 
they  recni  in  the  limestone  nndemeath.    See  Mikss  and  Himino. 

MbTAIXUBOT  of  liBAS. 

Althoogh  lead  forms  an  essential  element  in  a  large  number  of  minerals,  the  ores  of 
t]iis  metal  are,  strictly  speaking,  tax  from  nnmerons.  Of  these  the  most  important  is^ 
sulphide  of  lead,  or  galena.  This  mineral,  which  possesses  a  metallic  brilliancy,  and 
has  a  lighter  colour  than  metallic  lead,  presents,  id  ite  cleavage,  all  the  variations 
from  large  fiicettes  and  lamins  indicating  a  cubic  crystallisation  to  a  most  minutely 
granular  structure.  It  is  extremely  brittle,  and  ite  powder  preeente  a  brilliant  black- 
jsh-grey  appearance. 

T^e  specific  gravity  of  galena  is  7'5  to  7'8,  and  ite  composition,  when  abeolntoly 
pore,  is — 

Lead 88-55 

Sulphur 18-45 

100H)0 


Digitized  by 


Google 


LEAD  58 

The  next  most  important  ore  of  lead  is  the  carbonate,  which  is  a  brittle  mineral,  of 
a  iriiite  or  greyish-white  eoloar,  having  a  spedflc  graTity  ntjiag  from  6'4S  to  6'fiO. 
Its  compaeitioii  is — 

Carbonic  add    . 16*05 

Oxide  of  lead 88-66 

99-61 

Lar^  qoantitles  of  tliis  mibstance  ooeni  in  the  mines  of  the  Mississippi  Valley  in 
the  United  States  of  America,  where  the^  were  formerly  thrown  away  as  nceless,  bnt 
have  since  been  collected  and  smelted.  Vast  deposits  of  this  substance  have  also  been 
found  in  the  Bunter  sandstone,  near  Buren  in  I^nssia,  and  at  Fieyong  in  BsTaria. 

The  extraction  and  mechanical  preparation  of  ores  is  the  business  of  the  miner, 
and  not  of  the  metallnigist  who  receives  them  from  the  former  freed  ss  perfectly  a» 
possible  from  foreign  matters. 

The  metalluTgic  processes,  by  the  aid  of  which  lead  is  obtained  from  galena,  may 
be  divided  into  two  classes.  The  first  of  these  is  founded  on  the  following  reactions  :— 
If  one  eqmvalent  of  snlphide  of  lead  and  two  equivalents  of  the  oxide  of  the  sama 
metal  are  fbsed  together,  the  result  is  three  equivalents  of  metaUie  lead  and  on* 
equivalent  of  sulphurous  add,  which  is  evolved. 

This  reaction  is  represented  by  the  following  equation : — 

PbS  +  2PbO  =  3Pb  +  SO*. 

When,  on  the  other  hand,  one  equivalent  of  sulphide  of  lead  and  one  equivalent  of - 
sulphate  of  lead  are  similarly  treated,  two  eqniv^ents  of  lead  are  obtained,  and  two 
equivalents  of  sulphurous  add  are  evolved.    Thus : — 

PbS  +  PbO,SO«  =  2Pb  +  2S0», 

The  process,  founded  on  the  foregoing  reactions,  and  which  we  will  distinguish  as 
the  method  by  double  deeomponiion,  consists  in  roasting  the  galena  in  a  reverberatoiy 
furnace  until  a  certain  amount  of  oxide  and  snli^iate  has  been  formed,  and  subse- 
quently, after  having  intimately  mixed  the  charge,  and  dosed  tJie  do«n  of  the  frimace 
causing  the  whole  to  enter  into  a  state  of  fusion. 

During  this  second  stage  of  the  operation,  the  reaction  between  the  sulphides,  sul- 
phates, and  oxides  takes  place,  and  metallic  lead  is  eliminated.  The  roasting  dT  the' 
ore  is,  in  some  cases,  conducted  in  the  same  furnace  in  which  the  fiisicm  is  effected, 
whilst  in  others  two  separate  Aimaoes  are  employed. 

The  process  by  double  decomposition  is  best  adapted  for  the  richer  varieties  of  ore, 
and  such  as  ate  least  contaminated  by  siliceous  or  earthy  impurities,  and  is  con- 
sequently that  which  is  almost  univenally  employed  for  smeltuig  the  oxea  of  this 
country. 

By  Ute  second  method,  which  we  will  call  tbeproeeta  bt/  affimiy,  the  ore  is  fosed 
with  a  mixture  of  metallic  iron,  which  by  combining  with  the  suhihur  liboates  the 
metallic  lead.  Tiaa  reaction  will  be  understood  by  reference  to  the  following  equa- 
tion;— 

PbS  +  Fe  -  Pb  +  FeS. 

In  practice,  however,  metallic  iron  is  not  always  employed  for  this  purpose ;  cast 
iten  is  also  frsqnently  used,  and  in  some  instances  the  ores  of  iron  and  hammer-slags 
are  substituted,  as  are  also  tap^inder  and  other  secondary  products  containing  a  con- 
siderable percentage  of  this  metal.  Kone  of  these  substances  are,  however,  found  to 
be  so  ef&cadons  as  metallic  iron,  since  cast  iron  requires  to  be  decarburised  before  it 
can  readily  decompose  the  sulphide  of  lead,  and  the  ores  of  iron  require  the  intro- 
duction of  various  fluxes,  and  we  consequent  expenditure  of  an  additional  amount  of 
fud.  In  all  cases,  however,  it  is  judidous  to  sulgect  the  ore  to  a  preliminary  roasting, 
in  order  to  eliminate  a  portion  of  the  sulphur,  and  thereby  reduce  the  expenditure  of 
iron,  as  well  as  to  agglutinate  the  ore  and  render  it  better  adapted  for  its  subsequent 
treatment  in  the  blast-furnace. 

We  will  not  attempt  to  describe  the  difTerent  forms  given  to  roasting  furnaces  em- 
ployed for  the  ores  treated  by  this  process,  but  would  remark  that  utey  frequently 
resemble  the  kilns  used  for  the  preparation  of  lime,  whilst  in  seme  instances  the  ores 
are  roasted  in  heaps  interstratified  with  wood  or  other  fueL 

The  method  of  treating  ore  by  affinity  is  particularly  adapted  to  those  varieties  that 
contain  a  connderable  amount  of  silica,  since  such  minerals,  if  treated  by  double  de- 
composition, would,  by  the  formation  of  oxide  of  lead,  give  rise  to  silicates,  tsvm 
which  it  would  be  exeeedingly  difficult  to  extract  the  metal. 
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Bnglith  Prooeu.  TrtatmuU  bg  iouHt  dteompotUion. — Gulens,  if  placed  in  a 
close  Tessel  which  protects  it  from  the  action  of  the  air,  and  exposed  to  a  gradually 
increasing  temperature,  becomes  fused  without  the  elimination  of  any  lead  taking 
place,  but  ultimately  a  portion  of  the  sulphur  is  driven  o^  and  a  subsulphide  is 
formed,  which  at  a  very  elevated  temperature  is  volatilised  iMthout  change. 

If,  however,  the  vessel  be  uncovered,  and  the  air  allowed  to  act  on  its  contents, 
oxyeen  combines  with  the  sulphur,  sulphoroos  acid  is  evolved,  and  the  deaulphoration 
of  the  mineral  is  slowly  effected. 

When  galena  is  spread  on  the  hearth  of  a  reverberatory  ftimsce,  and  is  so  placed 
as  to  present  the  largest  possible  amount  of  sur&ce  to  oxidising  influences,  it  will  be 
found  that  the  sur&ce  slowly  becomes  covered  with  a  yellowish-white  crust  of  sulphate 
of  lead.  The  oxygen  of  the  air,  by  combining  with  the  two  elementary  bodies  of 
whidi  galena  is  composed,  will  evidently  prodnee  this  effect  This  is  not,  however, 
the  only  chemical  change  which  takes  place  in  the  charge  under  these  circumstances ; 
oxide  of  lead  is  produced  at  the  same  time  as  the  snlphate,  or  rather  the  formation  of 
the  oxide  is  prior  to  that  of  the  snlphate. 

In  &ct,  during  the  first  stage  of  the  operation  of  roasring,  solphmona  acid  is 
evolved,  the  sulphur  qnits  the  lead,  and  a  portion  of  that  metal  remains  in  a  free 
state.  This  becomes  oxidised  by  the  air  passing  through  the  fnmaoe,  and  subse- 
quently a  part  of  it  combines  with  sulphuric  acid,  formed  by  the  oxidation  of  sulphu- 
rous add,  and  sulphate  of  lead  is  the  result  In  this  way,  after  the  expiration  of  s 
certain  period,  both  oxide  and  sulphate  of  lead  are  present  in  the  fomace. 

During  the  early  period  of  the  roasting,  when  the  temperature  of  the  furnace  is  not 
very  elevated,  the  proportion  of  snlphate  is  larger  than  that  of  the  oxide  formed,  but 
in  proportion  as  the  heat  of  the  apparatus  increases,  the  prodnction  vt  oxide  becomes 
more  considerable,  whilst  that  of  the  sulphate  diminishes. 

The  sulphate  and  oxide  thus  formed  re-act  in  their  turn  on  the  nndecomposad 
galena,  whilst  a  portion  of  the  latter,  by  combining  with  the  sulphide  of  lead,  gives 
rise  to  the  formation  of  oxysulphide. 

This  last  compound  has  no  action  on  galena,  except  to  dissolve  it  in  certain  pro- 
portions,  but  is  readily  decomposed  by  the  aid  of  carbonaceons  matter. 

It  is  therefore  evident  that  the  addition  of  carbon,  at  this  stage  of  the  operation, 
will  have  the  eff'ect  of.redndng  the  oxide  and  oxysulphide  of  lead. 

Every  process  then  that  has  for  its  object  the  redncti(»  of  lead  ores  by  double 
fleeompomtion,  eouipiisoa  two  prindpal  operations :  1st  The  reduction  of  galena,  by 
the  aid  of  heat  and  atmospheric  air,  to  a  mixture  of  sulphide,  oxide,  wad  sulphate, 
which  mutually  decompose  each  other,  with  the  eliminabon  of  metallic  lead ;  2nd. 
The  reduction  of  the  o^rsulphide  by  the  addition  of  carbonaceoos  matter. 

7%e  Sevirbtratory  Furnaoe. — The  reverberatory  furnace  employed  for  the  treatment 
of  galena  is  composed,  like  all  other  furnaces  of  this  description,  of  three  distinct 
parts, — the  flie-plaoe,  the  hearth,  and  the  chimney. 

The  hearth  has  to  a  certain  extent  the  form  of  a  fiinnel,  of  which  the  lowest  point 
is  on  the  flnnt  side  of  the  furnace  immediately  below  the  middle  door.  The  molten 
metal,  deaeending  from  every  side  along  the  inclined  bottom  or  sole,  is  collected  in 
this  teeeptade,  and  is  nltimatdy  run  off  by  means  of  a  proper  tap-hole.  This  tap- 
hole  is,  during  the  operation,  closed  by  a  pellet  of  day. 

The  inclination  of  the  hesirth  is  more  rapid  in  the  vicinity  of  the  flie-bridge  than 
towards  the  chimney,  in  order  that  the  liquid  metal  may  not  be  too  long  exposed  to 
the  otidising  and  vcJatilising  influences  of  a  current  of  strongly-heated  air. 

The  dimensions  given  to  these  furnaces,  as  well  as  the  wei^t  of  the  diarge  operated 
on  at  one  time,  vary  considerably  in  different  localities,  but  in  the  north  Of  luigland 
the  following  measurements  are  usually  employed: — The  flre-grate  is  9  feet  9 
inches  x  1  foot  10  inches,  and  the  thickness  of  the  flie-bridge  1  foot  6  indies;  the 
length  of  the  sole  is  9  feet,  and  its  average  width  7  feet  The  depth  of  the  tap  is 
alxrat  2  feet  6  indies  below  the  top  of  the  inclined  sole.  The  height  of  the  roof  at 
the  flie-end  may  be  1  foot  4  inches,  and  at  the  other  extremity  11  inches. 

The  introduction  of  the  charge  is  in  some  cases  efl^cted  by  the  doors  of  the  furnace, 
whilst  in  other  instances  a  hopper,  placed  over  the  centre  ol  the  ardi,  is  made  use  of. 

On  the  two  sides  of  the  furnace  are  placed  three  doors,  about  11  inchee  x  9  inches, 
which  are  distinguished  as  1,  2  and  3,  counting  ttom  the  flre-bridge  end.  The  three 
doors  on  the  one  side  are  known  as  the  front  doors,  whilst  those  on  the  other  side  are 
called  the  back  doors.  Immediately  beneath  the  door  on  the  front  side  of  the  furnace 
is  situated  the  iron  pan  into  which  the  molten  lead  is  tapped  off 

The  bottom  of  this  arrangement  is  in  most  cases  composed  of  fire-bricks,  covered 
by  a  layer  of  vitrified  slags,  ^  greater  or  less  thickness.  In  order  to  form  this  bottom, 
the  iriags  are  introdncedinto  the  ftimace,  the  doors  dosed,  and  the  damper  raised. 
An  elevated  temperature  is  thns  quickly  obtained,  and  a*  soon  as  the  seoriiB  have 
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become  vaiOaeaOy  fased,  they  Me,  l^r  means  of  iake«  and  paddlea,  made  to  swome 
the  leqnired  form.  The  duuge  employed,  as  before  stateiC  rarie*  in  almost  eTSTf 
esbabliohmffiit.  In  the  Koith,  however,  smaller  charges  are  used  than  in  most  other 
localities.  At  Keweastle,  and  in  the  neighbourhood,  the  charge  varies  from  12  to  14 
nrta. ;  in  'Walee,  and  near  Bristol,  21-cwt.  ebarsaa  are  treated ;  whilst  in  Cornwall, 
charges  of  30  ewts.  are  not  nnfireqnently  worked.  The  time  required  tat  smelting  a 
charge  varies  with  its  weight  and  the  nature  of  the  ores,  firom  6  to  21  hours. 

In  some  eases  the  ore  is  introduced  raw  into  the  furnace,  whilst  in  others  it  under- 
goes a  preliminazj  roasting  previous  to  its  introduction.  Bich  ores  are  generally 
smelted  withont  bmng  flnt  calcined ;  hut  the  poorer  varieties,  and  particularly  those 
which  contain  laige  quantities  of  iron  pyrites,  are,  in  most  instuces,  subjected  to 
roasting  in  a  separate  inmaee. 

In  order  to  understand  more  clearly  the  operation  of  smelting  in  fiimaoes  of  this 
description,  we  will  suppose  that  a  charge  has  just  been  tapped  oS,  and  that,  after 
thorooghly  clearing  the  hearth,  a  fresh  chai^  of  taw  ores  has  been  introduced. 
Daring  the  first  part  of  the  operation  of  roasting,  which  usually  occnpies  about  two 
hours,  the  doorB  are  taken  off  to  admit  free  access  of  air,  and  also  for  the  purpose  of 
coolinc  the  fimaoe,  which  has  been  strongly  heated  at  the  close  of  the  praoediog 
opeiauon.  No  iitsl  is  at  this  period  charged  upon  the  grate,  since  the  heat  of  the 
furnace  is  of  itself  sufficient  to  e&ct  the  eumination  of  the  first  portions  of  sulphur. 
The  ore  is  carefully  stirred,  for  the  purpose  of  constantly  presenting  a  fresh  sur&ce 
to  oxidising  influences,  and  when  white  fumes  are  no  longer  observed  to  pass  ofT  in 
large  qnantitiee,  a  little  coal  may  be  thrown  on  the  grate,  and  the  temperature  gradu' 
ally  elevated  until  the  charge  becomes  slightly  clammy  and  adheres  to  the  rake. 
When  the  roasting  is  considend  as  being  sufficiently  advanced,  the  smelter  turns  his 
attention  to  the  state  of  the  fire,  taking  care  to  remove  the  clinkers  and  get  the  grate 
into  proper  condition  for  the  reception  of  a  fresh  supply  of  fuel.  The  furnace  doors 
are  now  dosed,  and  a  strong  heat  is  kept  up  for  about  a  quarter  of  an  hour,  when  the 
smelter  examines  the  condition  of  his  chaiga  by  ramoving  one  of  the  doors.  If  the 
operation  ia  progressing  satisfactorily,  and  the  lead  flowing  freely  and  passing  without 
obetruction  Uto  the  tap,  the  firing  is  continued  a  little  longer;  but  when  the  ores 
have  been  found  to  have  taken  fire,  or  aro  lying  unevenly  on  the  bottom  of  the  fur- 
nace, the  position  of  the  charge  is  changed  by  the  use  of  an  iron  paddle.  During 
this  operation  the  furnace  becomes  partially  cooled,  and  the  reduction  of  temperature 
tbns  obtained  is  frequently  found  to  produce  decompositions,  which  facilitate  the  re- 
duction of  the  chaige.  In  the  case  of  extremely  refractory  ores,  this  alternate  heating 
and  cooling  of  the  furnace  is  sometimes  almost  indispensable,  whilst,  in  other  in- 
stances, their  being  once  or  twice  raked  over  is  all  the  manipulation  that  is  required. 

We  will  suppose  that  four  honis  have  now  elapsed  since  the  charging  of  the  fur> 
naee,  and  that  the  charge  has  run  down  the  inclined  sole  towards  the  tap.  The 
smelter  now  examines  the  condition  of  the  scoriae,  and  adds  a  couple  of  shovelfuls  of 
lime  and  three  or  four  shovelfuls  of  small  coals,  the  amount  and  relative  proportions 
of  these  being  regulated  in  accordance  with  the  aspect  of  the  slags.  The  charge  is 
now,  by  means  of  proper  tools,  again  raised  to  the  breast  of  the  furnace,  and  the  firing 
continued  until  the  charge  haJs  nm  down  into  the  tap-hole.  The  foreman  now  takes 
his  rake  and  feels  if  any  lumps  remain  in  an  nnftased  condition,  and  if  he  finds  all  to 
be  in  a  fluid  state  he  calls  his  assistant  from  the  other  side,  and  by  the  addition  of  a 
small  quantity  of  lime  and  fine  coal,  makes  the  slag  assume  a  pas^  or  rather  doughy 
OonsistMiey.  By  the  aid  of  his  paddle  he  now  pushes  this  compound  up  to  the  0]^po- 
rite  ride  of  the  furnace,  where  it  is  drawn  by  an  assistant  through  the  back  door  into 
a  trough  conbuning  water.  Whilst  the  assistant  is  doing  this,  the  foreman  is  busily 
engaged  in  tapping  off  the  metal  into  the  iron  pan  in  front  of  the  furnace,  from  which, 
when  sufficiently  cooled,  it  is  laded  out  into  suitable  moulds. 

The  total  duntion  of  the  operation  may  be  about  six  hours. 

To  build  a  furnace  of  the  above  description,  6,000  common  bricks,  2,000  fire-bricks, 
and  2i  tons  of  flro-clay  are  required.  In  addition  to  this,  must  be  reckoned  the  iron- 
work, the  expense  of  which  will  be  much  influenced  by  the  nature  of  the  armatures 
employed  and  the  locality  in  which  the  fomace  is  constructed. 

The  amount  of  fael  employed  for  the  treatment  of  a  ton  of  lead  ore  varies  not  only 
in  relatioit  to  the  richness  of  the  mineral,  but  is  also  much  influenced  by  the  nature  of 
the  associated  matrix  and  the  calorific  value  of  the  fuel  itself.  The  loss  of  metal  ex- 
perienced during  the  operation  is  mainly  dependent  on  the  richness  of  the  ore  treated 
and  the  skill  and  attention  of  the  foreman. 

In  the  Korth  about  12  cwts.  of  coal  are  consumed  in  the  elaboration  of  1  ton  of 
ore,  and  the  loss  of  metal  on  60  per  cent,  ore  may  be  estimated  at  about  12  per  cent., 
of  which  about  6)  per  cent  is  subsequently  recovered  from  the  slag  and  fumes.  At  a 
well-conducted  smelting  works,  situated  in  the  west  of  England,  in  which  the  average 
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aasaj  of  the  oroB  smelted  daring  the  year  was  75i,  the  yield  from  the  smelling  for- 
naces  was  68}  per  cent.,  and  the  coal  nsed  per  ton  of  ore  -vos  13|  cwts.  The  lead 
recoTeied  ftom  the  elag  and  fames  amoonted  to  2}  per  cent.,  malung  the  total  yield 
of  metal  71i  per  cent.,  and  the  loss  on  the  assay  prodoce  4)  per  cent. 

In  this  establishment  the  men  are  paid  from  7*.  6d.  to  lit.  6d,  per  ton  of  lead,  in 
accordance  with  the  nature  of  the  ores  operated  on. 

In  one  establishment  the  process  before  described  is  somewhat  raried.  The  charge 
employed  is  21  owts.  This  is  ran  down  and  tapped  off  at  the  expiration  of  6  hoars, 
and  about  9  pigs  of  1^  cwt.  each  asually  obtained.  A  second  charge  of  21  cwts.  is 
then  dropped  in,  and.  as  soon  as  it  is  roosted,  mixed  with  the  slags  of  the  former 
operation.  The  whole  is  then  ran  down  is  the  ordinary  way,  the  slags  drawn  and  the 
lead  tapped  off  in  9  honrs.  The  produce  of  the  second  or  doable  charge  is  from  14 
to  15  pigs. 

If  Uie  ores  are  difflcolt  to  flow,  16  to  16)  hoars  are  reqoiied  for  the  two  charges. 
A  small  quantity  of  black  slag  from  the  slag  hearth  is  employed  for  drying  ap. 

Figs.  1831,  1332,  1883,  represent  the  rererberatory  ftunaoe  at  Uie  Maiqms  of 
'Weetminstei's  lead-smelting  works,  two  miles  from  HolyweU.  The  hearth  is  hollowed 
oat  below  the  middle  door  of  the  fomace ;  it  slopes  from  the  back  and  end*  towards 
this  basin.  The  distance  from  the  lowest  point  of  this  concavify  np  to  the  «IU  of  the 
door,  is  nsnally  24  inches,  bat  it  is  sometimes  a  little  less,  aoconUng  to  the  quality  of  the 
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ores  to  be  smelted.  This  surface  has  no  hole  for  ronning  off  the  slag,  above  the  level 
of  the  tap-hole  for  the  lead,  like  the  smelting  fomace  of  Lea,  near  IlUtlock.  A  single 
chimney  stack  serves  for  all  the  establishment ;  and  receives  all  the  flues  of  the  various 
roasting  and  reducing  fnmaoes.  Fig.  1333  gives  an  idea  of  the  distribution  of  these 
flues,  a  a  a,  &c.,  are  the  furnaces ;  b,  the  flues,  18  inches  square ;  these  lead  from 
each  furnace  to  the  principal  conduit  c,  irtiich  is  5  feet  deep  by  2}  wide ;  <2  is  6  feet 
deep  by_  3  wide ;  « is  a  round  chamber,  15  feet  in  diameter ;  /is  a  conduit,  7  feet  high 
by  6  wide ;  g  another,  6  feet  high  by  3  wide.  Hie  chimney  at  k  has  a  diameter  at 
bottom  of  80  feet,  at  top  of  12  feet,  indodingtiia thickness  of  its  sides,  forming  a  trun- 
cated cone  100  feet  hip;h ;  whose  base  standsnpon  s  bill  a  little  way  from  the  frimaces, 
iitnd  62  feet  above  their  leveL 

0,  fyt,  1331,  1382,  is  the  grate ;  t,  the  door  of  the  fire-place;  e,  the  fire-bridge ; 
rf,  the  arched  roof;  »,  the  hearth ;  //  /  tec,  the  working  doors ;  ff  g,  flues  mnnlng 
into  one  conduit,  which  leads  to  the  subterranean  condensing-chamber  «,  and  thence  to 
the  general  chimney;  i,  a  hopper-shaped  opening  in  the  top  of  the  ftamace,  ior  sup- 
plying it  with  ores. 

This  magnifloent  stnctoie  is  not  destined  solely  for  the  redaction  of  the  ores,  bat 
also  for  dissipating  all  the  rapours  whidi  might  prove  nozions  to  the  hoilth  of  the 
work-people  and  to  vegetation 
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The  OM*  smelted  at  Holywell  are  rtaty  refractory  gslenaa,  mixed  with  blende,  cala- 
mine, pyrites,  carbonate  of  lime,  &c,  bnt  withont  any  flaoride  of  caldum.  They  serre 
mnbially  as  fluxes  to  one  another.  The  coal  is  of  inferior  quality.  The  sole  of  eadl 
furnace  is  formed  of  slags  obtained  in  the  smelting,  and  they  aie  all  of  one  kind.  In 
constmcting  it,  7  or  8  tons  of  these  slags  are  first  thrown  npon  the  brick  area  of  the 
hearth;  are  made  to  melt  by  a  brisk  fire,  and  in  thdrstii&ning state,  as  they  cool,  they 
permit  the  bottom  to  be  sloped  and  hollowed  into  the  desired  shape.  Four  workmen, 
two  at  each  side  of  the  fomace  perform  this  task. 

The  ordinary  charge  of  ore  for  one  smelting  operation  is  20  cwts.,  and  it  is  introduced 
throngh  the  hojiper.  An  assistant  placed  at  the  back  doors  spreads  it  equally  over  the 
whole  hearth  with  a  rake;  the  Aimace  being  m«anwliile  heated  only  with  the  declining 
fire  of  a  preceding  opetsti(m.  No  regular  fire  is  made  during  the  first  two  hours,  but 
a  gentle  heat  meraly  is  kept  up  by  throwing  one  or  two  shoTelAils  of  small  eo^  upon 
the  grate  from  time  to  time.  All  the  doors  are  dosed,  and  the  register-plate  of  the 
chimney  lowered. 

The  onter  basin  in  front  of  the  ftimace  is  at  this  time  fiUed  with  the  lead  derired 
from  a  former  process,  the  metal  being  oorered  with  slagi.  A  rectangular  slit  above 
the  tap-hole  is  left  open,  and  remains  so  during  the  iHiole  time  of  the  opentioii,  vnlees 
'the  lead  should  rise  m  the  interior  basin  above  the  level  of  that  orifice ;  in  iriiich  case 
a  little  mound  must  be  raised  before  it 

The  two  doors  in  front  Airthest  from  the  fire  being  soon  Opened,  the  head-smelter 
throws  in  throng  them,  upon  the  sole  of  the  flimaoe,  the  sl^^  swimming  upon  the 
baUi  of  lead,  and  a  little  wnile  afterwards  he  opens  die  tap-hole,  and  rans  off  the  me- 
tallic lead  reduced  from  these  slags.  At  the  same  time  his  assistant  turns  over  the  ore 
with  fais  paddle,  throng^  the  back  doors.  These  being  again  dosed,  wiiile  the  above 
two  ttaat  doors  are  open,  the  smelter  thvows  a  shovelftl  of  small  ooal  or  coke  dnder 
upon  the  lead-bath,  tii  works  the  whole  together,  taming  over  the  ote  with  the  paddle 
or  inm  oar.  About  three  quarters  of  an  hour  after  the  commencement  of  the  operation, 
he  thioiws  bade  upon  the  sole  of  tile  hearth  the  fresh  slags  which  then  float  npon  the 
bathof  the  outer  basin,  and  which  are  mixed  with  coaly  matter.  He  nest  tarns  over 
these  slags,  as  well  as  the  ore  with  tiie  paddle,  and  shuts  all  the  doois.  At  this  time 
the  smdter  lades  c^ths  lead  into  the  pig-moulds. 

The  assistant  now  turns  over  the  ore  once  more  through  the  back  doon.  A  little 
more  than  an  hoar  after  the  operation  began,  a  quantity  of  lead  proceeding  from  the 
slag  last  lemdted  is  run  off  by  the  tap ;  being  usually  in  sadi  quantity  as  to  fill  one 
halfof  the  oatar  basin.  Both  the  worfanen  then  tumiovec  the  ore,  with  the  paddles, 
stthesereialdoors  of  theAimaoe.  Itsintetiocisattiiis  time  mT  a  doll  ted  heat;  the 
toasting  being  carried  on  rather  by  the  oombnstion  of  the  sulphutons  ingredients,  than 
by  the  action  of  the  small  quantity  of  coal  in  the  grate.  The  erndteivafter  shutting 
the  front  doors,  with  the  exception  of  that  next  the  fire-bridge,  lifts  off  the  fresh  slags 
Iving  upon  the  sorfiuw  of  the  outside  bath,  druns  them,  and  throws  them  back  into 
thefuinace. 

An  hour  and  a  half  after  the  commencement,  the  lead  begins  to  oon  oat  in  small 
quantities  taaa  the  cce ;  bnt  little  should  be  suffered  to  fiow  befiite  two  hours  have 
expired.  About  this  time  the. two  workmen  open  all  the  doors,  and  turn  over  the  ore, 
each  at  his  own  side  of  the  ftiniaee.  An  hour  and  three  quarters  after  the  banning, 
there  are  few  vapours  in  the  furnace^  its  tempetataie  bei^  vely  moderate.  Bo  more 
lead  is  them  seen  to  flow  upon  the  sloping  heerliu  A  littie  ooal  being  thrown  into  the 
grate  to  laise  the  heat  slightiy,  the  worfanen  turn  over  the  ore,  and  then  dose  all  the 
doors. 

At  the  end  of  two  hoots,  the  Jirtt  fin  or  toasting  being  completed,  and  the  doon 
(hot,  the  register  is  to  be  lifted  a  little,  and  coal  thrown  dpon  the  grate  to  give  the 
aeeondfirt,  which  lasts  during  25  minates.  When  the  doon  are  now  opened,  tJie  inside 
of  the  furnace  is  of  a  vivid  red  colour,  and  the  lead  flows  down  from  every  side  towards 
the  inner  basin.  The  smdter  with  his  rake  or  paddle  pushes  the  sisgs  upon  that  basin 
bade  towards  the  upper  part  of  the  sole,  and  his  assistant  spreads  them  uniformly  over 
the  Burfiice  throng^  the  back  doors.  't)it  smelter  next  throws  in  by  his  middle  door,  a 
few  shovelfols  of  quicklime  npon  the  lead-bath.  l?he  assistant  meanwhile  for  a  quarter 
of  an  hour  works  the  ore  and  the  slags  together  through  the  three  back  doors,  and 
then  spreads  them  out,  while  the  smdter  pushes  the  slags  from  the  sui&ce  of  the  inner 
badn  bade  to  the  upper  part  of  the  sole.  The  doors  being  now  left  open  for  a  little, 
while  the  interior  remains  in  repose,  the  metallic  lead,  which  had  been  pushed  back  with 
the  slags,  flows  down  into  the  basin.  This  occasional  cooling  ot  the  ftunace  is  thought 
to  be  neceasaiy  for  the  better  separation  of  the  inroducts,  especially  of  the  slags  from 
thatedbath. 

In  a  short  time  the  workmen  resume  their  rakes,  and  torn  over  the  slags  along  'mth 
the  oie.    Three  hours  after  the  caaiaeiiceiBeDt  a  littie  more  ftial  is  put  into  the  grate. 


Digitized  by 


Google 


5A 


LBAB 


meialy  to  keep  np  s  moderate  heat  of  the  ftoiace  during  the  packUinff.  After  three 
bonis  and  ten  minutea,  the  giate  being  changed  trith  fnel  for  the  Mrdjin,  the  regiater 
it  completely  opened,  the  doors  are  all  rimt,  and  the  famace  is  left  in  this  state  for 
three  quarters  of  an  hoar.  In  nearly  four  honn  from  the  oommenoement,  all  the  doors 
being  opened,  the  assistant  levels  the  sui-faees  vith  his  rake,  in  order  to  fiiTour  the 
descent  of  any  drops  of  lead;  and  theo  spreads  the  slags, -which  are  poshed  back  towuds 
him  by  the  smelter.  The  latter  now  tluows  in  a  fresh  qnantitj  of  lime^  with  the  -new 
not  merely  of  covering  the  lead-bath  and  prerantiDg  its  osidatjon,  bat  of  rendering  the 
sliUB  less  floid. 

Ten  minatee  after  the  third  fire  is  completed,  the  smelter  puts  a  n«v  charge  of  ftiel 
on  the  grate,  and  shuts  the  doors  of  the  farnaee  to  give  it  Iht  fourth  fin.  In  four  hours 
and  fbrty  minutes  from  the  oommeneement,  this  fire  being  flntshwd,  the  doors  are 
opened,  the  melter  pietces  the  ti^hole  to  discharge  the  lead  into  the  onter  basin,  and 
throws  some  qoioklime  upon  the  slags  in  the  inner  basin.  He  then  poshes  the  slags 
thus  dritd  up  towards  the  upper  part  of  the  hearth,  and  his  assistant  rakes  them  oat  by 
the  hack  doors. 

The  whole  operation  of  a  mrnUHng  A^  takes  sbont  fonr  hoar*  and  a  half,  or  at  most 
Hts  hoars,  in  wliioh  fonr  periods  may  be  distingniahed : — 

1.  The  firtt  fin  tat  roasting  the  ores  reqoins  my  moderate  ililng,  and  lasts  two 
hours. 

2.  The  taxmdfin,  or  smelting,  requires  a  hij^er  heat,  with  shut  doors  j  at  the  end 
the  slags  are  driid  f^with  lime,  and  the  fomace  is  also  allowed  to  cool  a  little. 

S,  4.  The  last  two  periods,  or  the  ikird  tnAfimrthfint,  are  likewlaa  two  smeltinfls  or 
foundings,  and  difibr  from  the  first  only  in  requiring  a  hi^er  tempetatoM,  The  neat 
b  greatest  in  the  last.  Thefcsnandffimensionsaf  the  famace  are  calcalated  to  cattse 
a  uniform  distribotion  of  heat  orer  the  wh<^  snr&ee  of  Ae  hearth.  Sometimes  billets 
of  green  wood  are  plunged  into  the  metallic  lead  of  the  oater  basib,  oansing  an  ebulli- 
tion which  fsTooTS  the  separation  of  the  slags,  and  oonseqosntly  the  ^odnctjon  of  a 
purer  lead ;  but  no  mrae  metallic  metal  is  obteined. 

Ten  cwts.  of  coal  are  consumed  at  Holywall  in  smelting  one  hm  of  the  lead-ore  *eUiek 
or  sludge ;  but  at  Orassiagtoo,  near  Bkipton  in  Yorkshire,  with  a  mnular  ftimaee  worked 
with  a  slower  heat,  the  operation  taking  from  seveo  hours  to  seren  hoars  and  a  half, 

ihsteod  of  five,  only  7i  cwts.  of 
ooal  are  oonsomed.  But  here  the 
ores  0X0  less  refractory,  have  the 
beneflt  of  flnctHipar  as  a  flux,  and 
are  more  exhausted  of  their  metal, 
being  smelted  Qpon  a  lees  sloping 
hearth. 

7V  ore-iaearH. — This  fomaco, 
called  by  the  French  fourtietm 
icoisaii,  IS  from  22  to  24  inches 
in  height  and  1  foot  by  1^  in  area 
inside ;  but  its  horisoutal  section, 
always  rectangular,  raries  much 
in  its  dimensions  at  diflerent 
lerels,  as  shown  in  fig.  IS84. 
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O,  Tvyire.    U,  Workston*.    P,  Lead-pot. 


Treeiment  of  had  on»htf  tie  Scotch  fumaee  or  of»-Aeaf  <*.— This  ftamace  is  generally 
employed  in  the  counties  of  Northumberland,  Cumberland,  and  Durham  fw  the 
smelting  of  lead  ores,  which  were  formerly  carried  to  them  without  any  preparation, 
but  they  are  now  often  exposed  to  a  preliminary  calcination.  The  roasted  ore  yields 
in  the  Scotch  famace  a  more  considerable  product  than  the  erode  ore,  because  it  forms 
in  the  furnace  a  more  porous  mass,  and  at  the  same  time  it  work*  drier,  to  ose  the 
founder's  expression ;  that  is,  it  allows  the  stream  of  air  impelled  by  the  blast  to  difibse 
itself  more  completely  across  the  matters  contained  in  the  famace. 

In  proceeding  to  smelt  by  means  of  an  ore-hearth,  two  workmen  are  required  to  be 
in  attendance  from  the  banning  to  the  end  of  each  smelting  shift,  the  duration  of 
which  is  from  12  to  IS  hours.  The  first  step  in  commencing  a  smelting  shift  is  to  fill 
up  the  hearth-bottom,  and  space  below  the  workstone  with  peats,  pladng  one  already 
kindled  before  the  nozzle  of  the  bellows.  The  powerftil  blast  very  soon  sets  the 
whole  in  a  blase,  and  by  the  addition  of  small  qnantities  of  coal  at  interrals,  a  body  of 
fire  is  obtained,  filling  the  hearth.  Boasted  ore  is  now  put  upon  the  surface  of  the 
fire,  between  the  fottstone  and  pipestone,  which'  immediately  becomes  heated  ted  hot 
and  reduced;  the  lead  from  it  sinking  down  and  collecting  in  the  hearth  bottom. 
Other  portions  of  ore  of  10  or  12  lbs.  Mch  are  introduced  from  time  to  time,  and  the 
contents  of  the  hearth  are  stirred  and  kept  open,  being  occasionally  drawn  out  and 
oounined  Tq)on  the  workstone,  ontil  the  hearth  bottom  beCMnes  frUl  of  lead.    The 
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Iieiurtli  may  mtw  t>e  oomMeMd  in  its  resnlur  working  state,  haring  s  mass  of  heated 
fad,  mixed  -with  partl^-Aued  and  semi-Tednoed  ore,  oalled  Bronze,  floating  npon  a 
itntom  of  meltad  lead.  Tlia  anralting  shift  i>  then  regularlj  proceeded  vith  b^  the 
two  workmen,  as  follows : — The  fire  being  made  up,  a  stratam  of  ore  is  spread  npon 
the  horiaoDtal  snrCace  of  the  brousr,  and  Uie  iHioIe  snfibred  to  remain  exposed  to  the 
blast  for  the  space  of  aboat  flTa  rainntss.  At  the  end  of  that  time,  one  man  plunges 
a  poker  into  the  fltiid  lead,  in  the  hearth  bottom  below  the  broure,  and  raises  the 
whole  np,  at  difiistant  places,  so  as  to  loosen  and  open  the  brooxe,  and  in  doing  so,  to 
poll  a  part  of  it  fbrwards  npon  the  worfcstone,  allowing  the  recently-added  ore  to  sink 
down  into  the  body  of  the  hearth.  The  poker  is  now  exchanged  for  a  shovel, 
with  a  head  8  inches  square,  with  which  the  bronze  is  examined  npon  the  workstone, 
and  any  Inmpe  that  may  haye  been  too  mnoh  fiised,  broken  to  pieces ;  those  which  are 
so  far  agglntmated  by  uie  heat,  as  to  be  quite  hard,  and  further  known  by  their  bright- 
ness, being  picked  oot,  and  thrown  aside,  to  be  afterwards  smelted  in  the  slag  heturth. 
They  are  called  '  grey  slags.'  A  little  slaked  lime,  in  powder,  is  then  spread  upon 
the  bnoae,  which  has  been  drawn  forward  npon  the  woikstone,  if  it  exhibit  a  pasty 
appearance ;  and  a  portion  of  coal  is  added  to  the  hearth,  if  necessary,  which  tho 
workman  knows  by  experience.  In  the  mean  time,  his  fellow  workman,  or  shoulder 
fellow,  dears  the  opening,  throng^  which  the  blast  passes  into  the  hearth,  with  a 
shorel,  and  places  a  pest  immediately  above  it,  which  he  holds  in  its  proper  situation, 
nntil  it  is  fixed,  by  the  return  of  all  the  bronze,  tnm  the  wodcstone  into  the  hearth. 
The  fire  is  made  up  again  into  the  shape  befc»e  described,  a  stratum  of  fresh  ore  spread 
np<m  the  part,  and  the  opoation  of  sbrring,  breaking  the  lompe  upon  the  workstone, 
and  piling  out  the  hard  slags  repeated,  after  tiie  expiration  of  a  few  minutes,  exactly 
in  the  same  manner.  At  erery  stirring  a  fresh  peat  is  pat  above  the  nozzle  of  the 
bellows,  which  divides  the  blast,  and  causes  it  to  be  distributed  all  over  the  hearth  ; 
and  as  it  bnms  away  into  light  ashes,  an  opening  is  left  for  the  blast  to  issue  freely 
into  the  body  of  the  bitnue.  The  Boit  and  porous  nature  of  dried  peat  renders  it  veiy 
suitable  for  this  purpose ;  but,  in  some  instances,  where  a  de&dency  of  peats  has 
oceonsd,  blocks  of  wcKid  of  the  same  size  have  been  used  with  little  disadvantage.  As 
the  smelting  proceeds,  the  reduced  lead,  filtering  down  throu(^  all  parts  of  the  brouie 
into  the  hearth  bottom,  flows  through  the  channel,  oat  of  which  it  i*  laded  into  a 
proper  mould,  and  formed  into  pigs. 

The  principal  particnlars  to  he  attended  to  in  managing  an  ore-heai$h  properly 
during  the  sraerang  shift  are  these:  First — It  is  very  important  to  employ  a 
pn^per  blast,  whidi  shoold  be  caiefnlly  regulated,  so  as  to  be  neither  too  weak  nor 
too  powerfuL  Too  weak  a  blast  would  not  excite  Uie  requisite  heat  to  reduce  the  ore, 
and  one  too  powerful  has  the  effict  of  ftasin^  the  contents  of  the  health  into  sl^^ 
In  this  particular  no  certain  roles  can  be  given ;  for  the  same  blast  is  not  •oltabl* 
for  everr  variety  of  ore.  Soft  fiee-grained  galena,  of  great  spedfle  gravity,  being 
veiyfdsibH  and  easily  reduced,  requires  a  moderate  blast;  while  the  harder  and 
lighter  varieties,  many  of  whidi  contain  more  or  less  iron,  and  are  often  found  rich, 
in  silvCT,  reqoire  a  blast  eonsidsrsbly  slxonger.  In  all  cases,  it  is  most  essential,  that 
the  blast  shonld  be  no  mom  than  saffldent  to  reduce  the  ore,  after  every  otJier  neces- 
sary precaution  is  taken  in  working  the  hearth.  Second. — The  blast  should  be  as 
much  divided  as  possible,  and  made  to  pass  through  evety  part  of  the  bronze.  -  Third. 
—The  hearth  shonld  be  vigoroosly  stirred,  at  due  intervals,  and  part  of  its  contents 
exposed  upmi  tb»  worirstone ;  when  the  partially-fiised  lumps  should  be  well  broken  to 
pieces,  as  well  as  those  which  are  further  vitrified,  so  as  to  form  slags,  carefblly  picked 
oat.  This  breaking  to  pieces,  and  exposure  of  th6  hottest  part  of  the  bronze  upon 
the  workstone,  has  a  most  beneficial  eSbct  in  promoting  its  reduction  into  lead ;  for 
the  atmospheric  air  immediately  acts  upon  it,  and,  in  l^t  heated  state,  the  sulphur 
is  resdUy  oonsomsd,  or  converted  into  snljAurous  add,  leaving  the  lead  in  its  metallic 
state ;  hence  it  is  that  the  redneed  lead  always  flows  most  abundantly  out  of  the  hearth 
immediately  after  the  return  of  the  bronze,  iriiich  has  been  spread  oat  and  exposed  to 
the  atmos{Aae.  Fourth. — The  quantity  of  lime  naed  should  be  no  more  than  is  jnst 
neceesaiy  to  thicken  the  bronze  suffidently ;  as  it  does  not  in  the  least  contribute  to 
reduce  the  ore  by  any  chemical  efifact:  its  use  is  merely  to  render  the  bronze  less 
pasty,  if,  ttom  the  heat  being  too  great,  or  from  the  nature  of  the  ore,  it  has  a  dis- 
position to  become  very  soft  Fifth. — Coal  should  also  be  supplied  judiciously ;  too 
taoeh  unnecessarily  increasing  the  balk  of  the  brouze,  and  causing  the  heiuth  to  get 
too  full. 

When  the  com  is  of  a  description  to  smelt  readily,  and  the  heartb  is  well  managed  in 
every  pariieular,  it  works  with  but  a  small  quantity  of  brouze,  which  feels  dry  when 
•tima,  and  is  easily  kept  open  and  permeable  to  the  blast  The  reduction  proeeeds 
rabidly  with  a  moderate  degree  of  heat,  and  the  slags  produced  are  inconsiderable ;  but, 
if  m  Uiis  state>  the  stirring  of  the  brooze  and  exposure  upon  the  workstone  are  dis« 
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eontinned,  ac  practised  at  longer  interrals,  the  hearth  qoiekly  gets  faio  hot,  and  imme^ 
diately  begins  to  agglntinata  together;  rendering  evident  the  necessity  of  these 
opentions  to  the  snccessM  management  of  the  process.  It  is  not  difficult  to  under- 
stand why  these  ^bcts  take  place,  when  it  is  considered,  that  in  smelting  by  means 
of  the  ore-hearth,  it  is  the  oxygen  of  the  blast  and  of  the  atmosphere  which  jirincipaUy 
accomplishes  the  redaction ;  and  the  point  to  be  chiefly  attended  to  consists  in  exposing 
the  ore  to  its  action,  at  the  proper  temperature,  and  npder  the  most  farourable  dr- 
comstances.  The  importance  of  having  the  ores  free  from  impurities  is  also  evident ; 
for  the  stony  or  earthy  matter  it  contains  impedes  the  smelting  process,  and  increases 
the  quantity  of  slags.  A  very  slight  difference  of  composition  of  perfectly-dressed  ore 
jsiKy  readily  be  understood  to  affect  its  reducibility ;  and  hence  it  is,  tluit  ore  from 
dififerent  veins,  or  the  same  vein  in  different  strata,  as  before  observed,  is  frequently 
found  to,|work  very  differently  when  smelted  singly  in  the  hearth.  It  happens,  there- 
fore,  that  with  the  best  workmen,  some  varieties  of  ore  require  more  coal  and  lime,  and 
a  greater  degree  of  heat  than  others ;  and  it  is  for  this  reason  that  the  forestone  is  mode 
moveable,  so  as  to  answer  for  ore  which  works  either  with  a  large  or  s  small  quantity 
of  broaze. 

It  has  been  stated  that  the  darationof  a  smelting  shift  is  from  12  to  16  honrs,  at  the 
end  of  which  time,  with  every  precaution,  the  hearth  is  apt  to  become  too  hot,  and  it 
is  necessary  to  stop  for  some  time,  in  order  that  it  may  cooL  At  mills  where  the 
smelting  diift  is  12  hours,  the  hearths  usually  go  on  12  hours,  and  are  suspended  6  ; 
fourand  ahalf  orfive  bings'of  ore  (36  to  40  cwts.)  are  smelted  duringa  shift,  and  the 
two  men  who  manage  the  hearth  work  each  four  shifts  per  week ;  terminating  their 
week's  work  at  3  o'dock  on  Wednesday  afternoon.  They  are  succeeded  by  two  other 
workmen,  who  also  woric  four  12-hour  shifts;  the  last  of  which  they  finish  at  4  o^dock 
on  Saturday.  In  these  eifht  shifts,  from  36  to  40  bings  of  ore  are  smelted,  which, 
when  of  good  quali^,  produce  from  0  to  10  fodders*  of  lead.  At  other  mills  where 
the  shift  u  14  or  15  hours,  the  Aimace  is  kindled  at  4  o'clock  in  the  morning,  and 
worked  until  6  or  7  in  the  evening  each  day,  six  days  in  the  week ;  during  this  shift 
6  or.  6^  bings  of  ore  are  smelted,  and  two  men  at  one  hearth,  in  the  early  part  of  each 
week,  work  three  such  shifts,  prodndng  about  4  fodders  of  lead — two  other  men  work 
each  three  shifts  in  the  latter  part  of  the  week,  making  the  total  quantity  smelted  per 
week,  in  one  hearth,  from  30  to  83  bings. 

HeartA-«n(U  and  SmtUer'tfiane. — In  the  operation  of  smelting,  as  already  described, 
it  happens  that  partides  of  unreduced  and  semi-reduced  ore  are  continnally  expelled 
from  Uie  hearth,  partly  by  the  force  of  the  blast,  but  prindpally  by  the  decrepta- 
tion  of  the  ore  on  the  application  of  heat  This  ore  is  mixed  with  a  portion  of 
the  fuel  and  lime  made  use  of  in  smelting,  all  of  which  are  deposited  upon  the  top 
of  the  smelting-hearth,  and  are  called  heuth-ends.  It  is  customary  to  remove  the 
hearth-ends  tram  time  to  time,  and  deposit  them  in  a  convenient  place  until  the  end 
of  the  year,  or  some  shorter  period,  when  they  are  washed  to  get  rid  of  the  earthy 
.matter  they  may  contain,  and  the  metallic  portion  is  roasted  at  a  strong  heat,  nntU 
it  begins  to  soften  and  cohere  into  lumps,  and  afterwards  smelted  in  the  ore-hearth, 
ezacUy  in  the  same  way  as  ore  undergoing  that  operation  for  the  first  time,  as  already 
described. 

It  is  difficult  to  stftte  iriiat  quantity  of  hearth-ends  are  produced  by  the  smdting  of 
a  given  quantity  of  ore,  but  in  one  inrtance  the  hearth-ends  produced  in  smdtdng  9,751 
bings,  on  being  roasted  and  reduced  in  the  ore-hearth,  yidded  of  common  lead  815 
cwts.,  and  the  grey  slags  separated  in  this  process  gave,  by  treatment  in  the  slag- 
hearth,  47  cwts.  of  dag-lead ;  making  the  total  quantity  of  lead  862  cwts.,  which  is 
ut  the  rate  of  3  cwts.  2  qrs.  23  lbs.  from  Oit  smdting  of  100  bings  of  ore. 

Slag-htarth. — The  various  slags  obtained  from  the  different  operations  of  lead 
smdting  are  divided  into  two  classes.  Those  which  do  not  contain  a  suffident  amount 
of  metal  to  pay  for  further  treatment  are  thrown  away  as  useless,  whilst  those  in 
which  the  percentage  of  lead  is  suffidently  large  are  treated  by  the  dag-hearth. 

Figt.  1335,  1836,  represent  a  slag-hearth,  the  founuau  a  manche  (elbow  furnace) 
of  the  French,  and  the  Krummo/m  (crooked  furnace)  of  the  Glermans ;  such  as  is  used 
at  Alston  Moor,  in  Cumberland,  for  the  reduction  of  the  lead-slag.  It  resembles  the 
Scotch  fUmace.  The  shaft  is  a  parallelopiped,  whose  base  is  26  inches  by  24  inches  in 
area  innde,  and  whose  height  is  3  feet ;  the  sole-plate  a,  of  cast  iron,  slopes  slightly 
down  to  the  basin  of  reception,  or  the  fore-hearth,  b.  Upon  both  of  the  long  ndes  ot 
the  sole-plate  there  are  cast-iron  beams,  called  bearers,  e,  c,  of  great  strengUi,  which 
support  the  nde  walls  built  of  a  coarse-grained  sandstone,  as  well  as  the  cast-iron 
plate  d  (^fomtont),  which  forms  the  front  of  the  shaft.  This  stands  7  inches  off  from 
tb«  sole-plate,  leaving  an  empty  space  between  them.    The  back  side  is  made  of  cost 

>lbiog>i(o«ts.  •  1  MdermM  cwts. 
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iTOD,  tram  the  aol*^late  to  the  horizontal  tnyire  in  its  middle ;  but  aboT*  this  point 
it  is  made  of  sandstone.  The  tuTire  is  fiom  1}  to  2  inches  in  diameter.  In  front  of 
the  foie-hearth  b,  a  dstarn,  e,  u  placed,  thiongh  vhich  irater  oontinaally  flows,  so 


1S86 


1SS6 


that  the  dags  iHuch  spontaneonslT  orerSow  the  fore-hearth  may  become  inflated  and 
dirided,  whereby  the  lead  disseminated  through  them  may  be  readily  separated  by 
washing.  The  lead  itself  flows  from  the  fore-hearth  b,  through  an  orifice  into  an  iron 
pot,  /,  which  is  kept  over  a  fire.  The  metal  obtained  from  this  slag-hearth  is  much 
less  pnre  than  that  extracted  directly  from  the  ore; 

The  nhoiB  bottom  of  the  fhrnace  is  filled  to  a  height  of  17  inches,  that  is,  to  within 
2  or  8  inches  of  the  tnyire,  with  the  rubbish  of  coke  reduced  to  coarse  powder  and 
beat  strongly  down.  At  each  tmelting  shift,  this  bed  must  be  made  anew,  and  tJie 
interior  of  the  fdxnace  above  the  tuyire  repaired,  with  the  exception  of  the  fiK>nt,  con- 
sisting of  east  iron.  In  advance  of  the  i^imace  there  is  a  basin  of  reception,  which  is 
also  filled  with  coke  mbbish.  Farther  off  is  the  pit,  full  of  water,  replenished  by  a 
cold  stream,  which  incessantly  runs  in  through  a  pipe.  The  scorise,  in  flowing  out  of 
the  furnace,  pass  over  the  coke  bed  in  the  basin  of  reception,  and  then  fall  into  the 
water,  whose  coolness  makes  them  fly  into  small  pieces,  after  which  they  are  easily 
washed,  so  as  to  separate  the  lead  that  may  be  entangled  among  them. 

These  f^imaces  are  urged  sometimes  by  fona  or  by  wooden  bellows,./!^.  1S37.  But 
St  Uie  smelting  works  of  Lea,  near  Matlock,  the  blowing-machine  consists  of  two 
casks,  which  more  npon  hori- 
zontal axes.  Each  of  these 
casks  is  divided  into  two 
equal  parts  by  a  fixed  plane 
that  passes  through  its  axis, 
and  is  filled  with  water  to  n 
certain  height  The  water  of 
one  side  eommnnicntes  with 
tlmt  of  the  other  by  an  open- 
ing in  the  lower  part  of  the 
division.  Each  cask  possesses 
a  movement  of  oscillation, 
produced  by  a  rod  attached 
to  a  crank  of  a  bucket-wheel. 
At  each  demi-oecillation  one  of  the  compartments,  being  in  eommiuiieation  with  the 
external  air,  is  fllled ;  whilst  the  other,  on  the  contrary,  communicates  with  the  nozzle, 
and  supplies  wind  to  the  furnace. 

Instead  of  being  blown  by  a  cold  blast,  these  furnaces  are  sometimes  supplied  with 
heated  ur.  When  smelting  with  cold  air,  it  is  often  found  difficult  to  proportion  the 
quantity  of  slag  or  other  substance  operated  on,  so  as  to  preserve  the  nose  or  cone  of 
slag  wluch  forms  at  the  end  of  the  tuyire  from  growing  too  long,  to  the  prejudice  of 
the  operation.  When  the  substance  operated  on  is  poor  for  metal,  and  very  refractory, 
it  f^nently  happens  that  the  smelter  is  obliged  to  break  the  nose,  or  introdnce  some 
very  fusible  substance  in  older  to  melt  it  o£  By  the  introduction  of  hot  air  this  in- 
convenience is  removed,  since  by  increasing  or  lowering  the  temperature  of  the  blast, 
the  nose  may  be  allpwed  to  lengthen  or  shorten,  according  as  the  nature  of  the  slags 
may  require.  The  temperature  found  to  answer  best  ia  from  250°  to  800°  Fohr. ; 
since  when  it  is  heated  to  from  600°  to  600°,  it  is  found  impossible  to  form  a  nose  of 
sufBdent  length  to  convey  the  blast  to  the  front  of  the  hearth,  and  therefore  the  back, 
which  is  expensive  to  rebuild,  is  quickly  destroyed. 

The  advantage  to  be  derived  from  the  use  of  the  hot  blast  will  bo  evident,  from  the 
result  of  two  experiments  which  were  tried  some  years  since  : — 

Twenty-oght  tons  of  slag  smelted  with  cold  blast  consumed  392  cubic  feet  of  air 
per  minute. 

Labonr  cost         . £3    7    8 

Coke,  7  tons,  at  24«.  M. 8  116 

Total    .  £11  19    2 
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Thirty- five  tons  of  timilu  slag  smelted  with  hot  blast  eouiuned  800  euUo  feat  of 
air  per  minute. 

Labour  cost         . ^78 

Coke,  6  tons,  17  cwts.,  at  2U.  Od.         .        .        .734 
Torf  for  beating  air,  11  loads,  U.  8d.  .       .       .      0  18    4 

Total    .  :eil     9    4 

From  which  it  vill  be  seen  thait,  vith  one-quarter  part  less  air,  a  quarter  part  men 
slag  was  melted  per  week,  and  a  saving  of  expense  of  nearly  10<.  ef&cted. 

The  loss  of  lead  experienced  in  smelting  by  the  slag-hearth  is,  however,  reiy 
great,  even  under  the  most  favourable  circumstances ;  and  it  has,  consequently,  (^ 
later  years  been  gradually  superseded  by  the  Castilian  i^imace,  which  will  be  shortly 
described.  Ifany  laige  and  well-conductad  establishments  still  however  continue  to 
employ  the  slag-neaith,  and  when  well  constructed  and  skilfully  managed,  the  loss 
arising  from  volatilisation  may  be  considerably  reduced. 

Ca»tilia»  Furnace. — Within  the  last  few  years  a  blast-fomace  has  been  introduced 
into  the  lead- works  of  this  country  which  {>08sesses  great  advantages  over  every  other 
description  of  apparatus  which  has  been  hitherto  employed  for  the  treatment  ^  lend 
ores  of  low  produoe.  This  apparatus,  although  first  employed  in  Spain,  was  invented 
by  an  Englishman  (Mr.  W.  Uoundry)  who  was  employed  in  the  nduction  of  rich 
slags  in  the  neighbourhood  of  Cartbagena. 

This  furnace  is  circular,  usually  about  2  feet  4  inches,  or  2  feet  6  inches  in  diameter, 
and  i«  constructed  of  the  best  fire-bricks,  so  moulded  as  to  fit  together,  and  allow  all 
the  joints  to  follow  the  radii  of  the  circle  described  by  the  brick-work.  Its  usual 
height  is  8  feet  6  inches,  and  the  thickness  of  the  masonry  invariably  8  inches.  In 
this  arrangement  the  breast  is  formed  by  a  semicircular  plate  of  oast  iron,  furnished 
with  a  lip  for  nnning  oifthe  slag,  and  has  s  longitudinal  slot,  in  which  is  placed  the 
tapping-hole. 

On  the  top  of  this  (^linder  of  brick-work  a  box-shaped  covering  of  masonry  is 
supported  by  a  cast-iron  framing,  resting  on  four  pillars,  and  in  this  is  placed  the 
door  for  feeding  the  furnace,  and  the  outlet  by  which  the  various  products  of  com- 
bustion escape  to  the  flues.  The  lower  part  of  this  hood  is  fitted  closely  to  the  body 
of  the  ftimace,  whilst  its  top  is  closed  by  an  arch  of  4)-inch  brick-work  laid  in 
fire-clay.  The  bottom  is  composed  of  a  mixture  of  coke-dust  and  fire-clay,  slightly 
moistened,  and  well  beaten  to  the  height  of  the  top  of  the  breast-pan,  which  stands 
nearly  8  feet  above  the  level  of  the  floor.  Above  the  breast-pan  is  an  arch  so 
tumed  as  to  form  a  sort  of  niche,  18  inches  in  width,  and  rather  more  than  2  feet  in 
hdght. 

When  the  bottom  has  been  solidly  beaten,  up  to  the  required  height,  it  is  hollowed 
out  so  as  to  form  an  internal  cavity,  communicating  freely  with  the  breast-pan,  which 
is  filled  with  the  same  material,  and  subsequently  hollowed  out  to  a  depth  slightly 
below  the  level  of  the  internal  cavity.  The  blast  is  supplied  by  three  water  tuyires, 
3  inches  in  diameter  at  the  smaller  end,  6)  inches  at  the  larger,  and  lOindhes  in 
length.  Into  these  the  nozzles  are  introduced,  by  which  a  current  of  air  is  supplied 
by  means  of  a  &n  or  ventilator  making  about  800  revolutions  per  minuto.  The  bla«t 
may  be  conveniently  conducted  to  the  nozzles  through  brick  channels  fanned  beneath 
the  floor  of  the  smelting-honse.  * 

The  ores  treated  in  this  ftoiace  ought  never  to  contain  more  than  80  per  cent  of 
metal,  and  when  richer,  must  be  reduced  to  about  this  tenure  by  the  addition  of  slags 
and  other  fluxes.  In  charging  this  apparatus,  the  coke  and  ore  are  supplied  stratum 
super  stratum,  and  care  must  be  taken  so  to  dispose  the  coke  as  not  to  heat  too 
violently  the  l^ckwork  of  the  fdmaces.  In  order  to  allow  the  slags  which  are  pro- 
duced to  escape  freely  into  the  breast-pan,  a  brick  is  left  out  of  the  front  of  the 
ftamace  at  the  height  of  the  fore-hearUi,  which,  for  the  purpose  of  preventing  the 
cooling  of  the  scorite,  is  kept  covered  by  a  layer  of  coke-dust  or  cinders.  From  the 
breast-pan  the  slags  flow  constantly  off  over  a  spout  into  cast-iron  waggons,  where 
they  consolidate  into  masses,  having  the  form  of  truncated  pyramids,  of  which  the 
larger  base  is  about  2  feet  square.  As  soon  as  a  sufficient  amount  oi  lead  is  aoou- 
mmated  in  the  bottom  of  the  furnace,  it  is  let  off  into  a  lateral  lead-pot,  by  removing 
the  day-stopper  of  the  tap-hole  situated  in  the  slot  of  the  breast-pan,  and,  after 
being  properly  skimmed,  it  is  htded  into  moulds.  When,  in  addition  to  lead,  the 
ore  treatad  likewise  contains  a  certain  pordon  of  copper,  this  metal  will  be  found 
in  the  form  of  a  matt  floating  on  the  surface  of  the  leaden  bath.  This,  when  suffi- 
dentlv  solidified,  is  removed,  and,  after  being  roasted,  is  operated  oa  for  the  copper  it 
contains. 

The  waggons,  in  which  the  liquid  slag  runs  off  are  frequently  made  to  traverse 
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■mail  milvayi,  \ij  vliieb,  i^ien  one  mats  has  boen  remoTed,  its  place  may  z«adily  be 
nppUad  by  an  empty  vaggon.  When  nearly  cold,  the  casuigs  of  the  waggon*  aie 
tnmed  OTSr,  and  the  blodn  of  lU^  easily  made  to  drop  ont.  In  addition  to  the 
ftcility  tat  tiansport  obtained  in  this  way,  one  of  the  great  advantages  obtained  by 
this  method  of  manipulation  arises  £rom  the  drenmstance  that  should  the  furnaces  at 
any  time  ran  lead  oi  matt,  vithoat  its  being  detected  by  the  smelter,  the  -whole  of  it 
vill  be  collected  at  the  bottom  of  the  block,  from  -which,  vhen  cold,  it  may  be  readily 
detached. 

In  vorking  these  fimiaees  care  most  be  taken  to  prevent  flame  from  appearing  at 
the  tounel-hsad,  since^  provided  the  slags  are  sufficiently  liquid,  the  cooler  the  uppa- 
latns  is  kept  the  less  will  be  the  loss  of  metal  through  volatilisation.  In  addition 
to  the  greatest  attention  being  paid  to  the  woridng  of  the  furnace,  it  is  necessary,  in 
order  to  obtain  the  best  results,  that  all  eetablishments  in  -which  this  apparatus  is 
>  employed  should  be  provided  witji  long  and  capacious  flues,  in  -which  the  condensation 
of  the  fumes  takes  place,  previous  to  arriying  at  the  chimney-shaft.  These  flues 
should  be  built  at  least  8  feet  in  width,  and  6  feet  in  height,  so  as  readily  to  admit 
of  being  cleaned,  and  are  often  made  of  several  thousand  yards  in  length.  The  valne 
of  the  ftames  so  condensed,  amounts  to  many  hundreds,  and  in  some  instances  thousands 
per  annum. 

In  order  to  be  advantageously  worked  in  these  fbmaces,  the  ores  should  be  first 
roasted,  and  snbsequently  agglomerated  into  masses,  which,  after  being  broken  into 
fragments  of  about  the  aiie  of  the  fist,  and  mixed  wiUi  the  various  fluxes,  are  charged 
as  before  described. 

In  an  establishment  in  -which  the  average  assay  produce  of  the  roasted  ore  for  lead 
is  42|ths,  the  furnace  yield  is  38^ths,  and  the  weight  of  coke  employed  to  effect  the 
reduction  22  per  cent,  of  the  loastod  ore  operated  on.    The  mixture  charged  into  the 
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famace,  in  &is  instance,  is  composed  of  100  parts  of  roasted  ore,  42  parts  of  slags 
from  a  previous  operation,  8  parts  of  scrap  iron,  and  7  parte  of  limestone.    Each 
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furnace  works  off  about  seven  tons  of  naated  ore  in  the  conrae  of  24  honn ;  the 
veight  of  slags  run  off  is  about  double  that  of  the  lead  obtained,  and  the  matt  re- 
moTed  trom  £e  sur&ce  of  the  pan  is  nearly  6  per  cent,  of  the  lead  prodooed.  The 
ores  treated  in  this  establishment  consist  of  galena,  much  mixed  vitb  spathose  iron, 
and  are  therefore  somewhat  refiractory.  A  furnace  of  this  kind  requires  for  its  con- 
struction about  1,000  segmental  fire-bricks,  and  the  same  number  of  ordinary  fixe-, 
bricks  of  second  quality. 

Figs.  1338, 1839, 1340,  and  1341  tepresentrespectiTely  a  veitiesl  section,  an  elevation, 
a  ground  plan,  and  an  horis>ntal  section  of  a  Castilian  ftamaoe.    The  section  fig.  1S41 
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is  on  the  line  xt,>^.  1889.  a  is  the  body  of  the  furnace,  b,  the  bottom,  composed  of 
a  mixture  of  coke-dust  and  fire-clay ;  o  o  c,  the  tuy&res ;  s,  the  rectangular  covering  of 
masonry ;  B  b  a  b,  cast-iron  pillars ;  f,  the  breast-pan ;  o,  slot  for  tapping  hole ;  H,  lip 
of  breasb-pan ;  i,  feeding-door ;  x,  flue-hole ;  f,  q,  ground  line. 

1842 


Figs.  1842, 1848  are  the  slag-waggons,  a  bebg  a  moveable  case  without  a  bottom, 
and  B  a  strong  oast-iion  plate  running  on  four  wheels. 

The  desnlphniation  of  the  ores  to  be  treated  in  these  Aimaces  mavbe  eflfected  either 
by  the  aid  of  an  ordinary  reverberatory  roasting  furnace,  or  in  heaps,  or  properiy 
constructed  kilns. 

The  kilns  best  adapted  for  this  purpose  consist  of  rectangular  chambers,  having  an 
arched  roof,  and  provided  with  proper  flues  for  the  escape  of  the  evolved  gases,  as 
well  as  a  wide  door  for  charging  and  withdrawing  the  ore  to  be  operated  on. 

Each  of  these  chambers  is  capable  of  containing  from  2S  to  30  tons  of  ore ;  and, 
in  order  to  charge  it,  a  layer  of  faggots  and  split  wood  is  laid  on  the  flow,  and  this, 
after  having  been  covered  by  a  layer  of  ore  about  two  feet  in  thickness,  is  ignited, 
care  being  at  the  same  time  token  to  close,  by  means  of  loose  brick-work,  the  open- 
ing of  the  door  to  the  same  height.  When  this  first  layer  has  become  suiOdently 
ignited,  a  fresh  stratum  of  ore,  mixed  with  a  little  coal  or  charcoal,  is  thrown  npon  it, 
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and  when  this  layer  has  in  its  tun  beeomo  niffieiently  heated,  mom  ore  ia  thrown 
on.  In  this  mj  ore  is  from  time  to  time  added,  nntil  Uie  kiln  has  become  fall,  when 
the  orifice  of  the  doorway  is  closed  by  an  iron  plate,  and  the  operation  proceeds  regn- 
laily  and  without  farther  trouble  nntil  the  greater  portion  has  become  eliminated. 

^is  nsnally  happens  at  the  expiration  of  abont  four  weeks  from  the  time  of  first 
ignitioii,  and  the  bnck-work  front  is  then  remoTed,  and  the  ores  broken  oat,  and  after 
bang  mixed  with  proper  flaxes,  passed  through  the  blast-fnmace. 

The  pcoportion  of  wood  necessary  for  the  roasting  of  a  ton  of  ore  by  this  means 
most  necessarily  depend  on  the  composition  of  the  minerals  opwated  on ;  but  with  ores 
of  the  deamption  above-mentioned,  and  in  a  neighbouriiood  where  wood  is  moderately 
ehean  the  desulphnration  may  be  e&eted  at  a  cost  of  about  6«,  per  ton. 

Calcinitiff. — The  lead  obtained  by  the  yarioos  processes  abore  described  generally 
contains  a  sufScient  amount  of  silver  to  render  its  extraction  of  much  importance ; 
bnt,  in  addition  to  this,  it  is  not  unf^uently  associated  with  antimony,  tin,  copper,  and 
Tarions  other  impurities,  which  require  to  be  removed  before  the  separation  of  the 
silver  can  be  effected. 

This  operation  consists  in  fnung  the  hard  lead  in  a  reverberatoty  fbmace  of  peculiar 
oonatraetion,  and  allowing  it  to  remain,  when  in  a  melted  state,  exposed  to  the  oxi- 
dising inAoences  of  the  gases  passing  through  the  apparatus.  By  uiis  treatment  the 
antimony,  copper,  and  other  impurities  become  oxidised,  and  on  rising  to  the  surface 
of  the  metallic  bath  are  skimmed  o£^  and  removed  with  an  iron  rake.  The  hearth  of 
the  fnmaoe  in  which  this  operation  is  conducted  consists  of  a  large  cast-iron  pan, 
which  may  be  10  feet  in  length,  5  feet  6  inches  in  width,  and  10  inches  in  depth.  The 
fire-place,  which  is  1  foot  8  inches  in  width,  has  a  length  equal  to  the  width  of  the 
pan,  and  is  separated  from  it  by  a  fire-bridge  2  feet  in  width.  The  height  of  the  arch 
at  the  bridge4nd  is  1  foot  4  inches  above  the  edge  of  the  pan,  whilst  at  the  outer 
extremity  it  is  only  about  8  inches. 

The  lead  to  be  introduced  into  the  pan  is  first  fused  in  a  large  iron  pot  fixed  in 
brick-work  at  the  side  of  the  famaoe,  and  subsequently  laded  into  it  through  an  iron 
gutter  adapted  for  that  purpose.  The  length  of  time  necessary  for  the  purification  of 
hard  lead  obviously  depends  on  the  nature  and  amount  of  the  impurities  which  it 
contains ;  and,  consequently,  some  varieties  will  be  sufficiently  improved  at  the  ex- 
piration of  twelve  honrs,  whilst  in  other  instances  it  is  necessary  to  oontinue  the 
operation  during  three  or  four  weeks.  The  charge  of  hard  lead  varies  trcm  eight  to 
eleven  tons. 

When  the  metal  is  thought  to  be  in  a  fit  state  for  tapping,  a  small  portion  taken  out 
with  a  ladle,  and  poured  into  a  mould  used  for  this  purpose,  is  found  on  cooling  to 
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lonme  at  the  sor&oe  a  peculiar  crystalline  appearance,  which  when  once  seen  is 
Madily  again  recognised.    As  soon  as  this  appeuance  presents  itself  an  iron  plug  is 


1845 


withdrawn  from  the  bottom  of  the  pan,  and  the  lead  run  off  into  an  iron  pan,  from 
which  it  is  snbsequently  laded  into  moulds. 

voi.in.  p  ^• 
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The  coAstnictkin  of  a  ftunaoe  of  tfaki  description  leqniiM  fi,000  common  faricka, 
3,S00  flie-bzicka,  and  2  tona  of  flie-cUj. 


1S47 
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Fig*.  1344  and  1S45  iap«Mnt  an 
elevation  and  vertical  section  of  the 
oaldnin^  Aimace.  a  is  the  fiie-place ; 
B,  aah-pit ;  c,  fir»-bridge ;  d,  cast-iron 
pan ;  i^  fine ;  f  r  f,  channels  for  allov- 
ing  the  escape  of  moisture ;  o,  one  of 
the  vorldns  doors ;  H,  spout  for  running 
off  calcined  metal.  Fig.  1846  repre- 
sents the  pan  removed  firom  the 
masonry,  and  shovs  a  groove  in  the 
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Coneentraiitm  of  the  tUver. — This 
process  is  founded  on  the  circumstance, 
first  noticed  in  the  year  1829,  by  the 
late  H.  L.  Fattinson,  of  Newcastle-on- 
Tyne,  that  vhen  lead  containing  silver 
is  melted  in  a  suitable  vessel,  after- 
wards slowly  allowed  to  cool,  and  at 
the  same  time  kept  constantly  stirred, 
at  a  certain  temperature  near  the 
melting  point  of  lead,  metallic  crystals 
begin  to  form.  These,  aa  rapidUy  as 
they  are  produced,  sink  to  the  bottom, 
and  on  being  removed  are  found  to 
contain  much  less  silver  than  the  lead 
originally  operated  on.    The  still  fluid 

fortion,  tiom  which  the  crystals  have 
een  removed,  will  at  the  same  time 
be  proportionally  enriched. 

This  operation  is  conducted  in  a 
series  of  8  or  10  cast-iron  pots,  set  in 
a  row,  with  fire-places  beneath.  These 
nie  each  capable  of  containing  about 
6  tons  of  calcined  lead,  and,  on  com- 
mencing an  operation,  chat  quantity  of 
metal,  containing,  we  will  suppose, 
20  OK.  of  silver  per  ton,  is  introduced  into  a  pot(sayF,  y^.  1347)  about  the  centre 
of  the  series.  _  TluB,  when  melted,  is  caKeAilIy  skimmed  with  a  perforated  ladle,  and 
the  ilie  immediately  withdrawn.   The  cooling  of  the  metal  is  also  frequently  hastened 


lip  for  the  intzoduction  of  a  sheet-iron 
dam,  tightened  with  moistened  bone-ash 
for  keeping  in  the  fiised  metaL 

In  the  more  modem  furnaces  of  this 
description,  the  comers  are  usually 
rounded  to  prevent  breakage  from  ex- 
pansion, whilst  the  tapping  is  effected 
by  means  of  a  hole  through  the  bottom 
near  one  of  the  sides.  This,  when 
dosed,  is  stopped  by  means  of  an  iron 
ilug  kept  in  its  place  by  a  weighted 
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by  tloowiiig  watar  i^on  H*  waAoa,  aad  vUlat  eooliiig  it  is  kept  oowtaatl^  agitated 
by  mean*  of  a  long  mn  itimr  cor  ilioe.  Gryatala  aooo  begin  to  make  their  appear- 
ance, and  thaao  as  Umj  aesamnlats  and  &U  to  the-  botton'aie  xemoTed  by  means  of  a 
Uug*  parfoEated  ladle,  in  which  disy  an  -wall  shaken,  and  afUrwaids  carried  orer 
to  the  next  pot  to  the  left  of  the  vorknutn.  This  operation  goes  on  continually  until 
about  4  tons  of  arstsls  hsTe  been  taken  out  of  the  pot  r,  and  have  been  placed  in 
pot  B,  at  which  time  the  pot  r  m^  contain  about  40  oz.  of  silver  to  the  ton,  whilst 
that  in  b  will  only  yield  10  os.  The  rich  lead  in  v  is  then  laded  into  the  next  pot  o, 
to  the  right  of  the  woAman,  and  tlie  operation  repeated  in  f,  on  a  fresh  quantity  of 
calcined  lead. 

In  this  way  calcined  lead  is  eoostantly  intradneed,  and  the  resulting  poor  lead 
passes  contiiraally  to  the  laft  of  tia  wornnaD,  whilst  the  rich  is  passing  towards  his 
right.  Each  pot  in  snoosssion,  i^n  filled  with  lead  of  its  proper  produce  tar  alYta, 
is  in  its  tnm  crystallised,  the  poor  lead  passing  to  the  left  of  the  workman,  and  the 
enridied  lead  to  his  ri^t.  By  this  method  of  treatment  it  is  evident  that  the  crystals 
obtained  from  the  pots  to  the  laft  of  the  woAman  must  gradually  be  deprived 
of  their  silver,  whilst  the  rich  lead  passing  to  his  right  becomes  continually 
richer.  The  final  result  is,  that  at  one  end  of  the  series  the  poor  lead  contains 
very  little  silver,  whilst  at  the  ctiisr  an  exceedingly  rioh  alloy  of  lead  and  silver  is 
obtained 

Tha  poor  Isad  obtBined  by  ^bia  isfocess  shoald  never  oontain  mon  than  12  dwi«.  of 
ailTex  per  ton,  whilst  the  rich  lead  is  frequently  concentrated  to  600  oa.  to  the  ton. 
This  neh  lead  ie  subsequent^  capelled  in  uia  refining  fnmaea. 

Th*  ladla  employed  for  the  remoral  of  the  crystals,  when  mannal  labour  is  made 
VM  of,  is  aboot  16  inches  in  diasseter,  and  6  inches  ia  depth,  but  nhen  cranes  are 
used,  mneb  larger  ladles  are  easily  managed.  A  form  of  crane  has  been  invented 
whiab  lAets  oonsidecable  economy  of  labour  in  this  operation.  When,  during  the 
operation  of  crvstallisation,  the  ladle  becomes  chilled,  it  is  dipped  into  a  small  veseel 
eoBtaining  lead  of  a  hi^isar  tampnatnrs  than  that  whidi  is  bang  woiked,  and  known 
by  the  name  of  a  temper-pot  The  pot  containing  the  rich  lead  is  generally  called 
the  No.  I  pot ;  in  some  estahlishments,  however,  the  last  pot  in  iriiich  the  poor  lead 
is  erystallised  obtains  this  appellation. 

Figs,  1847  and  1848  represent  a  plan  and  elevation  of  a  set  of  Fattinson's  pots, 
arranged  in  the  most  appiovad  way.  k  is  the  '  market  pot,'  from  which  the  disail- 
verised  lead  is  laded  out.  b,  c,  n,  i;  p,  o,  H,  and  i,  are  the  woddng  pots,  whilst  V,b',o', 
d',  ^,  V,  q/,  nf,  and  ]',  are  their  respective  fire-places.  The  '  temper  pots,'  aaao,  are 
employed  for  hecrting  the  ladles  when  they  have  become  too  much  reduced  in  tern- 
peatwai 
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Tbefyt.  1349  and  1860  are  sections  showing  the  manner  of  setting  and  the  aoange- 
aent  at  the  pots  and  flues,    a,  pot ;  b,  main  flue ;  o,  ash-pit. 

The  erection  of  nine  six-ton  pots  requires  16,000  common  bricks,  10,000  fire-bricks, 
ISO  feet  of  quarles,  80  fire-clay  blocks,  and  6  tons  of  fire-clay. 

In  some  establishments  ten-ton  pots  are  employed,  and  whece  cranes  are  mode  use 
of  they  are  found  to  be  advantageous. 

B^fining.^ — The  extraction  of  the  silver  contained  in  the  rich  lead  is  conducted  in  a 
cupel  forming  the  bottom  of  a  reverberatonr  furnace  called  a  refinery. 

In  this  operation  the  litharge  produced,  instead  of  being  absorbed  by  the  substance 
of  the  fxcfd,  is  run  off  in  a  fluid  state,  by  means  of  a  depression  called  a  gate. 
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The  aiie  of  the  fin-plaee  Tsriet  with  the  other:  dimennoM  of  the  fimaee^  bvt  U 
nsoally  nesriy  aqnara,  and  in  sn  aj^nntni  of  oidina^  lize  may  be  abont  2  feet  x  3 
feet  6  inches.  Thia  ii  iqpanted  from  the  body  of  the  fnniaoe  by  a  flra-biidge  18 
inchea  in  breadth,  ao  that  the  tone  and  heated  air  pass  dizeotly  orer  the  ni&ee  of 
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the  enpel,  and  ftom  thence  eeeape  by  meane  ot  two  upaiate  apeitnrea  into  the  main 
flnee  of  the  eetablisfament.  The  cnpel  or  test  conaiete  of  an  oval  iron  zing,  abont  6 
inches  in  depth,  its  greatest  diameter  being  4  feet,  and  its  lesser  neatly  S  feet.  This 
frame,  in  oiaer  to  brtter  aapport  the  bottom  of  the  cvpel,  is  prorided  with  cron-bazs 
abont  H  indies  wide  and  1  inch  in  thickness.  In  cider  to  make  a  test,  this  frame 
is  beaten  fiUl  of  flnely-powaeied  bone-ash,  slightly  moistened  with  water,  containing 
a  small  quantity  of  peariash  in  solntion,  which  nas  the  property  of  gi-ring  conmstraqr 
to  the  enpel  when  heated. 

The  centre  of  the  test,  after  the  ring  has  been  wslI-iUled  with  this  miztnre,  and 
solidly  beaten  down,  is  scooped  ont  with  a  small  trowel,  nntil  the  sides  are  left  2  inches 
in  t^ic^n*—  at  top,  and  three  inches  at  the  bottom,  whilst  the  thickness  of  the  sola 
itself  is  abont  1  incL 

At  the  tun  part  or  wide  end  of  the  test  the  thickness  of  the  border  is  inonased  to 
6  inches,  and  a  hole  is  then  ent  throogh  the  bottoin,  which  conunnnicates  with  the 
openings  or  gates  by  which  the  flnid  liuarge  makes  its  escape. 

The  test,  when  tnns  prepared,  is  placed  in  the  re&neiy  furnace,  of  which  it  fcnns 
the  bottom,  and  ia  wedged  to  its  paroper  height  apinst  an  iron  ring  flrmly  bnilt  into 
the  masonry.  YHien  this  fbmace  ia  first  lighted,  it  is  necessary  to  apply  the  heat  very 
gradually,  since  if  the  test  were  too  strongly  heated  before  it  became  perfsctly  dry,  it 
would  be  liable  to  crack.  As  soon  as  the  test  has  become  thoroughly  dry,  it  ia 
heated  to  indident  redness,  and  ia  nearly  filled  with  the  rich  lead  to  be  operated  on, 
which  has  been  previonaly  fnaed  in  an  iron  pot  at  the  aide  of  the  furnace,  and  beneath 
which  is  a  small  grate  where  a  fire  is  lighted. 

The  melted  lead,  when  first  introduced  into  the  fbmace,  becomes  oorared  with  a 
greyish  dross,  but  on  further  increasing  the  heat,  the  sui&ce  of  the  bath  uncorers, 
and  ordinary  litharge  begins  to  make  its  appearance. 

The  blast  is  now  turned  on,  and  forces  Uie  litharge  from  the  back  of  the  test  up  to 
the  breast,  where  it  passea  over  the  gate,  and  faUa  through  the  aperture  between 
the  bone-aah  and  the  ring  into  a  small  east-iron  pot  running  on  wheels.  The  air, 
which  is  supplied  by  a  small  ventilator,  not  only  sweeps  the  litharge  from  the  snr- 
fiice  of  the  lead  towards  the  breast,  but  also  supplies  the  oxygen  necessary  for  its 
formation. 

In  proportion  as  the  anrfkce  of  the  lead  beconiBS  depressed  by  its  constant  oxidation, 
and  the  continual  removal  of  the  resulting  lithaige,  more  metal  is  added  from  the 
melting  pot,  so  as  to  raise  it  to  its  former  level,  and  in  this  manner  the  operation  is 
continued  until  the  lead  in  the  bottom  of  the  test  has  become  so  enriched  as  to  render 
it  necessary  that  it  should  be  tapped.  The  oontenta  of  the  test  are  now  so  &r  reduced 
in  volume  that  the  whole  of  the  silver  contained  in  the  rich  lead  operated  on  remains 
in  combination  with  a  few  hundred-weights  only  of  metal,  and  tnis  is  removed  by 
carefully  drilling  a  hole  in  the  bone-ash  forming  the  bottom  of  the  test  The  reason 
for  the  removal  of  the  rich  lead,  is  to  prevent  too  large  an  amount  of  silver  from 
being  carried  off  in  the  litharge,  which  is  found  to  be  Uie  case  when  lead  containing 
a  Tery  large  amount  of  that  metal  is  operated  on. 

'When  the  rich  lead  has  been  thus  removed,  the  tapping  hole  is  again  closed  by  a 
pellet  of  bone-ash,  and  another  charge  immediately  introduced. 

As  soon  as  the  whole  of  the  rich  lead  has  been  subjected  to  cupellation,  and  has 
become  thus  flntbar  eniiehed,  the  aigantiferons  alloy  is  itself  simiUrly  treated,  either 
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in  s  titah  tert,  or  ia  tlut  employed  for  the  ooneentiatlon  cf  the  rich  lead.  The 
brigbtmiiifr  of  pwe  lilyer  at  the  moment  of  the  sepaistioii  of  the  laat  traces  of  lead, 
indicates  the  precise  period  at  vhich  the  operation  dioohl  be  terminated,  and  the  blast 
is  then  tamed  a£(  and  the  fire  removed  from  the  giate.  The  silver  is  now  allowed 
to  set,  and  as  soon  as  it  has  become  hardened,  the  wedges  are  removed  from  beneath 
the  test,  which  is  placed  on  the  floor  of  the  establishment.  When  cold,  the  silver 
plate  is  detadied  nom  the  test,  and  any  adhering  particles  of  bone-ash  removed  by 
the  aid  of  a  wire-bmsh. 

A  test  famace  of  ordinary  dimeosioni  requires  for  its  eonstraction  about  2,000 
common  bricks,  2,000  fire-bncks,  and  I|  ton  of  fire-clay.  A  furnace  of  this  kind 
will  woric  off  4  pigs  of  lead  per  hour,  and  consume  4  cwts.  of  ooal  per  ton  of  ridi 
lead  operated  on. 

13fil 


JV^.  1381, 1352,  and  1358,  represent  an  elevation,  plan,  and  section  of  a  refining 
fiumaoe;  a,  fire-pUoe;  b,  ash-pit;  o,  fire-bridge;  d,  test-ring,  shown  in  its  proper 
poeitiiMi ;  b,  flues ;  v,  point  whoe  blast  enters ;  c,  pig-holes,' 


The  cost  of  working  a  ton  of  rich  lead  in  tlie  neighbourhood  of  Newcastle,  con< 
taining  on  an  average  400  oz.  of  silver  per  ton,  is  as  foUows : — 

I.  d. 

Befiner's  wngcs 4  2*1 

Cioalg,  4  cwt8 0  6*8 

Engine  wages 1  7*0 

Coals,  5  cwts 0  8-7 

Pearlash 0  8-6 

Bone-ash,  IT'S  lU 3  1-0 

Bepaira 0  6-0 

Total 10  lO-l 

>  ng-bohs  an  used  for  latnaoaisg  the  ieadiit  eaaes  inwUoblt  is  not  ladsdlatotiwMtina 
fused  itate. 
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ParlM  Pratut  of  Detilwri$ing  Lead  by  Zine. — Wlien  lead  and  nne  are  melted 
togethei'  and  allowed  to  eoA  slowly,  an  almoat  complete  sepaiatioa  ooenn,  the  xinc, 
owing  to  Ita  lower  spedfie  gn-nty  and  higher  melttng-point,  oeoli  flnt  and  may  b« 

1858 


remoTcd  in  a  solid  emst,  while  the  lead  is  still  liquid  ondemeath;  Ur.  Alexander 
Parkes  of  Birmingham,  found  that  argentiferous  1^  might  be  freed  from  its  silror 
by  melting  with  it  dnc ;  and  in  the  process  of  cooling  the  sine  oystaUises  and  takes 
out  the  silTer ;  the  BilT<er  may  aitenrerds  be  removed  fh>m  the  zinc  by  dissolving  in 
hydrochloric  or  in  dilute  sulphuric  add,  and  the  zinc  may  be  nsed  again  and  again  for 
melting  with  tJie  lead.  Mr.  Parkes  first  patented  his  process  in  1860 ;  he  improved  it 
in  I86I ;  and  in  1852,  he  was  granted  a  third  patent,  entitled  '  Improvements  in  sepa- 
rating Silver  from  other  Hetals.'  The  process  is  as  follows:  There  are  two  vessels 
over  separate  fires,  one  a  Fattinson  pot  of  cast  iron,  which  will  hold  7  tons  of  molten 
metal — this  is  for  the  lead — and  a  smaller  one  for  melting  the  charge  of  zinc  When 
the  7  tons  of  lead  to  be  desilverised  is  melted,  it  is  skimmed,  the  temperature  is  raised 
to  that  of  molten  zinc,  and  the  charge  of  zinc  (about  1  cwt.  to  every  ton  of  lead,  or 
1}  lb.  to  every  ounce  of  silver)  which  has  been  previously  melted  is  laded  into  the 
Imd,  and  the  whole  well  stirred  with  a  perforated  rabble  to  insure  perfect,  intermix- 
ture ;  the  mass  is  then  left  to  gradually  cooL  When  the  sur&ce  has  hardened,  it  is 
skimmed  <^  with  a  perforated  ladle,  and  the  surface  of  the  liquid  lead  is  skimmed  off 
aa  well.  The  lead  thus  treated  contains  about  10  dwts.  of  silver  per  ton.  The 
solidified  zinc  is  placed  in  a  retort,  which  is  oval  on  bore,  and  placeid  a  little  on  the 
iodine  over  a  fire  for  the  purpose  of  liquation ;  it  is  heated  above  the  melting  point 
of  lead,  but  deddedly  below  that  of  zinc,  and  so  the  lead  that  is  taken  up  with  the 
dno  drains  off  at  the  lower  end  of  the  retort  into  an  iron  pot  placed  convenient  to  it 
The  zinc,  which  has  been  thus  drained  of  the  lead,  but  still  contains  the  silver,  is  dis- 
tilled in  a  Belgian  retort  with  twice  its  bulk  of  lime  and  its  own  bulk  of  coal ;  the 
zinc,  being  much  more  volatile  than  the  silver,  is  distilled  over,  and  the  residue  is  very 
rich  in  silver.  The  purtiall^-desilverised  lead  is  submitted  to  a  softening  process  for 
the  separation  of  any  remaining  zinc.  It  is  ke^  melted  at  a  good  red  heat  for  a 
period  of  from  9  to  12  boms,  during  which  time  it  is  skimmed  twice,  first,  after  the 
first  three  hours,  and  again  half  an  hour  before  tapping.  The  lead  is  tapped  into  a 
cast-iron  receiver,  and  therein  subjected  to  '  boiling ; '  that  is,  green  wood  is  kept 
submerged  in  it,  hdd  down  by  a  lever.  Lead  treated  in  this  manner  is  said  to  contain 
a  small  quantity  of  silver,  but  no  zinc. 

These  processes  were  supposed  to  have  been  improved  by  Flach,  who  patented 
his  processes  in  this  country  in  1866.  Although  Flash's  process  has  been  used,  it  is 
said,  with  success  on  the  Continent,  it  has  never  been  permanently  adopted  in  this 
country. 

The  difficulty  with  Parkes'  process  has  been  the  separation  of  the  zinc  from  the 
desilverised  lead.  A  process  for  effecting  this  was  patented  by  Cktrdurii  of  Toulouse 
in  1866.  Lead  to  be  desilverised  was  treated  by  him  in  the  usual  manner  with  zinc. 
After  the  removal  of  the  crust  of  argentiferous  zinc,  superheated  steam  is  passed  into 
the  desilverised  lead,  whereby  the  zinc  retained  by  the  lead  is  oxidiged  by  the  oxygen 
of  the  steam ;  this  oxide  rises  to  the  surface  in  the  state  of  powder,  and  is  skimmed 
ofC  According  to  Omner,  who  wrote  on  his  process  in  the  Annala  da  Mina,  the 
result  at  Bothaehild'i  works  at  Havre  was  most  satisfactory.    The  desilverised  zind- 
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tetooB  I««d  contained  0-7fi  per  cent  <tf  sioe ;  but  «ft«r  k  had  h»m  snlgeeted  to  Um 
sctioo  of  steam,  it  yielded  only  the  most  feeble  traeee  of  zinc. 

A  process  fiw  toe  derilTeiisation  of  lead  by  zino  hss  been  described  by  E.  Koch  in 
the  fferg-  mtd  Bnetttimtamnueke  ZmUmg.  In  ccder  to  make  the  process  oontimioas 
the  anthor  liqnates  his  lead  from  copper  in  a  rererberatory  fomace  vith  an  in- 
dined  health.  The  liqnated  lead  is  reoeired  in  a  Fsttinson  kettle,  irhich  when  it 
contains  a  charge  is  emptied  by  a  siphon-tap  into  a  lower  kettlei  In  the  second 
kettle  the  antimosy  is  omdised  by  steun,  and  the  lead  then  siphoned  into  the  lower 
kettles,  where  it  is  deatrerised  by  zinc,  the  latter  being  fitstened  in  finmt  of  the  lower 
month  of  the  riphons,  so  as  to  bring  it  into  intimate  contact  with  the  lead.  The 
desilTerioed  lead  is  then  si^oned  into  a  still  lower  kettle,  where  the  sine  is  removed 
by  steam,  and  then  siphonM  iirto  a  still  lower  kettle,  whence  it  is  siphcmed  into  iron 
monlds.  The  adTantages  claimed  iat  this  method  of  plant  are,  a  more  jperfect  tltiliaa- 
tion  of  heat,  greater  jnodnetion  of  metals  beHore  the  addition  of  zinc  (>.>.,  oqpper  and 
antimony),  saving  in  the  amoont  of  one,  leas  wear  of  kettles,  and  a  more  snitabla 
shape  of  these  last.  , 

DeeMptritatiom  cf  Lead  by  Ziine.—'iSx.  VT.  Baker  of  Sheffield  has  snocessfiUly 
earried^ont  this  process.  When  a  certain  portion  of  zinc  is  melted  with  lead  contain- 
ing copper,  a  zinc  alloy  with  a  small  portion  of  lead  is  formed,  and  most  of  the  copper 
is  withdrawn  from  the  lead  with  it,  n^ich  floats  on  tile  snr&ce  in  a  pasty  mass,  and 
roaj  be  skimmed  off 

In  operating  npon  100  tons  of  lead  containing  from  10  to  15  os.  of  copper  to  the 
ton,  the  copper  was  redneed  on  the  average  to  1  oz.  and  21  grs.  per  ton. 

Mr.  Baker  thns  describes  the  operation :  Five  tons  of  lead  are  melted,  skimmed,  and 
kept  snffieientiy  hot  to  prevent  the  metal  setting  at  the  sides  of  the  pot.  38  Ibe.  of 
zinc  are  melted  with  about  2  cwts.  of  lead  in  a  small  pot  adjacent.  Tnis  pot  already 
omtains  abont  14  lbs.  rf  zinc,  together  with  some  lead  from  a  previous  operation. 
When  quite  liqnid  more  lead  is  added  from  the  larger  pot,  in  order  to  dilute  the  alloy 
before  mixing  with  tiie  entire  diarge.  The  contents  of  the  small  pot,  which  should 
be  not  enon^  to  prevent  aqr  alltnr  ssporating,  are  then  added  to  the  charge  and 
starred  well  into  the  mdted  metaL  The  Ibe  is  now  withdrawn,  and  the  whole  allowed 
to  cool  down.  In  a  riiort  time  a  pnsty  alloy  rises  to  the  surface  and  is  removed  by  a 
perforatBd  skimmer  into  the  small  pot.  This  operation  is  continued  until  the  lead 
tiegins  to  set  at  the  sides  of  the  pan.  The  cha^  must  then  be  re-heated,  and  the 
alloy  in  the  small  pot  liquated  by  heating  at  a  regulated  temperature,  which  will 
permit  of  the  zinc  aUoy  being  removed  from  a  quantity  of  zinciferous  lead,  which  will 
be  left  with  only  a  trace  of  copper.  14  lbs.  more  zinc  are  now  melted  with  this 
residue  in  the  small  pot,  and  tiie  operation  is  repeated.  More  certain  results  are 
obtained  by  thns  adding  the  zinc  in  two  portions,  finally,  all  the  zinc  dross  and 
alloy  are  liqnated  in  the  small  yA.  The  quantity  of  alloy  obtained  is  abont  1  cwt. 
This  will  contain  abont  26  per  cent,  of  zinc,  or  28  lbs.  of  the  zinc  employed  for  one 
operation.  It  may  be  estimated  that  14  lbs.  will  be  left  in  the  decopperised  lead,  and 
14  Iba.  also  in  the  liqnated  lafodnct  remaining  in  the  small  pot  ready  for  the  next 
operation.  The  zinc  remaining  in  the  decopperised  lead  is  oxidised  in  a  reverbentoiy 
furnace  with  a  slag  bottom,  or  in  a  pan  such  as  is  used  in  the  furnaces  for  softening 
hard  lead.  In  a  round  pan  containing  from  8  to  10  tons,  set  in  a  furnace  of  the  latter 
description,  a  diarge  was  woiied  off  in  abont  80  hours,  including  charging  and  tap- 
ping out.  from  90  tons  an  average  of  9d  per  cent,  of  softened  lead  was  obtained. 
The  drow  was  easily  reduced,  and  yielded  ordinary  soft  lead. 

The  nnc  alloy  containing  copper  and  also  most  of  the  silver  is  best  economised 
\ij  melting  down  in  a  small  blast-furnace,  «4ien  a  rich  argentiferous  lead  may  bo 
obtained. 

Ifatro-MetaUargy. — The  various  processes  of  refining  lead  employed  at  the  present 
day  causes,  in  eases  where  the  metal  is  impure,  considerable  waste,  and  necessitate  the 
reduction  of  an  enormous  quantity  of  oxide,  to  which  they  are,  besides,  inadequate  for 
the  removal  of  certain  foreign  metals.  A  new  plan,  which  has  recentiy  been  devised 
by  MM.  Fagen  and  Bous  of  Harseilles,  France,  allows  the  complete  refining  of  any 
argeutiferuus  lead  without  the  formation  of  oxides  of  lead,  and  has,  according  to  the 
CJtnmiq»»  d«  thdvttrit,  the  particular  advantage  of  peormitting  the  collection  of  all 
foreign  metals,  of  which  the  value  may  be  worth  considering.  The  process  is  founded 
on  the  property  which  a  bath  of  caustic,  hydrated,  melted  alkali  possesses  in  dissolv- 
ing, or  at  least  oxidising,  snecenively,  all  the  metals  except  three,  by  drawing  them 
into  a  soluble  scoria,  in  a  state  of  igneous  fusion.  The  three  exceptions  are  lead, 
silver,  and  gold.  The  metals  united  with  the  lead  are,  one  after  the  other,  removed 
by  melted  soda,  the  action  of  the  bath  being  maintained,  first  by  a  jet  of  steam, 
designed  to  restore  oonstanUy  the  water  of  the  hydrate  fhnu  which  the  metals  gain 
oxygen,  and  urged  according  as  the  metels  are  in  a  less  degree  oxidisable,  either  by  a 
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blaat  of  air,  or  flnally,  by  eaiefiillymeamind  additions  of  nitrate  of  sods.  Thetlieoty 
of  the  leaction  is  as  fbllows:  By  simple  solntion  in  water,  soda  abandons  all  the 
oxides  which  it  holds  in  solntim  or  suspension,  and  is  eraporated  and  dried  for  use, 
in  the  operation,  almost  without  loss.  The  metals  oxidise  in  the  melted  alkaline  badi 
in  the  otiei  of  their  affinity  for  oxygen,  an  order  modified,  however — (1)  by  their 
partienlar  affinity^  fin  soda ;  (2)  by  the  action  of  affinity  exenased  by  the  laigeet  mass 
present.  Thus,  tin  and  the  metaJs  of  platinum,  although  much  less  ondisable  than 
lead  or  copper,  are  attacked  very  rapi(Uy;  and  before  the  latter  in  the  soda-bath,  by 
reason  of  their  propensity  to  act  as  electro-negatire  elements.  Hence,  also,  in  an 
alloy  yery  rich  in  lead  the  copper  oxidises  firrt.  Another  phenomenon  of  not  less 
importance  is  that  the  sdutions  of  the  oxides  in  the  soda-bath  act  chemically  in  pre- 
sence of  die  re-agents  exactly  as  do  the  metallic  salts  dissolved  in  water.  Jt  is  thus 
in  this  igneons  solution — all  the  metals  are  precipitated  one  after  the  other,  in  the 
inverse  OTder  of  their  solubility,  and  in  the  dinct  order  they  preserve  each  other  from 
oxidation.  In  this  respect  even  insoluble  reducing  agents,  such  as  charcoal,  may  be 
employed  in  the  bath.  The  principal  applications  in  the  process  are  its  adaptation, 
not  only  to  the  refining  ot  lead  and  the  extnction  of  silver  by  the  sine  process  from 
lead  and  argentiferous  scorite,  but  the  purificatioq  of  argentiiennis  copper  and  old 
complex  alloys;  the  treatment  of  ores  of  platinum,  gold,  silver.  Sec,  of  raes  of 
chromium,  &c.  Since  March  last  the  inventors  have  oonstmcted  a  plant,  and  have 
carried  on  the  process  at  Marseilles ;  and  we  learn  that  the  hard  leads  of  Greece 
(containing  2^  per  cent,  antimony,  1  per  cent,  arsenic,  i  per  cent,  copper,  and  1  to  2 
per  cent  iron  and  sulphur),  hard  Spanish  lead,  and  other  forms  of  the  metal  contain- 
ing large  qoantities  M  foreign  substances,  have  been  suooessAilly  treated.  A  company 
has  been  fbrmed  for  the  fusion  of  ores,  separation  of  metals,  and  then  refining  by  the 
process  of  natro-metallnrgy. 

Beducmg, — ^The  reduction  to  the  metallic  state  of  the  litharge  from  the  refinery, 
the  pot-dross,  and  the  mixed  metallic  oxides  from  the  calcining  furnace,  is  effixited  in 
a  reverberatory  at^nratns,  somewhat  resembling  a  smelting  ftirnace,  except  that  its 
dimensions  are  smaller,  and  the  sole,  instead  of  being  lowest  immediately  below  the 
middle  door,  gradually  slopes  from  the  fire-bridge  to  near  the  flue,  where  there  is  a 
de]^reerion  in  whidi  is  inserted  an  iron  gutter,  which  constantly  remains  open,  and  from 
which  the  reduced  metal  flows  continuously  into  an  iron  pot  placed  by  the  side  of  the 
fomaee  for  its  reception,  whence  it  is  subsequently  laded  into  moulds. 

The  litharge,  or  jpot-droas,  is  intimately  mixed  with  a  quantity  of  small  coal,  and  is 
charged  on  that  part  of  the  hearth  immediately  before  the  fire-bridge.  To  prevent 
the  fnsed  oxide  ttom  attacking  the  bottom  of  tile  Aimace,  and  also  to  provide  a  sort 
of  hollow  filter  for  the  liquid  metal,  the  sole  is  covered  by  a  layer  of  bituminous 
coaL 

The  heat  of  the  ftimaee  quickly  causes  the  ignition  of  this  stratum,  vi^ch  is  rapidly 
reduced  to  the  state  of  a  spongy  cinder.  The  reducing  gases  present  in  the  fomece, 
aided  by  the  coal  mixed  with  the  diarge  itself,  cause  the  reduction  of  the  oxide,  which, 
assnminj;  the  metallic  form,  fiows  through  the  interstices  of  the  cinder,  and  ultimately 
finding  its  way  into  the  depression  at  the  extremity  of  the  hearth,  fiows  through  the 
iron  gutter  into  the  eztemal  cast-iron  pot  The  surfwe  of  the  charge  is  frequently, 
during  the  process  of  elaboration,  tamed  over  with  an  iron  rake,  for  the  double  pur- 
pose of  exposing  new  surfitces  to  the  action  of  the  fbmace,  and  also  to  allow  the 
reduced  lead  to  flow  off  more  readily. 

Fresh  quantities  of  litharge,  or  pot-dross,  with  small  coals,  are  from  time  to  time 
thrown  in,  in  proportion  as  that  already  charged  disappears,  and  at  the  end  of  the 
shift,  which  usually  extends  over  12  hours,  the  floor  of  cinder  is  broken  up,  and  after 
being  mixed  with  the  reddual  matters  in  the  fnmace  is  withdrawn.  A  new  floor  of 
rinders  is  then  introduced,  and  the  operation  commenced  as  before.  A  fbmace  of 
thu  kind,  having  a  sole  8  feet  in  length  and  7  feet  in  width,  will  affind,  fimn  litharge, 
about  6\  tons  of  lead  in  24  hours. 

The  dross  from  the  calcining  pan,  when  treated  in  a  frimace  of  this  description, 
should  be  previously  reduced  to  a  state  of  flne  division,  and  intimately  mixed  up  with 
small  coal  and  soda-ash.  In  many  cases,  however,  the  calcined  dross  is  treated  in 
the  smdting  Airnace.  The  hard  lead  obtained  £rom  this  substance  is  again  taken  to 
the  calcining  fomaee,  for  the  purpose  of  being  softened. 

In  the  establishment  from  which  the  foregoing  data  were  obtained,  the  cost  of  slack, 
delivered  at  the  works,  was  only  2«.  lid.  per  ton,  which  is  cheaper  than  Aiel  can  be 
obtiuned  in  the  minority  of  the  lead-mills  it  this  country.  In  Kotth  Wales  the  cost 
of  small  coal  is  geneiaUy  about  it.,  and  at  Bristol  6s.  6d.  per  ton. 

Figt.  1854  and  18M  represent  a  vertical  section  and  plan  of  a  redncing-frmiace. 
A|flie-place;  b, ash-pit;  c,  fire-bridge;  D,  hearth;  B,wotking-door;  r,  iron  spout  foe 
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eondoeting  the  icdnoed  metal  into  the  lead-pot  o,  vhich  is  kept  heated  hy  means  of 
a  file  beneath. 

1864 


^s^^^^a 


mnm- 


The  total  eoit  of  dahorating  one  ton  of  haid  lead,  eontalmng>  30  oc.  of  silrer  per 
ton,  in  a  locality  in  vhich  fuel  is  obtained  at  the  low  price  above  qnoted,  is  nearly  as 
tMnn:— 

£    I.    A 

Oaldninff 0    2    44 

Crygtalliaiiig 0    9    6-5 

Befinipg 0    0    9*2 

Bedncingpot  dross  and  litharge  .       .       .0    10-8 

Calcined  dross 0    0    8*0 

Slags 0    0    6-0 

Bone-ash,  &C. 0    0    7*0 

Transport,  &c 0    I     1-0 

Management,  taxes,  and  interest  of  plant     .  '     .06  10*0 


Total    . 
One  hundred  tons  of  hard  lead  treated  gave : — 


12    8-9 


Tons. 

Soft  lead 94-90 

Black  dnss 8-72 

Lorn 1-88 


Xotal    . 


100-00 


Digitized  by 


Google 


74  LEAD 

On  comparing  the  expense  of  each  operation,  as  giren  in  the  fbregoing  alwtmct, 
with  the  amounts  stated  as  the  cost  of  each  separate  pioceas,  they  ■Hal  be  fsnad  to 
be  widely  different ;  bat  it  must  be  lemembered  that  the  whole  of  the  substances 
elaborated  are  far  &om  being  rai)jeeted  to  the  Tarions  treatments  described. 

In  order,  therefine,  to  gire  an  ides  of  the  relatiTe  proportions  wliieh  are  passed 
throogh  the  sereial  departments,  it  may  be  stated  that  in  an  establishment  in  which 
the  ores  are  treated  in  the  Castilian  furnace  the  following  were  the  results  ob- 
tained:— 

One  hundred  parts  of  raw  ore  yielded  :— 

Boaatedore 85 

Bard  lead 42 

Soft      , 36 

Bieh 0 

Dross  and  Uthaige  ro'troated 18)- 

It  may  be  remarked  that  for  the  tnatment  of  ore*  of  good  prodnea  the  reTerbera- 
tory  ftirnaoe  and  Scotch  hearth  an  to  be  preferred,  but  for  working  minerals  of  a 
low  percentage  the  blast-fomace  may  generally  be  substituted  with  advantage. 
The  (uag-hearUi,  from  the  amount  of  fuel  consumed  and  loss  experienced,  is  a  8omew£it 
expensive  apparatus,  and  might  in  many  cases  be  advantageously  exchanged  for  the 
Castilian  furnace. 

It  is  well  known  that  the  losses  which  take  place  in  this  branch  of  metallurgy  are, 
&om  the  volatility  of  the  metal  operated  on,  unusually  larxe.  In  those  establish- 
ments, however,  in  which  due  attention  is  paid  to  fluxes  and  a  proper  admixture  of 
ores,  as  well  as  the  condensation  of  the  fumes,  a  great  economy  is  effiicted. 

In  some  instances  fines  of  above  five  miles  in  length  have  been  constructed,  and  the 
most  satis£aet(Ky  results  obtained.  The  attention  Si  lead-smelters  is  being  daily  more 
directed  to  the  prevention  of  the  loss  of  metal  by  volatilisation,  and  those  who  have 
adopted  the  use  of  long  flues  have  been,  in  all  cases,  quickly  repaid  for  their  ontlay. 

As  an  example  of  the  great  extent  to  which  sublimation  may  take  place  on  the 
scale  employed  in  lam  smelting  works,  we  may  mention  the  lend-worKS  belonging 
to  Mr.  Beaumont  in  KorthumbOTland.  Formerly  the  fumes  or  smoke  arising  ^m 
various  smelting  operations  escaped  from  ordinary  chimneys  or  short  galleries,  and 
large  quantities  of  lead  were  thus  carried  off  in  the  state  of  vsponr,  and  deposited 
on  the  surrounding  land,  where  vegetation  was  destroved,  and  the  health  of  both 
men  and  animals  seriously  afiected.  This  led  to  various  extensions  of  the  hori- 
zontal or  slightiy-indiaed  galleries  now  in  use,  and  the  quantity  of  lead  extracted 
lapidly  repaid  the  cost  of  construction.  The  latest  addition  of  this  kind  was  made 
at  Allen  Hill,  by  Mr.  Sopwith,  the  manager,  and  completed  a  length  of  8,789  yards 
(nearly  five  miles)  of  stone  gallery  from  that  mill  alone.  This  gallery  is  8  feet 
high  and  6  wide,  and  is  in  two  divisions,  widely  separated.  There  are  also  upwards 
of  4  miles  of  gallery  for  the  same  purpose  connected  with  other  mills  belonging  to  Mr. 
Beaumont  in  tiie  same  district,  ana  in  Durham.  The  value  of  the  lead  thus  saved  firom 
being  totally  dissipated  and  diBpemad,  and  obtained  from  what  in  common  parlance 
might  be  called  (mimnev-sweepings,  oonaidenbly  exceeds  10,0002.  sterling  annually, 
and  forms  a  striking  iUnstrabon  <^  the  importance  of  economising  our  waste  pro- 
ducts. 

In  lien  of  long  and  extensive  flues,  condensers  of  various  descriptions  have  &em 
time  to  time  been  introduced,  but  in  most  instances  the  former  have  been  found  to  bo 
more  efficient. 

'When,  however,  water  can  be  procured  for  the  purpose  of  cooling  the  condenser*, 
excellent  results  are  generally  obtained. — J.  A.  F. 

See  Litbabob;  Bxd  Ludj  Sou>ib;  Sdqab  or  Acetate  of  Luo;  Ttfs  Mbtai.; 
andWBin  Lsio. 

Luld  Ass^riMO  The  ores  submitted  to  assay  are  galena  or  snlphide  of  lead, 
cemssite  or  carbonate  of  lead,  anglesite  or  sulphate  of  lead,  and  pytomorphite  or 
phosphate  of  lead^  For  assay  purposes,  the  ores  of  lead  may  be  divided  into  two 
classes: — 

The  fint  dots  comprehends  all  the  ores  of  lead  which  contain  neither  snlphtir  nor 
onvenic,  or  In  which  tney  are  present  in  small  proportion  only. 

The  tecond  dan  comprises  galena,  together  with  all  letad  ores  containing  sulphur 
or  arsenic. 

A  common  wind  or  air  fbmace  is  best  adapted  for  making  lead  iHays.  For  this 
purpose  the  cavity  for  the  reception  of  fuel  should  be  9  incheq  squve^  and  the  height 
of  uie  flue-way  fo>m  the  fire-bars  about  14  inches.  For  ordinary  ores  a  furnace  8 
inches  square  and  12  inches  deep  will  be  fonnd  sufficient ;  but  as  it  is  easy  to  regu- 
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itU,  by  »  daMper,  the  heat  of  tbs  larger  appoiatos,  it  ii  often  found  adrantageoiu  to 
Im  sUa  to  ptodooa  a  hig^  tampezatnn.  A  furnace  of  this  kind  should  be  connected 
trith  a  chimney  of  at  least  twenty  feet  ia  heij^  and  be  sn^^lied  with  good  c^e, 
broken  into  pieees  of  the  aae  of  egga. 

The  air  fnmaee  (aae  Coraas,  Juf.  633),  ia  well  adapted  for  the  auaying  of  lead  ores. 
The  area  ahonld  be  dried  in  Aeilaw,  flat  metal  Toaaela,  powdered  and  aifUd  throng^ 
a  aiere  of  from  M  to  M  faolaa  to  the  linear  iaeh,  previoua  to  b^ng  aobmittod  to 
aany.  Dtabalaaee  employed  ahonld  cany  1,000  gta.,  and  torn  with  j^  of  a 
grain. 

The  tonga  (see  Cams,  f^,  S86)  may  be  used  Ibr  the  aaaay  with  earthen  crudblaa. 
For  woAiag  with  iioa  eraeiblea  tragi  of  stronger  and  stoi^  make  are  desirable. 
The  iron  Boiild  {fig,  (84)  ia  need  for  receiviDg  the  aaaay  pondneta,  or  one  containing 
a  deep  oonicd  canty  may  b«  aabaUUitad  for  it.  Tha  bom  thoaU  be  employed  in 
thedry  atate. 

Okbs  of  na  fna*  CiAaa. — ^The  assay  of  orea  tt  this  class  ia  a  aimple  operation, 
care  b^ng  only  required  that  a  sufficient  amount  of  carbonaeeosa  matter  be  added  to 
efieet  the  ledoetiaa  of  the  metal,  iriiilst  such  flnzse  an  anpplied  as  will  affixd  a 
readily-fiisible  slag.  Whea  the  sample  has  been  pioperl^  powdered,  400  or  600 
graiaa  are  weighed  oat,  and  well  mixed  with  600  or  SOO  gmna  of  carbonate  of  soda, 
and  from  40  to  60  grains  ef  ftnaly-powdered  charsoal,  aooording  to  the  richnesa  of  the 
mineral  cpnated  en.  Thia  is  iotradaeed  into  an  aarthen  cmsiUe,  of  anch  a  size  as 
not  to  be  more  than  one-half  filled  I^  the  mixtUKk  and  on  the  top  is  jdaced  a  thin 
layor  of  the  flux.  Tha  smcible  is  then  placed  in  Uie  fimace  and  gently  heatad,  care 
baoig  taken  to  so  moderate  the  tsH^emtnre)  that  the  miztore  of  ore  and  flas,  which 
Booa  begina  to  aoftaB  and  enter  into  eballition,  may  not  swell  up  and  flow  over.  If 
the  aeticm  in  the  cmcible  becomea  too  atnmg,  it  araet  be  cheeked  fay  a  due  regulation 
of  the  heat  by  means  of  a  damper.  When  the  action  haa  subsided,  the  temperature 
ia  a^ain  raiaed  for  a  fow  mioutes,  and  the  aasay  eomideted  in  about  half  an  hour. 
Danng  the  pcocasa  of  reduction,  the  heat  Aonld  not  asceed  dnllradnesa;  but  in  order 
to  complete  the  operatioB,  and  rendar  the  slag  siJBcieotly  liqaid,  tha  temperature 
should  be  niaed  to  blight  zadneas.  WhsD  the  contents  have  been  leduced  to  a  state 
of  tranquil  fuion,  the  erodble  most  be  removed  fimn  the  fire,  and  tha  assay  either 
rapidly  pooiad,  or,  after  being  tapped  against  some  hard  body  to  collect  the  lead  in 
a  ain^  gtobnle,  be  set  to  caoL  When  the  operation  haa  been  sooeeaafully  conducted, 
the  oeoled  alag  will  preeeat  a  smooth  coneaTe  aur&ea,  with  a  more  or  leas  yitreons 
hstn.  Whan  cold,  die  eraeible  may  be  broken,  and  the  button  extracted.  To  remove 
from  it  the  particles  of  adhering  slag,  it  ia  hamnured  on  an  anvil,  and  afterwards 
rubbed  with  a  hard  brush.  Inrtead  of  emplaying  carbonate  of  soda  and  powdered 
charcoal,  the  ore  may  be  Aised  with  1)  times  its  weight  of  black  flux,  and  the 
mixture  eoreaed  by  a  thin  lay«  of  borax.  Good  results  are  also  obtained  by  mixing 
together  400  greina  of  ore  with  an  equal  weight  of  carbonate  <£  soda  and  half  that 
quantity  of  erode  tartar.  These  ingredients,  after  being  well  incorptaated,  are  placed 
in  a  cmcible,  and  slightly  coreied  by  a  layer  of  borax.  Bach  of  the  foregoing 
methods  yields  good  reaalts,  and  affiiids  alaga  retaining  but  a  email  proportim  of 


Obis  «v  nta  Swnra  Cum. — ^Thia  class  oompahends  galena,  which  is  the  most 
eommoii  and  abundant  ere  of  lead,  and  also  oon^insaa  sundry  matalluigie  products,  as 
well  as  Um  aoliAatsa  and  aisenataa  of  lead. 

The  asB^  of  galena  and  other  substances  is  variouely  conducted ;  but  one  of  the 
following  methocM  ia  usually  emplojed  for  commercial  purposes : — 

A»aay  in  an  eauihm  eruabU  vith  tiutaUio  iron. — Hix  400  or  600  ^s.  of  the  ore 
with  aboat  an  eqaal  weia^  of  carbonate  of  aoda,  and,  after  haTiag  placed  it  in  the 
earthen  aacibl%  of  whion  it  should  occupy  about  one  half  the  cupaoity,  inaert  with 
their  heads  downraid  three  or  four  teapenny  naila,  and  press  the  nuxtare  firmly 
around  them.  On  the  top  place  a  thin  layer  of  boiax.  The  idiole  is  now  introduced 
into  the  fumaca,  and  gradually  heated  to  rednesa ;  at  the  expiration  of  ten  minutes 
tha  temperature  ia  increased  to  bright  redness,  and  the  heat  oontannad  until  the  fused 
flnxea  praaent  a  perfectly  smooth  surface.  When  this  haa  taken  place  the  pot  ia 
remored  fi«n  the  fire,  and  the  nails  are  separately  withdrawn  by  tha  use  of  a  small 
pair  of  tanga,  care  being  taken  to  well  cleanse  each  in  the  fluid  slag  until  free  from 
adhering  lead.  When  tie  naila  have  been  thus  removed,  the  pot  is  gently  shaken,  to 
odleet  the  metal  into  one  button,  and  laid  aside  to  cool ;  after  which  it  may  be  broken, 
and  the  battm  removed.  Instead  nf  first  allowing  the  dags  to  cool,  and  then  breaking 
the  crucible,  tha  aaaay  may,  if  prrf  jrred,  after  Qm  withdirawal  of  tjie  nails,  be  poured 
into  a  moold  (see  Coram,  Jig.  684).  Hoop  iron  or  iron  rod  may  be  used,  instead  of 
tha  iron  nub.    The  aasay  ritould  be  completed  in  twa  26  to  30  minutes. 

^Usry  m  •»  trm  pet  wMJhiM§.-~IimtMii  ot  addii^  metallio  iron  to  tha  mixture  of 
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ore  and  flnz,  it  is  generally  better  that  the  pot  itself  shoold  be  made  ol  that  metal. 
For  this  pnipoae  a  piece  of  ^inch  plate  iron  is  tamed  up  in  the  form  of  a  cmdble, 
and  carenlly  irelded  at  the  edgee.  The  bottom  ie  doeed  by  a  thick  iron  riret,  iriiich 
is  eecaiely  velded  to  the  sides,  and  the  whole  then  finished  on  a  properly-farmed 
mandril.  To  make  an  assay  in  a  cmcible  of  this  kind,  it  is  first  heated  to  dnll  red- 
ness, and,  when  sufficiently  hot,  400  or  fiOO  grs.  of  the  powdered  ore,  intimately  mixed 
with  its  own  weight  of  carbonate  of  soda,  naif  its  weight  of  pearlasb,  and  a  -small 
quantity  of  erode  tartar,  is  introduced  by  means  of  a  copper  scoop  (seeCoPFUi,  Jig. 
636);  On  the  top  of  the  whole  is  placed  a  thin  layer  OF  borax,  whilst  the  cmcible, 
irtiich,  for  the  ready  introduction  of  the  mixture,  has  been  lemored  ftom  the  fiie,  is 
at  once  nplaeed.  The  heat  is  now  raised  to  redness,  the  contents  gradnally  becoming 
liquid,  and  giving  off  large  quantities  of  gas.  At  the  expiration  of  from  8  to  10 
minntes  the  mixture  will  be  in  a  state  of  complete  fiision ;  the  contents  of  the  pot  ate 
now  stirred  with  a  small  iron  rod.  Any  matter  adhering  to  its  sides  is  seispea  to  the 
bottom  of  the  pot,  and  the  temperatote  of  the  Aimace  is  inoteased  during  S  or  4 
minntes  to  bright  redness. 

The  cmcible  is  then  seised  b^  a  strong  pair  of  bent  tcmgs,  on  that  jiart  of  the  edge 
which  u  opposite  the  lip,  and  its  contents  rapidly  pouiea  into  a  cast-iron  mould  (see 
CarFMK,  Jig.  684),  The  sides  of  the  pot  are  now  carefolly  scraped  down  with  a  chisel- 
edge  bw  wiron,  and  any  adhering  partidee  of  metallic  lead  aaded  to  the  porti<m  first 
obtiuned.  When  suffidently  cooledthe  contents  of  the  mould  are  easily  lemored,  and 
the  button  of  lead  cleaned  uid  weighed.  By  this  process  jmre  galena  yields  84  per 
cent,  of  metallic  lead,  fiee  from  any  ii\inrions  amount  of  mm,  a^  perfei^y  ductile 
and  malleable.  This  method  of  assaying,  with  various  modifications,  is  that  adopted 
in  almost  all  lead-smelting  establishments,  and  has  the  advantage  of  affording  good 
results  with  all  the  ores  belonging  to  the  second  class. 

Auag  in  tie  iron  dith  wUkoutfuxei. — ^In  some  of  the  mining  districts  of  Wales  the 
assay  <nlead  ote  is  oondncted  in-amamwr  somewhat  diflsrent  from  that  just  described. 
Instead  of  ftasing  the  ore  in  an  iron  cmcible  with  fiuzes,  the  fnsion  is  efibcted  iu  a 
fiat  shallow  iron  dish,  having  a  hemia^erical  cavity  of  about  4^  inches  in  diameter, 
and  about  1  inch  in  depth  in  the  centre.  10  oz.  of  the  are  are  operated  on,  and  the 
assay  is  made  by  the  aid  of  a  blacksmith's  forge-fiie.  The  ore  is  placed  in  the  iron 
dish,  provided  with  a  sheet-iion  cover,  and  heated  for  about  S  minutes,  and  the  re- 
duced metal  ponred  out  into  a  mould.  The  iron  didi  is  then  replaced  (m  the  fire,  and 
the  heat  continued  for  about  6  minutes,  nntil  the  regulus  (slurry)  is  fused ;  the  con- 
tents are  then  poured  out  into  a  mould,  the  lead  detached,  and  added  to  the  first 
portion  of  lead  obtained ;  and  the  whole  weighed.  Galena  will  yidd  as  much  as  82 
per  cent,  of  lead  by  this  method.  In  some  works  the  assay  is  made  in  an  iron  cmcible 
without  fluxes,  instead  of  the  iron  dish. 

Kttimation  qf  silver  contained  in  lead  ores. — AU  varieties  of  lead  ore  contain  silver, 
and  it  is  consequently  necessary,  in  order  to  judge  of  thdr  commercial  value,  to  ascer- 
tain the  exact  amonntof  this  metal  which  they  afflbrd.  This  is  efibcted  by  the  process 
of  CupeOaiion.    See  Silvxb. 

In  order,  therefore,  to  separate  the  sUver  pnsent  in  buttons  resulting  from  ordinary 
lead  assays,  it  is  only  necessary  to  enose  them,  on  a  ot(p«{,  to  such  a  tempeiatum  as 
will  rapidly  oxidise  the  lead.  The  oxfde  of  lead,  or  lithuge,  produced  is  afaeorbed  by 
the  porous  body  on  which  the  assay  is  supported,  and  notUng  but  a  small  button  of 
silver  nltimately  remains  on  the  test,  lliese  supports  or  cupels  are  made  of  bone- 
ash,  slightly  moistened  with  a  little  water,  and  consolidated  by  being  pressed  into  a 
mould.  The  ftimace  employed  far  this  purpose  is  described  in  the  artide  Savn,  as 
is  also  the  na^ffle  or  D-shaped  retort  in  which  the  cupels  are  heated. 

As  soon  as  the  muffle  has  become  red  hot,  the  cupels  that  have  been  drying  in  the 
month  of  the  opening  are  introduced  by  mec^ns  of  proper  tongs,  on  the  bottom  of  the 
muffle,  previously  covered  with  a  thin  layer  of  bone-ash,  in  <ader  to  prevent  its  being 
attacked  in  case  of  any  portion  of  litharge  coming  in  contact  with  it  during  the  pro- 
gress of  the  subsequent  operations.  The  open  end  of  the  muffle  is  now  dosed  by 
means  of  a  proper  door,  and  the  cupels  are  thus  r^udly  heated  to  the  temperatum  ol 
the  muffle  itself.  When  this  has  been  effected  the  door  is  removed,  and  into  each  of 
the  cupels  is  intiodneed,  by  the  aid  of  dender  sted  tongs,  a  button  of  the  lead  to  be 
assayed.  The  month  of  Uie  muffle  is  again  dosed  during  a  few  minutes  to  facilitate 
the  fbsion  of  the  alloy ;  when  the  oxide  begins  to  pass  off  the  sur&ce  of'  the  metallic 
product,  the  assay  is  said  to  be  uncovered.  The  had  is  now  quickly  converted  into 
litharge,  which  is  absorbed  by  the  cupd  as  fiwt  as  it  is  produced,  whilst  at  the  same 
time  there  arises  a  wliite  vapour,  which  is  gradually  carried  off  by  die  door  and  through 
the  openings  in  the  rides  and  end.  A  circular  stain  is  at  the  same  time  formedaronnd 
the  globule  of  mdted  metal,  which  gradually  extends  and  penetrates  into  the  sub- 
stance of  the  cupel.    When  nearly  tlu  whole  of  the  lead  has  thus  been  zemored,  the 
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wmuJirin^  bead  of  sXw  appean  to  become  agitated  by  a  ra^d  notioD,  wUob  aeema 
to  make  it  teirolTa  with  great  rapidity.    At  this  stage  the  motion  viU  be  obaerred 
suddenly  to  oeaae,  aral  the  button  become!  immoTeable.  This  is  called  the  brighimbtg 
of  the  amy,  and  a  button  of  silTer  now  remains  on  the  onpel. 
If  the  eiqpel  were  now  abroptly  remored  ttwa  the  muffle,  the  globule  of  silver 

Shwmg  ike  Qtumt^  </  lead  On  raietd  and  uadted,  average  Metattie  Yidd  of  Ore 
jtr  Ceat.,  and  Batio  nf  Laid  prodmced  t»  various  Forte  of  tit  United  Kingdom, 
dwriug  Ten  Tean  endmg  1857. 
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18,711 

ii/m 

18,814 
18,878 
17481 
18480 
18,108 
18,878 

tons 

11411 

18,888 

14,87« 

14,81* 

18,788 

11,870 

18,8(7 

18,878 

14,7*1 

18,1M 

tons 
1,»11 
1,78* 

i:b»8 

8,111 
4,4** 
8,808 

8,088 
1,488 
1^ 
14»» 

tons 
1,188 
1,(8* 
1,748 
1,81» 
84M 
1,4(1 
1,110 
1,781 
1,801 
1.407 

tons 

1,(88 

1411 

8,117 

8.118 

1,7*9 
1,7(8 
1,887 
1,881 
1,891 

tons 
1,788 
8(7 
8,114 
1,140 
1,881 
1,918 
1478 
14(9 
1,417 
14(1 

tons    tons 
1411  1,86( 
1318  1488 
1,17(  1418 
14*0  1,401 
1418  14*( 
1,480  1419 
1400  1,1*7 
«478  1,718 
8418  1.4(1 
1.8(8  1,018 

tens     tons 
77484  (4,8(8 
88411  (8,701 
*144(  84,488 
81411   8(487 
91,1*7  M,m 
88,041   60467 
80448   68479 
n,041   ((,(8* 
101,897  78,119 
96411   96466 

84^01 
•Mil 

(8,841 
84,788 

7%8 
8SJM 

8880(7 

USfll» 

lB»Ji»7 

1*8,7*8 

38,827 

19,041 

18,699 

16,468 

17404 

18.825 

907,486 

644,101 

btioatkad 
diioe4 

WUe 
Vto. 

70^ 
88-8 

781 

11-7 

U-0 

J-0 

!•( 

88-1 
l-l 

100 

TMe  tfhtad  One,  Lead,  and  Silver  produced  from  them  in  tke  United  Kingdom  from 
He  year  1848,  ehovmng  tke  Qaaniity  of  Ore  required  to  make  100  Tone  of  head,  ike 
Quantify  (ff  Lead  m  100  Tone  <f  On,  and  the  Ouncee  qf  Silver  inajbnif  Lead, 
for  He  eame  feriod. 


Ore  to  make 

Lead  in 

SilTBrln 

Tean 

LeidOn 

Lead 

SOrcr 

100  Ton»  ot 
Lead 

100  Tons  o( 
On 

aTonot 
Lead 

tans 

tons 

on. 

tons 

tons 

OSS. 

1848 

78,944 

63,378 

••• 

147-009 

67-608 

1840 

86,823 

68,716 

... 

147-871 

67-626 

••• 

1860 

02,968 

64,429 

... 

144-279 

69-309 

... 

1861 

02,813 

66,289 

>.. 

141  •889 

70-726 

... 

1863 

01,198 

64,961 

... 

140-388 

71-280 

... 

1863 

86,843 

60,969 

406,476 

139-486 

71-691 

8-143 

1864 

90,664 

64,006 

662,669 

141-479 

70-681 

8-798 

1866 

93,261 

66,691 

661,906 

140-430 

71-209 

8-663 

1866 

101,997 

73,129 

614,188 

130-476 

71-696 

8-798 

1867 

96,830 

69,266 

532,866 

189-780 

71-641 

7-693 

1868 

96,866 

68,303 

669,346 

140-377 

71-266 

8-336 

1869 

91,853 

62,382 

678,276 

146-441 

68-286 

9-270 

I860 

88,701 

63,226 

549,090 

140-436 

71-206 

8-684 

1861 

90,666 

66,644 

670,474 

138-117 

72-403 

8-690 

1863 

06,813 

69,013 

686,123 

138-107 

73-407 

0-942 

186S 

91,383 

68,221 

634,004 

133-804 

74-786 

9-293 

1864 

94,468 

67,081 

641,088 

140-819 

71-013 

9-967 

1866 

90,453 

67,281 

724,866 

134-499 

74-349 

10-778 

1866 

91,061 

67,391 

636,688 

136-108 

74-014 

0-447 

1867 

93,482 

6'8,441 

805,394 

136-614 

73-252 

11-767 

1868 

96,236 

71,017 

841,328 

134-103 

74-568 

11-846 

1869 

96,866 

78,269 

831,891 

132-224 

76-629 

11-365 

1870 

98,176 

78,420 

784,662 

183-718 

74-783 

10-687 

1871 

98,966 

69,037 

761,490 

136108 

73-470 

11-030 

1873 

81,664 

60,420 

628,920 

138-89 

72-000 

10-403 
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No.«t 
KUut 

CoosUm 

Lead  On 

IiMkI 

flUnr 

tons 

e«ti. 

tou 

OWtf. 

OM. 

EmLim: 

18 

Comvall    .... 

6.463 

10 

4,098 

16 

207,710 

6 

DeTonBhire . 

746 

0 

622 

6 

10,892 

4 

Somenetshiie 

1,822 

6 

602 

18 

•  •• 

194 

Derbvahire  . 

6,612 

0 

4,191 

9 

1,060 

2 

StaflbrdabiM 

280 

8 

aio 

11 

•  •• 

10 

Sbiopsluie  . 

7.886 

17 

6,602 

6 

2,960 

34 

Yorkshiie   . 

6,202 

6 

8.878 

3 

600 

30 

Cumberland 

8,721 

17 

3318 

2 

30,169 

7 

Weatnundand     . 

1,679 

2 

1.269 

8 

17,620 

32 

Doduunand  Kortbumberland 
Waus: 

19,106 

10 

uwa 

4 

72,176 

I 

Bwconahiw. 

8 

0 

6 

0 

••• 

40 

Caidigaoahivd 

6,764 

S 

4.998 

18 

41,690 

1 

Caarmaithenduie 

651 

0 

476 

16 

2,382 

1 

Fembrokediue    . 

180 

0 

97 

10 

490 

1 

Radnoiahiia        , 

82 

18 

24 

16 

125 

11 

MontgomaiTshiTO 

8,069 

14 

6,042 

0 

66Jia 

I 

HerionethshiTe    . 

17 

6 

18 

0 

••• 

6 

Denbigbabiie 
FlintaSiie   . 

8.677 

18 

2,768 

17 

14,479 

29 

8,208 

6 

2,436 

7 

18.660 

12 

Cantarronahire  • 

397 

16 

297 

1 

600 

10 

Isle  of  Han  .        ^ 

8,620 

0 

2,639 

2 

146.483 

2 

Ibbuxs    . 

962 

0 

726 

6 

1.040 

4 

SCOTIAMD   . 

8,606 

6 

2,881 

r 

6,900 

465 

Total  of  the  United  Eii 

igdom 

81,664 

2 

60,420 

11 

628.920 

irould  be  liable  to  vegetate,  by  which  a  portion  of  the  metal  mi^t  be  thrown  off,  and 
a  certain  amonnt  of  loss  bo  thereby  entailed.  To  prevent  this,  uie  cupel  in  which  the 
assay  has  brightened  should  be  immediately  corerad  by  another,  kept  red  hot  for  that 
purpose.  The  two  are  now  giiadnally  withdrawn  together,  and,  after  having  snffi* 
cently  cooled,  the  upper  cupu^  ia  removed,  and  the  globule  of  silver  deta(jied  and 
cleaned  aa  fdlowa : — 

The  globnle  ia  now  laid  hold  of  by  a  pair  of  fine  pliers  and  flattened  on  a  amaU 
steel  anvil,  by  which  the  oxide  of  lead  which  may  have  attached  itself  to  it  becomea 
pulverised,  and  is  removed  by  rubbing  with  a  small  hard  brush.  The  flattened  diso 
IS  then  examined,  in  order  to  be  stire  uat  it  is  perfectly  clean,  and  afterwards  weighed 
in  a  bnUmce  capable  of  taming  with  y^^jsth  of  a  grain. 

The  cnpellaUona  should  be  conducted  at  the  lowest  possible  heat  at  which  they  can 
be  effected.  The  temperature  best  fitted  for  this  operation  is  obtained  when  the 
muffle  is  at  a  red  heat,  and  the  vapours  which  arise  nom  the  assays  curl  gradually 
away,  and  are  finally  removed  by  the  draughts  When  the  muffle  is  heated  to  white- 
ness, and  the  vapours  rise  to  the  top  of  the  arch,  the  heat  is  too  great :  and  when,  on 
the  contrary,  the  fames  lie  over  the  bottom,  and  the  sides  of  the  openings  in  the 
muffle  begin  to  darken,  either  a  little  more  fuel  must  be  added  or  the  draught  in- 
creased.  If  an  assay  has  been  properly  conducted,  the  button  of  silver  obtained  is 
round,  bright,  and  smooth  on  its  upper  Bur&oe,  and  beneath  cmtalline,  and  of  a  dead 
white  colour ;  easily  removed  from  the  cupel,  and  readily  freed  from  litharge. 

When  the  ores  of  lead,  in  addition  to  silver,  contain  gold,  the  button  remaining  on 
the  cupel  ia  an  alloy  of  these  metals.  For  the  method  of  estimating  the  gold,  see 
Gold. 

For  commercial  pnrpoaes  the  silver  contained  in  any  given  ore  ia  eatimated  in 
ounces,  pennyweights,  and  grains  troy  upon  the  statute  ton  avoirdupois  of  2,240  lbs. 
It  is  customary  to  return  the  silver  obtained  from  lead  ores  upon  the  ton  of  lead  as 
yielded  by  assay,  and  not  upon  the  ton  of  ore.  For  a  Table  to  facilitate  calculation, 
see  SiLVXB. 
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lead  it^ofiti  into  tie  Untied  Kingdom  i»  the  Year  1872. 

Qnantlttei 
DMcriiition  at  Lead  ton* 

Iicadore 14,560 

Lead,  pig  and  sheet     ....    69,841 
I«ad  mann&atares      ....        441 

2n<wi  and  Foreign  Lead  exported  tn  tie  Year  1872. 

^  '■ •  •  — -    ' 

sntHn  I'cragii 

DteaA^Uaaothttd                                    tons  toni 

lead  we 1,004  1,404 

F!glead 88,403  691 

Lead,  rolled,  sheet,  piping,  and  tubing        .    10,927 

Lead  mftnnfactnred 4 


(O*.  (Piomb  de  Ciaeee,  Fr.;  Seiret,  TUntmeeirot,  Oer.)  The  origin 
of  most  of  the  impenactdons  in  the  mannfactnie  of  lead-shot  is  the  too  lapid  coohng 
<k  Uie  ^>henilea  by  their  being  dropped  too  hot  into  the  water,  whereby  their  snrfikces 
iarm.  a  aolid  Croat,  iriiile  their  interior  remains  flnid,  and,  in  its  subsequent  concretions, 
■hTiTilri^,  aa  as  to  produce  tlis  irregnlaritiea  of  the  shot 

The  patent  ahot-towers  originally  oonatructed  in  England  obviate  this  evil  by  ex- 
posing the  fbsed  spherules  after  they  pass  through  the  cullender,  to  a  large  body  of 
air  during  their  descent  into  tiie  -water-tub  placed  on  the  ground.  The  highest  erec- 
tion of  tlus  kind  is  probably  at  Yillach  in  Caiinthia,  being  240  Vienna,  or  249  En^ish 
feet  high. 

The  quantity  of  arsenic  added  to  the  mass  of  melted  lead  varies  aocording  to  the 
qnalit?  of  this  metal ;  the  harder  and  less  ductile  the  lead  is,  the  more  arsenic  must 
be  added.  About  8  pounds  of  either  white  arsenic  or  orpiment  is  enough  for  one 
thonaand  parts  of  soft  lead,  and  about  8  for  the  coarser  kinds.  The  latter  are  em- 
ployed preferably  for  shot,  as  they  are  cheaper,  and  anbwer  sufficiently  well.  The 
arsenical  alloy  is  made  either  by  introducing  some  of  this  substance  at  each  melting ; 
or  by  making  a  quantity  of  the  compound  considerably  stronger  at  once,  and  adding 
a  certain  portion  of  this  to  each  charge  of  lead.  If  the  particles  of  the  shot  appear 
lens-shaped,  it  is  a  proof  that  the  proportion  of  arsenic  has  been  too  great;  but 
if  they  are  flattened  upon  the  side,  if  they  are  hollowed  in  their  middle,  called 
cupping  by  the  workmen,  or  drag  with  a  tail  behind  them,  the  proportion  of  arsenic  is 
too  small. 

The  following  is  the  process  prescribed  by  the  patentees,  Ackerman  and  Hartin. 
Melt  a  ton  of  s^  lead,  and  sprinkle  round  its  sides  in  the  iron  pot  about  two  shovel- 
fuls of  wood  ashes,  taking  care  to  leave  the  centre  clear ;  then  put  into  the  middle 
about  40  pounds  of  arsenic  to  form  a  rich  alloy  with  the  lead.  Cover  the  pot  with 
an  iron  lid,  and  lute  the  joints  quickly  with  loam  or  mortar  to  confine  the  arsenical 
vapours,  keeping  up  a  moderate  fire  to  maintain  the  mixture  fluid  for  three  or  four 
houiB ;  after  which  skim  csrefnlly,  and  ran  the  alloy  into  moulds  to  form  ingots  or  pigs. 
The  compoflition  thns  made  is  to  beput  in  the  proportion  of  one  pig  or  ingot  into  1,000 
pounds  of  melted  oidinary  lead.  VHien  the  whole  is  well  combined,  take  a  perforated 
skimmer,  and  let  a  few  drops  of  it  &11  &om  some  height  into  a  tub  of  water.  If  they 
do  not  appear  globular,  some  more  arsenical  alloy  must  be  added, 

I^ad  wliich  contains  a  good  deal  of  pewter  or  tin  must  be  rejected,  because  it  tends 
to  produce  elongated  drops  or  tails. 

From  two  to  three  tons  aro  usually  melted  at  once  in  the  large  establishments.  The 
surface  of  the  lead  gets  covered  with  a  crust  of  oxide  of  a  white  spongy  nature,  some- 
times called  eream  by  the  workmen,  which  is  of  use  to  coat  over  the  bottom  of  tiie  cul- 
lender, because  without  such  a  bed  the  heavy  melted  lead  would  run  too  rapidly  through 
the  holes  for  the  graiinlating  process,  and  would  form  oblong  spheroids.  The  mount- 
ing of  this  filter,  or  lining  (^  the  cullender,  is  reckoned  to  be  a  nice  operation  by  the 
woikmsn,  and  is  regarded  usually  as  a  valuable  secret. 

The  cullenders  ara  h<dlow  hemispheres  of  sheet-iron,  about  10  inches  in  diameter, 
perforated  with  holes,  which  should  be  perfectly  round  and  free  from  burs.  These 
must  be  of  an  uniform  size  in  each  cullender;  but  of  course  a  series  of  different  cul- 
lenders with  sorted  holes  far  every  difibrent  size  of  lead-shot  must  be  prepared.  The 
holes  have  nearly  tbe  foUoving  duuneters  for  the  annexed  nombeis  of  shot : — 

No.  0. ^  of  an  inch. 

* A     " 

a. ti     " 

4. dS       .. 
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From  Na  6  to  Ko.  9  the  diameter  decreMei  by  ngnlar  gndatioM,  the  latter  being 
only  glsth  of  an  inch. 

^10  operation  is  alvayi  carried  on  vith  three  cnUendov  at  a  time,  'which  are  tnp- 
ported  upon  projecting  grates  of  a  kind  of  chafing-dish  made  of  sheet-iron  somewhat 
like  a  tnanj^e.  This  chafing-dish  should  be  plac^  immediately  above  the  &11,  while 
at  its  bottom  there  most  be  a  tub  half-filled  wiu  water  for  leceiTing  tiie  granulated  load. 
The  ouUendera  are  not  in  contact,  but  must  be  parted  by  burning  chareoal  in  order  to 
keep  the  lead  constantly  at  the  proper  temperature,  and  to  prevent  its  solidifying  in  the 
filter.  The  temperature  of  the  lead-bath  should  vary  with  the  size  of  the  shot ;  for  the 
largest,  it  should  be  such  that  a  bit  of  straw  plunged  into  it  will  be  scarcely  browned, 
but  for  all  it  should  be  nicely  regulated.  The  hei^t  txcna  which  the  particles  should 
be  let  fall  varies  likewise  with  Sie  siie  of  the  shot;  as  the  congeUtion  is  the  more 
rapid,  the  smaller  they  are.  With  a  fall  of  88  yards  at  100  feet,  from  No.  4  to  No.  9 
mir^  be  made :  but  for  larger  sizes,  ISO  feet  of  height  will  be  required. 

Everything  being  arranged  as  above  described,  the  workman  puts  the  filter^tuif 
into  the  ctillender,  pressing  it  well  against  the  sides.  He  next  pours  lead  into  it  with 
an  iron  ladle,  but  not  in  too  great  quantity  at  a  time,  lest  it  snonld  ran  throng^  too 
fiut.    The  shot  thereby  formed  and  found  in  the  tub  are  not  all  equal. 

Hie  centre  of  the  ciulender  being  less  hot  affords  larger  shot  than  the  rides,  whidi 
an  constantly  sononnded  with  boming  charcoal.  Oonrionally,  also,  the  tiune  col- 
lenders  employed  together  nuy  have  holes  of  dififetent  sises,  in  which  case  the  tab 
may  contain  shot  of  very  varioos  magnitudes.  These  are  separated  from  each  other 
by  square  sieves  of  di£bnnt  fineness,  10  inches  broad  and  16  inches  long,  their  bottoms 
being  of  sheet-iron  pierced  with  holes  of  the  same  diameten  as  those  of  the  eullendera. 
Then  moves  are  suspended  by  means  of  two  bands  above  boxes  for  receiving  the 
shot ;  one  sieve  being  usually  set  above  another  in  consecutive  numben,  fbr  instance, 
1  and  2.  The  shot  being  put  into  the  upper  rieve.  No.  0  will  remain  in  it ;  No.  1  will 
remain  in  the  lower  meve,  and  No.  3  will,  with  all  the  others,  pass  throng^  it  into  the 
chest  below.  It  is  obvious  that  by  substituting  rieves  of  succesrive  fineness,  shot  of 
any  dimenrions  may  be  sorted. 

In  the  preceding  process  the  shot  has  been  sorted  to  size ;  it  must  next  be  sorted  to 
form,  so  as  to  separate  all  the  spheroids  which  are  not  truly  round,  or  are  defective  in 
any  respect.  For  this  purpose  a  board  is  made  use  of  about  27  inches  long  and  16 
bioad,  ramished  partially  with  upright  ledges ;  upon  this  tray  a  handful  or  two  of  the 
shot  to  be  sorted  being  laid,  it  is  indined  very  slishtly,  and  gently  shaken  in  the  hori- 
zontal direction,  when  the  globular  particles  run  down  by  one  edge,  into  a  chest  set  to 
receive  them,  while  those  of  irregular  forms  remain  on  the  sides  of  the  troy,  and  are 
reserved  to  be  re-melted. 

After  bmng  sorted  in  this  way,  the  shot  requires  still  to  be  smoothed  and  polished 
bright.  This  object  is  eObcted  by  putting  it  into  a  small  octagonal  cask,  through  a 
door  in  its  side,  toming  upon  a  horizontal  iron  axis,  with  rests  in  plummer  boxes  at  its 
ends,  and  is  made  to  revolve  by  any  mechanical  power.  A.  certain  quantity  of  plumbago 
or  black-lead  is  put  into  the  cask  along  with  the  shot 

&a*9,  UJUUXm  or.    The  fbllowing  are  the  chief  artificial  salts  :— 

CAsaoirATB  OF  IiBis.    See  Whrs  Jj^Hd. 

NiTBATB  or  LEis  (tiHirtttt  dt  plomi,  Vt. ;  8alpetert3ure»  bleioxyd,  Ger.),  is  made 
by  saturating  somewhat  dilute  nitrie  add  with  oxide  of  lead  (litharge),  evapo- 
rating the  neutral  soluti(m  till  a  pellicle  appears,  and  then  exposing  it  in  a  hot 
chamber  till  it  be  converted  into  crratals,  which  are  sometimes  transparent,  but  gene- 
rally onique  white  octahedrons.  Their  spec.  grav.  is  4-068;  they  have  a  cooling, 
sweetish,  pungent  taste.  They  dissolve  in  7  parts  of  cold,  and  in  much  less  boiling 
water ;  they  rase  at  a  moderate  elevaticm  of  temperature,  emit  oxygen  gas,  and  pass 
into  oxide  of  lead.  Their  constituente  are  67*8  oxide  and  82-7  acid.  Nitrate  of  lead 
is  much  employed  in  the  chrome-yellow  style  of  Cujoo-PBiKmn}, 

Thera  are  three  other  compounds  at  nitric  add  and  lead  oxide :  viz.  the  bi-bnrie, 
the  tri-bosic,  and  the  sex-basic ;  which  contain  respectively  2, 8,  and  6  atoms  of  base  to 
1  of  add. 

OxTCBunmn  or  LxiD.— A  white  pigment  patented  by  the  late  Mr.  Hugh  Lee 
Pattinson,  of  Newcastle,  which  he  prepued  by  precipitating  a  solution  of  chloride  of 
lead  in  hot  water  with  pun  lime-water,  in  equal  measures ;  the  mixture  being  made 
with  Bgitetion.  As  the  operation  of  mixing  the  lime-water  and  the  solution  of 
chloride  of  lead  requires  to  be  performed  in  an  instantaneous  manner,  the  patentee 
prefers  to  employfor  this  purpose  two  tumbling  boxes  of  about  16  feet  cubic  capadty, 
which  are  charged  with  the  two  liquids,  and  simultaneously  upset  into  a  dstem  in 
which  oxychloride  of  lead  is  instanteneoualy  formed,  and  tram  which  tjie  mixton  flows 
into  other  dstems,  where  the  oxychloride  subrides.  This  white  pigment  consisU  of 
one  atom  of  chloride  of  lead  and  one  atom  ef  oxide  of  lead,  with  or  without  on  atom 
of  water. 
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The  wits  of  lead,  btyondthoM  already  namadiirbiehMitar  into  any  of  onr  aiann- 
fietoiM^  aM  few  aod  nnimpoitant.  WaUa'a  JHetionaiy  of  Ckemiitry  ahoold  be  am* 
•olted  for  them. 

8ee  Bid  Lud. 

See 'Whitb  LaiB. 

A  aniphato-earbonateof  leadftmnd  at  Lendhilla,  in  Tianarhihir» 
Seotland. 

SiMhrmMMt  (Ouir,  Fr.;  Ledtr,  Ger.;  Lur,  Dntch;  Lader,  Danish;  LSder, 
Swedish;  Otuffo,  Italian;  Cfuero,  Spanish;  Kmha,  Bossian).  This  mibetaoce  eon- 
nsta  of  tlie  skhis  of  animals,  ehfiinieally  changed  by  the  process  called  iawtbiff. 
'Baaof^ioat  the  dvilised  wodd,  and  from  the  most  andrat  tunes  this  snbstanoe  has 
been  employed  by  man  fbr  a  Tariety  of  porpoaes.  Barbaions  and  savage  tribes  nse 
the  ^ns  of  beasts  as  tkmt ;  ciTilised  man  xendara  the  same  sabstance  unaltazsble  by 
the  ertnmal  agents  which  tend  to  deoranpoae  it  in  its  natural  state,  and  by  a  Tsriety 
of  peenliar  manipniations  prepares  it  for  almost  innnmerable  appUeations. 

Althong^  the  prnpaiation  of  this  valuable  snbetance  in  a  rade  manner  haa  been 
known  ftom  the  most  ancient  times,  it  was  not  nntil  the  end  of  the  last,  and  the 
*^"f'ng  of  the  present  eentniy  (1800)  that  it  began  to  be  mannftctnred  upon  right 
pnneiplea,  in  consequence  of  the  researches  of  Uat^ride,  Deyeuz,  Segnin,  and  Davy. 

Skdna  may  be  eimverted  into  leather  either  with  m  withont  their  hair;  generally, 
however,  the  hair  is  removed. 

The  moat  im^portant  and  cosUy  kinds  are  comprised  nndsr  sole  leather  and  npper 
leather,  to  which  may  be  added  harness  leather,  belts  used  in  maohineiy,  le^er 
hose,  dee.,  bnt  as  fiur  as  the  tanner  is  concerned,  these  are  oomprehended  umost  en- 
tirely in  the  kinds  known  as  njiper  leather. 

The  active  principle  by  whxui  the  skins  of  animals  are  prevented  from  putrefying, 
and  ab  tlie  same  tame,  under  some  modes  of  preparation,  rendered  oompaiatively  im- 
pervious to  water,  is  called  tannin,  or  tannic  aci<C  a  property  found  in  the  baric  of  the 
varions  species  of  Querau,  bnt  espedally  plentiM  in  the  gall-nut.  When  obtained 
pure,  as  it  may  easily  be  from  the  gall-nut,  by  chemical  means,  tannie  add  spears  as 
a  stightly  yellowish,  almost  a  colourless  mass, readily  soluble  in  water;  it  nedpitates 
gelatin  from  soldtion,  finming  what  has  been  called  ttauugtlatin.  Tanme  acra  also 
pndpitates  albumen  and  starch.  There  can  be  little  difficulty,  after  knowing  the 
chenucal  combination  just  allnded  to,  in  understanding  the  peculiar  and  stnkiag 
change  produced  tm  ammal  substance  in  the  formation  c^  leather.  The  hide  or  skin 
consists  principally  of  gelatin,  for  vrfiich  the  vegetable  astringent  tannin  has  an 
af&nity,  and  the  chemical  union  of  these  substances  in  ^e  process  of  tjuming  pto- 
dncea  the  usefU  article  of  which  ^e  are  treating. 

Before  entering  upon  the  varions  processes  by  which  the  changes  are  effected  on 
the  animal  fibre,  it  may  not  be  uninteresting  to  speak  of  some  of  the  prindpsl  as- 
tringents used  tat  the  purpose  of  producing  these  effects. 

Bark  obtained  from  the  oak-tree  is  the  most  valnable  and  the  most  extennvelyused 
ingredient  in  turning,  and  for  a  long  time  no  other  substance  was  used  in  England 
fior  the  purpose.  In  conseqnence  of  the  demand  having  become  very  much  greater 
than  the  snpply,  and  the  consequent  increase  in  the  price  of  the  artide,  it  became 
neoessazy  to  investigate  its  properties,  in  order,  if  posdble,  to  Aimish  the  required 
quantity  of  tanning  matter  from  other  sonroes.  Among  other  snbstitntes  which 
were  tned  with  some  success  in  other  countries  may  be  mentioned  Xtatk,  awrtlt 
Uttvet,  wUd  taunt  l»tn>e»,  birA-iret  bark,  and  (according  to  the  'Penny  Qydi^caia') 
in  1766  oak-sawdust  was  applied  in  England,  and  has  since  been  used  in  Germany 
fcr  tiiis  purpose. 

Investigation  proved  that  the  tanning  power  of  oak-bark  consisted  in  a  peculiar 
astringent  utuperty,  to  iriiich  the  name  5  tamtm  has  been  given,  and  this  discovery 
suggested  that  other  bodies  possessing  this  property  would  be  suitable  snbstitntes. 

According  to  Sir  H.  Davy  the  following  pr<^ortions  of  tannin  in  the  different  sub- 
stances mentioned  will  be  fonnd : — '  8)  lbs.  of  oak-bark  are  equal  to  2|  lbs.  of  galls, 
to  3  lbs.  (tf  sumach,  to  7i  Ibe.  of  bark  of  Ldcester  willow,  to  11  lbs.  of  Uie  bark  of  the 
Spanish  ehestout,  to  18  lbs.  of  elm-bai^  and  to  31  lbs.  of  common  willow-bark.' — 

OAX-najK  contains  more  tannin  when  cut  in  spring  by  four  and  a  half  times 
tlian  when  ent  in  winter ;  it  is  also  more  jdentifnl  in  yotmg  trees  than  in  old  ones. 
About  40,000  tooa  of  oak-bark  are  said  to  be  imparted  into  this  country  annually, 
from  the  Netherlands,  Germany,  and  ports  in  the  Heditenanean.  The  quantity  of 
English  oak-bark  used  we  have  no  means  of  ascertaining.  It  is  prepared  for  nse  by 
grinding  it  to  a  coarse  powder  between  cast-iron  cylinders,  and  Idd  into  the  tan-pita 
alternately  with  the  skins  to  be  tanned.  Sometimes,  however,  a»  will  be  herasAer 
noticed,  an  infndon  of  the  baric  in  water  is  employed  with  better  effect.  See  Oak-Smx. 
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MocotA.— He  bark  and  pods  of  aereml  Undg  of  Protoph,  tha  aatringent  propaOea 
•vt  which  have  Tendered  them  valnable  -in  tanning,  are  known  in  oonuneiea  hj  thii 
name.  The  Mimoia  are  a  division  of  the  leguminoiu  older  of  plants,  wUdi  ooniista 
of  a  laige  nnmber  of  species,  the  Acacia  being  the  principal.  The  lensitiTe  pUnta 
belong  to  this  division.  The  Proiopit  is  found  in  India  and  SoDth  AJoteriea ;  the  genos 
eonaiats  both  of  shnibs  and  trees. 

VALomi. — The  oak  which  prodnces  this  acorn  is  t^e  Queroui  JEgUopt,  ot  great 
sriekly-enpped  oak  {fyi.  1366,  1367).  These  are  exported  from  the  Morsa  and 
liSTant ;  the  hnsk  contains  an  abondaoee  Of  tannin. 


1366 


1367 


Gaacsn,  ot  Terra  Japomioei,  is  tlie  inspissated  eoctract  of  the  Jearia  eattchm.  At 
the  time  th«  sap  is  most  perfectly  fanned  the  bark  of  the  plant  is  takes  ofi)  the  tree  is 
then  felled,  and  the  outer  part  remoTed;  the  heart  of  the  tree,  which  is  brown,  is  cat 
into  pieces  and  boiled  in  mter;  when  snfficientlj  boiled  it  is  placed  in  the  snn,  and, 
■nlQsct  to  Tarions  nanipnlatioDS,  gradually  dried.  It  is  cut  into  square  pieces,  and 
mneh  nseraUes  «  mass  of  auth  in  appeurance ;  indeed,  it  was  onoe  oonsiaered  to  be 
such,  faenoe  the  name  Terra  Ja^poniea. 

We  give  Sir  H.  Davy's  analyna ;  the  first  nnmbers  lepresent  Sombay,  the  second 
Bengal  catechu : — 

Tannin 109  .  .97 

ExtractSve 68  .  .78 

Undlage 18  .  .     16 

Imparities 10  .  .14 

.  This  astringent  is  also  obtainsd  from  the  Unoafia  Gaabir. 

I)nnDnri  is  a  leguminous  plant  of  the  genus  Oatalpima  (C.  eoriaria).    The  Ic^fomes 

of  this  species  are  extremely  astringent,  and  contain  a  very  large  oaantity  of  tannio 

,,„  and  gallic  acid;  the^  grow  ins 

very  peculiar  maimer,  and  be- 

'^^~-K  come  cnrioosW  curled  as  they 

nii   /  f'^^  arrive  to  peiuction  {fg.  1368). 

WL  I  \  /\J^\  The  plant  is  a  native  ik  America, 

between  the  tropics. 

SmucH  is  a  plant  belonging 
to  the  genus  wmt;  several  of 
the  species  have  astringent  pro- 
,perties;  Bkm  eaUxut  and  J7. 
eoriaria  are  much  used  in  tan- 
ning ;  the  bark  of  the  latter  is 
said  to  be  the  only  ingredient 
used  in  Tari:ey  for  the  purpose 
of  converting  gelatin  into  leather. 
That  need  in  this  coontrv  is  groand  to  a  fine  powder,  and  is  extensively  applied  to  the 
production  of  bright  leather,  both  by  tanners  and  curriers. 

]IIany  other  vegetable  products  have  been  firom  time  to  time  proposed,  and  to  some 
extent  adopted  for  the  same  end,  bnt  tl^y  need  not  be  enomeiated. 

.  The  process  first  attended  to  by  the  tanner  is  simply  to  soak  the  skin  or  hide  in 
water ;  those  from  the  home  market  may  be  said  to  be  'mtshed  merely,  as  they  remain 
In  water  only  a  few  hours ;  while  hides  imported  from  foreign  coantries,  and  which 
have  been  piesewed  by  salting  or  drying,  and  aptdaUy  tie  latter,  require  soaking  for 
a  longer  period,  in  order  to  render  them  supple,  and  beating  or  rubbing  materially 
assists  in-bringing  them  to  the  required  condition. 
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AfUr  nmofing  tlM  hocns,  tha  aoAMied  or  neent  Udet  an  Ud  in  »  Im^  feir  »  jhort 
time,  aftar  vhieh  ihej  axe  nuiieiided  on  polea  in  a  eioaa  nam  oalled  a  unoka-hoose, 
hantnH  aom««liat  aboT«  tha  waninoii  ttaapentxae  bpr  a  amonldaring  be.  In  ibaie 
dreamctances,  a  slight  pntre&ction  superrenes,  vhich  looaani  the  epidennis,  and 
nndeis  tha  hair  easily  detachable,  Thia  method  for  removing  the  hair  is  b;  no  meant 
general  in  this  oonnttj.  The  plan  adirated  is  to  place  tha  bides  in  a  luge  vat  or 
pit,  eontaintng  miOc  of  lime,  in  wbioh  they  most  be  moved  fteqnently,  to  allov  the 
Ume  to  act  equally  on  every  part.  When  the  menstmnm  has  taken  proper  eflbct,  the 
hair  is  easily  removed,  and  for  this  purpose  the  hide  is  spread  oat,  and  a  blunt  tool 
is  vorksd  over  tha  anriace.  Ibe  hair  being  removed,  the  hide  is  washed  in  water  to 
deansa  it  firam  the  lime,  which  mast  be  most  thoronghly  eflbcted. 

The  heaviest  bides  are  for  the  mart  pait  tanned  for  sole  leather,  and  as  the  thinner 
■parts  are  cut  off  previoos  to  their  being  prepared  for  sale,  they  have  received  the 
same  at  butts  or  tacki:  the  varioos  piooesses  thioogh  which  these  pass  will  be  first 
described. 

After  removing  the  hair  and  washing,  the  hides  are  placed  on  a  oonvas  beam  (Jiff. 
1359),  and  worked  with  aconcave  tool  mtb  two  handles  (fig,  1360),  in  osder  toiemove 
any  flesh  or  Irtty  matter  which 

may  adhere   to  them  ;   this  1369 

being  done,  they  are  worked 
on  Uie  same  beam,  on  the 
grain  side,  to  drive  out  the 
grease  and  remove  any  re- 
maining hair.  The  JUMngt 
are  presaod  into  cakes,  and 
sold  fbir  making  |^tm,  as  are 
all  sneh  portions  of  the  hide 
or  skin  as  cannot  be  conve- 
niently worked.  The  hair  is 
sold  to  pUstersn,  to  be  used 
in  their  mortar;  uidthetails, 
also  for  tha  hair;  to  soft- 
makers  and  othari  leqniiing 
sneh  mat«rials. 

Such  hides  as  ate  designed 
for  machinery  pnrposes  are 
.  next  inunetaad  in  a  pit  con> 
tuning  water  impregnated 
wkhBnlphnrieacid,tiieacidTaiyingflKWi  jjgth  tOfjUthafthauixtiiie.  This  process 
is  caUea  raieiug,  because  it  distends  the  pores,  and  makes  the  fibres  swell,  so  as  to 
beaxne  more  soseeptible  of  the  action  of  tanning  infnaions.  Forty-eight  bonis  in 
general  saffiea  for  this  operation,  but  more  time  may  be  safely  taken.  From  the 
tana  rauktg  it  will  be  concluded  that  the  substance  of  the  hide  is  increased,  and 
this  is  the  ibat ;  bat  as  the  gelatine  is  not  iaoraased,  it  is  said  that  the  shoemaker's 
hammw  wonld  condense  the  leather  so  much  that  it  woold  lose  any  supposed  ad- 
vantage arising  ont  of  this  increase  in  thic^ess.  There  is,  however,  a  method 
of  angmentiag  the  snbstanoe  of  sole  leather  called  puling,  which,  when  once  commu- 
nicated, appears  to  exist  peimanently ;  the  process  is  known  to  a  small  extent  only, 
'  and  tha  marfiwria]  is  said  to  be  oonsidsiably  injured  by  this  mode  of  preparation. 

When  the  hides  are  sufficiently  raited,  they  are  tnuisfiarred  to  a  pit  siq>plied  with  a 
weak  infiiaion  of  bark ;  here  they  are  iaitdled,  at  first  several  times  a  day ;  that  is,  they 
are  drawn  out  of  the  pita,  or  moved  up  and  down  in  the  Uquor,  to  prevent  the  grain 
from  being  drawn  into  wrinklee.  As  the  ooet,  or  tanning  inftudon,  takes  aflbct,  they 
an  put  into  pts  containing  stronger  liquors,  and  after  a  month  or  six  weeks  they  are 
placed  in  a  pit,  in  which  they  are  stratified  with  oak-bark,  ground  by  a  proper  mill 
into  a  coarse  powder.  The  pit  is  then  filled  with  an  infusion  of  bark.  In  a  month 
at  five  weeks  the  tanning  and  extractive  matted  of  the  bark  will  have  intimately 
combined  with  the  animal  fibre ;  the  pit,  exhansted  of  its  virtue,  must  be  renewed  by 
taking  out  the  spent  bark,  and  repeating  the  dose  as  in  the  first  instance.  The  hides, 
which  were  placed  at  the  top  of  the  pit  at  first,  are  now  put  into  the  bottom,  to  equa- 
lise tha  aabon.  In  about  three  months  this  also  is  spent,  and  the  process  being 
repeated  two  ar  -thiee  times  more,  the  operation  is  complete.  The  hideii  are  now  re- 
moved from  the  pit,  and  hang  up  in  a  shed.  In  the  joo^ress  of  drying  thay  are  oom- 
preased  with  a  atsel  tool,  and  aftemaids  they  aro  snlneeted  to  the  action  of  a  brass 
tMm.  The  steel  tool  is  oalled  a^ ;  it  is  of  a  triangular  shape  (fig.  1861),  with  the  ndes 
scooped  out  (Ifig.  1 362 ),  presenting  three  blunt  edges.  The  butt  is  thrown  across  a  pole, 
an4,thc  wockman,  t^ng  the  pin  by  the  handleg.a,a  (^.  1861),  pieesw  it  Aooibly  orar 
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the  grun-mds  of  the  leather ;  aftei  caMfnlly  oompnanng  erezy  part  in  this  way,  Hie 
butt  is  lud  upon  a  flat  bed  of  solid  wood>wodc,  prepared  for  the  pnrpow,  and  tiie  braw 
xoller  ia  voried  badcward  and  forward  ontil  ereiy  pwtioB  ia  *v&tently  oompresBed 

1361 


{Jig,  1868).  The  roller  a  is  a  cylinder  varying  from  9  to  12  inches  in  length,  and  firom 
7  to  10  inches  in  diameter ;  i  is  an  open  box  over  the  roller,  into  vhich  weights  are 
placed  to  make  the  necessary  pressure,  ten  or  twelve  cwts.  being  freqnently  used  for 
the  purpose;  c,  e,  forms  a  fiilcmm  for  lifting  the  roller  from  the  bed  to  the  leather; 
d  is  the  handle  by  which  the  machine  is  worked.  When  the  compression  ia  com- 
pleted, the  only  thing  remaining  to  be  done  is  properly  to  dry  the  leather,  and  then  it 
IS  fit  for  the  mari:et. 

Some  mann&cturers  place  on  the  bottom  of  the  tan-pit  five  or  six  inches  of  spent 
bazk,  and  two  or  three  inches  of  IVesh  b&i^  over  it,  then  a  hide,  and  so  alternately 
bark  and  a  hide,  until  the  pit  is  nearly  full,  reserving  a  small  space  at  the  top  for  a 
thicker  layer  of  bark,  over  which  weighted  boards  ore  laid,  to  condense  the  whole 
down  into  the  tanning  infbsion. 

The  operation  of  tanning  sde  leatfaer  by  the  above  method  occn^es  a  yaai  or  more, 
the  time  depending  on  the  nature  and  stoutness  of  the  hide. 

A  perfect  leather  is  recognised  by  its  section,  which  should  have  a  glistening 
marbled  appearance,  without  any  white  streak  in  the  middle. 

Crop  hukt  are  manufartured  very  much  like  butts,  that  is  to  sajr,  they  are  placed 
in  milk  of  lime  until  the  hair  is  suffipently  loosened,  equality  of  action  being  secured 
by  oocasiomUly  moving  them  in  the  menstruum ;  they  are  then  cleared  of  thehiur  and 
other  impurities  by  the^Atn^  k»^fe,  worked-on  the  convex  beam  already  described, 
they  are  Uten  freed  ttma  lime  by  thorough  washing.  The  next  process  is  to  plunge 
them  into  a  weak  ooxe,  team  wjuch  they  are  transferred  to  other  pits  with  stronger 
'  oose ;  all  the  while  they  are  iiwqnently  haadUd,  that  is,  moved  up  and  down  in  die 
inftision.  After  a  monui  or  six  weeks  they  are  subjected  to  a  mixture  of  ground  o^- 
bark  and  stronger  ooae  in  other  pitc{,  to  a  series  of  which  they  are  progressively  sub- 
jected during  two  or  three  months. 

The  hides  are  next  put  into  lai^  vats  called  loj/tn,  in  which  they  are  smoothly 
stratified,  with  more  bark  and  a  stronger  infosion.  After  about  six  weeks  they  are 
taken  out  of  these  vats,  and  subjected  to  a  new  charge  of  this  material,  and  allowed 
to  lay  some  two  months ;  this  process  is  repeated  once  or  twice  more  till  the  hides 
are  Uioronghly  tanned.  They  are  then  slowly  dried  in  the  shed,  and  folded  for 
market.  Although  in  general  the  stoutest  and  most  compact  hides  are  used  as  sole 
leather  (notwithstanding  that  they  have  not  been  condensed  by  the  tanner,  as  in  the 
case  of  btUit),  yet  many  are  appropriated  to  other  purposes  by  the  currier,  and  the 
lighter  cow-hides  aie  manu&ctured  for  the  upper  leather  of  stout  shoes,  water- 
boots,  jcc 

The  process  of  tanning  »imt  (as  calves,  seals,  tee.)  nest  elauna  attention.    These 

are  placed  in  the  lime-pits  until  the  hair  can  be  eosi^  removed,  a  process  which 

-zequiree  about  ten  or  twelve  days ;  this  being  aocomplisEed,  they  are  next  washed  in 

water.  So  as  completely  to  remove  tiie  lime,  as  far  as  washing  can  secure  its  removal, 

;  and  then  immersed  in  a  lixivium  of  pigeon's  dung,  dog's  dung,  or  matters  of  a  like 

nature;  in  this  state  they  remain  about  ten  or  twelve  days,  &e  state  of  the  atmo- 

'.•phei«  zvodcaiog  the  process  quicker  at  one  time  than  another ;  here  also  they  are 
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freqntntly  handled,  and  worbi  on  both  sidea  on  the  oonvez  beam.  The  vorldog, 
joined  to  the  action  of  the  pecnliai  lixiTinm,  aeiree  to  separate  the  remaining  lime, 
oil,  and  ^tntinoos  matter,  and  at  the  same  time  to  render  the  skin  pliant,  loft,  and 
ready  to  imbibe  the  tanning  principle.  It  ia  important  that  great  attention  should  be 
pud  to  the  proeeas  just  described,  aa  too  short  a  period  would  prodnee  a  hard  and 
crisp  leather,  'while  a  few  honrs  mwe  thaa  is  necessarr  makes  the  article  coarse  and 
spongy,  both  of  irtiicb  conditiona  should  be  Teiy  earefuly  guarded  against. 

The  skins  are  next  remored  to  a  pit  containing  a  -weak  solution  ot  bark,  in  which 
th^  undergo  nearly  the  same  treatment  as  erop  Mda,  but  they  are  not  commonly 
stratafled  in  the  layers.  Abont  three  months  is  usually  occupied  in  tanning  calf-skins, 
but  of  oonrse  the  stouter  the  skin  the  more  will  be  the  time  required.  When  dried 
they  are  disposed  of  to  the  onnier,  whadressea  them  for  the  upper  leathers  of  boots, 
shoes,  and  a  variety  of  other  purposes.  It  is  not  nnnsnal  for  the  lighter  eon  hide*  to 
be  treated  like  calMkins. 

Horse-hides  are  also  treated  like  calf-skins ;  but  as  the  horse-hide,  with  the  exception 
of  the  j^art  on  and  near  the  animal's  rump,  raoducee  a  thin  leather,  it  is  usual,  More 
Bulgecting  the  hide  to  the  action  of  the  bus,  to  cut  out  what  is  cdOed  the  btUt,  which 
is  tanned  separately,  and  frequently  used  as  ui  inferior  sole  leather.  It  is  also  to  be 
remarked  that  hone-hideB  and  Jc^  (the  hides  of  small  foreign  cattle)  are  frequently 
snlgeeted  to  a  process  called  bait  tkcnin^,  in  which  the  stout  parts  are  reduced  by  a 
emrrief*  knife  prerions  to  tanning,  the  object  being  to  secure  the  complete  infiltration 
of  the  animal  nbre  by  the  tannin  in  every  part  of  the  hide  in  the  same  time. 

Sheepskins  are  usually  pressed  after  the  wool  is  removed,  and  before  tiw  tanning 
pruceaa  is  wnrmeneed,  to  get  rid  of  the  fatty  matter  contained  in  them,  and  which  is 
not  readily  removed  by  oimnary  vorlamg. 

In  all  ttba  above  processes,  as  the  animal  fibres  on  the  sni&ce  of  the  skin  absorb 
most  readily  the  tanning  principles,  and  thereby  obstruct,  in  a  certain  degree,  their 
passage  into  the  interior  fibres,  especially  of  thick  hides,  it  becomes  an  object  of  im- 
portance to  contrive  some  method  of  overcoming  that  obstacle,  and  promoting  the 
penetration  of  the  tan.  The  first  manu&ctnrer  who  appears  to  have  employed  e£9ca-' 
eions  mechanical  means  for  fevoniing  the  chemical  action  was  EVands  O.  Spilabory, 
who,  in  i^nil  182S,  obtained  a  patent  for  the  following  operation : — ^After  uie  bides 
are  &eed  from  the  hairs,  &c,  in  the  usual  way,  they  are  minutely  inspected  as  to  their 
soundness,  and  if  any  holes  be  found,  they  are  carefully  sewed  up,  so  as  to  be  water- 
tipht-  Three  flames  of  wood  are  provided  of  equal  dimensions,  fitted  to  each  other, 
with  the  edges  of  the  frames  held  together  byaeiew  bolts.  A  skin  about  to  be  tanned 
is  now  laid  upon  the  frame,  and  stretched  over  itr  edges,  then  the  second  frame  is  to 
be  placed  upon  it,  so  that  the  edges  of  the  two  frames  may  pinch  the  skin  all  round 
and  hold  it  securely ;  another  su(£  skin  is  then  stretched  over  the  upper  surface  of  the 
seeond  frame,  in  like  manner,  and  a  third  frame  being  set  upon  uis,  confines  the 
second  sldn.  Ihe  three  frames  are  then  pinched  tidiUy  together  by  a  series  of  screw 
bolts,  passing  through  ears  set  round  their  outer  et^es,  whidi  fix  the  skin  in  a  proper 
manner  fbr  bnng  operated  upon  by  the  tanning  liqnor. 

A  space  has  been  thus  fonned  between  the  two  skins,  into  which,  irtiea  the  frames 
are  set  upi^t,  the  inftimon  is  introduced  by  means  of  a  pipe  from  the  cistern  above, 
while  the  air  is  permitted  to  escape  by  a  stopcock  below.  This  co^  must  of  course 
be  shnt  whenever  the  bag  is  filled,  Iiut  the  one  above  is  left  open  to  mw'Pt""  a 
oommnniestion  with  the  liqnor  eistam,  and  to  allow  the  hydrostatic  pressure 
to  foiee  the  liqnor  through  the  cutaneous  pores  by  a  slow  infiltration,  and  thus 
to  bring  the  tannin  into  contact  with  all  the  fibres  indiscriminately.  The  action 
of  this  piuasiue  is  evinced  by  a  constant  perspiration  on  the  outte  snrfsces  of  the 
Aina. 

Whan  the  tanning  is  completed,  the  upper  stopcock  is  dosed,  and  the  under  i» 
opened  to  run  off  the  liquor.  The  frames  are  now  removed,  the  bolts  are  unscrewed, 
and  the  pinched  edges  of  the  sUns  pared  off;  after  which,  they  are  to  be  dried  and 
finished  in  the  usual  manner. 

A  modification  of  this  ingenious  and  effectual  process  was  made  the  subject  of  ti 
patent,  by  William  Drake,  ^  Bedminster,  tanner,  in  0(^ber  1831.  The  hides,  after 
the  usual  preparatory  processes,  are  immersed  in  a  weak  tan  liquor,  and  by  frequent 
handling  or  turning  over,  receive  an  incipient  tanning  before  being  submitted  to  the 
infiltration  ]dan.  Two  hides,  as  nearly  of  the  same  size  and  shape  as  possible,  are 
placed  grain  to  grain,  when  their  coResponding  edges  are  sewed  firmly  together  all 
round  by  shoemaker's  waxed  thread,  so  as  to  ftnn  a  bag  snfflcientiy  tig^t  to  hold  tan 
fiquor.  This  bag  must  then  be  suspended  by  means  of  loops  sewed  to  its  shoulder-end, 
upon  pegs,  in  such  a  manner  that  it  may  hang  within  a  wooden-barred  rack,  and  be 
ionfined  laterally  into  a  book  form.  Abiont  an  inch  of  the  bag  is  left  nnsewed  at  the 
^pec  end,  fi»  toe  porpoae  of  introducing  a  ftannel  through  wfaidi  the  cold  tan  liquor 
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i»  poond  into  th^  TMg  tin  h  bfl  ftiU.  Afteir  a  eertain  i]itarTsl,'iriuch  Vatiai  «itli  thr 
qoditj  of  the  hidw,  Uie  ontar  nufaee  becomes  mcAA,  and  diotHi  begin  to  form  at  the 
bottom  of  the  bag.  These  aie  received  in  a  froper  Tceset,  and  when  they  aeeomolate 
eoffieiently  may  be  pomred  back  into  the  ftinnel ;  the  bag  being  tinia,  as  -well  as  bjr  a 
ftesh  supply  from  abore^  kept  constantly  distended. 

When  the  hides  an  obeeired  to  fM  hard  and  firm,  wliile  arexy  pait  of  them  fsels* 
equally  damp,  the  air  of  the  tanning  apartment,  having  been  always  well  Tentilated,  i* 
now  to  be  heated  by  proper  means  to  a  temparatore  gradually  increasing  team.  70° 
to  160°  of  Fahrenheit's  scale.  This  heat  is  to  be  maintained  till  the  hides  become 
firmer  and  harder  in  all  parts.  When  thmr  begin  to  aasome  a  black  ^pearanoe  in  some 
parts,  and  when  the  tan  liqnfflr  nndergoee  little  diminution,  the  hides  may  be  eonsidered 
to  be  tanned,  and  the  bag  may  be  emptied  by  cntting  a  few  stitchea  at  its  bottom. 
The  onter  edges  being  pand  oS;  the  hides  are  to  be  finished  in  the  Qsaal  way.  Doring 
their  suspension  within  the  racks,  the  hides  should  be  shifted  a  little  sideways,  to 
prevent  the  formatiwi  of  fttrrows  by  the  bars,  and  to  fiualitate  the  eqnaUe  action  of 
the  liqnor. 

Bj  this  process  the  patentee  aays,  that  a  hide  may  be  tanned  as  oomxdetoly  in  ten 
days  as  it  eoold  be  in  ten  uontha  oj  the  umal  method. 

Hessis.  Knowlys  and  I>ne8bm7  obtained  a  patent  in  Angnst  1826  for  accelerating 
the  impregnation  of  skins  with  tannin,  by  suspending  them  in  a  close  vessel,  from  which 
the  air  is  to  be  extracted  by  an  air-nmip,  and  then  the  tanning  iaitaaion  is  to  be  ad- 
mitted. In  this  way,  it  is  supposed  to  penetrate  the  hide  so  effisctvally  as  to  tan  it 
nmbformh^  in  a  short  time. 

Banish  leather  is  made  by  tsuning  lamb  and  kid  tldna  with  wiBov  baric,  whenea  it 
derives  as  agraeable  smelL    It  is  chiefly  worked  up  into  {^ores. 

0/ tie  taming  or  iraring  tf  tkim  for  ^mti,  emdwMttikup  leatkir. 

The  operations  of  this  art  are:  1,  washing  the  skins;  3,  properly  treating  them  with 
lime ;  8,  taking  off  the  fleece ;  4,  treatment  in  the  leather  steep. . 

A.  shed  ere^ed  upon  the  side  of  a  stream,  with  a  eistem  of  water  fat  waaUng  the 
skins ;  wooden  horses  Ibr  cleaning  them  with  the  back  of  the  fleshing  knife ;  pincers 
for  removing  die  fibres  of  damaged  wool ;  a  plunger  for  depressing  ue  skins  in  the 
pits ;  a  Hme  pit ;  a  peiawith  a  beg  tied  to  the  end  of  it;  a  two-handled  fleshing  knife ; 
a  roUingpia,  fitom  10  to  18  inches  long,  thickened  in  the  middle ; — such  are  some  of  the 
utensils  of  a  tawing  establishment.  There  must  be  provided  also  a  table  tat  applying 
the  ml  to  the  skins;  a  fulling  mill,  worked  l^ a  watar-wheel  or  other  power;  a  dress- 
ing peg ;  a  press  for  sqveeiiiig  out  the  fotty  Uth ;  a  stove ;  planks  mounted  i^ion  legs, 
for  itzetchli^  the  skins,  Sec.  ■ 

Freeh  skins  must  be  worked  immediately  after  being  washed,  and  then  dried,  other- 
wise they  fbrment,  and  contract  either  indelible  spots,  or  get  tender  in  certain  points, 
so  as  to  open  up  and  tear  under  the  toob.  When  received  in  the  dry  state  they  should 
be  steeped  in  water  for  two  days,  and  then  treated  as  fresh  skins.  They  are  next 
strongly  robbed  on  the  convex  horse-beam  with  a  loand-edged  knife,  in  order  to  make 
them  pliant.  The  longh  parte  are  removed  tiy  th«  fleAing  knife.  One  woikman  can 
in  this  wsv  pnpaca  200  skins  in  a  dav. 

The  flen  side  ot  each  being  rabbed  with  a  cold  eream  of  lime,  the  skins  ate  piled 
together  with  the  woolly  side  of  each  pair  outermoet,  and  the  flesh  aides  in  contact. 
They  are  left  in  this  stete  for  a  fow  days,  till  it  is  foond  that  the  wool  may  be  easily: 
removed  by  jitesMij'. 

They  are  next  washed  in  mnning  water,  to  separate  the  greater  part  ct  the  lime,, 
stripped  of  the  wool  by  small  spring  tweezers,  and  then  fleeced  smooth  by  means  of  the 
roUing  pin,  or  sometimea  by  mbbmg  with  a  iriietstone.  Unleiss  they  be  fleeced  soon 
after  the  treatment  with  lime,  they  oo  not  well  admit  of  this  operation  subsequently, 
as  they  are  apt  to  get  hard. 

They  are  now  steeped  in  the  milk-of-liine  pit,  in  order  to  swdl,  soften,  and  cleanse 
them ;  afterwards  in  a  weak  pit  of  old  lime-water,  inan  which  they  are  taken  out  and 
drained.  This  steemng  and  draining  upon  inclined  tables,  are  repeated  frequently 
doling  the  space  of  three  weeks.  Only  the  skins  of  yonng  animals,  or  those  of  inferior 
valne  are  tewed.    Sometimes  the  wool  is  left  on,  as  for  housinga,  &c. 

Tlie  skins,  after  having  been  well  aottaiei  in  the  steeps,  are  rubbed  on  the  outside 
with  a  whetstone  set  in  a  wooden  ease  with  two  handles,  in  (sder  to  smootbe  them 
oompletaly  by  removing  any  remaining  filamente  of  wocj.  Lamlnskins  are  mbbed 
with  Ae  pin  in  the  direraon  of  their  breadth,  to  give  them  supi^eness ;  but  sheep-skins 
are  Italled  with  water  alone.  They  are  now  ready  for  the  bnautiiiff,  which  is  done  by 
mixing  40  lbs.  of  bran  with  20  gall(Kis  of  water,  and  keeping  them  in  this  fermantoble 
mixture  for  three  weeks— with  the  addition,  if  possiblei  of  soms  old  l«iipW«te)B,  Hsn 
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tlMyaniat  lie  fieqaaaUy  turned  orar,  aodcarefaUymtdudiM  it  k  ftdalietteopcntioii. 
In  tlie  eonna  of  two  dajm  in  snmmar,  and  eig^  in  vint«r,  tha  skins  are  Mtid  to  be 
rtiiei,  iriien  they  sink  in  the  inter.  On  coming  ont  cS  the  bisn  they  are  ready 
fivthe'^iita  staff;  vhieh  isa  tiadoompoeedcf  alumandsea-salfc  Twelve^  fbniteen, 
and  somedmea  eighteen  pounds  of  alom  for  100  skins,  farm  the  basil  of  the  bath  ;*to 
idiieh  two  and  a  half  poonda  of  salt  are  added  in -winter,  and  three  in  snmmer.  These 
ingredients  are  introduced  into  a  copper  with  twelre  gailons  of  water.  The  salt  aids 
in  the  whitenisg  action.  When  the  sohition  is  abont  to  boil,  three  gallons  of  it  are 
passed  thtongh  the  cullender  into  a  basin ;  in  this  26  sUns  are  worked  one  after 
another,  and,  after  draining,  they  are  put  togethw  into  the  batii,  and  left  in  it  fbr  ten 
minute*  to  imbibe  the  salts.  They  are  now  ready  to  receiTS  the  paste.  For  100  skins, 
from  18  to  16  Txranda  of  lAeat-fionr  are  nsed,  ^ong  with  the  yolks  of  60  eggs.  After 
having  waimM  the  ahua-bath  through  whidi  the  uina  haT*  been  passed,  the  flour  is 
dusted  into  it,  with  carefU  stilling.  The  paste  is  well  kneaded  by  the  gradual  addition 
of  the  sidatian,  and  passed  throng^  the  eoileader,  whereby  it  becones  as  clear  as  honey. 
To  this  the  yriks  being  added,  the  whole  is  incorporated  with  much  manual  labour. 
The  skins  are  wodcad  one  after  another  in  this  paste ;  and  afterwaids  the  whole  to- 
gether srslait  isunenwd  in  it  fcr  a  day.  They  ate  now  stretched  imd  dried  upon  poles^ 
in  a  proper  ^isrtment,  duzmg  from  8  to  16  dsjra,  according  to  the  season. 

The  eoects  of  the  paste  are  to  whiten  the  skins,  to  soften  them,  and  to  protect  them 
from  the  hiMtlwiiiig  influ^nBw  of  the  atmosjdiere,  which  would  naturally  render  them 
brittle.  They  woiud  not  bear  woridng  upon  the  aoftmmg  tnn,  but  far  the  emulsion 
which  has  bees  intiodnoed  into  theb  subataaoe.  With  this  view  they  are  dipped  in  a 
tub  of  dear  water  during  flye  or  six  mioutes,  and  then  spread  and  walked  upon  the 
board.  They  axe  inoeased  by  this  means  in  length,  in  the  proportion  erf  6  to  8.  No 
hard  |»int8  must  be  left  in  them.  The  whiteness  is  also  better  bron^t  out  by  this 
operation,  which  is  psxformed  upon  the  flesh  side.  The  softemng  toolu  an  iron  plate, 
about  1  fbot  broad,  rounded  orer  abore,  mounted  upon  an  npnght  beam,  80  inches 
U^  wUdi  is  flaed  to  tha  end  of  a  stroog  heriaontal  plank,  8}  feet  long  and  1  broad. 
TUs  plank  is  hsaviW  loaded,  to  make  it  immoveable  upon  the  floor.  Sometimes  the 
aldiis  are  oezt  spreaa  over  an  undressed  dean  skin  upon  the  horse,  and  worked  well 
with  the  t«o-haiidled  knife,  for  the  purposeofremaTiiig  the  first  and  second  epidermis, 
called  thejlmr  and  arriin-fiewr  bythe  French  migimtn.  They  are  then  dned  while 
stretehad  by  hooks  and  sttuiga.  When  dry  they  are  worked  on  the  strateMy-trra,  or 
they  are  occasionally  polished  with  pumice-stone.  A  delicate  yellow  tint  is  given  by 
a  aooipaBtion  made  of  two  parts  of  whitening  and  one  of  ocliie,  applied  in  a  moistened 
state,and  waQwoAad  in  i^M  the  grain  side.  After  being  polisoM  with  pumice,  th^ 
are  smoothed  with  a  hot  nan,  as  the  laundresses  do  linen,  whereby  they  acquire  a 
denee  of  lustre,  and  are  ready  to  be  delivered  to  the  aJoMr. 

For  houtmgt,  the  best  sheep-skins  are  selected,  ana  sueh  as  are  eoveored  with  the 
longest  and  most  beautiful  fleece.  They  are  stemied  in  water,  in  order  to  be  cleaned 
and  softened;  after  which  they  are  thumad  inside  l^  the  fleshing  knife.  They  ara 
now  steeped  in  an  old  bran-pit  for  8  or  4  days,  when  they  are  taken  ont  and  washed. 
They  are  next  subjected  to  the  white  or  alum-bath,  the  wool  being  carnally  folded 
witmn ;  abont  18  lbs.  of  alum  being  used  for  lOo  sidns.  The  pasta  is  made  as  for 
the  fleeced  skins,  but  it  is  merdy  spread  upon  their  flash  side,  and  1^  upOn  them  for 
18  kmrs,  so  as  to  stilbn.  They  are  then  hnng  up  to  dr^jr.  They  are  next  moistened 
by  sprinkling  oold  water  upon  them,  folded  up,  piled  in  a  heap,  and  covered  with 
boards  weighted  with  heavy  stones ;  in  which  state  they  remain  for  two  days.  They 
are  next  opened  with  a  round  iron  upon  the  horse,  and  subjected  to  the  stretching 
iron,  being  worked  broadwise.  They  are  dried  with  the  fleece  outomoet,  in  the  sun 
if  poasibls,  and  are  flnished  upon  the  atntehtr. 

Calf-  ^nd  lamb-skins  with  their  hair  and  wool  are  worked  neariy  in  the  same 
maimer;  only  the  thicker  the  skin,  the  stranger  the  alim-bath  on^tto  be.  One 
pound  of  ainm  and  one  of  salt  are  required  for  a  single  calf-skin.  It  is  left  four  days 
in  this  bath,  after  which  it  is  worked  upon  the  ttrtldter,  and  Uien  fulled.  When  half 
dry,  the  skins  are  opened  upon  the  hcrse.  In  eight  days  of  ordinary  weather,  they  may 
be  completdy  dressed.  liamb-skins  are  sometimes  steeped  during  eight  days  in  a 
bath  prepared  with  unbolted  rye-flour  and  cold  water,  in  which  thepr  are  daily  moved 
about  two  cr  three  times.  They  are  then  dried,  stietdied  upon  the  iron,  and  switched 
upon  the  fleecy  side. 

ChamoU,  ta  Skamay  UsOur. — ^The  skins  are  first  washed,  limed,  fleeced,  and  branned 
as  above  described.  Iliey  ate  next  ^fiimend,  that  is,  deprived  of  their  e^ermis  by 
a  concave  knife,  blunt  in  its  middle  part,  upon  the  convex  home-beam.  The  cutting 
part  serves  to  remove  all  excrescences,  and  to  equalise  the  thickness,  while  the  blunt 
pait  loftans  and  smooths.  The  skins  of  goats,  does,  and  chamois  are  always  treated 
in  this  way.    They  are  nest  subjected  to  the  fermentiog  bran-steq^  for  one  or  two 
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days,  in  oidinaiy  wtathw ;  Imt  in  hot  weather  for  a  much  shorter  tike,  lometiinM 
only  moring  them  in  the  aonr  bnin-liqtior  for  a  few  minutes.  They  are  lastly  wmng 
at  the  peg,  and  subjected  to  the  fnUing  mill. 

'When  the  sUna  oaTe  been  snffleiently  swelled  and  snppled  by  the  biannitig,  they 
may  reoeiTe  the  first  oil  as  follows :  a  doten  skins  being  stretched  upon  the  table,  the 
fingers  are  dipped  in  the  oil,  and  shaken  over  the  slmis  in  diflbrent  places,  so  as  to 
impart  enoogfa  at  it  to  imtnw  the  whole  smfiMe  slightly,  by  friction  with  the  p^ms  of 
the  hands.  It  is  to  the  ontside  or  yrajn  that  the  (rI  is  applied.  The  skins  are  folded 
fonr  together,  so  as  to  form  balls  of  the  sise  of  a  hof^B  pladder,  and  thrown  into  the 
trough  of  the  falling  mill,  to  the  nomber  of  twehre  doaen  at  once.  Here  they  remain 
exposed  to  the  beater  for  two,  three,  w  four  hours,  aocording  to  their  natnre  and  the 
state  of  the  weather.  They  are  taken  ont,  aired,  oiled,  and  again  Allied.  The  airing 
and  fulling  are  repeated  several  times,  with  more  <a  less  frequent  oilings.  Any  cheap 
animal  <ul  is  employed. 

Alter  these  operations,  the  ddns  require  to  be  subjected  to  a  fennenlin^  praeess,  to 
dilate  their  poree,  and  to  fitdlitate  their  combination  with  the  oiL  This  is  performed 
in  a  chamber  only  6  feet  high  and  10  or  12  feet  square.  Poles  are  suspended  hori- 
sontally  a  few  indies  from  tbe  ceiling,  with  hooks  fixed  in  them  to  iriiich  the  skins  are 
attached.  A  somewhat  elevated  temperature  is  maintained,  and  l>y  a  store  if  need  be. 
This  operation  requires  great  skill  and  experience. 

The  remainder  of  the  epidermis  is  next  removed  by  a  blunt  concave  knife  and  the 
horse ;  wheiebj  the  surface  is  not  cut,  but  rather  forably  scraped. 

The  sUns  are  now  scoured  to  carry  off  the  redundant  ml;  which  is  effected  by  a 
potash-lye^  at  2°  Baum^  heated  no  hotter  than  the  hand  ean  bear.  In  this  thejr  are 
stirred  briskly,  steeped  for  an  hour,  and  lastly  wmng  at  the  peg.  The  soapy  liqnor 
thus  expelled  is  used  for  inferior  purpoeee.  The  clean  skins  after  being  dried  are 
fimshed  first  on  the  ttreteier-inm,  and  then  on  the  horie  or  stretching  frame. 

LeaUer  qf  H%ngary. — ^This  ia  manufectnred  hj  impregnating  stxong  hidee  with  alum, 
common  salt,  and  suet;  by  a  rapid  process  which  is  usoally  com|ueted  in  the  space 
of  two  months.  The  woruhop  is  divided  into  two  parts :  1.  A  shed  on  tbe  mde  of  a 
stream,  fimished  with  wooden  horses,  fleshing  knives,  and  other  small  tools.  In  one 
comer  is  a  ftimace  with  a  boiler  for  dissolving  the  alum,  a  va^  for  immersing  the  hides 
in  the  eolation,  and  several  subsidiary  tubs.  2.  A  chamber,  6  feet  high,  by  15  feet 
equate,  capable  of  bang  made  very  tight,  for  preserving  the  heat.  In  one  comer  is  a 
copper  boder,  of  sufficient  size  to  contain  170  Ibe.  of  tallow.  In  the  middle  of  the 
stove  is  a  square  stone  slab,  upon  which  an  iron  grate  is  placed  about  a  yard  square. 
This  is  covered  with  charcoal.  At  each  side  of  the  stove  are  large  tables,  which  oocnpy 
ita  whole  lengtli,  and  on  which  the  leather  is  spread  to  receive  Uie  grease.  The  upper 
part  below  the  ceiling  is  filled  with  poles  for  hanging  the  leather  upon  to  be  heated. 
The  door  is  made  to  diut  perfectly  close. 

The  first  operations  are  analogons  to  those  of  tanning  and  tawing ;  the  skins  being 
washed,  cut  in  halves,  shaved,  and  stewed  for  21  hours  in  the  river.  They  are 
then  cleaned  with  6  or  6  lbs.  of  alum,  and  i\  lbs.  of  salt,  for  a  piece  of  hide 
whidi  weig^  from  70  to  80  lbs.  The  common  salt  softens  the  eSfoet  of  the  alnm, 
attracts  thj  moistore  of  the  air,  and  preserves  the  suppleness  of  the  skin.  'Whey  the 
alnm  and  salt  are  diss(dved,  hot  water  is  poured  upon  the  hidee  placed  in  a  vat,  and 
they  are  trampled  upon  by  a  workman  walking  repeatedly  from  one  end  of  the  vat  to 
the  other.  Hkej  are  then  transferred  into  a  similar  vat  containing  some  hot  water, 
and  similarly  trampled  upon.  Vaey  are  next  sttieped  for  eight  days  in  alum-water. 
The  same  rcnnd  of  operations  is  repeated  a  second  time. 

The  skins  are  now  dried  either  in  the  air,  or  in  a  stove-room ;  but  before  being  qnite 
dry,  they  are  doubled  together,  well  stretched  to  take  out  the  wrinkles,  and  piled  up. 
'Wnen  aij,  they  are  again  trampled  to  open  the  pores  as  well  as  to  render  the  skin 
pliant,  after  which  they  are  whitened  1^  exposure  to  the  sun. 

Tiillow  of  inferior  quali^is  employed  for  greasing  the  leather.  With  this  view  the 
hides  are  hong  upon  the  poles  in  the  dose  stove-room,  then  laid  upon  the  table,  and 
besmeared  with  uie  tallow  mdted  till  it  begins  to  crackle.  This  piece  is  laid  on 
another  tables  is  there  covered  with  a  second,  similarly  greased,  and  so  forth.  Tltrce 
pounds  of  &t  are  commonly  employed  for  one  piece  of  leather. 

When  the  thirty  stripe,  or  fifteen  hides  passed  throngh  the  grease  in  one  operation 
are  completed,  two  workmen  take  the  fint  piece  in  their  hands,  and  stretch  it  over  the 
burning  charcoal  on  the  grate  for  a  minute,  with  the  flesh-side  to  the  Are.  The  rest 
are  passed  over  the  flame  in  liiu  manner.  Atber  .flaming,  the  pieces  ara  successively 
laid  on  an  inclined  table  exposed  to  the  fire,  where  they  are  covered  with  a  doth. 
They  ara  finally  huns  u]^  poles  in  the  air  to  diy ;  and  if  the  weather  be  warm,  they 
an  suspended  only  during  the  night,  so  as  to  favour  the  hardening  of  the  grease. 
Instead  of  the  alum-bath,  M.  Cnrandau  has  employed  withadnuttage  a  steep  of  dilate 
tdphnrie  add. 
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The  Bnariaiis  have  Ions  been  possessed  of  a  method  of  making  a  peculiar  leather, 
edled  hj  them  Jvelem,  Sjei  red  with  the  aromatic  aaimdeis  wood.  This  article 
has  been  tocoA  sooght  siter,  on  account  of  not  heing  snbjeet  to  monld  in  damp 
ritnations,  being  proof  against  insects,  and  even  repemng  them  from  the  vidnit^r 
by  its  odonr.  "laa  ddns  are  freed  from  the  hair  or  fleece,  I^steemng  in  an  ash-lye  too 
weak  to  act  upcD  the  animal  fibres.  They  ate  then  rinsed,  foiled  for  •  longer  or  shorter 
time  aooordiiig  to  their  nature,  and  fermented  in  a  proper  steep,  after  baring  been 
washed  in  hot  water.  Ihey  are  taken  ont  at  the  end  of  a  week,  bat  they  may 
be  steeped  s  second  time  if  deemed  neosssaiy,  to  open  their  pores,  ^ey  are  now 
cleaned  by  working  them  at  the  horse  on  both  the  flesn  and  gisin  sides. 

A  pasta  is  nest  eonposed,  fbr  200  sUns,  of  88  lbs.  of  rye-flonr,  which  is  set  to 
ferment  with  leaven.  This  doogh  is  worked  np  with  a  snffident  quantity  of  water  to 
form  a  bath  fbr  the  skins,  in  which  they  are  soeked  fbr  48  hours;  they  are  then  trans- 
ferred into  small  tubs,  where  they  remain  during  fifteen  days,  after  which  they  are 
washed  at  the  river.  These  operations  serve  to  prepare  the  skins  for  absorbing  the 
astringent pnices  witi^  imiframity.  A  decoctdcm  of  irillow-bark  {Salix  einerea  and  ScUix 
caprea)  being  made^  the  skins  are  immersed  in  the  boiler  whenever  the  temperatnre  of 
the  liquor  is  snfSdently  lowered  not  to  iigare  the  animal  fibres,  and  handled  and 
pressed  for  half  an  hour.  This  manipnlation  is  repeated  twice  daily  during  the 
period  of  a  week.  The  tanning  infbsion  is  then  renewed,  and  arolied  to  the  same 
skins  fbr  another  week ;  after  which,  being  exposed  to  the  air  to  £t,  they  are  ready 
for  being  dyed,  and  then  curried  with  the  empyieumatic  oil  of  the  bark  of  the  birch 
tne.  To  this  substance  the  Bussia  leather  owes  its  peculiarities.  Hany  modes  have 
been  prescribed  for  preparing  it ;  but  the  following  is  the  one  practised  in  Bussia. 

The  iriiitish  memuanous  epidermis  of  the  birch,  stripped  of  all  woody  parts,  is  in- 
ttodnoed  into  aa  iron  bdlir,  which,  when  stnffid  ftill,  is  covered  tight  with  a  Taolted 
iron  lid,  having  a  tnpe  rising  f^om  its  centre.  A  second  boiler  into  which  this  pipe 
passes. without  leadung  its  bottom,  is  set  over  the  first,  and  is  luted  to  it  at  the  edges, 
after  the  two  are  bolted  together,  Tiuj  are  then  inverted,  so  that  the  upper  one  con- 
tains the  bitch-baik.  The  under  half  of  this  apparatus  is  sunk  in  the  earth,  the  sur&ce 
of  the  upper  b(»ler  is  coated  over  with  a  dajlnte,  then  surrounded  with  a  fire  of  wood, 
and  exposed  to  a  red  heat,  till  the  ^Ustillation  be  completed.  This  operation,  though 
rude  in  appeamnce,  and  wasteM  of  wood,  answers  ifatpunoseperfertly  well.  Theiron 
ejlindBt  apparatus  used  in  Britain  for  distilling  vrood-rinegar  would,  however,  be 
much  mote  convenient  and  productive.  When  the  above  bodies  ate  unluted,  there  is 
found  in  the  upper  one  a  reiy  light  powder  of  charcoal,  and  in  the  under  one,  which 
served  as  a  receiver,  there  is  an  oily,  brown,  empyreumatic  fiuid,  of  a  very  strong 
smell,  which  is  mixed  with  the  tar,  and  whidi  fioats  over  a  small  quaniitj  of  crude 
vinegar.  The  farmer  matter  is  the  oil  employed  to  impregnate  the  ddns,  pj  woildng 
it  into  the  flesh  side  with  the  currier's  tools.  It  is  difficult  to  make  this  oil  penetrate 
with  umfimmty;  and  the  Bnssians  do  not  always  succeed  in  this  process,  for  they 
turn  oat  many  ddns  in  a  spotted  state.  This  oil  is'  at  present  obtained  in  France  by 
&tiUing  the  Uich-baik  in  copper  stills,  and  condensing  the  products  by  means  of  a 
^pe  plnn^  in  cold  water.    About  60  per  cent,  of  the  weight  ot  the  bark  is  extracted. 

Hie  skins  imbibe  this  oil  most  equally  before  they  are  fUly  dry.  Care  must  be 
taken  not  to  apply  too  much  of  it,  for  fear  of  its  passing  throuj^  and  staining  the 
grain  side  of  the  iMther.  Chevreul  has  investigated  the  diemical  nature  of  this  odo- 
riferous substance,  and  flnding  it  to  be  a  peculiar  compound,  has  called  it  bttuline. 

In  the  Franklin  Institute  for  Febmaiy  1843,  Hr.  6ideon  Lee  has  published  some 
judicious  observations  on  the  process  ol  tamdng.  He  believes  that  much  of  the 
original  gelatine  of  the  hides  is  never  comlnned  with  the  tannin,  but  is  wasted ;  for 
he  thinks  that  100  lbs.  of  perfectly  dry  hide,  libtai  cleaned  from  extraneous  matter, 
dwnld,  on  chemical  prinaples,  afford  at  least  180  lbs.  of  leather.  The  usual 
pepaiation  ti  the  hide  fbr  tanning  he  believes  to  be  a  wastefU  process.  In  tiie 
mnin^  and  batiitf,  or  the  unhairing  and  the  cleansing,  the  general  plan  is  first  to  steep 
the  hides  in  milk  of  lime  fbr  one,  two,  or  three  weeks,  according  to  the  weather  and 
texture  of  the  skin,  until  the  hair  and  epidermis  be  so  loosened  aa  to  be  readily  re- 
moved by  rubbing  down,  by  means  of  a  knife,  upon  a  beam  or  block.  Another  mode 
is  to  suspend  the  hides  in  a  close  chamber,  heated  slightly  by  a  smouldering  flre^  till 
the  epidermis  gets  loosened  by  incipient  putrefaction.  A  third  process,  called  sweat* 
ing,  used  in  docpuuiy,  consists  in  laying  the  hides  in  a  pack  or  mle,  covered  with  tan, 
to  promote  fermentaSti'Ve  heat-,  and  to  loosen  the  epidermis  and  hairs.  These  plans, 
especially  the  two  latter,  are  apt  to  ii^nre  the  quaUty  of  the  hides. 

The  iat*  eomdsts  in  steeping  the  haired  hides  in  a  solution  at  pigeons'  dung,  con* 
taining,  )b.  Iice  says,  muriate  of  ammonia,  muriate  of  soda,  &c ;  but  most  probably 
phosphates  of  ammonia  and  lime,  with  urate  of  ammonia,  and  very  fermentable  animtd 
aisttar.    Th«  dry  hides  ue  often  snlgected  first  of  all  to  the  operation  of  the  ftaUing- 
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stocks,  irhidK^ens  the  pone,  b«t  at  the  same  time  prepuatiMmfbitlMactaoii  of  the 
liming  and  bate;  as  sUo  for  the  intarodnction  of  the  tanniojg  matter.  When  the 
fulling  is  too  Tiolent,  the  leather  is  a|it  to  he  too  limber  and  thu.  Kr.  Lee  ooncNTee 
that  the  liming  is  iigniioiis,  by  eariTuig  off  more  or  less  of  the  gelatine  and  albomen 
at  the  skin,  fiig^-limed  leather  is  loose,  weighs  light,  u>d  wears  out  quickly.  The 
sabseqnent  fermentation  in  the  bating  agprarates  that  eviL  Another  prooess  has 
therefore  been  adopted  in  New  YoA,  Maine,  New  Hampshire,  and  aoiae  parts  of 
Philadelphia,  called,  b«t  inoonecUy,  cool  noeaimg,  which  (xsisists  in  sospending  the 
hides  in  a  subterranean  yaolt,  at  a  temperature  of  60°  F.,  k^>t  perfectly  damp,  by 
the  trickling  of  cold  spring-water  ixom  points  in  the  roof.  The  hides  being  first 
soaked,  are  someaded  in  this  vault  from  6  to  12  days,  when  the  hair  is  well  loosened, 
t^  the  mere  sMtening  efbct  of  modstuie,  without  fomentation. — HJI. 

laATHSKi  KOBOOOO.  (Maroquin,  Fr. ;  daJSum,  Ow.)  Hoiooso  leather  of 
the  finer  qoality  is  made  £n>m  goatskins  tanned  with  sumach;  inferior  morocco 
leather  (roan^  from  sheep-skins.  The  goat-skinB  as  imported  are  eorered  with  hair ; 
to  remove  whuh  thejr  are  soaked  in  water  for  a  certain  time,  and  they  are  then  sub- 
jected to  the  operatioa  called  breaking,  wliich  consists  in  scraping  them  dean  and 
smooth  on  the  flesh  side,  and  they  are  next  steeped  in  lime-pits  (milk  of  lime)  for 
several  days,  during  whidi  period  they  are  draum  oii^,with  a  hook,  from  time  to  tune, 
laid  (m  the  side  of  the  pit  to  drain,  and  replnnged  alternately,  adding  occasionally  a 
little  lime,  whereby  they  are  eventually  deprived  of  their  h&ir.  YHua  this  has  W 
come  sufficiently  loose,  the  skins  are  taken  out  one  by  one,  laid  on  convex  beams,  the 
work-benches^  which  stand  in  an  inclined  position,  resting  on  a  stool  at  their  upper 
end,  at  a  height  convenient  for  the  woikman's  breast,  who  scrs^ies  off  the  hair  with  a 
eoDetm  steel  blade  or  knifes  having  a  handle  at  each  end.  When  unhaired,  the  skins 
are  onee  more  sosked  in  ndlk  of  lima  for  a  few  days,  and  then  scraped  on  the  flesh 
side  to  render  it  very  even.  For  removing  the  lime  which  obstncts  theb  pores,  and 
would  impede  the  tunning  process,  as  well  as  to  open  these  pores,  the  skins  are  stewed 
in  a  warn  seaii-pntiid  alkaline  liquor,  made  with  pigeons^  and  hens'  dung  difRised  in 
wat«r.  Ftobably  some  very  weak  add,  such  as  firmented  bian-water,  would  answer 
as  well,  and  not  be  so  ofbnsive  to  the  woAmen.  ^la  German  the  skins  are  first 
mshed  in  a  barrel  by  a  revolving  axle  and  discs.)  They  are  again  scraped,  and  then 
sewed  into  bags,  the  grain  outermost,  like  bladders,  leaving  a  mall  orifloe,  into  which 
the  neck  of  a  ftinnel  is  inserted,  and  through  which  is  poured  a  certain  qnantitjr  of  a 
strong  infusion  of  the  sumach ;  and  they  are  now  rendered  tig^  nnmd  the  oiifloas, 
after  being  filled  out  with  air,  like  a  blown  bladdar.  A  parcel  of  these  inflated  skins 
are  thrown  into  a  very  huge  tub,  containing  a  weaker  inAisian  of  sumach,  where 
they  are  rolled  about  in  the  midst  of  the  liquor,  to  cause  the  inAision  within  to  act 
upon  their  whole  surface,  as  well  as  to  expose  their  ontsides  uniformly  to  the  tan- 
ning action  of  the  bath.  After  a  while  these  bladder-skins  are  taken  out  ef  the  bath^ 
and  |Hled  over  each  other  upon  a  wooden  rack,  whereby  they  undergo  such  pressure 
as  to  fbioe  the  enclosed  ioAision  to  penetrate  through  their  pores,  uid  to  bring  the 
tannin  of  the  sumach  into  intimate  contact,  and  to  form  a  chemical  combination  with 
the  skin  fibres.  The  tanning  is  oomplrted  by  a  repetition  of  the  process  of  intro- 
ducing some  inAision  or  decoction  into  them,  blowing  tiiem  up,  and  floating  them 
with  agitation  in  the  bath.  In  this  way  goat-sUns  may  be  well  tanned  in  the  course 
of  one  day. 

The  Tohfit  are  next  undone  by  removing  the  sewing,  the  tanned  sidiis  avs  scraped  as 
hefiire  on  the  currier^  bench,  and  hung  up  in  the  cbying  loft  or  shed;  they  are  said 
now  to  be  '  in  the  crust.'  They  are  again  moistened  aod  smoothed  with  a  rubbing 
tool  before  being  subjected  to  the  dyeing  operations,  in  which  two  skins  are  applied 
free  to  face  to  confine  the  dye  to  one  of  their  sur&ces  only,for  the  sake  of  economising 
the  dydng  materials,  which  may  be  of  several  difierent  colours.  The  dyed  sluns  are 
grained  by  being  strcmgly  mbbed  with  a  ball  of  box  wood,  finely  grooved  on  its 
surface. 

Prqwiatoiy  to  bebg  djred,  each  sUn  Is  sewed  together  edgewise^  with  the  grain  on 
the  outside,  and  it  is  uau  mordanted  either  with  a  solution  of  tin,  or  with  alum-water. 
Theocdooiisgivenbycochineal,  of  which  from  lOto  12  ouncesare  required  for  a  dozen 
of  skina.  Tm  cochineal  being  boiled  in  water  along  with  a  little  tartsz  or  alum  for  a 
few  minutes,  forms  a  red  liquor,  which  is  filtered  through  a  linen  doth,  and  put  into 
a  dean  cask.  The  skins  are  immersed  in  this  bath,  and  agitated  in  it  for  about  half 
an  hour ;  they  are  taken  out  and  beaten,  and  then  subjected  to  a  second  immersion  in 
the  cochineal  bath.  After  being  thus  dyed,  they  are  rinsed  and  tanned  with  Sicilian 
sumach,  at  the  rate  of  two  pounds  for  a  skin  d  moderate  sise.  The  process  is  per- 
formed in  a  large  tub  made  of  white  wood,  in  the  liquor  of  which  the  skins  are  floated 
like  so  many  bladders,  and  moved  about  fay  manual  labour  during  four  hours.  They 
are  then  taken  out,  drained,  and  again  subjected  to  the  tanning  liqiior ;  the  whole  pio< 
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earn  fqjmang  »  qpsw  of  twtfatr-toat  bonis.  Tto  ddiw  are  now  nnstiteiKd,  rimed, 
iUl«d  'with  beatlM^  iaantd,  rabbed  baid  'vitli  a  cofpar  blade,  and  laatly  bong  np 
toiiy. 

Some  mam&ctnten  M^^iton  tba  oeiaax  by  applTing  to  the  am&ea  of  the  dans,  in 
a  damp  state,  a  solotion  of  carmine  in  ammonia  vitb  a  sponge ;  others  apply  a  deooe- 
tion  of  saflhm  to  entrrwi  the  scazlet  tint.  At  Fazia,  the  bmncoo  leatliar  is  tanned  by 
agitation  with  s  deeoetion  of  somadi  in  latge  casks  made  to  lerolve  npon  a  horiaontal 
axis,  like  a  band  chnra.  Whita  galls  aiasometinies  sabstitoted  fitrssmach ;  a  pound 
being  aaed  tot  a  akin.    The  skina  anat  be  ibally  cleaned  with  the  ntmoat  care. 

The  black  dya  ia  gjren  by  applying  -with  the  brash  asolntioa  of  red  acetate  of  iron  to 
tiie  giaia  side.  Kan  is  fnmmamwtteri  by  the  common  cold  indigo  Tat ;  violet,  vith  a 
light  blva  lioUoved  t^  eochineal  red ;  gnen,  by  Saxoa  Una  foUnred  by  a  ydlov  dye, 
nsoally  laade  with  the  chopped  roots  of  the  barbeny.  This  |dant  serres  also  for 
ydlows.  To  dye  olhre,  the  skina  are  first  paaaed  throng^  a  iraak  solution  of  green 
ritriol,  aod  theo  throng^  the  deeoetion  of  barberry  root,  oontaiaing  a  litUe  Saaoa 
bhMu  Pace  coloor  is  eoammmeated  by  logwood  wtth  a  Httla  alum;  iritioh  may  be 
modifled  by  the  addition  of  a  little  Brasil  wood.  In  all  these  eaaes,  whencTer  the 
ddna  are  dyed,  they  abonid  be  rinsed,  wrung,  w  rather  diainad,  stretehsd  upon  a 
table,  than  besmeiued  on  the  grain  side  with  a  film  of  linseed  «1  SDpUed  by  means  of 
a  sponge,  in  order  to  pnnnate  their  (Mossiness  wiua  enzried,  and  to  prerent  them 
becoming  homy  by  too  rapid  drying. 

Tba  last  process  in  preparing  morocco  leather  is  the  cnnyiag,  whidi  brings  out  the 
hstra,  and  restons  the  original  snpplesnes.  This  t^eratioa  is  pmetised'in  diffsnot 
manaara,  according  to  the  pmpoaa  the  skins  are  to  serre.  Par  poeket-books,  port. 
t>lioe,aDd  case-mAing  in  geneml,  they  nniat  be  thinned  aa  moeh  as  possible  npon  the 
fieah  rids,  moistened  slightly,  thea  stretched  i^on  the  table,  to  smooth  them ;  dried 
again,  moiatened,  and  lastly  passed  two  or  tlaee  tames  thranf^  the  cylinder  press  in 
diflbrsBt  diredJoas,  to  produce  the  erosring  of  the  grain.  Tim  skins  intended  for  the 
sboeonlcer,  the  saddler,  the  booklnnder,  £e^  require  more  pliancy,  and  must  be  dif- 
iowitly  enrried.  After  being  thinned,  they  are  f^iaai  with  a  polisher  while  still 
moist,  and  a  grain  is  formed  ^pcm  the  fieah  side  with  the  rongbwed  lead  plate  or 
gtainar  of  the  enrriers,  called  in  Stench  pvmmtUe;  they  are  glaaed  anew  to  remove 
the  rong^eas  prodneed  by  the  pommel,  and  finally  grained  on  tha  fieah  side  with  a 
surfbce  of  toA  apphed  nader  a  pommel  of  innte  wood. 

Tatmis  OP  Szma.  (MIginerii,  Vt. ;  Weutgtrimi,  Ger.)  The  kid-,  sheep-,  and 
lamb-akinS|  ars  deaaed  as  haa  bean  already  described.  In  some  ftctories  they 
receive  the  tanning  power  of  the  snbmnriate  of  alumina  (from  a  solution  of  alum  and 
common  salt)  ia  a  large  bartel^chnm  appaiatne,  ia  whidi  thay  are  subjected  to  violent 
agitatioit,  and  thereby  take  the  ahwaiaym  the  course  of  a  fawminates.  Inothereasee, 
vnteie  the  yolka  of  eggs  are  added  to  the  above  sdntion,  the  mixture,  with  the  skins, 
is  pot  into  a  large  tub,  and  the  whole  trampled  strongly  by  the  naked  feet  of  the 
operator,  till  the  emulsion  of  the  egg  be  forced  into  the  porea  <»  the  skin.  The  tawed 
ttins,  when  diy,  are  'staksd,'  that  is  stretched,  screed,  and  smoothed  by  friction 
against  tha  blunt  edge  of  a  aend-ciiealar  knifo,  fixed  to  the  top  of  a  short  beam  of  w«od 
setvpright.  ^Mwoiknaa  holding  the  extremities  of  the  skin  with  both  hand^  pulls 
it  in  all  dbections  forcibly,  but  skufnlly,  against  the  smoothing  '  stake.' 
'  In  an  entettaniing  ainele  on  tanning  in  the  11th  voL  of  the  '  Peniqr  Magaidne,'  at 
page  S15,  tha  foOowiiig  deacription  is  given  of  one  of  the  great  tawing  tutaHishimitn 
of  London: — 

*Li  the  production  of  "imitation "  kid  leather,  the  skin  of  lambs  is  empkiyed ;  and 
for  thia  pnrpoae  banb-sUns  are  imported  from  the  shores  of  the  Medhewanean. 
They  are  Imported  with  the  wool  yet  on  them ;  and  as  this  wool  is  valnaUe,  the  leathtf 
manu&eturer  ramores  this  beftre  the  operationa  on  the  pelt  rinanigi  e  The  wool  is 
of  a  qaaHly  that  would  be  greatly  injured  by  the  contact  of  Ume,  and  therefore  a  kind 
of  natmal  fianneBtatioii  is  brouf^t  about  as  a  means  of  loosening  the  wool  frimi  the 
pelt.'  The  fidlowing  is  a  description  of  one  of  the  buildingi :  *  On  the  ground  floor, 
a  flight  of  stcme  stms  leads  down  to  a  range  of  sabtenranean  vaults  or  close  rooms, 
into  wiaA  tbe  lamb-aUns  are  introduced  in  a  wet  state,  after  having  been  steeped 
in  water, '  bnAen '  on  the  fieeh  side,  and  drained.  The  temperature  of  these  rooms 
is  nearly  the  same  all  the  year  round,  a  result  obtained  by  baring  them  exdnded  as 
much  as  possible  from  the  variations  of  the  external  atmosphere ;  and  the  result  is, 
that  the  skins  undergo  a  kind  of  putre&cUve  or  fermenting  process,  by  which  the 
wool  beeooaes  loosened  from  the  pelt.  During  this  chemicu  diange  ammonia  is 
evolved  in  great  abundance;  the  odour  is  strong  and  disagreeable ;  a  lighted  candle, 
if  introdncM,  would  be  instantly  extinguished,  and  iijnrioas  eSbets  would  be  per- 
erived  by  a  parson  remaining  long  in  one  of  the  rooms.  Each  room  is  about  ten 
feet  sqnase,  ud  is  j^ovided  with  nails  and  bars  whereon  to  hang  the  lamlHikins. 
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The  dooTS  from  all  the  rooma  open  into  one  common  pasaige  6r  vanlt,  and  axe  kept 
doee,  except  \rhen  the  skins  aze  inspected.  It  is  a  point  of  much  nicety  to  determine 
-when  the  fermentation  has  proceeded  to  snch  an  extent  as  to  loosen  the  wool  from  the 
pelt;  for  if  it  he  allowed  to  proceed  beyond  that  stage,  the  pelt  itself  would  become 
Injured. 

When  the  fermentation  is  completed,  generally  in  abont  Are  days,  the  ddna  are  re- 
moved to  a  beam,  and  there  *  slimed,'  that  is,  scnped  on  the  flesh  nde^  to  remoTC  a 
slimy  enbatance  idiich  exndes  f^m  the  pores.  The  wool  is  then  tt^ken  oB,  cleaned, 
and  sold  to  the  batters,  for  making  the  bodies  of  common  hats.  The  stripped  peltv 
are  steeped  in  lime-water  for  abont  a  week,  to  Idll  the  grease ;  and  are  next '  fleshed 
on  the  beam.'  After  being  placed  in  a '  drench,'  or  a  solution  of  sonr  bian  for  some 
days  to  remore  the  lime  and  open  the  j)ote8,  the  skins  are  alimied,  and  subjected  to 
nearly  the  same  processes  as  the  tme  kid-skins.  Tliese  Mediterranean  lambskins  do 
not  in  general  measure  more  than  abont  20  inches  by  12 ;  and  each  one  famishes 
leather  for  two  pairs  of  small  glores.  These  kinds  of  leather  generally  leave  the 
leather-dresser  in  a  ii^ite  state ;  bnt  undergo  a  process  of  dyeing,  softening, '  strokiDg,' 
&C.,  before  being  cut  up  into  gloves. 

^a  tanning  of  one  averafe-sized  skin  requires  about  1^  lb.  of  good  Sicilian 
sumach ;  but  for  leather  which  is  to  receive  a  bri^t  scarlet  dye,  from  one  half  to 
three  quarters  of  a  pound  of  gall-nnts  are  employed  in  preference.  Inferior  goat-skins 
are  tanned  with  a  willow-banc  infiision,  in  pits,  in  irfiich  they  are  turned  repeatedly, 
and  laid  ou(  to  dnun,  as  in  tanning  sole  leather.  The  finest  skins  for  the  brightest 
scarlet  are  cured  with  salt,  to  prevent  their  receivinjg  damage  in  the  transport,  and 
are  dyed  before  being  tanned.    This  method  is  practised  in  Qermany  and  Ennee. 

Leather  at  deer-  aud  sheep-skins  is  prepared  with  oil,  for  the  pnzpoee  of  making 
breeches,  tec,  and  for  wash-leather,  used  in  cleaning  plate.  After  they  are  completely 
washed,  limed,  and  beamed,  as  above  described,  they  have  their  '  grain '  surface  re- 
moved, to  give  them  greater  softness  and  pliability.  This  removal  of  the  grain  is 
called '  frimng,'  and  it  is  done  either  with  the  round  edge  of  a  blunt  knife,  or  with 
pumice-stone.  After  being  freed  from  the  lime  by  steeping  in  fermented  bran-water, 
thev  are  pressed  as  dry  as  may  be,  and  are  then  impregnated  with  cod-oil,  bj  boating 
with  stocks  in  the  trongh  of  a  kind  of  fulling  milL  Previously  to  the  application  of 
the  oil,  they  are  usually  beat  for  some  tame  alone  to  open  their  substave.  The  oiled 
skins  are  stretched,  huns  up  for  some  time  in  the  air,  then  fUled  with  oil  as  before — a 
process  which  is  8  or  0  times  repeated.  The  oil  is  slowly  and  evenly  poured  npon  the 
skins  in  the  trough  during  the  action  of  the  beaters.  One  hundred  skins  nanally  take 
up  in  this  way  from  two  to  three  gallons  of  caL  The  foiled  oil  skins  are  thrown  into 
laree  tubs,  and  left  for  some  time  to  ferment,  and  thereby  to  combine  more  intimately 
wiUt  the  dL  Thej  are  lastly  isubjected  to  a  weak  potash-lye-bath,  to  strip  them  of  the 
loosely  adhering  oil.  ISiey  ate  then  hung  up  in  the  air  to  dry,  and  drosed  for  the 
market — H.H.  . 

JMJkTWMR,  MVauUUK,  01  tatiMei  at  Kaam,  The  hides  to  be  tanned  may  be 
either  fresh  from  the  animal  oc  dry,  no  matter  which ;  they  are  first  laid  to  soak  for 
three  days  and  nights  in  a  solution  of  potash,  tc  which  apme  quicklime  is  added.  The 
potash  niwd  is  made  of  the  tree  called  in  Suss  ilitn  (the  common  elm),  which  sort  is 
said  to  be  preferable  to  any  other,  if  not  essential ;  it  is  not  purified,  so  that  it  is  of  a 
brown  colour  and  of  an  earthy  appearance :  abont  12  poods  <a  this  (tJie  pood  is  86  lbs. 
English),  and  2  poods  of  lime,  serve  for  100  skins.  As  they  have  no  way  of  ascer- 
taining the  degree  of  caustidty  of  the  alkali  but  by  ita  effect  upon  the  tongue,  when 
theyfcid  it  wMk  they  let  the  skins  lie  longer  in  the  solution. 

When  die  ^na  are  taken  out  of  this  solution  they  are  carried  to  the  river,  and  left 
\mder  water  for  a  day  and  night. 

Next  a  yedro  of  d^s  dung  is  boiled  in  as  muck  water  asisenoof^  tosoak  fiOakins, 
(the  vedro  is  equal  to  2'696  English  imperial  gallons)  but  in  tiie  winter  time,  when 
the  dung  is  frxsen,  twice  that  quantity  is  fonnd  necessary.  The  skins  are  put  into  this 
solution,  not  while  it  is  boiling  hot,  but  when  at  the  heat  which  the  hand  can  bear ;  in 
this  they  lie  one  day  and  one  night. 

Tfaeddns  are  then  sewed  np  so  as  to  leave  no  hole;  in  short,  so  as  to  be  water-tight; 
abont  one  third  of  what  the  skin  will  contain  is  then  filled  np  witli  the  leaves  and  small 
twigs  chopped  together  of  the  plant  called  in  Buss  Toloknanka  {Arb»tu$  uva-uni, 
sometimes  called  bearberry),  which  is  brought  from  the  environs  of  Solikamskaga, 
and  the  skin  is  then  filled  up  with  water. 

The  skins  thus  filled  are  laid  one  on  the  other  in  a  large  trough,  and  heavy  stones 
upon  them,  so  as  by  their  weight  to  press  the  infusion  through  the  pores  of  the  sldn  in 
about  4  hours ;  yet,  as  it  was  said  at  the  same  time,  that  the  skins  are  filled  up  with 
the  same  water  which  had  been  pressed  out  10  times  successively,  and  that  the  whole 
operation  takes  bnt  one  day  and  one  night,  this  leaves  bnt  2^  hours  for  eadi  time. 
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Tha  ddns  axe  than  taken  to  the  riv«r  and  -wathed,  and  aie  ready  for  the  dyeing, 
lbs  vhitest  skins  are  laid  aside  for  ihe  red  and  yellov  leather. 

To  aoften  the  skins  after  dyeing,  they  are  harassed  by  a  knife,  the  point  of  vhich  is 
raived  upvazds. — H.  M. 

VUk.TWBt,  OUMMTXm  OS*.  Tlie  Currier's  shop  has  no  resemblance  to  the 
premiies  of  the  tanner,  the  tools  and  manipnlationa  being  quite  different. 

Witlun  the  last  twenty  or  thirty  yearn,  many  tanners  hare  added  the  cnnying 
buinees  to  their  establishments,  and  many  curriers  have  likewise  commenced  tanning ; 
but  in  eadt  cam,  an  extension  of  premises  is  neoeesary,  and  the  two  departments  are 
still  separate.  The  adTantages  derivable  from  this  arrangement  are  two-fold : — first, 
a  saving  of  time  is  effected,  &r  as  the  tanned  leather  is  sold  by  weighty  it  is  required 
to  be  well  dried  befbre  hdn^  disposed  of  to  the  currier,  an  operation  which  u  not 
needed  where  the  tanner  carries  on  the  currying  also ;  and  secondly,  by  the  currier's 
ait,  the  skins  can  be  reduced  to  a  oomparatiTely  uniform  thickness  prerioua  to  their 
being  tanned,  thus  saving  timt  and  larJIi  (used  for  tanning),  and  insuring  a  more 
equal  distribution  of  tannin  through  the  substance  of  the  skin.  In  the  following 
deicripti(»,  the  bnainess  of  cnnying  will  be  considered  as  practised  at  the  present 
time. 

The  currier's  shop  or  prenuses,  to  be  oonvenient,  should  be  spacious.  A  frequent, 
^icKogh  not  univeital  method,  is  to  hare  the  ground-floor  appropriated  to  such  ope> 
rations  as  reqmre  the  use  of  a  large  qoantify  of  water.  The  place  or  apartment  thus 
used,  is  called  the  mxmrbtg-litmtt,  and  is  commonly  fbmished  with  a  number  of  vat* 
or  eatk$  open  at  one  end,  in  which  the  leather  is  placed  for  the  pnrpoae  of  soaking, 
and  nndeigcnng  such  treatment  as  will  be  hereafter  described.  In  this  apartment  also 
is  placed  a  la^^  flat,  slate  stone,  called  a  toouring  itone,  or,  more  consistently,  the 
stone  on  iriiich  the  leather  is  scoured.  This  stone,  which  lias  its  face  perfecUy  flat 
and  smooth,  and  which  should  measure  8  or  9  feet  in  length,  by  H  broad,  forms 
a  table,  supported  generally  by  masonry,  but  sometimes  by  a  strong  frame  of  wood, 
so  constmcbBd  that  the  water,  v^ch  u  f^ly  used  in  scouring,  may  drain  off  on 
the  opposite  side  from  that  on  which  the  workman  is  engaged;  an  inclination  of 
about  3  or  4  inches  on  the  width  of  the  table,  is  sufficient  for  this  purpose.  Another 
piece  of  fbmiture  very  frequently  found  in,  or  on  ihe  same  floor  with  the  scouring- 
house,  is  a  block  of  sandstone,  in  the  form  of  a  paiallelopipedon,  between  2  and  3 
feet  long,  and  9  or  10  inches  broad,  the  upper  iace  of  which  is  kept  as  near  as 
poesiUe  a  perfect  plane;  this  stone  is  fixed  at  a  convenient  height  on  a  strong 
trussel,  and  is  called  the  tiA-atone,  because  here  the  workman  ruis  or  sharpens  his 
knives  and  other  tools.  In  some  luge  establishments  where  the  premises  and  water 
are  heated  by  steam,  the  scooring-houso  will  be  found  with  a  service  of  pipe  leading 
to  the  various  vats,  and  the  boiler  for  generating  the  steam  may  be  conveniently 
placed  in  or  near  this  part  of  the  building. 

The  floor  above  the  sconring-bouse,  in  the  arrangement  here  laid  down,  is  what  is 
specially  designated  tie  *hop.  The  furniture  in  this  department  consists  of  a  beam 
(Jig.  1364),  on  which  the  leather  is  thaved.    It  tsuiA. 

comists  of  a  heavy  block  of  wood,  on  which  the  i3o4 

workman  stands,  and  into  one  end  of  which  a 
stifl' piece  of  wood  is  firmly  mortised,  at  an  angle 
of  abont  85° ;  this  upright  (so  called)  is  about  a 
foot  wide,  the  height  being  greater  or  less,  accord- 
ing to  the  height  of  the  workman,  each  of  whom 
has  his  beam  adjusted  to  meet  his  convenience. 
On  the  £ront  of  the  upright  a  piece  of  deal  is 
firmly  screwed,  to  which  is  glued  a  face  or  plate 
of  Ugnum  vUa,  worked  to  perfect  smoothness  to 
agree  with  the  edge  of  the  knife  used  in  the 
operation  at  shaving.  It  is  of  the  greatest  im- 
portance to  the  workman,  to  keep  his  tkin  from 
ugnry,  that  this  knife  and  beam  should  be  kept 
in  good  order.  A  table  or  tailei,  generally  of 
mahogany,  large  planks  of  which  are  used  for  the  punwse  to  avoidjoints,  may  be 
said  to  form  a  necoBsary  part  of  the  furniture  of  this  deportment.  These  tables  are 
firmly  fixed,  to  resist  the  pressure  of  the  workman  when  using  various  tools ;  and 
as  light  is  of  the  greatest  consequence  in  the  operations  performed  on  them,  they 
are  usually  placed  so  as  to  have  windows  in  front  of  them.  A  high  inueel  is 
frequently  used,  across  which  the  leather  is  thrown,  after  undoi^ing  any  of  the 
processes,  while  the  currier  subjects  other  pieces' to  the  same  operation. 

Another  paitof  the  premises  is  termed  the  drying-Mi.  In  good  buildings  the 
^^iag-loftia  ft^Tonndea  wiihweof^-ioanfo,  constmctedto  be  opened  or  closed  as 
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may  Im  TequSted.  Tb«  vte  of  this  port  b^og  tli«  dqriag  of  the  leather,  the  odling  i* 
furnished  with  a  number  of  rails  or  lone  pieces  of  wood,  with  hooks  or  nails  on 
which  to  hang  the  leather  for  diTins ;  and  where  steam  is  used  for  this  pnrpose,  the 
floor  is  traversed  with  pipes  for  beating  the  Ufft.  Here  also  is  a  taUe,  rimilar  to  that 
previonsl;  described ;  it  shonld  not  M  leas  than  7  or  8  feet  long  by  H  broad,  if 
possible,  without  joint,  and  with  a  smooth  ttea. 

There  are  other  subordinate  departments,  eadi  ftimiahed  wHh  a  (oM*  similar  to 
those  described. 

Of  the  tools  used  in  enrrying,  the  ibi(/%  stands  first  in  importance  Ifig.  1886).  Here 
a  and  b  are  two  handles,  a  is  held  in  the  left  hand,  and  forms  a  poweml  lerer  when 
the  edge  e  is  applied  to  the  leather.  The  Made  of  the  oorriei's  knife  is  peculiarly 
tempered ;  it  is  composed  of  a  plate  of  fine  sted,  strongir  riveted  between  two  plates 
ot  aon.  This  instrument  is  taken  to  the  ruh-(kome,  and  ground  to  a  perfectly  sharp 
edge  by  snoeessiyely  rubbing  forward  and  backward;  care  being  taken  to  keep  the 
edge  tme,  that  is,  ttraigkt.  When  this  has  been  satis&etarily  aeeomplished,  it  ia 
stiu  fnrtiier  rubbed  on  a  fine  Sootdi  ot  Welsh  stone,  called  a  el»ari>ig-tto»e,  nntil  the 
scratches  of  the  fub-ttone  disappear. 

In  this  operation  a  fine  thread  or  wire  taaoB  on  the  edges,  £»  the  knife  has  two 
edges,  e,  e,  whidi  must  be  carefully  got  rid  of ;  after  iriiieh  it  i*  wiped  dry,  and  the 
edges  greased  with  tallow  CT  oiL  Thewoikman  then  takes  a  strong  steel,  and  pladng 
himself  on  his  knees,  he  fixes  the  knife  with  the  stxaig^t  handle  b  against  any  firm 
body,  and  the  cross  handle  a  between  his  kneea ;  then  w>lding  the  steel  in  both  hands, 
he  caraftallT  rubs  it  forward  and  backward  the  wliole  length  of  the  edge.  During  this 
operation  the  knife  is  gradually  nJsed  by  means  of  the  handle  a,  until  it  is  nearly 
perpendienlar ;  by  this  means  the  edge  is  turned  completely  over.  If  the  knife  is 
not  well  tem^erea,  the  edge  thus  obtuned  will  be  izregoU"  or  broken ;  ia  either  of 
which  cases,  it  is  of  no  nse  whatever. 
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To  keep  the  instrument  just  described  in  pgroper  order  requires  great  skill  on 
the  part  of  the  currier.  The  edge  is  so  delicate  and  liable  to  injury  that  it  can- 
not be  nsed  more  than  a  minute  or  two  without  loring  its  keenness.  To  restorv 
this  a  very  carefblly  prepared  small  steel  is  used.  Jiff.  1366 ;  the  point  of  the  steel 
ia  first  run  along  the  groove  which  is  formed  by  turning  the  edge  over,  and  the'steel  is 
then  made  to  pass  outside  the  edge  (fig.  1867).  It  is  remadcule  tliat  a  skilfal  hand 
can  thus  restore  the  efficiency  of  t£e  knife,  and  keep  it  in  wodc  tat  hoazt  without 
going  for  a  new  edge  to  the  rub-Hone,  The  other  tools  will  be  desoibed  as  their  uses 
are  mentioned. 

The  first  thing  done  by  the  currier  is  the  soaking  of  the  leather  received  i^ram  the 
tanner  in  water ;  the  sUn  requires  a  thorough  iretting,  bvt  sot  to  lataratioa.   Jn 
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wme  eases  tha  Qdekta  porta  aie  partially  aoaksd  before  the  immeraon  of  the  vholet 
and  -when,  from  the  natnie  of  the  skin,  thU  cannot  be  done,  vater  it  applied  to  tiie 
itoQt  parts  after  the  dipping ;  it  is  requisite  that  the  whole  sboold  be  as  nearly  as 
possiUe  equally  wet.  In  some  instances  the  wetted  leather  is  beaten,  and  sometimes 
a  eoarae  graining-board  (hereafter  to  be  described)  is  -need,  to  make  it  more  supple 
preriona  to  shaving  it.  The  skin  is  then  Uii  over  the  beam  (Jig.  1868),  and  Uie 
rough  fleshy  portion  is  shared  off.  This  operation  is  generally  caJled  Mving.  Iji 
all  tjie  operations  at  the  beam  the  leather  is  kept  in  its  place  by  pressnte  <tf  the  knees 
or  body  of  the  wodcman  from  behind.  In  $knmg  tJie  nght-huid  handle  of  the  knife 
someviiat  precedes  the  left,  bnt  in  thaeiKg,  -pia^tX-j  so  called,  the  left-hand  precedes 
the  i^t,  fig.  1869.  In  $kaing  the  knife  is  driven  oUiqnely  a  few  inches  at  a  time ; 
in  A^BOtg  it  is  driysn  with  great  foiee,  not  unf^eqneatly  ftom  the  top  to  the  bottom 
of  t^  bMm ;  great  skill  is  reqriirite  in  the  perfoimsnoe  of  these  operatitms,  to  gnide 
the  knife  and  to  keep  its  edge.  The  carpenter's  plane  can  be  most  completely  regu- 
lated by  the  picjeetion  of  the  plane  iron  iaaa  the  wood,  bitt  the  carrier's  kni£B  admits 
of  no  sodi  anangement,  and  the  nnakilfal  cnnier  is  constantly  liable  to  im'nre  the 
leather  by  cutting  throogh  it,  as  well  as  by  failing  to  ^nodnce  a  regular  substance. 
He  kind  of  ddn,  sad  the  nae  for  which  it  is  derigned,  will  regulate  the  work  at  the 
beam.  In  some  eases,  as  in  the  calf-akin,  it  is  dived  and  then  shaved,  or,  as  it  is 
aSitA,fiaUated  at  right  ko^m  to  the  slaving — in  other  kinds,  as  the  oow-J^de  pre- 
pared ia  the  upper  leather  of  heavy  shoes,  after  skiving  it  is  duntd  aerou  («.  e. 
nearfy  at  lig^t  angles  to  the  skiving),  and  jlattmad  by  being  again  shaved  in  the 
same  dilation  as  Sie  skiving.  In  some  manuliBotories  then  are  certain  kinds  of 
leather  -which  are  snbjected  to  the  operation  called  by  carriers  lUmmg  before  JUUte»- 
tag :  this  is  done  by  fonablT  driving  the  stock-stone  {Jig.  1870)  over  wgrain  side  at 
the  leather,  themby  stMtehhig  it,  uid  rendering  the  grain  smooth.  llie  fiattmimg 
process  is  ceoridecMly  facilitated  hj  this  stoaing;  and  if  the  skin  has  been  allowed 
slightly  to  harden  by  exposure  to  air,  and  the  e^  of  the  knife  is  ftne,  as  it  should 
be,  the  woAman  has  bnt  to  strike  the  flat  part  of  ue  knife  over  the  leather  after  the 
shaving  is  perfbnned,  to  produce  a  beantiiDl  ftoe  to  the  fleeh  side  of  the  skin.  It 
will  not  be  diflicnlt  to  understand  that  a  good  hand  is  easily  distinguished  l^m  an 
imfeiior  one  in  this  part  of  the  business.  With  such  nicety  will  a  skiUU  workman 
set  the  edge  of  his  knife,  that  altbou^  there  seems  nothing  to  guide  bin,  he  can 
talce  shaving  after  shaving  frtnn  the  hide  extending  from  the  top  to  the  bottom  of  the 
beam,  thus  rendering  the  leather  eztxemdy  even  in  its  substance. 
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Aft«  the  process  of  shaving  is  completed,  the  leather  is  placed  in  water,  when 
it  remains  until  it  is  eonrenient  to  oany  on  the  opeiatioa  neitt  required.  It  is  to 
be  obserred  that  in  the  oooditioB  in  which  leather  is  diaved,  it  cannot  long  be 
k^  without  becoming  heated;  when,  however,  it  is  put  into  water,  it  is  safe 
froiai  imuy,  and  may  be  kept  a  reiy  long  time,  provided  the  water  be  oeeaiionally 
dianged  for  a  ftssh,  sweet  supply;  stale  water  is  regsrdedas  injurious  fortheddn 
to  remain  in. 

Beawrmg  is  neit  pneaeded  irith ;  the  Ain  is  taken  out  of  the  water,  and  laid  on 
the  seoniin^-stone.  In  respectable  manu&etories,  it  is  usual  first  to  uxwr  oo  tht 
fttk ;  tins  IS  done  by  passing  a  tUeker  smartiy  over  the  flesh  side,  by  which  the  gnm 
of  the  leatbev  is  brou^  into  eloee  contact  with  the  sconring-Btone,  and,  being  in  a 
wet  condition,  the  air  is  easily  excluded,  so  that  the  leather  ttieka  to  the  stone.  A 
^entiftil  supply  of  water  is  now  ^plied,  and  a  large  bras.:,  with  stiff  hairs,  is  rubbed 
over  the  flasn,  or  upper  side.  Portions  of  the  surface^  in  a  pulpy  condition,  come  off 
with  the  scrubbing,  and  the  skin  presents  a  soft,  whitened  and  piUpy  appearance ;  the 
pores  are  rmdered  capable  of  crataining  more  moisture,  and,  altoge&er,  the  leather  is 
much  beasfttsA.  The  Aitiker  is  a  plate  of  iron  or  steel,  as  for  particular  purposes,  <^ 
l>rass  or  copper ;  it  is  about  five  indies  long,  and  like  the  ttaai-ttotie,  is  fixed  in  a 
stock,  or  handle  {fig.  1371).  It  is  sharpened  at  the  rub-»tone,  by  grinding  the  plate 
paraeatUeolariy,  wd  then  on  atber  side,  thus  producing  two  edges  (or,  rather,  right 
amgiti).  The  edges  thus  produced  are  not  of  an  order  to  cot  the  leatiier,  but  rather 
to  tei^^  it.  The  tlieier  is  not  intended  to  remove  irregularities  in  the  leather ;  but 
its  uses  are  rtakmn,  and  it  may  be  considered  a  very  important  tool,  as  will  hereafter 
amaar. 
•  u  tks  |Mp«a»4ir  toiMiNy,  th«  gtain  ode  of  the  hide  or  skin  becomes  covered  with 
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a  wbitiab  body,  derived  from  the  bark  called  &2ooin;  this  is  mpie  or  lea  difficult  to 
remove  acoorung  to  the  htudoees  or  softness  of  the  irater  used  in  tanning,  and  the 
peculiar  treatmeut  of  the  tanner.  It  is,  however,  the  carrier's,  buaiaen  to  remove  it, 
-which  he  effects  thus : — In  the  case  of  leather  whose  grain  is  Under,  as  cordovan, 
which  is  mana&ctared  ficom  hotse-hidea,  the  grain  being  kept  appermost,  the  leather 
is  spread  on  the  soonring-stone,  and  being  plentifully  suppliad  wil£  water,  is  stretched 
by  using  the  slicker,  or  a  flne  pebble,  gronnd  to  the  shape  of  the  stock-stone,  the  Uoom 
is  thus  loosened,  and  at  the  same  time,  bv  maldng  it  adhere  to  the  scouring-stone,  ^e. 
next  opentaon  is  readily  carried  on,  which  consists  in  smartly  brushing  the  grain  with 
a  stiff-]iaiied  brash,  and  at  the  same  time  keeinng  a  quantity  of  water  on  the  sor&ee, 
the  slicker  is  again  used  to  remove  the  water  and  loosened  iloom,  and  the  scouring  is 
complete.  In  uie  scouring  of  calf-skins,  and  cow-  or  oz-hidee,  the  stock-stone  is  used 
to  fix  the  leather,  and  a  piece  vS  pnmice-stone,  the  &ce  of  which  has  been  gronnd  to 
smoothness,  and  afterwards  cut  in  grooves,  is  then  forcibly  tabbed  over  the  grain,  in 
order  to  remove  the  Uoom.  In  this,  as  in  other  operations  on  the  scouring-stone, 
voter  is  a  necessary  ingredient.  The  Uoom  being  sufficiently  loosened  by  thei,pnmice- 
stone»  the  bruth  is  used  to  scrub  up  the  remaining  dirt,  whidi  is  then  removed  by  the 
stock-stone  or  slicker.  In  harness  leather,  which  is  stout,  and  requires  to  be  sizetched 
as  much  as  posaible,  the  pnmice-stone  is  seldom  used,  the  stock-stone  and  scouring- 
brush  being  lustily  applied  until  the  bloom  is  sufficiently  removed.  Ordinary  mann- 
futnren  within  we  present  (idneteenth)  eentnty  have  considared  the  operations  of 
the  aoouriMg-hovie  complete  at  this  point.  Hie  modem  currier  takes  a  diffinent  view, 
and  not  unfrequently  detains  hitiooimi  property  for  days,  <u>d  sometimes  for  weeks, 
in  the  tcouring-lumte. 

If  the  leatlier  is  imperfectly  tanned,  or  it  is  required  to  be  made  of  a  bright  colour, 
there  are  other  processes  to  be  passed  throu^.  In  these  oases  sumach  (an  ever- 
green shrub  of  the  natural  order  Anaoardiaeeei,  genus  Bkui,  and  &om  the  bark  of 
which  all  the  leather  made  in  Turkey  is  said  to  be  tanned)  is  inftised  in  boiling 
water,  and  when  cooled  to  a  tepid  state  the  leather  is  placed  in  it.  After  staying 
a  snfScient  time  it  is  taken  to  the  scouring-stone ;  if  eonUman,  it  is  slicked  as  dry  as 
can  be  well  accomplished  on  the  fieih  side ;  other  leather  is  for  the  most  part  sliced 
in  a  similar  way  on  the  grain  side.  Saddle  leather,  which  is  required  to  be  of  a 
bright  cdoar,  is  still  further  placed  in  wann  water  sli^tly  acidulated  with  sulphuiio 
or  oxalic  add,  or  both ;  here  for  a  time  it  is  kept  in  motion,  then  taken  to  the 
scouring-stone,  it  is  crashed  with  peculiar  chemical  lotions,  aoc(nding  to  the  taste  or 
knowledge  of  the  workman ;  then  again  it  is  dipped  in  tepid  sumaui  infiision,  then 
slicked  with  a  coppnr  or  brass  slicker  (iron'is  liable  to  stain  leather  thus  prepared), 
and  a  thin  coat  of  oil  being  applied  to  either  side,  it  is  removed  to  tite  drying-loft. 
Until  within  a  very  few  years  much  time  and  trouble  were  taken  to  produce  very 
bright  leather  for  the  saddlar ;  but  of  late  brown-coloured  leatiier  has  been  adopted 
to  a  considerable  extent,  as  it  is  less  liable  to  become  soiled.  Kearly  aW.  leather  is 
placed  a  short  time  in  the  loft  before  farther  manipulations  are  carried  on,  in  order  to 
harden  it  slightty  by  drying. 

In  the  drymg-loft,  or  its  immediate  vicinity,  the  leather  receives  the  dMiimg  {datib' 
ti^,  probably)  or  tt^fing.  The  substance  so  called  is  composed  of  t^low,  brought  to 
a  soft  plastic  condition  by  being  melted  and  mixed  with  eoi-liver  oil ;  occasionally  tod 
(an  oil  made  in  ^nparing  sheep-skins)  is,  in  very  small  quantities,  added  to  the  mix- 
ture. This  is  lajd  npon  the  leather  eithec  with  a  soft-haired  brush  or  a  mop  made 
generally  of  rags. 

The  leather  is  prepared  fbr  stuffing  by  wetting  slighUy  such  parts  as  have  become 
too  dry.  It  is  then  taken  to  the  table  previously  described,  which,  being  slighUy 
oiled,  the  process  is  carried  on  by  pladng  uie  skin  on  the  table  in  the  manner  most 
convenient  for  stretching  it  and  making  the  snrfiice  smooth.  In  those  kinds  that 
have  a  rough  wrinkled  grain  the  flesh  side  is  placed  next  the  table,  and  the  etoei- 
itone  is  used  very  smarUy  to  stretch  and  smooth  the  grain.  A  kind  delatnp  or  hold- 
ftut,  composed  <^  two  cheeks  fastened  with  a  screw,  is  sometimes  used  to  prevent  the 
leather  £n>m  moving  during  this  operation,  but  in  general  these  are  not  required ; 
the  slicker  is  then  applied  to  remove  the  marks  1^  by  the  ttoek-itone,  and  a  thin 
stuffing  beiu;  spread  over  the  grain  it  is  turned  over,  slicked  on  the  flodi  lightly,  a 
coat  of  ttuffing  is  spread  over  it,  and  it  is  hung  up  to  drr.  In  those  kinds  which 
have  to  be  blacked  (or  stained)  on  the  gnmt,  a  little  eod-oU  only  is  spread  on  the 
grain,  and  the  slicker  is  applied  on  the  flesh  side  most  laboriously  pravions  to  stuffing. 
Uach  skill  is  required  to  give  the  requisite  quantity  of  <tt(^ (dubbing)  to  the  leather 
without  excess,  excess  beinp;  iigurions,  and  the  quantity  required  is  fbrthqr  regulated 
by  the  freshness  or  otherwise  of  the  leather,  the  tan-yard  from  whidi  it  comes,  and 
the  treatment  it  has  received  in  the  scooring-house. 
.  When  dry,  the  skins  or  hides  are  folded  together,  to  leaaiii  until  nqnized.   I(  is 
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certain  the  leatiier  impioves  by  reniaining  some  weeks  in  this  condition.  It  shoiild 
be  obeerred  th^  in  at^ng,  the  leather  absorbs  a  large  quantity  of  the  oleaginous 
matter  with  -whiish  it  is  jcbarged,  and  the  nnabsorbed  portion  forms  a  thick  coating  of 
liaidened  greasy  matter  on  the  flesh  side. 

Leather  which  has  to  be  blackened  on  the  flesh  (foa»4eatha''),  from  this  point,  re- 
ceives diffisrent  treatment  ftom  ^at«-leather.  TTov-lesther  is  taken  to  the  ihop-tabU 
and  softened  with  a  ffrmrnng-board.  The  skin  is  laid  on  the  table  and  doubled,  grain 
to  grain,  the  gTaumg-hoard  {fig.  1373),  which  is  confined  to  the  hand  by  a  leather 
strap  (a  a),  is  anren  forward  and  drawn  back  alternately  until  a  grain  is  raised  on  the 
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leather,  and  it  has  attuned  the  required  snpplmeas.  Observe,  the  graining-boaid  is 
slightly  rounded  on  the  lower  surface,  and  traversed  by  parallel  grooves  finm  side  to 
situ,  which  are  coarser  or  finer,  as  occasion  requires.  The  ^ease  is  next  removed 
from  the  flesh  by  the  slicker,  and  afterwards  a  sharp  slicker  is  passed  over  the  grain 
to  remove  ^eue  or  other  accumulations  from  it.  The  next  process  is  called 
vkUemng.  The  leaUisr  is  laid  over  the  beam,  and  a  i»\ft  with  an  extremely  fine 
ed^e  is  used  to  take  a  thin  shaving  from  the  flesh  side ;  this  is  a  point  at  which  a 
cu:  Tier's  skill  is  tested.  The  knife  used  is  one  tliat  has  been  very  much  worn,  the 
quality  of  which  has  been  tested  to  the  utmost ;  and  so  extremely  tntt  is  the  edge 
expected,  that  not  the  slightest  mark  {toratoh)  is  allowed  to  appear  on  the  surface  of 
the  leather.  Only  a  good  workman  can  satisfattorily  accomplish  this.  The  slightest 
giarel  in  the  flesh  of  the  skin  may  break  the  edge  of  the  knife  in  pieces,  and  it  is  not 
easy  to  reetxfy  so  serious  a  misfortune;  besides,  a  poor  workman  may  turn  up  the  edge 
by  tteding,  an  operation  which  ought  to  mend  the  mischief  instead  of  provoking  it. 

A  fine  fframitig-board  is  next  used  to  soften  the  leather ;  the  stiffer  parts  being 
hoarded  both  on  the  grain  and  flesh  sides,  and  the  operation  being  carried  on  in  two 
or  thx«e  directions,  to  insure  both  softness  and  regularity  of  grain.  Boarding  is  per- 
formed by  doubling  the  leather  and  driving  the  double  part  forward  and  drawing  it 
backward  Iry  the  graining-board. 

The  leather  is  now  prepared  for  the  waxer,  and  passes,  consequently,  into  his 
hands.  Waxing,  in  laige  establishments,  is  a  branch  considered  separate  from  the 
general  business,  and  is  usually  in  the  hands  of  a  person  who  confines  himself  to  this 
occupation  alone.  The  skin  is  laid  on  the  table,  and  the  colour  ruobed  into  the  flesh  side 
with  a  brush.  It  is  necessaiy  to  give  the  brush  a  kind  of  circular  motion  to  insure 
the  required  blackness  in  the  leather.  The  ooUmr  is  made  by  stirring  a  quantity  of 
the  best  lampblack  into  eod4iver-oU ;  sometimes  a  little  dubbing  is  added,  and  in  order 
to  make  it  work  smoothly  so  as  not  to  clog  the  brush,  some  stale  toft-water  from  the 
vats  in  the  sconring-hoose  is  beaten  up  with  the  mixture  until  it  combines  therewith. 
The  preparation  of  the  colour  is  an  important  afiJur,  and  requires  a  considerable 
amount  of  time  and  labour  to  render  it  such  as  the  feaxer  desires. 

A  diei-ttone,  or  glast,  is  next  used ;  this  tool  is  about  the  size  and  shape  of  the 
slicker,  but  instead  of  being  ground  like  it,  the  edges  are  resj  carefully  removed,  so 
that  while,  from  end  to  end,  it  preserves  nearly  a  right  line,  it  is  circular  aarou  the 
edge.  The  ttone  (a  flne  pebble)  is  little  used  now,  plate-glass  being  substituted  for  it. 
The  use  of  the  tool  just  described  is  to  smooth  the  flesh  after  the  operation  by  the 
coloniing  brush,  thereby  getting  rid  of  any  marks  made  on  the  sur&ce. 

The  next  step  in  waxing  is  what  is  called  sizing.  Size  is  prepared  by  boiling  glue 
in  water ;  the  melted  glue  is  diluted  with  water  to  the  extent  required,  and  in  some 
cases  it  is  softened  by  mixing  cod-liver  oil  with  it  in  cooling.  When  cold,  it  is  beaten 
up  with  various  ingredients,  according  to  the  taste  or  experience  of  the  waxer ;  the 
waxer  then  well  rubs  the  size  into  the  coloured  side  of  the  leather,  and  with  a  sponge, 
or,  more  generally,  the  fleshy  port  of  his  hand,  smootlis  it  off.  When  d^,  the  tlick- 
ftone,  or  glau,  is  again  applied,  thus  producing  a  polish  on  the  raze ;  and  a  veiy  thin 
ccat  of  oil  completes  the  work.  In  difierent  manumctories  dififerent  methods  are  pur- 
sued, but  the  above  is  convenient  and  satis&ctory  in  almost  all  ciicumstances.  It  is 
now  ready  for  the  shoemaker. 

Leather  intended  to  be  blacked  on  the  grain  is  left  folded  up  when  dr^  after  stuff- 
ing. Some  years  ago  it  was  the  custom  to  stain  these  kinds  of  leather  while  wet  in  the 
seouring-house,  by  spreading  stale  urine  over  it^  and  then  applying  a  solution  of  eojtpertu 
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((nlphftte  of  iron).  That  method  is  now  eniloded.  The  diyskiBS  or  pieces  of  leather 
are  laid  on  the  ghop-boaid :  a  brush  is  used  to  sataiste  the  fraiii  with  urine,  or,  as  is 
nov  more  oommoD,  a  »oluiion  qf  toda  iu  water,  and  a  peculiar  preparation  of  iron  in 
lolution  is  afterwards  laid  over  it,  which  blackens  the  surface.  It  may  be  observed 
that  in  wax-leather  a  body  of  black  is  laid  on,  and  rubbed  into  the  flesh ;  in  grain- 
leather  the  black  is  a  stain.  After  the  blackening,  it  is  necessary  to  rub  a  small 
quantity  of  oil  or  dtMing  over  the  blackened  surfiuse,  then  turning  the  oiled  grain 
toward  the  table,  a  sharp  slicker  is  used  on  the  flesh  side ;  the  leather  sticks  to  the 
table  by  means  of  the  oil,  and  the  slicker  is  driven  so  smartly  over  it,  that  it  is  ttretcied 
on  the  table  at  the  same  time  that  the  grease  is  removed.  It  is  quite  an  important 
point  to  take  all  the  ttreteh  out  of  the  leather  in  this  operation,  after  which  it  is  turned 
over ;  the  table  is  covered  with  a  very  thin  coat  of  luud  tallow,  a  roll  of  tallow  being 
rubbed  over  the  table,  for  the  purpose  of  keeping  the  leather  fastened  to  iL  A  diul 
slicker  is  used  on  the  grain  to  remove  remaining  marks  and  wrinkles,  or  to  smooth 
any  coarse  appearance  on  the  grain  ;  a  sharp  shcker  removes  all  the  grease,  and  a 
ttun  coat  of  weak  sise,  made  of  glue  dissolved  in  water,  is  spread  over  it,  and  the  pro- 
cess, usually  called  seaaoning,  is  completed.  The  next  object  is  carefUly  to  dry  the 
seaeoned  leather,  and  in  this  state  it  may  be  stored  without  im'uiy. 

The  next  step  is  very  similar  to  that  described  is  the  case  of  wax-leatlier,  and  called 
whitening : — it  is  then  softened  by  means  of  a  flne  graining-boatd.  Or  a  board  of  the 
same  shape  and  size  covered  with  cork,  the  grain  side  is  placed  naxt  the  table,  and 
the  flesh  doubled  against  the  flesh,  and  thus  driven  forward  and  backward  until  the 
remuied  degree  of  suppleness  is  obtained.  The  loose  particles  of  flesh  are  brushed  ofT, 
amd  a  dicker  camMhr  passed  oyer  the  grain  removes  all  marks  of  the  last  operation. 
If  a  srdBcieney  of  tii^jf  has  not  been  applied  in  the  drying-loft,  the  deficiency  is  remedied 
by  a  coat  of  taUonHliibbing  now  spread  over  the  grain,  and  allowed  to  remain  some  hours. 
As  the  leather  absorbs  the  oily  matter,  a  hardened  coat  of  grease  has  to  be  removed 
by  the  aid  of  the  slicker.  The  leather  is  then  lieed,  and  a  very  thin  coat  of  oil  spread 
over  the  size,  completes  the  operation. 

In  the  preparation  of  various  kinds  of  leather,  or  of  leather  for  particular  purposes, 
the  cumer  has  particular  appliances.  Hanutt-leather  is  considerably  diyer  than 
other  kinds  before  stuffing,  and  is  sulgected  to  immense  labour  by  the  stock-stone  and 
slicker,  to  procure  a  smooth  grain.  It  is  blackened  when  dry  like  other  ^mtn-leather, 
but  instead  of  the  oiling  and  other  processes  described,  the  Iiardest  tallow  procurable 

is  rubbed  into  it,  ttoned  with 
1874 


^fif 
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a  fine  pebble,  slicked,  and 
tallow  again  rubbed  into  it 
by  the  hand.  When  dry  after 
this  operation,  the  grease  is 
slicked  from  the  flesh  side, 
and  a  repetition  of  the  tallow- 
ing, stoning,  and  rubbing 
finishes  the  work. 

Saddle  -  leather,  which  is 
cut  into  comparatively  small 
pieces,  after  hardening  in  the 
drying-loft,  is  passed  through 
a  very  different  process  from 

skin  of  the  hog  is  much  used 
for  certain  puts  of  hackney 
saddles,  and  the  bristies,  when 
removed  by  the  tanner,  leave 
indentations,  or  even  holes  in 
the  tanned  i^n.  Probably  it 
was  deemed  desirable  to  ob- 
tain some  imitation  for  the 
parts  of 'the  saddle  where  the 
hog-skin  was  not  suitable. 
The  skin  of  the  dog-fish 
{Soyllium,  Cuv.),  to  some  ex- 
tent supplied  Uie  imitation, 
having  hard  tubercles  on  its 
surface.  At  first  the  skin 
was  laid  on  the  leather,  and 
lustily  pressed  into  it  by  rub- 
bing it  with  a  pebble  or  plate  of  glass ;  at  length  a  press  was  invented,  and,  more 
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noeatly,  Tarioos  methodi  hare  been  piopoaed  to  piodnee  the  best  efbet.  We  luiTe 
ban  {fy,  1374)  a  lepneenUtion  of  one  of  theie  pressei,  whieb  may  stand  as  a  tjpe 
of  all  otben  a  a  are  the  feet  into  which  the  uprights  are  inserted  ;  b  b  are  the  two 
upright  sides  tied  at  the  top  by  e,  a  similar  cross-piece  ties  them  a  little  above  the 
feet ;  d  ia  %  leaf  &8tened  with  hinges,  which  closes  upon  o  when  the  press  is  not  in 
use ;  ee  axe  screws  which  press  on  the  iron  plate,  in  wluch  the  axes  of  the  roller/  are 
inswted ;  these  plates  imbedded  in  the  uprights  b  b  have  eonsidarable  play,  so  as  to 
allow  the  rollers  fh  more  or  less  piessure  as  the  case  may  require.  0%e  dotted  line 
t  f,  represents  an  iron  bar  or  cylinder,  supplied  with  a  small  cog-wheel  at  t*,  and  a 
erani  handle  j;  this  is  turned  round  by  the  hand,  and  the  small  cog-wheel  acts  on  a 
larger  one,  I,  which  is  attached  to  the  ads  of  the  roller/:  /is  a  soUd  roller  of  hard 
wood,  such  as  lifftmm  vita ;  upon  this  cylinder  is  strongly  glued  the  fiah-tkin,  pre- 
Tiousljr  alluded  to ;  i  is  a  cylindrical  solid,  pieoe  of  wood,  covered  with  stout  flannel ; 
I  is  a  piece  of  leather  on  which  the  leather  to  be  pressed  is  placed;  when  all  is  adjusted, 
the  piece  to  be  pressed  is  placed  on  {,  the  handle  is  moved  slowly  round,  and  the 
whole  is  carried  between  the  rollers ;  the  leather  thus  receives  the  imprint  of  theyitA- 
tkiu,  and  at  the  same  time  becomes  extremely  solid.  After  drying,  this  is  fit  for  the 
saddler. 

1376 


Of  lata  years  the  cnirier  has  nndertalcen  an  office  which  was  piBTJonsIy  the  business 
of  tlie  bodtmaker ;  namely,  the  blocking  of  boot  fronts.  This  is  performea  t>y  the  instru- 
ment represented  byj^.  1375.  The  leather  is  first  dressed,  as  pevioosly  described, 
vg  to  tbe  poiat  cf  being  ready  for  vMttning.    The  fronts  ore  tnan  cot  (fig.  1376  a)> 
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sud  when  folded  ^or  doubled  appear  as  fig.  1876  h.  V 1',  1 1,  is  a  Btiong  frame- 
work ;  2,  tepreeents  a  pair  of  cheeks,  strongly  fatbeaei  in  the  frune,  and  regnlated  as 
to  diiUmet  by  a  screw ;  these  cheeks  are  lined  with  sine ;  8  is  a  strong  plate  of  metal, 
the  angle  at  8  corresponding  exactly  wilii  the  angle  of  the  cheeks ;  the  ends  of  this 
plate  are  fixed  in  moreable  plates  passing  down  the  colnnms  1'  1' ;  4  is  a  handle  by 
which  the  instmment  is  worked,  and  which,  by  cog-wheels  acting  on  the  moveable 
plates,  brings  3  downwards.  The  front,  a,  is  laid,  siber  a  thorough  soaking  in  water, 
over  the  cheeks  2,  the  handle  being  tamed,  8  comes  down  upon  the  front,  and 

1876 


foioe*  it  thioogh  the  small  opening  between  the  cheeks,  and  when  brought  out  bdow 
the  cheeks,  it  has  the  appearance  given  in  fig.  18760.    The  plate  8  having  carried 
.,._  the  front  between  the  dieeks,  is 

''  removed  (Mow),  and  the  weight 

6  assists  in  bringing  the  parpen- 
dicular  moveable  plates  to  tneir 
places  when  3  is  again  put  in 
position;  and  thus  the  opera- 
tion is  rapidly  carried  on.  After 
this,  the  fnmU  are  regularly 
placed  on  a  Uock,  being  forced 
into  position  by  an  instrument 
called  the  flounder  {fig.  1376), 
and  tacked  to  their  place ;  after 
this,  they  are  slightly  oiled  and 
dried.  Some  ingenious  methods 
have  been  adopted  for  softening 
the  fronts,  so  as  not  to  disturb 
the  blocking.  They  are  whitened 
on  a  very  sloping  beam  {fig.  1377), 
which  enables  the  woikman  to 
hold  them  better  than  he  could 
on  the  common  beam.    They  are 

Xin  blocked  by  the  waer,  and 
tn  these  processes  are  care- 
ftiUy  performed,  much  trouble 
is  saved  to  the  bootmaker.  Of 
course,  in  a  manufactory  many 
appliances  are  foand  which  are  not  here  mentioned ;  the  general  idea,  however,  may 
be  easily  gathered  from  this  description.  The  work  is  dirty  and  very  laborious,  re- 
quiring great  skill  and  experience,  and  consequently  good  workmen  have  generally 
commanded  better  wages  than  other  mechanics. 

Hides  intended  for  covering  coaches  are  shaved  as  thin  as  shoe  hides,  and  blacked  on 
the  grain^H.  M. 

I^AmS  Mnurmra.    This  operation  is  employed  sometimes  u^n  certain 
sarta  of  leather  for  glovers,  for  bookbinders,  sheath-nuikers,  and  always  to  give  a 
.uniform  thickness  to  the  leather  destined  for  the  cotton  and  wool  card-makers. 
\    Figi,  1878, 1379, 1380. 1381  represent  a  well-contrivpd  machine  for  that  purpose;  of 
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which^.  1S7S  Bhom  the  fj<ont  tiewifff.  1379  s  riew  tcom  the  left  Ai»,fig.  1880'a 
vertical  aeetion  acrou  the  machine,  and^.  1381  a  gronnd  plan,  a  ia  a  strong^  table,; 
fnrmriwd  -with  fonr  legg  ft,  which  to  the  right  and  left  hand  bean  two  horixontalpieceao.. 
Sach  of  theeepiecee  ia  cot  oat  in  front,  bo  a«  tofonnin  itsmbetanceahalf-roandfock, 
that  teoeiTeB  •  cylinder  d,  eanying  on  its  end  a  toothed  ipnr-wheel  e.    Kotion  is  com-' 

1378 


II  II 
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manicsted  to  the  iriieel  by  means  of  the  handle/,  npon  whose  axis  the  pinion  i  in  fixed, 
working  intA  the  wheel  a,  made  &st  to  the  end  of  the  cylinder  round  iniioh  the  leather 
is  rolled.  TUm  leather  is  fixed  at  one  of  its  ends  or  edges  to  the  cylinder,  either  with 
a  wedge  preaaed  into  a  groove,  or  by  a  moveable  segment  of  the  cylinder  itself. 

The  tables  a,  is  cot  oat  lengthwise  with  a  slot,  that  is  widened  Iralow,  as  shown  in 
j^.  1880. 
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The  knife  i{Jig*.  1380  and  1381)  is  fixed  flat  upon  the  table  vitJi  screw  bolts,  whose 
heads  are  ooimtennmk  into  the  taUs,  and  seenred  with  taps  beneath  {Jig.  1380),  the  edge 
of  the  knife  being;  placed  horiaontally  orer  the  opening,  and  paiallel  with  it. 

la  fig.  1880  the  leather,  k,  is  shown  adTanoing  against  the  knife,  getting  split,  and 
has  a  poitioa  odled  nmnd  the  cylinder,  which  is  made  to  lertdTe  in  ptopotioo  as  the 
leather  is  deft.  The  upper  portion  of  the  leather  is  rolled  npon  the  cylinder  i,  while 
the  under  half,  I,  &Ils  Umnigh  the  oblong  opening  npon  the  ground. 

In  regnlating  the  thickness  of  the  split  leather,  the  two  supports,  m,  act ;  they  are 
made  fast  to  the  table  a  (one  on  eadi  side  of  the  Imife),  and  are  mortised  into  the  table 
by  two  tenons  seenred  beneath,  ^eae  snpports  are  Aimiahed  near  their  tops  with 
keyed  slots,  by  means  of  which  the  horizontal  iron  rod  o  (Jigt.  1378,  1380)  is  secured, 
and  outside  of  the  uprights  they  press  npon  the  springs  p  p,  which  tend  to  raise  the 
rod,  o,  in  its  two  end  slots ;  but  the  adjusting  screws  ;,  '\riuch  pass  down  through  the 
tops  of  the  supports  into  the  mortise  n  {fig.  1380),  and  press  upon  the  upper  half  of 
the  diTided  tenon,  counteract  the  springs,  and  accordingly  keep  the  rod  o  ejcactly  at 
any  desired  iieight  or  lerel.  The  iron  rod  o  carries  another  iron  bar,  r,  beneath  it, 
parallel  and  also  rectangular,  ^.  1 380.  Tiiis  lower  bar,  which  is  rounded  at  its  under 
&ee,lies  upon  and  presses  the  leather  by  the  action  of  two  screws,  which  pass  through 
two  upright  pieces  t  {figi.  1378  and  1380)  made  fast  to  the  table;  thus  the  iron  bar  r 
may  be  made  to  press  forwards  the  edge  of  the  knife,  and  it  may  be  adjusted  in  its 
degree  of  pressure,  according  to  the  desired  thickness  of  the  leaf  of  split  leather  that 
passes  through  under  it. 

Kg.  1880  shows  that  the  slant  or  obliqniiT  of  the  knife  is  directed  downwards,  orer 
one  of  the  edges  of  the  oblong  opening^;  the  other  edge  of  this  opening  is  provided 
with  an  iron  plate  (  {figt.  1378,  1380),  which  serves  to  guide  the  blade  in  cutting  the 
leather  to  the  proper  depth.  For  this  punxMS  the  plate  is  made  ai^'ustible  by  means 
of  the  four  springs  w  {fig.  1381)  let  into  the  teble,  which  press  it  downwards.  Four 
screws,  v,  pass  down  through  ue  table,  each  belonging  to  its  lespeetiTe  spring  u, 
and  l^  means  of  these  screws  the  plate  (  may  be  raised  in  any  desired  degree.  Each 
of  the  screws  «  has  besides  a  small  rectangular  notch  through  which  a  screw  bolt  a 
passes,  by  wlueh  the  spring  is  made  &8t  to  the  table.  Thus  also  the  plate  (  may  be 
made  to  approach  to  or  recede  from  the  knife. 

jr,  in  figi.  1378  and  1380,  is  a  flat  board,  lud  npon  the  leather  a  little  behind  the 
edge  of  the  plate  (;  this  boud  is  pressed  by  the  cylinders,  that  lies  npon  it^and  whose 
tenons  rest  in  mortises  cut  out  in  the  two  supporte  a'.  The  cylinder  « is  held  in  its 
pontion  I^awedge  or  pin,i  C%<- 1378  and  1380),  which  passes  through  the  supports. 
when  the  leather  has  been  spUt,  these  pins  are  removed,  and  the  cylinder  rises  then  by 
means  tt  two  counter-weights,  not  shown  in  the  flgures. 

The  operation  of  the  machine  is  as  follows : — The  edge  or  end  of  the  leather  being 
secured  to  the  cnrlinder  d,  the  leather  itself  having  the  urection  upon  the  table  shown 
mfy.  1880,  and  the  bar  r  ito  proper  position  over  the  knife^  the  edge  begins  to  enter 
in  this  position  into  the  leather,  while  the  cylinder  d  is  moved  by  the  handle  or  winch, 
and  the  pieeegeto  split  betwixt  the  blade  and  the  roller  d.  When  the  other  end  of  the 
leather,!^  advaneea  to  the  knife,  there  is,  consequently,  one  half  of  the  leather  split ; 
the  skin  is  to  be  then  rolled  off  the  cylinder  (i;  it  is  turned ;  the  already  split  half,  or 
the  end  of  the  leather,  i,  is  made  &st  into  the  wood  of  the  cylinder,  and  the  other  half 
is  nest  split;  while  the  kniib  now  acts  from  below,  in  an  opposite  direction  to  what 
it  did  at  first 

That  the  unrolling  of  the  leather  from  the  cylinder,  d,  may  not  be  obstructed  by 
the  pinion  >,  the  stop-wedge  «  (figt.  1378,  1370)  is  removed  from  the  teeth.  In  the 
process  of  splitting,  the  grain  side  of  the  leather  is  uppermost,  and  is  therefore  cut  of 
an  uniform  thiekneas,  bat  the  under  side  Taries  in  thickness  with  the  inequali^  of 
the  skin. 

Several  other  ingenious  eontrivanoea  hare  been  introduced  for  this  purpose,  illus- 
trated descriptions  of  which  have  been  given  by  Hebert,  who  states  that  a  spUtting- 
machine,  long  used  by  the  Messrs.  Bevington,  of  Bermondsey,  had  been  made  to  spbt 
sheep-skins  into  three  equal  parte,  one  of  which,  that  on  the  grain  side,  might  be  used 
as  leather ;  the  middle  portion  converted  into  parchment ;  and  the  slice  on  the  flesh 
side,  being  unequal  in  thickness,  and  therefore  unfit  for  any  better  use,  being  used  for 
glue-making.  In  this  machine  the  skin  is  drawn  between  two  revolving  rollers,  and 
presented,  as  it  emerges  from  their  grasp,  to  the  edge  of  a  long  and  reiy  sharp  knife, 
which  is  kept  continually  moving  a  uttle  backwards  and  forwards  with  great  velocity. 
As  a  skin  of  unequal  thickness  could  not  be  grasped  in  the  proper  manner  between  two 
perfectly  true  and  rigid  roUers,  the  upper  roller,  instead  of  being  solid,  is  composed 
of  a  number  cS  drenlar  disos  or  rings  of  metal,  about  half  an  indi  thick,  slippod  on 
to  an  axis  rather  smaller  than  theholee  ia  their  centzes^but  eoiqpelled  to  levolve  with 
it  by  means  of  what  ma^  be  termed  a  planetary  axis,  which  is  a  rod  passing  loesely  . 
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thioQgh  holes  In  the  whole  series  of  dises  between  their  centfe  and  Uteir  dienm- 
feienee^  aad  so  connected  with  the  axis  by  its  ends  as  to  be  carried  loond  with  it.  By 
this  eontrirance  the  upper  roller  is  enabled  to  adapt  its  surface  to  that  of  the  skin, 
iriiieh  is  eresywhere  jessed  with  an  eq^nal  force,  dne  to  the  wei^  of  the  discs  of 
which  the  apper^  roller  is  composed.  It  is  stated  in  the  '  Fenny  Magna ne' '  that  this 
machine  will  split  a  sheep-skin  of  the  ordinaty  size  in  aboat  two  minutes,  during  whidi 
tims  the  knin  makes  firom  two  to  three  thousand  ribratoiy  motions  to  and  fro.' 
This  machftie  is  said  to  be  the  invention  of  Iiientraant  Fair.  Anothor  oontriTanee 
is-known  as  Doxboiy's  Fatant  Skin-£blitting  Mschine,  in  which  the  knife  consists  of 
a  series  ot  plates  of  steel,  so  attached  to  the  periphery  of  a  wheel  or  disc,  seventeen 
feet  in  diameter,  as  to  lana  a  gigantic  cntbog  instmment,  resembling  a  crown  or 
trepan  saw,  the  componnd  blade  projecting  horaaontally  f^oin  tiie  rim  of  the  irheel 
panJlel  to  its  axis.  The  skin  to  be  split  passes  round  the  circumference  of  a  hori- 
>amtal  drum,  the  axis  of  which  is  at  right  angles  with  that  of  the  great  disc,  and  lies 
Tery  nearly  in  the  same  plane  with  its  £u»,  and  which  instead  of  being  perfectly 
eyhndrieal  has  its  sides  so  hollowed  as  to  present  a  oonea-rit^  perfectly  taUying  with 
the  curvature  of  the  periphery  of  the  disc.  As  Uierafore  the  cbum  revolves  it  brings 
the  akin,  which  is  confined  elosriy  to  its  concave  sur&ce  by  a  contrivance  somewhat 
lesembling  the  upper  roller  in  the  machine  above  described,  in  contact  with  the  edge 
of  tiie  revolving  knife,  which  outs  by  a  continuous  onward  movement,  instead  of  a 
sawing  action  backwards  and  forwards.  The  extreme  nicety  required  to  fix  the  con- 
cavity of  the  feeding  roller  to  the  edge  of  the  circular  kidfa,  and  to  keep  the  knife  or 
cutter  itself  perfectly  true  in  shape,  appear  to  be  the  chief  objections  to  this  ingenious 
cratrivanoe.— iV«my  Ogdopadia,  SvfpL,  'Leatier.' 

Exporta  d  leather  of  British  paradqee  and  mann&ctore  in  1872  :— 

Total  Talae 
Tanned,  nnwronght         .        .        .        .  189,019  cwts.  £1,220,981 

Wrought,  boots  and  shoes       .        .        .  079,180  dozen  pairs        1,695,248 

Other  articles  nnenumeratad  .       .       .        1,987,604  lbs.  378,441 

ImporU  ofZeatker  m  1872. 

Leather,  unwronght:  hides  not  tanned,  tawed,  Total  value 

curried,  or  In  any  way  dressed         .        .        ,    808,980  ewts.        £3,063,920 
Hides,  wet 

„     tanned,  not  otherwise  dressed  . 

„     tanned,  curried,  but  not  enamelled 

„     vaatished,  japanned,  or  enamelled 


.     627,930    „  1,016,342 

23,674,061  lbs.  1,179,716 


.  3,136,162    „  479,680 

479,668    „  128,098 


ImforU  of  leather  mannfactared,  &c,  in  1872 : — 

Value 

Boots  and  shoes 46,189  dozen  pairs    £161,218 

Gloves 1,062,717         „  1,403,622 

Unennmerated —  „  139,209 


vahis 

631,304 

£38,210 

666,396 

42,406 

607,326 

38,069 

174,678 

°  13,094 

161,969 

11,398 

127,061 

9,628 

Under  the  name  of  Axuriecm  Laatitr-tlotk,  an  enamelled 
oil-doth  has  been  introduced.  Much  of  it  possessed  great  elasticity,  and  resembled 
the  vegetable  leather  desoribed  in  the  next  article.  The  trade  has,  however,  rapidly 
declined,  as  will  be  seen  hj  the  following  table  of  imports  of  this  material : — 

1864 

1866 

1866 

1868 

1860 

1861  .   .    . 

The  recent  importations  of  leather-cloth  are  not  obtainable. 

Ka&ntaa,  ▼T*1ITi».  Under  this  name  a  new  material,  composed  of 
india-rubber  spread  vpon  linen,  has  been  introduced.  Of  this  the  'Mechanics' 
Magamw '  writes : — '  Baving  seen  some  specimens  of  these  leathers,  as  well  as  various 
articles  of  utifity  mann&ctured  therewith,  we  have  been  induced  to  pay  the  extensive 
woribs  of  Messrs.  Spill  and  Co.,  the  eminent  Qovemment  contractors,  on  Stepney  Oreen, 
a  visit,  in  order  to  cnll  sufficient  to  place  upon  record  the  present  position  of  artificial 
as  a  snbstibite  for  real  leather.  The  fsce  and  general  character  of  the  ve^table 
leather  resamUes  the  natural  product  so  doeely,  tlut  it  is  only  by  actual  examination 
that  the  diflbrenee  can  be  determined.  This  is  more  particuliurly  the  case  in  that  des- 
cription vhieh  is  made  for  bookbin£ng,  the  covering  of  library  tables,  and  like  purposes 
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Amongst  otiier  advantages  it  ponesses  orex  leather  proper,  may  be  menfioiied,  tbat 
however  tliiii  tbe  imitation  is,  it  will  not  tear  without  eonsideiable  force  is  ezereiaed; 
that  it  resists  all  damp,  and  that  moisture  may  be  left  upon  it  for  any  period  without 
injury,  consequently,  it  does  not  sodden  or  oodle,  is  always  dry,  luia  its  polish  is 
n^er  increased  than  diminished  by  friction.  Add  to  these  fiicts,  that  any  attempt  to 
scratch  or  nusa  its  surfiKe  with  the  nail,  or  by  contact  with  any  ordinary  substance, 
will  not  abrade  it,  and  enough  will  have  been  said  to  justify  its  entering  the  list 
against  an  article  o£  dailyuse,  which  has  of  lata  years  been  deemed  far  tram  sufficient 
for  the  demand,  and  has  oonsecpieDtly  risen  in  price  to  the  manifest  loss  and  imury  of 
every  daaa  of  ttkeoommnnily.  We  believe  that  the  largest  entire  pieoe  of  real  leather 
that  can  be  cat  from  a  bullock's  hide,  is  not  more  than  7  feet  by  6  feet,  and  this 
includes  the  stomach  and  other  inferior  parts.  Vegetable  leather,  on  the  contrary,  is 
now  produced  60  ^ards  in  length  and  l|  yard  wide,  every  portion  being  of  equal  and 
of  any  required  thickness,  and  the  smallest  portion  is  convertible.  We  were  agreeably 
disappointed,  however,  to  find  that  instead  of  vegetable  leather  being  a  discovery  re-' 
quiring  the  aid  of  onnelves  and  oontemporaries,  it  was,  although  so  young,  an  active 
agent  in  the  fabrication  of  nmnerons  articles  c^  daily  requirement,  and  that  it  had 
already  became  the  sulgect  of  large,  indeed  we  may  say  enccmous,  contracts. 
Otontchouc  and  naphtha  are  used  in  its  mannftctoze;  but  by  a  process  known  to  the 
senior  of  the  firm,  who  is  himself  an  accomplished  chemist,  til  odour  is  removed  from 
the  naphtha,  and  the  smell  of  vegetable  leather  is  rendered  thereby  less  in  strength, 
if  anything,  than  that  of  leath^.  The  principal  objects  to  which  it  is  at  present 
applied,  although  it  is  obvious  it  will  take  a  wMsr  range  of  useftalnees  than  leather 
itseli^  are  carriage  and  horse  aprons,  aatigropola,  solcUers*  belts,  buckets  which  pack 
flat,  harness  of  every  description,  bodcbinding,  &o.  For,  the  latter,  its  toughness, 
washable  quality  and  resistance  to  stains,  render  it  remarkably  fitted.  Its  thickness, 
which  may  be  carried  to  any  extent,  is  obtained  by  additional  backings  of  linen.  Sec, 
cemented  with  the  caoutchouc,  and  its  stzength'  is  something  marvellous,  while  in  the 
all-important  commercial  view,  it  is  bnt  one-third  the  price  of  leather.  Ilany  of  the 
articles  we  were  shown  possessed  the  appearance  of  much  elegance  and  finish ;  but  it 
was  curious  to  observe,  that  althongh  most  of  them  could  be  made  without  a  stitch, 
and  within  the  &ctoTy  itself,  a  deference  to  the  feelings  of  the  workmen  in  the  several 
trades  has  been  shown  by  the  firm,  and  the  material  is  {pven  out  as  ordinary  leather, 
to  undergo  the  process  of  the  needle,  which  it  submits  to  with  a  greater  faality  than 
its  origimJ  prototype.' 

XdiAVav.  Under  Bbbao,  the  employment  of  yeast  is  ftally  explained.  A  few 
partacnlars  relative  to  tlie  French  leaven  may  not,  however,  be  out  of  place. 

In  Paris,  where  bread-making  has  been  brought  to  a  high  degree  of  perfactien,  the 
fermentation  is  produced  chiefly  by  the  gluten  of  the  don^  yeast  being  used  merely 
to  facilitate  the  action.  A  lump  of  dough  remaining  &mn  the  last  batch  of  bread, 
and  oonristing  of  8  lbs.  flour  and  4  lbs.  of  water,  is  left  to  itself  for  ten  hours :  in  this 
state  it  is  called  .^«>A  laaven  (levain  de  cl^f).  By  kneading  this'with  another  quantity 
of  8  lbs.  floor  and  4  lbs.  water,  the  onca  revived  letmen  (Jet^m  depremihr»)ia  obtained. 
After  another  interval  of  eight  hours,  IS  lbs.  of  flour  and  8  lbs.  water  are  added, 
fbrming  the  imoe  revived  haven  {levain  de  aeeonde);  and  after  three  hours  more 
100  lbs.  flomr  and  62  lbs.  water,  containing  ito  ^  lb.  beer-yeast  are  added,  forming 
the  flashed  leaven  (fevam  de  tout  poUU).  The  200  lbs.  leaven  thus  obtained  are 
mixed  after  two  hours  with  182  lbs.  flour  and  68  lbs.  water  containing  }  lb.  of  yeast 
in  sospension,  and  2  lbs.  common  salt  dissolved.  This  quantity  of  dough  serves  for 
five  or  six  bakings.  For  the  first  baking  half  the  dough  (200  lbs.)  is  made  into 
loavee  of  the  required  size  and  form,  which  are  exposed  for  a  while  in  shallow  baskets 
to  a  temperature  of  26°  O.  (77°  F.),  and  then  transferred  to  the  oven.  The  bread  thus 
obtained  has  a  sourish  taste  and  dark  colour.  The  remaining  half  of  the  dough  is 
again  mixed  with  132  lbs.  otiioxa,  70  lbs.  water,  i  lb.  yeast,  and  the  requisite  quantity 
<»  salt,  the  half  of  this  quantity  of  dough  is  then  formed  into  loaves,  left  to  ferment, 
and  bsjced.  The  same  operation  is  repeated  three  times,  one-half  of  the  dough  being 
each  time  mixed  with  180  lbs.  fionr  and  1^  lb.  yeast,  and  the  proper  quantity  of  water 
and  salt.  The  last  stage  yidds  the  finest  and  iriiitest  bread.  See  Watties  '  Dictionary 
«f  Cbemistiy.'  

UKJAVOBXO  ACnt9«  An  add  obtained  f^om  a  South  American  variety  of  the 
BoeeeUaiinetoria. 

XJU 1  'MlMtrmOMMt  The  Braril-nut  order,  remaricable  for  the  edible  seeds  of 
many  of  its  members.  The  Leeythii  oUaria  is  found  in  the  forests  of  Braril  and 
Cnmsna.  liie  fruit  is  about  the  size  of  a  child's  head ;  and  it  contains  numerous 
edible  seeds.  The  natives,  who  eat  the  seeds,  and  use  the  case  for  various  purposes, 
call  the  fruit '  the  monkey  pots.'  The  L.  Zapueajo  is  a  native  of  Guiana :  its  frnit  is 
«bont  the  size  of  the  above ;  it  contains  numeroos  seeds,  larger  than  almonds,  and.  of 
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an  agreeable  taste.  3%Me  an  the  *  aapnc^n '  nnU  of  the  fraiteien'  shops.  The 
Bnol-nnta  aie  the  pioduoe  of  the  jn-ria  tree  {Beriiottetia  exodia).     See  Bbazil 

'  'UUHIM  VAXVSnn.  This  plant  is  employed  in  Bussia  to  tan  the  skins  of 
goata,  ealres,  and  sheep^  into  a  ie<£lish  leather  of  an  agreeable  smell ;  as  also  in 
the  pnpuatian  of  the  al  of  birch,  for  making  irhat  is  commonly  cijled  Busma 
leataiBr. 

^W»i  An  arched  building,  forming  an  annealing  furnace,  in  vhich  glass  is 
tempered  or  annealed. 

lAammnL  A  name  applied  to  vegetable  casein,  in  allusion  to  its  occurrence 
in  the  seeds  of  many  of  the  Legumnoto,  or  Pea  and  Bean  family. 

TiKMmxJUK  BASTS. ,  A  yellowish-grey  earth,  obtained  team  Lemnos  by  the 
Greeks.    It  is  Ytsrj  similar  to  fnllei's  earth. 

UKOWB.  The  fruit  of  the  dtnu  livumum.  Both  the  juice  and  the  peel  of  the 
fruit  are  employed  medicinally,  and  in  the  preparation  of  lemonade,  See  Citsic 
Acid,  and  Oaa,  Esshhttai. 

>MKOS  OiBftM.  'DxaJjidropog<mcitrataiK(J>o(ja,ti.).  This,  and  certain  allied 
■pedes,  yield  fragrant  essential  oils  imported  from  India  under  the  name  of  lemon 
grass  and  dtionelle  oils. 

IiBM.  {LmHUe,  'Si. ;  lAntenglaM,  Ger.)  Lenses  are  transparent  bodies,  usually 
mads  of  glass,  irhich  l^  their  curratnie  either  concentrate  or  disperse  the  rays  of 
light.  Lenses  are  of  the  following  kinds : — Dovble  convex :  baring  the  same  or  a 
dii&rent  degree  of  conrexity  on  either  side.  Hano-oonmx,  having  one  plane  and  one 
convex  snzface.  Concavo-coHveic,  having  one  concave  and  one  convex  side,  commonly 
called  memiteut  lenses.  PUmo-coneave,  having  one  plane  surffkce  and  one  concave  one ; 
and  the  doMe  eoneaet  lens. 

The  6xA  three,  which  are  thicker  in  the  middle  than  at  the  edge,  are  converging 
lautt,  because  they  occasion  the  rays  of  light  to  converge  in  passing  through 
them.  The  others,  which  are  thicker  at  the  edges  than  in  the  middle,  and  there- 
tan  cause  the  pencils  of  light  refracted  through  them  to  diverge,  are  called  diverging 


"Sta  the  most  complete  examination  of  the  laws  regulating  the  construction  of 
lenses,  and  the  action  of  these  on  the  rays  of  light,  we  must  refer  the  reader  to  Sir 
John  Herschel's  admirable  treatise  on  Light  in  the  Eucydoptedia  Metropolitana.  In 
this  work  we  have  only  to  deal  with  the  mode  of  mannfactnnng  the  ordinary  varieties. 
The  apherieal  soifacea  are  produced  by  grinding*  them  in  counterpart  tools,  or  discs 
of  mstal,  prepared  to  the  same  curvature  as  the  lenses.  For  the  formation  of  the 
grinding  tools,  a  concave  and  a  convex  tonplate  are  first  made  to  the  radius  of  the 
curvature  of  the  required  lens.  The  templates  of  large  radius  are  sometimes  cut 
out  cf  crown  glass.  Hare  usually  the  templates  are  made  out  of  sheet  brass,  the 
templates  of  long  radii  are  cut  with  a  strong  radius  bar  and  cutter,  and  those  of 
only  a  few  inches  radius  are  cut  in  the  turning-lathe.  The  brass  concave  and 
eonvex  gauges  are  cut  at  separate  operations,  as  it  is  necessary  to  ai^ust  the 
radiuB  to  compensate  for  the  thickness  of  the  cutter,  and  the  brass  templates 
are  not  nsuaUy  corrected  by  grinding,  as  practically  it  is  found  more  convenient 
to  fit  the  tools  themselves  toeether.  The  templates,  having  been  made  of  the  re- 
quired radius,  are  used  for  the  preparation  of  the  grinding  and  polishing  tools, 
wUeh  for  concave  lenses  ciHisist  of  a  concave  rough  grmding-tool  of  cast  iron,  called 
a.ihdl. 

A  pair  of  brass  tools  is,  however,  the  most  important  part  of  the  apparatus.  One 
of  theee  is  concave  and  the  other  convex,  made  exactly  to  the  curvature  of  the  tem- 
plates, and  to  fit  each  other  as  accurately  as  possible.  i«i><t 
The  concave  tool  is  used  as  the  grinder  for  correcting  the  ' 
enrrature  of  ike  lenses  after  they  have  been  roughly 
figured  in  the  concave  shell,  and  the  convex  tool  is  em- 
pu^ed  fcv  prodneing  and  maintaining  the  true  form  of 
the  concave  grinding-tool  itself,  and  also  that  of  the 
polisher.  These  polisheis  are  adjusted  with  great  accu- 
racy.   The  concave  tool  is  placed  upon  the  convex,  and 

they  are   first   rubbed   together  drj,  so   that  by  the    l^^ k.  ^ 

brightened  parts  the  inequalities  may  be  distinguished ; 
they  arer  than  ground  true,  first  by  means  of  emery  and 
water,  and  then  with  dry  emeiy. 

The   annexed   figure  (1382)   represents   those  tools, 
iriiich  axe  fitted  with  screws  at  the  back,  so  that  they  can  be  fixed  upon  pillars  in 
connection  with  the  machinery  for  giving  motion  to  them. 

By  grinding  with  sundry  niceties  of  motion,  which  are  required  to  produce  the  best 
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eKct,  soch  as  the  production  of  motion  irhich  shall  reaemble  ai  nearly  as  poaribla  tlie 
kind  of  stroke  \rluch  would  be  giTen  by  the  hand,  these  tools  an  eyentoaily  bioog^t 
to  true  spherical  figures  which  fit  each  other  exactly. 

The  glasses  for  lenses,  being  selected  of  suitable  qnality,  are  branght  to  a  cir- 
cular fdrm  by  means  of  flat  pliers  called  liania.  The  pressure  of  the  pliers 
applied  near  the  edges  of  the  glass  causes  it  to  ommble  away  in  small  frag- 
ments, and  this  process,  which  is  railed  thanking  at  nibbling,  is  oontinved  vntil  the 
glasses  are  made  circidar,  and  of  a  little  lai^ger  diameter  than  the  finished  use  of 
the  lenses. 

A  cement  is  made  by  mixing  wood-ashea  with  melted  ^tch.  Some  skety  is  re- 
quired in  the  a^jnstmsot  of  the  proportion,  since  the  cement  must  not  be  too  adhesiTe, 
nor  must  it  be  too  hard  or  too  brittle ;  generally  about  4  lbs.  of  wood-ashes  to  14  lbs. 
of  pitch  are  employed.  This  when  melted  is  poured  on  one  side  of  the  glasses  to  be 
ground,  in  small  quantities  at  a  time,  until  a  sufftdent  quantity  adheres  to  the  back 
of  the  lens  to  form  a  handle.  The  glass  is  rough  ground  by  rubbing  it  within  the 
spherical  shell.  The  g^ass  is  rubbed  with  large  dicular  strokes,  and  tlie  $keU  is 
usually  placed  within  a  shallow  tray  to  catch  the  loose  emery  or  polishing  powder 
which  may  bs  em|)loyed.  When  one  side  is  rough  ground  in  this  way,  the  glass  is 
warmed  to  detach  it  fzom  the  handle,  which  is  transferred  to  the  other  side  and  the 
operation  repeated.  When  both  sides  are  thus  rudely  formed,  the  lenses  ore  cemented 
....  npon  a  nmner.    The  best  object-glasses  for  telescopes  are 

^^'>''  ground  and  polished  singly,  while  as  many  as  toax  dosan  of 

common  spectacle  glasses  are  ground  and  poliahed  together. 
When  many  are  thus  fixed  on  one  runner,  the  nnmba  must 
be  such  as  will  admit  of  their  being  arranged  symmetrically 
around  a  central  lens,  as  7, 13,  or  21 ;  or  sometimes  4,  form 
the  nndens,  and  then  the  numbers  run  14,  80.  Lenses  of  ordinary  quality  are  nsoally 
ground  true  and  polished  7  at  a  time.  Tliis  nmner  with  its  lenses  attached  is  shown 
in^.  1883. 

lite  cement  at  the  back  of  the  lenses  is  first  flattened  with  a  heated  iron.  The  cast- 
iron  runner  is  heated  just  sufficiently  to  melt  the  cement,  and  carefhlly  placed  utkhi 
the  cemented  backs,  of  the  lenses.  As  soon  as  the  cement  is  sufficiently  softened  to 
adhere  firmly  to  the  runner,  it  is  coated  witii  a  wet  sponge,  as  the  cement  must  only 
bo  so  far  fused  as  to  fill  up  the  spaces  nearly,  but  not  qmte,  level  with  the  surface  A 
the  lenses.  The  block  of  lenses  is  now  mounted  upon  a  post^  and  ground  with  the 
concaTe  brass  tool,  Jiff.  1382,  motioif  being  given  to  it  ataer  by  the  hand  or  by  nw 
chioery  similar  to  the  swee^og  motion  amady  named.  As  the  grinding  proceeds, 
the  fineness  of  the  emery-powder  employed  is  increased,  tintil  in  the  last  operation  it 
is  sufficiently  fine  to  produce  a  finely-polished  sui&ce.  This  grinding  being  com- 
pleted snoceesfnlly,  the  lenses  have  to  be  polished.  The  polisher  is  made  by  warmine 
a  cast-iron  shell,  and  coating  it  uniformly  about  one  quarter  of  an  inch  thick  with 
melted  cement.  A  piece  of  thick  woollen  cloth  is  cut  to  the  sise  of  the  polisher  and 
secttred  to  it,  and  pressed  into  form  by  working  the  brass  tool  within  it.  When 
this  is  propeTly  a^nsted  it  is  covered  wiui  very  finely-divided  putty-powder,  sprinkled 
with  a  little  water,  and  the  powder  worked  into  the  pores  of  uie  doth  with  the  brass 
convex  tooL  Bepeated  supplies  of  putty-powder  are  put  on  the  polisher  until  it  is 
made  quite  level,  and  it  is  worked  smooth  with  the  tool.  Ifany  honrs  are  expended 
in  the  proper  preparation  of  a  polisher.  When  completed  it  is  fixed  upon  the  block 
of  lenses  still  fixed  to  the  post,  and  iroAai.  with  wide  and  narrow  elliptical  strokes. 
Where  a  very  large  number  of  glasses  are  ground  or  polished  at  the  same  time,  this 
peculiar  motion  is  imitated  by  the  exoentric  movement  of  a  lever  attached  to  the 
revolving  sh&ft.  In  the  processes  of  grinding  and  polishing,  otiier  materials  beside 
emery  and  put^-powder  are  sometimes  employed,  such  as  radcUe,  an  earthy  oaide  of 
iron,  the  finer  kinds  of  which  are  mnch  employed  in  the  large  lens  manufiictoiry  at 
Sheffield. 

The  best  account  of  these  processes  and  of  the  instruments  used  is  Inr  the  lata 
Andrew  Boss,  in  the  fifty-third  volume  of  the  T^aniaetioni  of  the  Sooiety  of  Artt.  In 
KMzapfdl*  iltohamed,  Jiatt^Mlation  there  is  also  some  practical  infinination.  See 
Photoobafbt. 

xaafTXIiSa  The  seeds  of  Ermm  leiu,  a  le^minons  plant,  tram  which  the  fionr 
called  ErvaUnia,  or  Sevaknia,  is  prepared. 

Xapzszwa.  C'H'N  (0*K*ir).  A  volatile  base,  homologous  with  ehinoline, 
found  in  coal-naphtha  and  in  the  finid  produced  l^  distiufng  dndionine  with 
potash.  

HMmMOMOCXTM,  A  scaly  or  fibrous  variety  of  Gothite,  or  hydrous  peroxide 
of  iron.    See  Iron. 

KtmooxntM,  <ft  LUkia  Mica,    A  beautifU  purple  mineral,  which  occurs  in 
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flne  masses  on  Konnt  Qrsdidco,  omt  Bosna,  in  MoisTio.  It  is  remarkable  for  tlis 
Urge  quantity  of  lithia  which  it  contains,  and  also  for  its  containing  the  nevly- 
discorered  metal  mhidinm.    See  Sfbctbuk  AvALTsm. 

An  iron-potash  mica,  of  black  oolonr. 
A  beantifnl  bine  yelvety  mineral,  from  the  Banat,  first  de- 
scribed by  Br.  J.  Percy.    It  is  a  hydrous  sniphate  of  copper,  of  rare  occoirence. 

XMVSUUM.  The  Laetuea  lativa,  enltiTated  as  a  salad.  'Lettuce  opium'  is 
prepared  from  this  species,  and  from  L.  vima,  a  more  highly  narcotic  species. 

lanOAMZ&m.  If  a  solution  of  maniline  is  lift  in  contact  with  metallic 
Dnc,  or  treated  with  sulphide  of  ammonium,  it  is  rapidly  decomposed.  The  rosani- 
line  disappears,  and  is  transfcnmed  into  a  remarkable  buw,  whicn  has  received  the 
name  cf  leueainline,  and  which  may  be  obtained  in  completely  odonriess  needles 
scarcely  soluble  in  water,  very  soluble  in  alcohoL    Its  formula  is : — 

C"HnN«  (0>«««'ir«). 

^Hie  salts  odF  leneaailine  are  also  eolomrless,  easily  erystallisable,  and  reiy  soluble 
in  water,  frcsn  which  they  may  be  precipitated  by  uie  addition  of  an  excess  (^ 
add. 

There  exists  an  extremely  remarkable  relation  between  the  oompositi(Hi  cf  len* 
eainline  and  that  of  rosaniline : — 

BcsanSline C*H>^N'  (O'W). 

Xiaoeaiuline C'*H"N'  (a'*tP'W). 

Leneaniline  difTers  therefore  from  rosaniline  simply  by  containing  two  atoms  more 

^Cne  two  bases  bear  to  each  other  the  relation  which  exists  between  blue  and  white 
indigo: — 

Bine  indigo   .....    C"H'«N»0'  (C«"W«0). 
■White  infigo         ....    C"H"N»0«  (C«K>«»»0). 

leneaniline,  as  migjit  have  been  expected  from  this  interesting  relation,  may  ba 
ncouTerted  into  the  red  colouring  matter  by  oxidising  agents.  On  gently  heating 
the  oolonzlesa  solution  of  hydrochlorate  of  leneaniline  with  peroxide  of  bannm,  per- 
diloiides  of  iron  or  platinum  or  chromate  of  potassium,  the  liquid  at  once  re-assumes 
the  splendid  colour  of  the  rosaniline  salts.    (Bofmann.) 

XMWX'X'Mm  A  mineral  found  in  volcanic  rocks,  containing  usually  66*10  of 
silica,  23-10  of  alumina,  and  21-16  <tf  potash.  The  finest  and  most  beautiful  crystals 
ate  found  in  the  older  lavas  of  Vesuvius  and  Booca  Monfina,  and  in  tiie  neighbour- 
hood of  Borne.  It  is  sometimes  called  the  wMte  garnet,  from  the  similarity  of  its 
enstalliaation  to  that  of  the  common  garnet.  Kirwan  calls  it  the  wkiU  aamet  of 
Vtmmua.  It  was  always  supposed  that  leucite  ciystallised  in  the  cnbic  system 
until  Vom  Bath  showed,  in  1872,  that  the  cryst^  belonged  to  the  tetragonal 
system. 

umOOZUji  Mm    A  synonym  of  LkukoIi. 

An  arsenide  of  iron,  resembling  Lolingite. 
CO&.    See  CHnroLnrs. 

I  (a  mtntn^  term).    An  adit  gallery  or  horizontal  working  in  a  mine. 
&VZOW  IS  the  mechanical  process  whereby  hard  substances  are  reduced 
to  a  very  fine  powder. 

ftSWZrOn.  A  kini)  of  sugar  which  tarns  the  plane  of  polarisation  of  a  ray  of 
light  towards  the  left  hand. 

I  is  the  name  of  one  kind  of  shears  used  in  cropping  woollen  cloth. 
Under  this  term  are  comprehended  the  strata  wLich  intervene  between  the 
Trias,  or  New  Bed  Series,  and  the  Inferior  Oolite.  In  the  aggregate  they  are  of 
craisiderable  tiiicknesa,  and  occupy  a  large  area  in  this  country,  stretching  in  a 
north-easterly  direction  from  the  sea  west  of  Lyme  Begis,  in  Dorsetshire,  to  Bed- 
car,  on  the  coast  of  Yorkshire.  The  strata  which  compose  the  Liassic  series 
eonnst,  in  the  lower  part,  of  compact  argillaceous  limestone,  alternating  with  or 
forming  hyen  in  clay,  to  a  ^vincial  pronunciation  of  which  word  the  name 
Uaa  probably  owes  its  origin.  This  limestone  forms  the  base  of  a  thick  deposit  of 
blue  days  and  mm'ls,  which  are  overlaid  by  a  series  of  sands  and  sandstone,  called 
Varlstone ;  these  in  their  turn  are  separated  from  another  mass  of  sands,  which 
form  the  upiMriuaat  mLmber  of  the  group,  by  a  stratum  of  day,  known  as  the 
Upper  Lias  Clay. 
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By  tlie  term  lias,  hoverer,  is  oidinarily  only  understood  the  calcareous  and  aigil' 
loceons  division,  which  constitutes  the  lovar  section  of  the  entire  formation.' 

In  an  economical  point  of  yieyr,  it  is  of  comideiable  value  £com  its  furnishing  a 
useful  and  durable  stone,  both  for  building  and  paring;  for  the  latter  purpose  it  is 
particularly  suited,  not  only  &om  the  large  dimensions  of  the  flags  it  afibras,  but  on 
account  of  its  occurrence  in  thin  layers,  irhich,  in  many  caaea,  vhen  required  for 
rough  purposes  only,  are  used  in  the  state  in  which  they  are  taken  teem  the  qnany, 
wi^out  undergoing  subsequent  diessiiig.  The  lime  fomidied  by  the  blue  lias  limestone 
is  also  well  known,  and  in  great  request,  some  of  the  beds  possesang  the  valuable  pro- 
perty of  forming  hydraulic  mortars  and  cements,  for  manu&cturing  which  it  is  col- 
lected from  the-  shore  and  the  sea-clifb  at  Charmouth,  and  largely  qoairied  at  Lyme 
Beg^s  and  the  neighbourhood.    See  Htdbauuc  Cmaons. 

The  clayey  members  of  the  lias  fbmish  a  poor  and  cold  agricultural  soil,  which  is 
chiefly  devoted  to  pasture,  but  the  land  upon  the  marlstone  is,  on  the  contrary,  of  a 
very  rich  and  fertile  description,  and  constitutes  a  district,  where  it  prevails,  that  is 
marked  by  the  luxuriance  of  its  crops  and  the  excellence  of  the  ader  it  produces. 
In  the  upper  part,  it  contains  beds  of  ferruginous,  brown,  calcareous  sandstone,  which 
is  used  for  building  purposes  in  the  neighlmarhoods  where  it  occurs.  The  sandstone 
is  always  more  or  less  of  a  ferruginons  dbatacter,  but  in  some  instances  the  ferruginous 
in^edient  prevtuls  to  such  a  degree,  as  to  constitute  a  valuable  ore  of  iron,  as  in  the 
neighbourhood  of  Blenheim,  to  which  attention  has  been  directed  by  Hr.  Edward  Hull, 
of  the  G^logical  Survey. 

lake  the  marlstone,  t^e  calcareous  sands  of  the  uppermost  portiott  of  the  liassio 
series  also  fhmiah  a  rich  agricultural  soil.  Until  recently,  these  sands  were  consi- 
dered to  form  the  base  of  Uie  inferior  oolite  series,  but  the  researches  of  Dr.  Wright 
Tender  it  highly  probable  that  they  shoiddC  witJi  more  propriety,  be  classed  with  the' 
underlying  Bas,  rather  than  with  the  oolitic  strata.' 

The  stone  found  at  Gotham  and  other  places  in  the  nogfaboarhood  of  iBiistoI,  and 
which  has  in  consequence  received  the  name  of  Ootham  marbh,  and  has  also  been- 
called  ruin,  or  landtag  marbie,  from  the  curious  delineatioas  displayed  upon  polished 
sections  of  it,  resembling  trees,  landscapes,  &c.,  is  a  liinestohe  from  tiie  lower  part  of 
the  lias.— H.W.B. 

m&VlUB,  Fmrao  LiQTioB  of,  is  the  bichloride  of  tin,  prepared  by  dissolving 
that  metal  with  the  aid  of  heat  in  aqua  regia,  or  by  passing  chlorine  gas  through  a 
solution  of  muriate  of  tin  till  no  more  gas  be  absorbed,  evaporating  the  solution,  and 
setting  it  aside  to  crystallise.  The  anhydrous  bichloride  is  best  prepued  by  mixing 
four  parts  of  corrosive  sublimate  with  one  part  of  tin,  previously  amalgamated  with 
jnst  so  much  mercury  as  to  render  it  pnlverisable ;  and  by  distilling  this  mixture 
with  a  ^entie  heat,  a  colourless  fluid,  the  dry  bichloride  of  tin,  or  the  proper 
fuming  liquor  of  Libavius,  comes  over.  When  it  is  mixed  with  ooe-tUrd  of  its  weight 
of  water  it  becomes  solid.  The  flrst  bichloride  (tf  tin  is  used  in  calico-printing.  See 
Camco-Pbintiico. 

tUXWneSMKVtM,  A  hydrous  phosphate  of  copper,  named  from  one  of  its  localities 
— Jdbethen,  near  Neusohl,  in  Hungary. 

UUUBJr.  A  certain  set  of  plants,  composed  chiefly  of  cellular  tissue  devoid  of 
spiral  vessels,  with  the  stems  and  leaves  nndistingnishable,  are  termed  Thallogens. 
These  are  of  two  kinds,  the  flrst  admitting  of  two  divisions : — 

r.  Ajuatie  thallogens,  or  such  as  are  nourished  through  their  whole  surface  by 
water,  are  Axoje.  JJirial  thallogens  nourished  through  Seir  whole  surface  by  air 
are  Licbxks. 

2.  Thallogens  nourished  through  their  thaUm  (spawn  or  mycelium)  by  juices  de- 
rived from  the  matrix  are  Ftnroi. 

lichens  are  numerous,  as  Grovmd  Uvetteort,  Cup  mo»>,  and  TVte  btnotoort,  used  in 
Siberia  as  a  substitute  for  hops  in  brewing ;  Gyrofhora,  employed  by  the  hunters  in 
the  arctic  regions  as  an  artide  of  food,  under  the  dame  of^  tripe  de  roche ;  Seindeer 
mou,  and  leaand  mott,  much  -  used  in  tliis  countiry  as  a  remedy  for  coughs ;  the 
CvnmonyiUaie  aaU  lichen,  and  some  others. 

The  imctoritd  lichens  are  also  numerous.  They  fVimish  four  jmndt)al  eolonrSi 
brown,  yellow,  pnrple,  and  blue. 

Gyrophora  puttulata  and  Stieta  ptdmonaria  yield  brown  colonts.  The  latter,  with 
mordants  of  tin  and  cream  of  tartar,  produces  on  silk  a  durable  earmelite  colour. 
(Qmbottrt.) 

ParmeUa  parietina  and  Evemia  vutpina  produce  yellows ;  the  yellow  prindple  of 
the  former  being  called  chryaophanio  acid,  that  of  the  latter  mdpinic  acid. 

■  The  evidenoe  broofflit  forward  by  Dr.  Wright  In  {avonr  of  the  Uanic  origin  of  Oiese  mnda  b 
purely  of  A  pftlieonto)ogical  nature ;  physically,  the  most  natuzBl  amuigement  is  to  connect  them 
rather  wltb  the  interior  oolite  than  with  the  llu,— H.  W.  B. 
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Soeeetta,  Zeeamora,  Variolaria,  tce^  yield  purple  and  Use  eolonn.  In  this  oonntry 
sichil  and  endbear,  porpla  oolotm,  are  pnpaied  from  it.  In  Holland,  a  blue  oolour, 
litmns. 

Dr.  Stenhoiue,  to  wlioin  \re  an  much  indebted  for  many  important  inqoiiies  «on- 
nected  with  the  applications  of  chemistry,  has  given  ute  foUoiring  table  of  tha 
lichens: — 


Uobeas 

OolotiiloFilncipta 

Colouring  Priociples 

Authority 

OommetdttSemea 

iMUltr 

NaiDM 

FormaUe 

Kamos 

Formnla 

8>    *nMw<<^w    or. 

duUaweed 
C»pe  oKbella  weed 

Angola       OKbeOA 

mad 
PaeUe    moM    (Le- 

TatMoaa  moia 
(Xennora  tar- 
tana) 

Futolitoiii     moee 

pnmaUrt) 
VMBm(n>Hda,rli- 

mla,viAmrta) 
BcindeermoiB(Cte- 

Oatla      nmgVt- 

Hma) 

fiataeaUcttrii) 

Lima,  bo. 

CatCkud 
Eain 
Atria 

Sarltcarland 

Norway 

Norway 

Beotlaiid 

Oennany 
•• 

Alpha  onel- 

Ucadd 

BeUoraSl. 

Uoadd 

Brythrio 

sdd 
Lecanorlo 

aidd 

Oyropbodo 

add 

■  1* 

Brenilcadd 

Usnlo  acid 
n 

n 

0»H"0"+HO 

C"H"0"+HO 

0*^'»0'+H0 

C'HW 

trH"0" 

» 

O^ffW+HO 
O-ffO"* 

It 

Orceine 
»» 

n 
n 

C"H«WO 
» 

n 
n 

n 

Btenhouw 
Stenhooee 
Stenhoasc 

Stenhonw 

Bteuhoiue 

Rochleder 

andHeldt 

» 

n 

See  Abchil  ;  Fbehch  Pusns ;  lannn ;  Obchxlia  VTkkd. 

UCSVn'*  SXVa.    The  silicate  of  cobalt  and  potash. 

^BBBKnTSa  A  hydrous  carbonate  of  uianiam  and  lime^  named  aftor  the  lat« 
Baron  Liebig. 

TUMVMSTM,    A.  silicate  of  iron,  known  as  Ilvaile  and  JenU*. 

SMtwn,  (LuBtiire,  Fr. ;  Lichi,  Oer.)  The  operation  of  light  as  an  agent  in 
the  arts  or  mannfactnres  has  scarcely  yet  received  attention.  Sufficient  evidence 
has,  however,  been  collected  to  show  that  it  is  of  the  utmost  importance  in  producing 
many  of  the  remarkable  changes  in  bodies  which  are  desired  in  some  cases  as  the 
result,  but  which  in  others  are  to  be,  if  possible,  avoided. 

There  is  a  very  general  misconception  as  to  the  power  or  principle  to  which  cer- 
tain phenomena,  the  result  of  exposure  to  sunshine,  are  to  be  referred.  In  general 
ligit  is  regarded  as  the  principle  in  action,  whereas  frequently  it  has  nothing  what- 
ever to  do  with  the  change.  A  few  words  theiefore  in  explanation  are  necessaiy. 
The  solar  ray,  commonly  spoken  of  as  light,  contains,  in  addition  to  its  luminout 
power,  calorific  foteet,  chemical  povtr,  and,  in  all  probability,  eleetrieal  powier.  (See 
Acmnsx.)  These  phenomena  can  be  separated  one  from  the  other,  and  individu- 
ally studied.  All  the  photographic  phenomena  are  dependent  upon  the  chemical 
(actinic)  power.  Many  of  the  peculiar  changes  which  are  effected  in  organic  bodies 
are  evidently  due  to  ItjU,  and  the  phenomena  which  depend  entirely  on  heat  are  wdl 
known. 

Herschel  has  directed  attention  to  some  of  the  most  striking  phenomena  of  Ught, 
espedally  its  action  upon  vegetable  colours.  As  these  have  cQrect  reference  to  the 
permanence  of  dyes,  they  are  deserving  of  great  attention.  The  following  quotation 
from  Sir  John  Herschel's  paper  '  On  Sxe  Chemical  Action  of  the  Bays  of  the  Solar 
Spectrum,  &&,'  will  explain  his  views  and  give  the  character  of  the  phenomena  which 
he  has  studied.    He  writes : — 

'  The  evidence  we  have  obtained  by  the  foregoing  experiments  of  the  existence  of 
chemical  actions  of  very  di£^nt  and,  to  a  certain  extent,  opposite  characters  at  the 
apposite  extremitiee  (or  rather,  as  we  ought  to  express  it,  in  the  opposite  regions)  of 
the  spectnim,  will  naturally  give  rise  to  many  interesting  speculations  and  conclu- 
sions, of  which  those  I  am  about  to  state  will  probably  not  be  regarded  as  among  the 
least  so.  We  all  know  that  eoloun  of  vegetable  origin  are  usually  considered  to  be 
destroyed  and  iriiitened  by  the  continual  action  of  light.  The  process,  however,  is 
too  slow  to  be  made  tiie  subject  of  any  satisfactory  series  of  experiments,  and,  in 
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oonMqnenoe,  this  subject,  so  interesting  to  the  pointer,  the  dyer,  and  the  general 
arlift,  has  been  all(nred  to  remain  oninreatigated.  As  soon,  however,  as  these  evi- 
dences of  a  connterbalance  of  mntoally  opposing  actions,  in  the  elements  of  vhich  the 
solar  light  eonsistii,  offered  themselyes  to  view,  it  ooeuned  to  me,  as  a  reasonable 
subject  of  inquiry,  whether  this  slow  destruction  of  y«getable  tints  might  not  be  due  to 
the  feeble  amount  of  residual  action  outstanding  after  imperfect  mutual  compensation, 
in  the  ordinary  way  in  which  such  colours  are  presented  to  light,  i.e.  to  mixed  rays. 
It  appeared  therefore  to  merit  inquiry,  whether  such  colours,  subjected  to  the  un- 
compensated action  of  the  elementary  rays  of  the  s^trum,  might  not  undergo 
changes  diffiting  both  in  kind  and  in  ie^ee  which  mixed  light  produces  on  them, 
and  might  not,  moreover,  by  such  changes  indicate  chemical  properties  in  the  rays 
themselves  hitherto  unlcnown. 

'  One  of  the  most  intense  and  beautiful  of  the  vegetable  blues  is  that  yielded  by  the 
blue  petals  of  the  dark  velyetyrarieties  of  the  common  heartsease  (  Viola  trieolor).  It 
is  best  eztzacted  by  alcohoL  Thealcoholic  tincture  so  obtained,  after  a  few  days  keep- 
ing in  a  stoppered  phial,  loses  its  fine  blue  colour,  and  changes  to  a  pallid  brownish 
led,  like  tiiat  of  port  wine  discoloured  by  age. 

'  When  spread  on  paper  it  hardly  tinges  it  at  first,  and  might  be  supposed  to  have 
lost  all  colouring  virUie,  bnt.  that  a  few  drops  of  very  dilute  sulphuric  add  sprinkled 
over  it,  indicate  by  the  beautifal  and  intense  rose  colour  developed  where  they  &11, 
the  continued  existence  of  the  colenring  principle.  As  the  paper  so  moistened  with 
the  tincture  dries,  however,  the  original  blue  counr  begins  to  appear,  and  when  quite 
dry  is  full  and  rich.  The  tincture  by  long  keeping  loses  this  qnali^,  and  does  not 
seam  capable  of  being  restored.  But  the  paper  preserves  its  colour  well,  and  is  even 
lathar  remarkable  among  vegetahk  odloiiis  fior  its  permanence  in  the  dark  or  in 
common  daylight. 

■A  paper  so  tinged  of  a  very  fine  and  fall  blue  colour,  was  exposed  to  the  solar 
spectrum  concentrated,  as  usual  (October  11, 1839),  by  a  prism  and  lens;  a  water- 
prism,  however,  was  used  in  the  experiment,  to  command  as  large  aq  area  of  sunbeam 
as  possible.  The  sun  was  poor  ami  desultoiy;  nevertheless,  in  hidf  an  hour  there 
was  an  evident  commencement  of  whitening  from  the  fiducial  yellow  lay  to  the  mean 
red.  In  two  hours  and  a  hait,  the  sunsMne  continuing  very  much  interrupted  by 
clouds,  the  effect  was  m^Ainl  by  a  considerable  white  patch  extending  from  the 
extreme  red  to  the  end  of  the  violet  ray,  but  not  traceable  beyond  that  limit.  Its  com- 
mencement and  termination  were,  however,  very  feeble,  graduating  off  insensibly ; 
but  at  the  maximum,  which  occurred  a  litUe  below  the  fidndal  point  (correspooding 
nearly  witii  the  orange  rays  of  the  luminous  spectrum),  the  bine  colour  was  completely 
discharged.  Beyond  tiie  violet  there  was  no  indication  of  increase  of  colour,  or  of  any 
other  action.  I  do  not  find  that  this  paper  is  discolonred  by  mere  radiant  heat 
unaccompanied  with  light.' 

The  late  Dr.  George  Wilson  of  Edinburgh  made  some  exceedingly  interesting  experi- 
ments on  tie  infiuetiee  ofttm  Uffht  over  the  action  (jfdty  gaeee  on  organic  oolours.  The 
results  anived  at  were  communicated  to  the  British  Association,  and  an  abstract  of 
the  eommunicatibn  is  published  in  their  Transactions.  The  experiments  were  on 
chlorinat  solphoioas  acid,  snlphnietted  hydrogen,  carbohic  acid,  and  a  mixture  of 
salpharcma  fuid  oarbonie  acid,  oxygen,  hydrogen  and  nitrogen  on  organic  colouring 
matters.  'I  had  aacertained,'  says  I)r.  Oeorge  Wilson,  'the  action  of  the  gases 
mentioned  already  on  vegetable  colouring  matters,  so  arranged,  that  both  colouring 
matter  and  gas  should  be  as  dry  as  possible,  the  aim  of  the  inquiry  being  to  elucidate 
the  theory  of  bleaching,  by  accounting  for  the  action  of  dry  chlorine  upon  dry  colours. 
In  the  course  of  this  inquiry,  I  ascertained  that  in  darimess  dry  chlorine  may  be  kept 
for  three  years  in  contact  with  colours  without  bleaching  them,  although  when  moist 
it  destroys  their  tints  in  a  few  seconds  (see  Bisachimg)  ;  and  I  thought  it  desirable 
to  ascertain  whether  diy  chlorine  was  equally  powerless  as  a  bleacher  when  assisted 
by  sunlight.  The  genual  result  of  the  inquiry  was,  that  a  few  weeks  sufficed  for  the 
bleaching  of  a  body  by  chlorine  in  sunlignt,  where  months,  I  may  even  say  years, 
would  not  avail  in  darkness.'  The  form  of  the  experiment  was  as  follows : — Four 
tubes' were  connected  together  so  as  to  form  a  continuous  canal,  through  which  a 
current  of  gas  could  be  sent.  Each  tube  contained  a  small  glass  rod,  on  which  seven 
pieces  of  dif&rently-coloured  papers  were  spiked.  It  is  not  necessary  here  to  state 
the  colours  employed,  suf&ce  it  to  say,  that  all  the  tnbes  thus  contained  seven  different 
coloured  papers,  of  different  origins,  and  easily  distinguishable  by  the  eye.  They 
were  ansngisd  in  the  same  order  in  each  tube,  and  were  prepared  as  nearly  as 
possible  of  the  same  shade.  These  papers  were  careftUIy  deprived  of  every  trace  of 
moisture  by  a  current  of  very  dry  air.  The  tnbes  were  tuen  filled  with  the  gas,  also 
dried,  on  which  the  esperiment  was  to  be  made.    One  tube  of  each  series  was  kept 
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in  daikneai,  two  othera  wen  exposed  in  a  weatem  ocpect  behind  glass,  and  the  otiier 
«as  tamed  to  the  south  in  the  open  air. 

The  lesolts  were  as  follow: — In  the  dark  chlorine  tube  the  eolonrs  were  very 
little  altered,  and  would  probably  bare  been  altered  less  had  not  the  tabe  been  fre- 
quently exposed  to  light  for  the  sake  of  examination.  In  the  western  tube,  the 
original  grey  and  green  wallflower  papers  became  of  a  bright  crimson,  the  blue 
litmus  bright  red,  and  the  brown  rhubarb  yellow.  The  whue  of  the  chlorine  had 
apparentiy  entered  into. combination  with  the  colouring  matters,  for  the  yellow  tint 
of  the  gas  had  totally  disappeared.  In  the  southern  tube  the  colour  of  the 
ehlozine  could  still  be  seen,  the  reddening  action  was  less  decided,  and  the 
bleaching  action  was  more  powerftally  evinced.  The  general  result  was  that  the 
action  of  sunlight  is  less  uniform  than  might  have  been  expected  in  increasing  the 
bleaching  power  of  chlorine,  or  while  some  tints  rapidly  disappeared  under  its  action 
assisted  by  light,  other  oolouis  remained,  in  apparently  the  rety  same  drcnmstances, 
unaffected. 

Suipiumu  amd,  if  thoroughly  dried,  may  be  kept  for  months  in  contact  with  dry 
eolouis  without  altering  them ;  under  the  infiuenoe  of  sunlight  it  however  recovers  to 
some  extant  its  bleaching  power. 

Suipiurttted  hydngm  acts  as  a  weak  add,  and  readily  as  a  bleacher  when 
moist,  and  beoomes  inactive  in  both  respects  if  made  dry  and  kept  in  darkness. 
With  the  assistance  of  sunlight  it  recovers  in  no  inconsiderable  degree  its  bleaching 
power. 

Oxygen  is  a  well-known  bleaching  agent,  but  when  dry  its  action  upon  colouring 
matter  in  the  dark  is  extremely  slow.  Li  sunlight,  however,  it  recovers  its  bleaching 
power. 

Carbome  add,  when  dry  in  dailoiess,  loses  all  power  on  colouring  matter,  but  a 
feint  bleaching  action  is  exerted  by  it  under  exposure  to  sunlight. 

^/dro^  is  without  any  action  when  dry  upon  ccdours,  but  it  acquires  a  slight 
deoolorismg  power  when  exposed  to  sunshine. 

'The  general  result,'  concludes  Dr.  (Jeoige  Wilson,  'of  this  inquiry,  so  &r  as 
it  has  yet  proceeded,  is,  that  the  bleaching  gases,  viz.  chlorine,  sulphurous  acid, 
solphuretted  hydrogen,  and  oxygen,  lose  nearly  all  their  bleaching  power,  if  dry  and 
in  darkness,  but  all  recover  it,  and  chlorine  in  a  most  marked  degree,  by  exposure  to 
sunlight.' 

All  these  experiments  appear  to  show  that  the  action  of  the  solar  lays  on  vegetable 
eolonrs  is  dependent  upon  the  power  posfwssed  by  one  set  of  ra^s  to  aid  in  the 
oxidation  or  chemical  changes  of  the  organic  compound  constituting  the  colouring 
matter.    The  whole  matter  requires  careful  investigation. 

It  is  a  proved  &ct,  that  colouring  matters,  either  from  the  mineral  or  the  vegetable 
kingdoms,  are  much  brighter  when  they  are  precipitated  firom  their  s<dutions  in 
bright  sunshine,  than  if  precipitated  on  a  cloudy  day  or  in  the  dark.  It  must 
not  be  supposed  that  all  the  changes  observed  are  due  to  chemical  acUon ;  there 
can  be  no  doubt  but  many  are  purely  physical  phenomena,  that  is,  the  result  of  mole- 
cular change,  without  any  chemical  disturbance. 

KXCHR  OAMMUtLMtl'X'MB  BTSBOCUUr.    Harsh-gas  or  fire-damp. 

UlfHT,  SUOnUO*     See  Elbctbio  LiqhT. 

SIcntTBOVSa.  The  importance  of  lights  <tf  great  power  and  of  a  distinguish- 
able eharaeter  around  our  coasts  is  admitted  by  all.  One  of  the  noblest  efforts  of 
homanitjr  is  certainly  the  construction  of  those  guides  to  the  marineis  upon  rocks 
which  exist  in  the  tracks  of  ships,  or  upon  dangerous  shores  and  the  mouths  of  har- 
bours. This  is  not  the  place  to  enter  largely  upon  any  special  description  of  the 
lights  which  are  adopted  around  our  shores ;  a  brief  account  only  will  be  given  of  some 
of  the  more  remarkable  principles  which  have  been  introduced  of  late  years  by  the 
Trinity  Board. 

The  early  lighthouses  appear  to  have  been  illuminated  by  coal  or  wood  fires  con- 
tained in  '  chauffers.'  The  Isle  of  Man  light  was  of  this  kind  until  1816.  The  first 
decided  improvement  was  made  by  Argand,  in  1784,  who  invented  a  lamp  with  a 
circular  yrick,  the  flame  being  supplied  by  an  external  and  internal  current  of  air. 
To  make  these  lamps  more  effective' for  hghthouse  illumination,  and  to  prevent  the 
ray  of  light  escaping  on  all  sides,  a  reflector  was  added  in  1780  by  H.  Lenoir;  this 
threw  the  light  forward  in  parallel  rays  towards  such  points  of  the  horizon  as  would 
be  usefiil  to  the  mariner.  Good  reflectors  increase  the  luminous  effect  of  a  lamp 
about  400  times;  this  is  the  'catoptric'  system  of  lighting.  When  reflectors  are 
used,  there  is  a  certMn  quantityof  light  lost,  and  the  '  dioptric '  or  rtfraeting  system, 
invented  by  the  late  M.  Augustin  Fresnel  in  1822  is  designed  to  obviate  this  effect  to 
some  extent :  the  '  eatadioptric'  system  is  a  still  farther  improvement,  and  acta  both 
^ay  tefira«tion  and  nfieetion.    Lights  of  the  first  order  haf  e  an  interior  radius  or  focal 
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flutanoe  of  S6'22  inches,  and  ue  lighted  by  a  lamp  <tf  four  eoncentrie  vicks,  o(a- 
■nming  670  gallons  of  oil  per  annnm.  Becently  (1874)  mineral  oil  has  been  nsed 
with  much  advantage  and  economy  in  the  lighthouses  al  America. 

The  following  notices  may  be  of  interest : — The  Eddystone  Lighthouse,  Oi  mile* 
from  the  Bame  Head,  on  the  coast  of  C!omwalI,  was  erected  of  timber  by  Winstanley 
in  1696-98,  and  was  washed  away  in  1703.  It  was  rebuilt  by  Bndyard  in  1706, 
and  destroyed  by  fire  in  17fi6.  The  present  edifice  was  erected  by  Smeaton  1767-fi9. 
Tallow  candles  were  nsed  in  the  first  instance  for  the  lights ;  but  in  1807  argand 
lamps,  with  paiaboloidal  reflectors  of  sUvered  c<^per  were  substituted. 

The  Skeriyyore  Bocks,  about  12  miles  south-west  of  Tyree  on  the  coast  of  Argyle- 
shire,  lying  in  the  track  of  the  shipping  of  Liverppol  and  of  the  Clyde  had  long  been 
regaided  with  di«ad  by  ths  mariners  frequenting  these  seas.  The  extreme  difficulty 
of  the  position,  exposed  to  the  nnbroken  force  of  the  Atlantic  Ocean,  had  alone  de- 
terred Uie  Commissionen  of  Nacthem  lights  from  the  attempt  to  place  a  light  upon 
this  dangerous  spot;  but  in  1834  they  caused  the  reef  to  be  surveyed,  and  in  1838 
Hr.  Alan  Stevenson,  their  engineer,  inheriting  his  &ther's  energy  and  scientific  skill, 
commenced  his  operations  upon  a  site  from  which  'nothing  could  be  seen  for  miles 
around  but  white  foaming  breakers,  and  nothing  could  be  heard  but  the  howling  of 
the  winds  and  the  ladling  of  the  waves.'  His  design  was  an  adaptation  of  Smeaton's 
tower  of  the  Eddystone  to  the  peeoliai  sitnation,  a  circumstance  with  which  he  had 
to  contend.  He  established  a  circular  base  42  fiset  in  diameter,  rising  in  a  solid 
mass  of  gndss  or  granite,  but  diminishing  in  diameter  to  the  height  of  26  feet^  and 
raeaenting  an  even  concave  surfiuse  all  round  to  the  action  of  tiie  waves.  Imme- 
diately above  this  level  the  walls  are  9-68  feet  thick,  diminishing  in  iliickness  as  the 
tower  rises  to  its  highest  elevation,  where  the  w^b  are  reduced  to  2  feet  in  thickness, 
and  the  diameter  to  16  fact  "Iba  tower  is  built  of  granite  from  the  islands  of 
Tyree  and  Mull,  and  its  height  from  the  base  ia  138  feet  8  inches.  In  the  in- 
tervals left  by  the  thickness  of  the  walls  are  the  stairs,  a  space  for  the  necessary 
supply  of  stores,  and  a  not  uncomfortable  haUtation  for  vswd  attendants.  The 
rest  ^  the  establishment,  stores,  &c.,  are  kept  at  the  depAt  in  the  island  of  Tjnwe. 
The  light  of  the  Skerryvore  is  revolving,  and  is  produced  by  the  revolution  of 
eight  annular  lenses  around  a  central  lamp,  and  belongs  to  the  first  order  of  dioptric 
lights  in  the  system  of  Freenel,  and  maybe  aeen  from  a  vessel's  deck  at  a  distance 
of  18  miles. 

Some  of  the  lenticular  arrangements  must  now  claim  attention.  The  appearance  of 
light  called  short  eclipses  has  hitherto  been  obtained  by  the  following  arrangement : — 
An  apparatus  for  a  fixed  light  being  provided,  composed  of  a  central  cylinder  and  two 
zones  of  catadioptric  rings  forming  a  cupola  and  lower  part,  a  certain  number  of  lenses 
are  arranged  at  equal  distances  from  each  other,  placed  upon  an  exterior  moveable 
frame  making  its  revolution  around  the  apparatus  in  a  given  period.  These  lenses^ 
composed  of  vertical  prisms,  are  of  the  same  altitude  as  the  qrlinder,  and  ths  radioa 
of  their  curves  is  in  opposite  directions  to  those  of  Hie  ^linder,  in  such  a  manner 
that  at  their  passage  they  converge  into  a  parallel  pencil  of  light,  all  the  divergent 
rays  emitted  horizontally  from  the  cylinder  prodncmg  a  brilliant  effect,  like  that 

obtained  by  the  use  of  annular  lenses  at  the 
revolving  ughthousea,  large  lenses,  or  any 
large  masses  of  glass,  are  liable  to  eitvB, 
which  by  dispersing,  cocadon  a  loss  of  much 
light. 

'  In  order  to  improve  a  solid  lens  formed  of 
one  piece  of  glass  whose  section  is  a,  m,p,a, 
T,  B,  D,  c,  A  {fig.  1384),  Buffim  proposed  to  cut 
out  all  the  glass  1^  white  in  the  figure, 
namely,  the  portions  between  m  p  and  n  o,  and 
between  »  o  and  tiie  left-hand  sur&ce  of  D  E. 
A  lens  thus  oonstamcted  would  be  incomparably 
superior  to  a  solid  one,  but  such  a  process  we 
conceive  to  be  impracticable  on  a  larsfe  scale,  from  the  extreme  difficulty  of  polishing 
the  surfaces  x.m,i>  p,on,T  o,  and  the  left-hand  surface  of  n  B ;  and  even  if  it  were 
practical,  the  greatest  imperfections  of  the  glass  might  happen  to  occur  in  the  parts 
which  are  left.  In  order  to  remove  these  imperfections  and  to  construct  lenses  of 
any  size,'  says  Sir  David  Brewster,  ■  I  proposed  in  1811  to  build  ihem  up  of  separata 
zones  or  rings,  each  of  which  rings  was  again  to  be  composed  of  separate  segments, 
as  shown  in  the  front  view  of  t£e  lens  in  fig.  1886.  Tlis  lens  ia  composed  of  one 
central  lens  a  b  o  d,  corresponding  with  ita  section  d  b  in  fig.  1384 ;  of  a  middle  ring 
o  B  1. 1,  corresponding  to  o  d,  b  f,  and  consisting  of  4  segments ;  and  another  ring 
X  P  B  T,  coneepondi^  to  a  c,  r  b,  and  oonidsting  of  8  wgnwnts.    The  preceding 
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eoostruction  obTioasly  puts  it  in  oar  power  to  execute  tboae  lenaee,  to  vhich  I  have 
given  the  name  of  jnlf/zonal  laues,  of  pure  flint  glass  firee  firom  veins ;  bnt  it  pos- 
aeeses  another  great  advsnta^,  namely,  that  of  enabling  us  to  oonect  very  nearly  the 
spherical  aberration  by  making  the  fcxn  of  each  zone  coincide.' 

This  description  vill  enable  the  reader  to  understand  the  system  vhieh  has  been 
adopted  by  'Pnsnd,  and  carried  out  by  the  French  Ooremmentand  by  ont  own  Com- 
missioneis  of  Lights. 

In  the  fixed  dioptric  light  of  Freanel,  the  flame  is  placed  in  the  centre  of  the  ap- 
peiatui^  and  within  a  cylindiic  reflector  of  glass,  of  a  vertical  refracting  power,  the 
breadth  and  height  of  a  strip  of  light  emitted  by  it  being  dependent  upon  the  size  of 
the  flame  and  the  height  of  the  reflector  itself ;  above  and  below  is  placed  a  series  of 
reflecting  prismatic  rings  or  zones  for  collecting  the  upper  and  lower  divergent  rayiv 
which,  &Uing  upon  tife  inner  side  of  the  zone  are  refracted,  pass  throogh  the  second 
side  where  they  suflbr  total  reflection,  and,  passing  out  on  the  oater  side  of  the  Kone, 
are  again  refracted.  The  efiect  of  these  zones  is  to  lengthen  the  vertical  strip  of 
light,  the  size  of  which  is  dependent  upon  the  breadth  of  the  flame  and  the  height  of 
\he  apparatos. 

In  Freenel's  revolving  lighthouse,  a  large  flame  is  placed  in  the  centre  of  a  revolv- 
ing frame  which  carries  a  number  of  lenses'  on  a  large  scale  and  of  various  curva- 
tures for  liie  avoidance  of  spherical  aberration.  With  the  view  of  collecting  the 
divergent  rays  above  the  flame,  an  arrangement  of  lenses  and  silvered  mirrors  is 
placed  immediately  over  it.  By  this  compound  arrangement  the  simply  revolving 
character  of  the  apparatus  is  destroyed,  as,  in  addition  to  the  revolving  flash,  a  ver- 
tical and  fixed  light  is  at  all  times  seen,  added  to  which  a  great  loss  of  light  must  be 
sustained  by  the  loss  of  metallic  reflectors.  In  1851,  Messn.  WiUdns  and  Letour- 
nean  introduced  a  eatadioptrio  apparatus  of  great  utility,  which  was  thna  described 
by  them: — 

The  flrst  improvement  had  n>ecial  reference  to  the  light,  and  prodneed  a  consider- 
able increase  in  its  power,  whi&t  the  simplicity  of  the  optical  arrangements  was  also 
regarded.  It  consisted,  first,  in  completely  dispensing  with  the  moveable  central 
cylindrical  lenses ;  secondly,  it  replaced  these  by  a  single  revolving  cylinder  composed 
cdT  four  annular  lenses  and  fonr  lenses  of  a  fixed  light  introduced  between  them  ;  but 
the  number  of  each  varying  according  to  the  succession  of  flashes  to  be  prodneed  in 
theperiod  of  revolution. 

The  second  improvement  consisted  in  a  new  method  of  arranging  the  revolving 
parts,  experience  having  shown  that  the  arrangements  in  use  were  vary  &alty. 
A  short  time  is  snfBcient  for  the  action  of  the  Mction-rollers,  revolving  on  two 
parallel  planes,  to  produce,  by  a  succession  of  cuttings,  a  soffidentlj  deep  groove 
to  destroy  the  regularilr  of  the  rotatory  movement.  To  obviate  this  great  incon- 
venience the  fiiction-rollers  were  so  placed  and  fitted,  on  an  iron  axis  with  regulating 
screws  and  traversing  between  two  bevelled  surfaces,  and  when  an  indentation  was 
made  in  one  place  they  eoold  be  ac^nsted  to  another  part  of  the  plates  winch  is  not  so 
worn. 

The  third  improvement  produced  the  result  of  an  increase  of  the  power  of  the  flashes 
in  revolving  lighthouse  apparatus  to  double  what  had  been  obtained  hitherto.  By 
means  of  lenses  of  vertical  prisms  placed  in  the  prolongation  of  the  central  annnlar 
lenses,  the  divergent  rays  emerging  from  the  catadi(n)tric  zone  were  brought  into  a 
straight  line,  and  a  coincidence  of  the  three  lenses  obtained. 

The  whole  of  the  prisms,  lenses,  and  zones  are  mounted  with  strength  and  sim- 
plidlT,  accurately  groand  and  polished  to  the  correct  curves  according  to  their  re- 
spective positions,  so  as  to  properly  develope  this  beantiftal  system  of  Fresnel.  The 
ffaaa  of  which  they  are  composed  should  be  of  the  clearest  crystal  colour,  and  free 
jrom  tHrnt  ^ceea  hue  iHiich  so  materially  reduces  the  power  of  the  light,  and  is  con- 
sidered objectionable  for  apparatus  of  this  kind.  The  lamp  by  which  &e  apparatus  is 
to  be  lighted  consists  of  a  concentric  burner  with  fonr  circular  wicks  attached  to  a 
lamp  of  simple  construction,  the  oil  being  forced  np  to  the  burner  by  atmospherie 
pressure  only,  so  that  there  are  no  delicate  pomps  or  machinery  to  become  de< 
ranged. 

Sievmttm'i  JBevotving  lAghthoutt. — ^This  apparatus  oonsisto  of  two  parte.  The  prin* 
dpal  part  is  a  right  octi^nal  hollow  prism  composed  of  eight  large  lenses,  which 
throw  out  a  powerfuT  beam  of  light  whenever  the  axis  of  a  single  lens  comesin  the  line 
between  the  observer  and  the  focus.  This  occurs  once  in  a  minute,  as  the  tcttma  which 
bears  the  lens  revolves  in  eight  minutes  on  the  rollers  placed  beneath.  The  subddiary 
parts  consist  of  eight  pyramidal  lenses  inclined  at  an  angle  of  80°  to  the  horizon,  and 
forming  together  a  hollow  truncated  cone,  which  reste  above  the  flame  like  a  cap. 
Above  thi>se  smaller  lenses  (which  can  only  be  seen  by  looking  from  below)  ore 
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Slacod  eight  plane  mitron,  wliOM  Burfaces  bein^  inclined  to  the  horizon  at  SO'  in  the 
ircction  opposite  to  that  of  the  pymmidal  lenses,  finally  caiue  all  the  light  made 
pamllet  by  we  n&sctioa  of  itheae  lenses  to  leave  the  mirror  in  a  horizontal  direction. 
The  only  object  of  this  part  is  to  turn  to  usafiil  acoonnt,  by  prolonging  the  dnration 
of  the  fiaah,  that  part  of  the  light  which  would  otherwise  escape  into  the  atmosphere 
above  the  mun  lenses.  This  is  effected  by  giring  to  the  upper  lenses  a  slight  nori- 
zontal  divergence  from  the  vertical  plane  of  the  principal  lenses.  Below  are  five 
tires  of  totally  redlecting  prisms,  which  intercept  the  light  that  passes  below  the  great 
lenses,  and  by  means  of  two  reflections  and  an  intermediate  re£racti<m  project  them  in 
the  shape  of  a  flat  ring  to  the  horizon. 

Steeentorit  fixed  diaptrie  apparaltu  at  the  first  order  (same  as  that  at  the  Isle  of 
May,  with  varions  improvements).  The  principal  part  consists  of  a  qrlindrio  belt  of 
glass  which  snrronnds  the  flame  in  the  centre,  and  by  its  action  refracts  the  light  in 
a  vertical  direction  upward  and  downward,  so  as  to  be  parallel  with  the  focal  plane  of 
the  system.  In  this  way  it  throws  out  a  flat  ring  of  light  equally  intense  in  every 
direction.  To  near  obeervers,  this  action  presents  a  narrow  vertical  band  of  light, 
depending  for  its  breadth  on  the  extent  of  the  horizontal  angle  embraced  by  the  eye. 
This  arrangement  therefore  fulfils  all  the  conditions  of  a  fixed  light,  and  surpasses  in 
effect  any  amingement  of  parabolic  reflectors.  In  order  to  save  the  light  which  wonld 
be  lost  in  passing  above  and  below  the  cylindrical  belt,  carved  mirrors  with  their 
common  focus  in  the  lamp  were  formerly  used ;  but  by  the  present  engineer,  the 
adaptation  al  eatadioptrie  zones  to  this  part  of  the  apparatus  was,  after  much  labour, 
successfully  carried  out  These  zones  are  triangular,  and  act  by  total  reflection,  the 
inner  face  nfraeling,  the  second  totally  rrfiecting,  and  the  third  or  outer  face,  a  second 
time  refracting,  so  as  to  cause  the  light  to  emerge  iorirontaUf/.  The  apparatus  haa 
received  many  smaller  changes  by  the  introduction  of  a  new  mode  of  gronpiog  the 
various  parts  of  the  framework,  by  which  the  passage  of  the  light  is  less  obscured  in 
every  azunnth. 

Mechanical  lamps  of  four  wicks  are  used  in  these  lighthouses;  in  these  the  oil  is 
kept  continually  overflowing  by  means  of  pumps  which  raise  it  from  thedstem  below ; 
thus  the  rapid  carbonisation  of  the  wicks,  which  would  be  caused  by  the  great  heat, 
is  avoided.  The  flames  of  the  lamp  reach  their  best  effect  in  three  hours  after  light- 
ing, ie.  after  the  whole  of  the  oil  in  the  cistern,  by  passing  and  repassing  over  the 
wicks  repeatedly,  has  reached  its  maximum  temperature.  After  this  the  lamp  often 
bums  fourteen  hours  without  sensible  diminution  of  the  light,  and  then  rapidly  falls. 
The  height  varies  from  sixteen  to  twenty  times  that  of  the  argand  flame  of  an  inch  in 
diameter;  and  the  quantity  of  ml  consumed  by  it  is  greater  nearly  in  the  same 
proportion. 

_  In  Stevenson's  ordinary  farcAoUe  reflector,  rendered  holopiotal  (where  the  entire 
light  is  parallelised)  by  a  portion  of  a  eatadioptrie  annular  lens,  the  back  part  of  the 
parabolic  conoid  is  cut  off,  and  a  portion  of  a  spherical  mirror  substituted,  so  as  to 
send  the  rays  again  through  the  flame ;  while  his  holophotal  eatadioptrie  annular 
lens  apparatus  is  a  combination  of  a  hemispherical  mirror  and  a  lens  having  totally- 
nflecting  zones ;  the  peculiarity  of  this  arrangement  is,  that  the  eatadioptrie  zones, 
instead  of  transmitting  the  light  in  parallel  horizontal  plates,  as  in  Fresnel's  appa- 
ratus, produces,  as  it  were,  an  extension  of  the  lenticular  or  quaquaversal  action  of  the 
central  lens  by  assembling  the  Ught  around  its  axis  in  the  form  of  concentric  hollow 
(flinders. 

Mr.  Chance,  of  Birmingham,  constructed  a  liidithonse  which  may  be  regaided  as 
Fresnel's  revolving  light  rendered  holophotal.  This  arrangement  was  divided  into 
three  compartments,  me  upper  and  lower  of  which  were  composed  respectively  of 
thirteen  and  six  eatadioptrie  zones  which  produce  the  vertical  strip  of  light  extending 
the  whole  length  of  the  apparatus,  and  is  similar  to  Fresnel's  dioptric  light.  The 
central  or  catoptric  compartment  consisted  of  eight  lenses  of  three  feet  focal  length, 
each  of  which  was  the  centre  of  a  seriee  of  eleven  concentric  prismatic  rings,  designed 
to  prodnca  the  some  refisctive  effect  as  a  solid  lens  of  equal  size.  These  compound 
lenses  were  mounted  upon  a  revolving  frame  and  transmitted  horizontal  flashes  of 
light  as  they  successively  rotated.  The  motion  was  communicated  to  the  frame  by 
a  clock  movement,  and  performs  one  revolution  in  four  minutes ;  consequently,  as 
there  are  eight  lenses,  a  flaah  of  light  is  transmitted  every  thirty  seconds  to  the 
horizon. 

U<nr  A&oaa.  This  wood  is  supposed  to  be  the  produce  of  Aguilaria  JgaUoeia, 
one  of  the  Lace-bsrk  order. 


X»OCTOir»  MAXm  ia  vegetable  fibre.    See  Fibbb,  Vbobtabu. 

SXCMIl'ra.  Under  Bbown  Coax,,  and  Coal,  the  characteristics  of  lignite  have 
already  received  attention,  therefore  little  further  need  be  said.  The  term  lignite 
should  be  confined  to  fossil  wood,  or,  still  more  correctly  to  wood  which  haa  under- 
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gone  one  of  tbe  ettanges  leading  Umardt  the  production  of  coal.  If  wood  is 
bniied  in  moist  earth  there  is  the  production  of  carbonic  acid  from  the  elements  of  the 
vood,  and  the  wood  is  changed  into  either  lignite  or  brown  coal.  Lignite  and  coal 
iSSet  chemically  from  each  other.  Lignite  yields  by  dry  distillation  acetic  acid  and 
acetate  of  amiAonia,  whereas  coal  produces  only  an  ammoniacal  liquor.  (JEremers.) 
Woody  fn>re  gives  rise  to  acetic  add ;  therefore,  hgnite  must  still  contain  nndecomposed 
woody  fibre.  The  following  table  gives  the  composition  of  several  well-known 
ligmtes: — 


Flom  Uttweiler  . 
„     Hungary   . 
„      theRhftne. 
„      Aeissner   ... 
„     Bovey  Heethfield      . 

Catbon 

HydrogeD 

xitsrogcn 

Buth7 
mmtter 

Cbemist 

77-9 
67-3 
72-2 
68-6 
67-9 

2-6 
4-8 
4-9 

5-9 
S-8 

19-6 

20-1 
190 
24-8  • 

1-0 
0-8 
1-8 
2-3 

Karsten 

Nendtwich 

Begnanlt 

Orager 

Vaux 

The  products  of  the  deetmctive  distillation  of  lignite,  by  B.  Niederstadt  is  well 
deserving  attention. — The  lignites  examined  came  from  the  Bhenish-Hessian  basin, 
1.  Lignite  from  Meissner.  of  a  red-brown  colour  and  woody  texture ;  specific  gravity 
ri2.  2.  Lignite  from  Kheinhardawalde,  grey  or  black,  containing  abundance  iS 
reein ;  specific  gravity  1'13.  3.  Brilliant  lignite  of  Meissner,  black,  fracture  fibrons, 
lustre  vitreous;  specific  gravity  1*32.  4.  Lignita  of  Hirschberg,  brownish-black,  in 
tree-like  masses;  specific  gravity  1-35.  The  following  is  their  elementaiy  composi- 
tion:— 


Carbon 

Hydrogen 

Oxygen 

Nitrogen 

Ash  . 

Hoisturo 


61-288 
4-169 

32-326 
0-176 
0-796 

10-297 


68-782 
4-042 

20-803 
0-160 
6-940 

10-283 


60-996 
8-192 

17-691 
0-123 
6-470 
3-629 


60-302 
4-859 

20-169 
0-121 
8-167 

11-391 


On  distillation  these  lignites  yielded  solid,  liquid,  and  gaseous  products ;  at  a  dark-red 
heat,  a  l»own  tarry  matter  passing  over  along  with  combnstible  gaaes.  To  sepuate 
the  watery  portion  fiom  the  tar,  common  salt  was  added  to  the  mixtun,  heated  to  40°. 
The  quantity  of  tar,  when  freed  from  water,  amounted  to  4  to  6  per  cent,  and  the  watery 
products  48  to  66  per  cent,  containing  acetic  acid  and  ammonia.  The  oily  matters 
distilled  over  at  96°  to  220°,  leaving  a  black  pitchy  residue.  The  distillate,  on  agitation 
with  concentrated  soda-lye,  yields  phenol.  On  fractional  distillation,  the  portions 
passing  over  op  to  160°  contain  pyrrol  and  picoline,  which  boils  at  135°,  and  is  distin- 
guishM  from  aniline  by  not  giving  a  violet  colouration  with  chloride  of  lime.  The 
part  passing  over  about  220°  solidified  on  cooling,  yielding  a  crystalline  mass  soluble 
m  aleohol  and  ether.  It  melts  at  49°  to  61°,  and  is  a  paraSin  formed  of  hydrocarbons 
OH**.  It  amounts  to  1  per  cent,  of  the  lignite  employed.  The  gaseous  mixture, 
&ora  tile  Heissner  lignite,  consisted  of: — Hydrogen,  14-26;  carbonic  oxide,  40-12; 
marsh-gas,  10*29;  nitrogen,  4-09;  carbonic  acid,  2-10;  ethylene  and  superior  hydro- 
carbons, 2-13.  There  appears,  consequently,  little  prospect  of  using  the  gases  firom 
lignite  for  lighting  purposes. 

In  Prussia,  Anstria,  and  many  other  parts  of  the  Continent,  lignite  forms  a  very 
important  piodnct,  being  largely  employed  for  domestic  and  for  manufacturing 
purposes.  In  this  country,  with  the  single  exception  of  the  Bovey  Heathfield  formation, 
which  is  used  in  the  adjoining  pottery,  lignite  is  not  employed.    See  Coal. 

XiZaanrM-VXV JB,  or  Guaiacum  (Gnaiaoum  ofioinale  and  <?.  sonetem),  a  very 
hard  and  heavy  wood.  The  fibrous  structure  of  this  wood  is  very  remarkable ;  the 
fibres  cross  each  other  sometimes  as  obliquely  as  at  an  angle  of  30°  with  the  axis, 
as  if  one  group  of  the  annual  layers  wound  to  the  right,  the  next  to  the  left,  and 
so  on,  with  any  exactitude.  The  wood  can  hardly  be  split,  it  is  therefore  divided  by 
the  saw.  Lignum-vita  is  much  used  in  machinery  for  rollers,  presses,  mills,  &&,  and 
for  pestles  and  mortars,  sheers  for  ship's  blocks,  skittle  balls,  and  a  great  variety  of 
other  works  requiring  hardness  and  strength. 

The  gum  guaiacum  of  the  apothecary  is  extracted  from  this  wood. 
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XCULO  BTa.    See  CAUco-FimniNQ ;  SyEmo;  aiidAHiLtN& 

xmA  'WOOB.    See  Bbazil  Wood. 

UKS,  TBB.  The  Citnu  Limetia,  yielding  the  Ume-jnice  so  much  esteemed  for 
flarouriug  sherbet,  ponch,  Sec. 

Kzxa.  QttiekBme,  an  Oxidt  (ff  Caldwrn.  This  vseftil  sabataoce  is  prepaied  by 
burning  calcareons  stones  in  Idl^s  or  fnmaees. 

Limestone  used  to  be  calcined  in  a  reiy  mde  kiln,  farmed  by  inclosing  a  drenlar 

r 9  of  10  or  15  feet  diameter,  by  mde  stone  walls  4  or  6  feet  high,  and  filling 
cylindrical  cavity  with  alternate  layers  of  torf  or  coal  and  limestone  broken 
into  moderate  pieces.  A  bed  of  brushwood  was  usually  placed  at  the  bottom,  to 
facilitate  the  kindling  of  the  kiln.  Whenever  the  combustion  was  fairly  commenced, 
the  top,  piled  into  a  conical  form,  was  coyeied  in  with  sods,  to  render  the_  calcina- 
tion slow  and  regnlar.  This  method  being  found  relatirely  inconvenient  and 
inefbctnal,  was  succeeded  by  a  permanent  kiln  built  of  stones  or  brickworic,  in  the 
shap  of  a  truncated  cone  with  the  narrow  end  undermost,  and  dosed  at  bottom  by 
an  iron  grate.  Into  this  kiln,  the  fnel  and  limestone  were  introduced  at  the  top  in 
alternate  layers,  beginning  of  course  with  the  former ;  and  the  charge  was  either 
allowed  to  bum  out,  when  the  layer  was  altogether  removed  at  a  door  near  the  bottom, 
or  the  kiln  was  successively  fed  with  fresh  materials,  in  alternate  beds,  as  the  former 
supply  sunk  down  by  the  calcination,  while  the  thoroughly-burnt  lime  at  the  bottom 
was  successively  raked  out  by  a  side  door  immediately  above  the  grate.  The  interior 
of  the  lime  kiln  has  been  changed  of  late  years  from  the  conical  to  the  elliptical  form, 
and  probably  the  best  is  that  of  an  egg  placed  with  its  narrow  end  undermost,  and 
truncated  both  above  and  below ;  tile  ground  plot  or  bottom  of  the  kiln  being  com- 
pressed so  as  to  give  an  elliptical  section,  with  an  eyt  or  draft-hole  towards  each  end 
of  that  ellipse.  A  kiln  thus  arched  in  above  gives  a  reverberatory  heat  to  the  upper 
materials,  and  also  &Toni8  their  fsilling  freely  down  in  proportion  as  the  flnisned 
lime  is  raked  out  below;  advantages  which  the  conical  form  does  not  afford.  The 
size  of  the  draft-boles  for  extracting  the  qnicklime,  should  be  proportionate  to  the  size 
of  the  kiln,  in  order  to  admit  a  sufficient  current  of  air  to  ascend  with  the  smoke  and 
flamo,  which  is  found  to  facilitate  the  extrication  of  the  carbonic  add.  The  kilns  are 
called  perpetual,  because  the  operation  is  carried  on  continuously  as  long  as  the  build- 
ing lasts ;  and  dram-kilns,  from  the  mode  of  discharging  them  by  raking  out  the  lime 
into  carts  placed  against  the  draft-holes.  Three  bushele  of  caldned  limestone,  or 
lime-shells,  are  produced  on  an  average  for  every  bushel  of  coals  consumed.  Such 
kilns  should  be  built  up  against  the  face  of  a  cliff,  so  tiiat  easy  access  may  be 
gained  to  the  mouth  for  charging,  by  making  a  sloping  cart-road  to  the  top  of  the 
bank. 

Fig*.  1888, 1887, 1388, 1389,  represent  the  lime-kiln  of  Bndersdorf  near  Berlin,  upon 
the  continuous  plan,  excellentiy  constructed  for  economising  fuel.  It  is  triple,  and 
yields  a  threefold  product  Fig.  .1388  is  a  view  of  it  as  seen  from  above;  fig.  1389> 
the  elevation  and  general  appearance  of  one  side;  fig.  1386,  a  vertical  section,  and 
fig.  1387,  the  ground  plan  in  the  line  A  B  c  s  otjig.  1386.  The  inner  shaft  ^.  1386, 
has  the  form  of  two  truncated  cones,  with  their  larger  drcular  ends  applied  to  each 
other;  it  has  the  greatest  width  at  the  level  of  the  fire-door  h,  where  it  is  8  feet  in 
diameter ;  it  is  narrower  below,  at  the  discharge  door,  and  at  the  top  orifice,  where  it 
is  about  6  feet  in  diameter.  The  interior  wall  d^  of  the  upper  shaft  is  built  with  hewn 
stones  to  the  height  of  38  feet,  and  below  that  for  25  feet,  with  fire-bricks  d'  d',  laid 
stepwise.  This  inner  wall  is  surrounded  with  a  mantle  e,  of  limestone,  but  between 
the  two  there  is  a  small  vacant  space  of  a  few  inches  filled  with  ashes,  in  order  to 
allow  of  the  expansion  of  the  interior  with  heat  taking  place  without  shattering  the 
mass  of  the  building. 

The  fire-grate,  ft,  consists  of  fire-tiles,  which  at  the  middle,  lAere  the  nn^le  pieces 
press  together,  lie  upon  an  arched  support  /.  The  fire-door  is  also  arched,  and  is  secured 
by  fire-tiles.  ^  is  the  iron  door  in  front  of  that  orifice.  The  tiles  which  form  the  grate 
have  3  or  1  slits  of  an  inch  wide  for  admitting  the  air,  which  enten  through  the  canal  h. 
The  under  part  of  the  shaft  from  the  fire  to  we  hearth  is  7  feet,  and  the  outer  enclosing 
wall  is  constructed  of  limestone,  the  lining  bdng  of  fire-bricks.  Here  are  the  ash- 
pit t,  the  discharge  outlet  a,  and  the  canal  k,  in  front  of  the  outlet  Each  ash-pit  is 
shut  with  an  iron  door,  which  is  opened  only  when  the  space  t  becomes  filled  with 
ashes.  These  indeed  are  allowed  to  remain  till  they  get  cool  enough  to  be  removed 
without  inconvenience. 

The  discharge  outlets  are  also  famished  with  iron  doors,  which  are  opened  only  for 
taking  out  the  lime,  and  are  carefully  luted  with  loam  during  the  burning.  The  outer 
walls  I mn  of  the  kiln,  are  not  essentially  neceesary,  but  convenient,  because  they  afford 
room  for  the  lime  to  lie  in  the  lower  floor,  and  the  fuel  in  the  second.  The  several 
■tones  are  formed  of  grinned  arches  o,  and  platforms  p,  covered  ovw  with  limestone 
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thbf.  In  t]ie  third  and  foortliitarieg  the  workmen  lodge  at  night.  8eaJiff,liS9.  Some 
enter  their  apaitmentt  hj  the  uf^r  door  ;,  othen  by  the  lover  door  s.  r  is  one  of 
the  chimneye  for  tiie  several  fiieplacea  of  the  workmen;  t,u,v  are  stain. 


1888 


1888 


1887 


1889 


As  the  limeston*  is  intiodneed  at  top,  the  mouth  of  the  kiln  is  surronnded  with  a 
strong  iron  balTutiade  to  prevent  the  danger  of  the  people  tumbling  in.  The  platform 
{fig.  1388)  is  laid  with  nuls  v,  for  the  waggons  of  limestone,  drawn  by  horses,  to  run 
upon.  X  is  another  railway,  leading  to  another  kiln.  Sndi  kilns  are  named  after 
the  number  of  their  flre-doors,  single,  twofold,  threefold,  fourfold,  &c. ;  from  thioe 
to  five  being  the  most  usual.  The  outer  form  of  the  kiln  also  is  determined  by  the 
nnmber  of  the  furnaces,  being  a  truncated  pyramid  of  equal  sides,  and  in  the  middle 
of  each  alternate  side  there  is  a  fireplace,  and  a  discharge  outlet.  A  cnbic  foot  of 
limestone  requires  for  bnrniDg,  one  and  fiTe-twelfths  of  a  cubic  foot  of  wood,  and  one 
and  a  half  of  turf. 

When  the  kiln  is  to  be  set  in  action,  it  is  filled  with  rough  limestone,  to  the  height 
CD,  or  to  the  level  of  the  firing ;  a  wood  fire  is  kindled  in  a,  and  kept  up  till  the  lime 
is  calcined.  Upon  this  mass  of  quicklime  a  fresh  quantity  of  limestone  is  introduced, 
not  thrown  in  at  the  mouth,  but  let  down  in  buckets,  till  the  kiln  is  quite  full ;  while 
over  the  top  a  cone  of  limestones  is  piled  up,  about  4  feet  high.  A  turf -fire  is  now 
kindled  in  the  furnaces  b.  Whenever  the  upper  stones  are  well  calcined,  the  lime 
nnder  the  fire-level  is  taken  out,  the  superior  column  falls  in,  a  new  cone  is  piled  up, 
and  the  process  goes  on  thus  without  interruption,  and  withont  the  necessity  of  once 
putting  a  fire  into  a ;  for  in  the  space  c  b,  the  lime  must  be  always  well  calcined.  The 
discharge  of  lime  takes  place  every  12  hours,  and  it  amounts  at  each  time  in  a  three- 
fold kiln,  to  &om  20  to  24  Prussian  timna  of  6  imperial  bushels  each ;  or  to  130  bushels 
imperial  upon  the  average.  It  is  found  by  experience  that  fresh-broken  limestone, 
which  contains  a  little  moisture,  calcines  more  readily  than  what  has  been  dried  by 
exposnre  for  some  time  to  the  air :  in  consequence  of  the  vapour  of  water  promoting 
the  escape  of  the  carbonic  acid  gas ;  a  fact  well  exemplified  in  distilling  essential  oils, 
as  oil  of  turpentine  and  naphtha,  which  come  over  with  the  steam  of  water  at  upwards 
of  100°  Fahr.  below  their  natural  term  of  ebullition.  Six  bushels  of  Siidersdorf 
quicklime  weigh  from  280  to  306  pounds.    See  Kiuts. 
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AnhTdions  lime,  or,  ag  it  is  commonlj  called,  'guieUbM,'  ia  aa^  amocpbona  MUd, 
vaiying  much  in  coherenoe,  ucoording  to  the  kind  of  lock  from  which  it  is  obtained ; 
its  roecific  grayity  vane*  from  2*3  to  3.  Lime  is  one  of  the  most  inAuible  bodies 
which  we  possess ;  ,it  resists  the  highest  heats  of  our  Atmacas. 

When  exposed  to  air,  quicklime  laindly  absorbs  water  and  crombles  into  a  powder, 
commonly  known  as  ilaJI^  lime,  which  is  a  hydrate  of  lime. 

Hydrate  of  lime,,  when  exposed  to  the  air,  absorbs  carbonic  add,  and  after  long  ex- 
posure it  is  converted  into  a  mixture  of  carbonate  of  lime  and  hydrate  of  lime  in  single 
equivalents.  Hydrate  of  lime  is  but  slightly  soluble  in  water,  729  to  738  parts  of  that 
fluid  dissolving  only  1  part  of  the  lime  at  ordinary  tempeiatnres. 

Hydrate  of  lime  is  applied  to  numerous  purposes  in  the  arts  and  manufactures.  It 
is  chiefly  employed  in  the  preparation  of  mortar  for  building  purposes.    See  Mobtab. 

The  pure  limes,  prepared  from  the  carbonates  of  lime,  form  an  imperfect  moitar 
suitable  only  fbr  U7  situations.  In  damp  buildings  or  in  wet  situations  they  never 
let  (as  the  process  of  hardening  is  technically  termed),  but  always  remain  in  a  pulpy 
state.  Qeneial  Fasley  says, '  The  unfitness  of  pure  lime  for.  the  purposes  of  hydraulio 
architecture  has  been  proved  by  several  striking  droumstauces  that  have  come  under 
my  personal  observation,  of  which  I  shall  only  mention  a  few.  First,  a  great  portion 
of  the  boundary-wall  of  Bochester  Castle  having  been  completely  undermined,  nearly 
throughout  its  whole  thickness,  which  was  considerable,  whilst  the  upper  part  of  the 
same  wall  was  left  standing,  I  had  always  ascribed  this  remarkable  breach  to  violence, 
considering  it  as  having  beian  the  act  of  persons  intending  to  destroy  the  wall  for  the 
sake  of  the  stone ;  but  on  examining  it  more  accurately  after  I  had  begun  to  study 
the  subject  of  limes  and  cements,  I  observed  that  the  whole  of  the  breached  part  was 
washed  by  the  Medway  at  high  water,  and  that  all  the  mortar  of  a  small  portion  of 
the  back  part  of  the  foot  of  the  wall  still  left  standing  was  quite  soft,  but  that  towards 
the  ordinary  high  water  level  it  became  a  little  liarder,  and  above  that  level  it  was 
perfectly  sound.  I  observed  the  same  process  at  the  outer  wall  of  Cockham  Wood 
Fort,  on  the  left  bank  of  the  Medway,  below  Chatham,  of  which  the  upper  part  was 
standing,  whilst  the  lower  part  of  it  bad  been  graduaUy  ruined  oj  the  action  of  the 
river  at  high  water  destroying  the  mortar.'  The  peculiar  conditions  necessary  to 
insure  a  go^  and  useful  mortar  for  building  purposes,  and  the  peculiarities  of  the 
hydraulic  mortars  or  cements   are  treated   of  under   HiDKAinjc  Cehxicts   and 

HOBTAB. 

TillWTO»».  (CaJeaire,  Fr. ;  Kalktteiit,  Get.)  A  great  variety  of  rocks  contain 
a  suffldent  quantity  of  carbonate  of  lime  to  be  called  limestones. 

Ckali  is  an  earthy  massive  opaque  variety,  usually  soft  and  without  lustre,  and  may 
be  regarded  as  a  tolerably  pure  carbonate  of  lime.  Carbonate  of  lime  dissolves  in  1,000 
parts  of  water  charged  with  carbonic  add.  (Bischof.)  Fresenius  states  that  it  dissolves 
in  8,834  parts  of  boiling  water  and  in  10,601  parts  of  water  at  ordinary  temperatures. 

Carbonate  of  lime  is  found  in  nature  more  or  less  pure  ;  it  occurs  crystallised,  ss 
in  calcspar  and  aragonite ;  and  also  occurs  as  granular  limestone ;  and  in  compact 
masses,  as  in  common  limestone,  chalk,  &c. 

Slalactitie  carbonate  oflimt,  frequently  called  concretionaiy  limestone,  is  formed  by 
the  infiltration  of  water  through  rocks  containing  lime,  which  is  diss<dTed  out,  and  as 
it  slowly  percolates  the  rocks  into  cavernous  openings,  the  water  parts  with  its  carbo- 
nate of  lime,  which  is  deposited  in  zones  more  or  less  undulated,  which  have  a  fibrous 
structure  from  the  crystalline  character  of  the  concretionary  lime.  The  long  fibrous 
pieces  called  stalactites  show  those -fibres  very  beautifully.  The  stratiform  masses 
called  stalagmites  exhibit  a  similar  structure,  varied  only  by  the  conditions  under 
which  they  are  formed.  A  very  remarkable  stalagmitic  limestone  found  in  Egypt  is 
known  as  oriental  alabaster. 

True  Mttbaeter  is  a  sulphate  of  lime,  but  the  stalagmitic  carbcnate  is  not  unfto- 
quently  called  by  this  name.    See  Ai.ABiSTEB. 

InonuHng  ctmeretionary  limeatonet  differ  but  little  from  the  above.  They  are  deposits 
from  calcareous  spring  which  are  common  in  some  parts  of  Derbyshire,  Yorkshire, 
and  other  places.  It  is  a  common  practice  to  place  vegetable  substances  in  those 
Bprings ;  they  then  become  incrusted  with  carbonate  of  lime,  and  are  sold  as  }>etrifac- 
tions,  which  they  are  not  In  volcanic  districts  many  very  remarkable  springs  of 
this  character  exist.  One  of  the  most  remarkable  is  at  the  baths  of  San  Filippo, 
in  Tuscany,  where  the  water  flows  in  almost  a  boiling  state ;  carbonate  of  lime  here 
appears  to  be  held  in  solution  by  sulphuretted  hydrogen,  which  flies  off  when  the 
water  issues  to-day.  Dr.  V^ny  has  taken  advantage  of  this  property  of  the  spring 
to  obtain  basso-rilievo  figures  of  great  whiteness  and  solidity  by  occasioning  the  lime 
to  deposit  in  sulphur  moulds. 

Agaric  mineral,  Spongy  limettone,  Bock  milk,  is  found  at  the  bottom  of  and  about 
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Ucea  triiose  vatar*  are  imporagnatad  -vith  lima.  The  etUoareout  tufa  of  Dinbysbin 
u  of  this  character ;  it  may  be  stodiad  in  ereiy  stage  of  formation, 

Travtrtiao,  -which  served  to  constmct  most  of  the  monoments  in  ancient  Bome, 
appeals  to  hare  been  formed  by  the  deposits  of  the  Anio  and  the  Solfatara  of  TiToli. 
Tm  teatples  of  PEestom,  vhich  are  of  extreme  antiquity,  hare  been  built  -with  a  trover- 
(tflo,  formed  by  the  waters  which  still  flow  in  this  territory. 

On^aat  Hmestone  has  a  compact  teztiiM>  nsoaUy  an  even  suifeee  of  fracture,  and 
dull  shades  of  colour. 

Gnmular  limettone  includes  common  statuary  and  aiohitectural  marble,  and  has  a 
texture  something  like  loaf -sugar.  Under  those  two  heads  are  grouped  a  g;reat  number 
of  vaxieties. 

OoiUe  or  rce-tlont  consists  of  (pheiical  grains  of  various  sizes,  from  a  millet  seed 
to  a  pea,  or  even  an  egg. 

Coaru-grained  Umetione.    Coarse  lias  has  been  referred  to  this  head. 

Marly  limtatoM.  Lake-  and  fresh-water  limestone  formation ;  textore  fine-grained, 
more  or  less  dense;  apt  to  crumble  down  in  the  air ;  colour  white  or  pale  yellow; 
fracture  rough-grained,  somewhat  conchoidal ;  rather  tenacious.  Texture  occa- 
sionally cavernous,  with  cylindrical  winding  cavities.  This  true  limestone  must 
not  be  confounded  with  lime  marl,  which  is  composed  of  calcareous  matter  and 
clay. 

SUietous  UmmloM.  A  combination  of  silica  and  carbonate  of  lime,  varying 
vety  much  in  the  proportions,  and  sometimes  passing  from  eherty  timutone  into 
liert.  It  scratches  steel,  and  leaves  a  siliceous  residuum  after  the  action  of  muriatic 
acid. 

Silnkslons  at  Swinetione.  A.  carbonate  of  lime  combined  with  solpbur  and 
organio  matter.  It  emits  the  smell  of  sulphuretted  hydrogen  by  a  blow  or  by 
friction.  It  oocnrs  at  Assynt,  in  Sotherlandshire,  in  Derbyshue,  and  some  ports  of 
Ireland. 

BUnmitioiu  liMotont.  Limestone  containing  various  hydrocarbon  componnds, 
diJBising  by  the  action  of  flie  a  bituminous  odour,  and  becoming  white  when 
burnt. 

lameatonas  of  whatsoever  kind  may  be  referred  to  deposition  effected  by  chemical 
change.  The  immense  lapse  of  time  required  to  form  the  great  limestone  ranges  of 
this  eonntiy  can  scarcely  be  estimated. 

Oolitic  UmeBtons  includes  Bath  stone,  Portland  stone,  and  Caen  stone. 

PitoUtt  is  a  variety  of  oolite,  in  which  the  concretions  become  as  large  as  peas. 

Ntintiiailiiie  limestone,  Gymenia,  Crinoidal,  or  Encrimial  limestones,  &c.,  are  so 
called  fnan  the  fossils  which  the  rock  contains. 

8Ml4bMttoiu  or  MuicMialk  has  its  name  in  the  same  way  from  its  composition, 

Cmlino  is  a  gnnular  limestone  containing  mica. 

mtffolica.  a  white  and  compact  limestone. 

Seaglia,  a  red  limestone  in  the  Alps. 

See  Alabasixb  ;  Chauc  ;  HTNUruo  Cmoon ;  and  Mabblb. 

KimBTOVa.  MtAOnaiAW  {DoUmit,  Fr. ;  Bitterkaik,  Talispatu,  Ger.), 
is  a  mineral  which  crystallises  in  the  rhombohedial  system.  Spec  grav.  2-88; 
scratches  calc-spar ;  does  not  fall  spontaneously  into  powder  when  calcined,  as  com- 
mon limestone  does.  It  consists  of  1  equivalent  of  carbonate  of  lime  =>  SO,  asso- 
ciated with  I  of  carbonate  of  magnesia  ■>  42. 

Hattive  tna^neaian  liToestone  is  yellowish-brown,  eream-yellow,  and  yellowish-grey; 
brittle.  It  dissolves  slowly  and  with  feeble  effervescence  in  dilute  muriatic  acid ; 
whence  it  is  called  Caleaire  Imt  doUmit,  by  the  French  mineralo^sts.  Specific  gravity, 
2-6  to  2-7. 

Near  Sunderland  it  is  found  in  flexible  slabs.  The  principal  range  of  hills  oom- 
posing  this  geological  formation  in  England,  extends  from  Sunderland  on  the  north- 
east coast  to  Nottingham,  and  its  beds  are  described  as  being  about  300  feet  thick  on 
the  east  of  the  coal-field  in  Derbyshire,  which  is  near  its  sontberu  extremity. — ^E.  W.  B, 
See  DoLoiaTB. 

kxaca  TBSB  {Tilia  Europaa).  The  well-known  linden  tree,  c(»nmon  to  all 
Europe.  The  wood  is  very  light-coloured,  fine  and  close  in  the  grain,  and  when 
properly  seasoned,  not  liable  to  warp.  It  is  much  used  in  the  manufacture  of  piano- 
fortes and  harps.  It  is  made  into  cutting  boards  for  curriers,  shoemakers,  &c.,  as  it 
does  not  taru  the  knife  in  any  direction  of  the  grain,  nor  injure  the  edge. 

lime-tree  wood  is  esjiecially  useful  for  carving,  from  its  even  texture  and  freedom 
from  knots.  The  beautiful  works  of  Gibbons  at  Hampton  Court,  at  Windsor,  and  at 
Chstsworth,  are  executed  in  lime-tree  wood,  as  are  also  the  works  of  Rogers. 

MWA'l'J.  A  name  applied  to  certain  varieties  of  hydrous  peroxide  of  iron, 
having  th«  compoBiti<»— Fe'O'.SHO  (r«'e^3B'0).    Some  kinds  of  b(«  iron-ore  and 
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■talactitic  brown  iron-ore  may  come  under  this  denondnation.    The  name  ii  derived 
from  Xi/u^  {limne),  a  marsh. 

XiiaEoaaa  mwAxtmLM.   See  Gkaxeu. 

uacoazTB.  A  hydrons  peroxide  of  iron  of  the  composition — ^2Fe*0.*3HO 
(2r  e'0'.3HH>).  It  includes  most  of  the  bc^  iron-ores  and  the  so-called  brcrirn  hema- 
tites.   The  name  is  derived  from  XtiiiSy  (leimon),  a  meadow.    See  Inoir. 

KnTAXITB.  A  hydrons  sulphate  of  oopper  and  lead,  occnniiig  in  beautiful 
dark  blue  c^stals  at  Leadhills  in  Lanarkslure,  and  at  several  localities  in  Cumber- 
land.   It  takes  its  name  fi«m  Linares  in  Spain, 

IbMMUMM  nUDia    See  Lnca  Tbsb. 

tUMWM,  History  does  not  state  at  what  period  of  the  world's  existence  the 
manu&cture  of  doth  from  flaxen  material  was  first  introduced;  but  ftom  many 
evidences  fonnd  in  E^ptian  mausoleums  the  process  of  wearing  must  have  been  known 
and  practised  even  bmore  the  great  shipbuilder  laid  the.first  planks  of  his  famous  Ark. 
Throughout  the  pages  of  Sailed  Writ  the  allusions  to  '  fine  linen,'  *  broidered  linen,' 
and  the  fancy  styles  of  the  fabric  as  they  were  brought  out  wefted  with  gold  threads 
and  coloured  yams,  show  that  in  those  days  the  clothing  of  princes,  priests,  and 
people  was  la^ly  composed  of  the  difEerent  qualities  of  such  material.  In  ancient 
Oreece  the  embroidering  of  linen  robes  was  delighted  in  as  a  popular  pastime  by  the 
ladies  of  high  degree,  and  the  Bomans  of  old  were  no  less  fond  of  the  manufacture. 
But  all  their  fancy  goods  were  not  furnished  by  the  needle  alone.  Homer  alludes  to 
his  famous  heroine  weaving  pictures  in  the  loom,  and  other  productions  similar  in 
pattern  to  the  damask  of  modem  days  were  worked  by  the  shuttle  in  ancient  Greece. 

The  use  of  linen  was  pretty  general  in  the  higher  circles  of  society  in  the  British 
isles  at  a  very  remote  period ;  but  all  the  finer  varieties  of  the  fiibric  wero  imported 
from  the  continent  of  Europe.  Woollen  goods  formed  the  principal  material  for  inner 
as  well  as  outside  clothing  of  the  people  on  both  sides  the  Tweed  in  the  fifth  century ; 
but  even  then  linen  was  considerod  an  essential  requisite  for  special  purposes,  and 
particularly  for  wrappng  the  bodies  of  the  dead.  Weaving  was  culbvated  by  the 
more  skilfnl  peasants  for  a  long  period  afterwards ;  but  it  does  not  appear  that  any 
hi(^  order  of  work  had  been  prodnced  until  the  reign  of  Henry  m.,  when  a  numbw 
of  Flemings  brought  over  by  that  monarch  settled  in  Sussex  and  introduced  a  very 
superior  make  of  linen.  We  have  only  slight  allusions  in  after  history  respecting  the 
progress  of  the  trade  either  in  England,  Scotland,  or  Ireland.  The  yarns,  at  least 
those  of  the  upper  counts  used  in  Sussex  and  Lancashire  were  imported  firom 
Holland,  Flanders  and  Ireland.  A  hig^  authority — Leland — in  alluding  to  the 
Liverpool  trade  says:  'Irysh  merchantes  doe  cum  muche  heyre  withe  linnen  yame, 
the  whiche  Manchester  men  doe  bye.'  King  William  tried  to  give  greater  impulse  to 
the  trade  in  England,  but  somehow  the  pride  of  the  people  in  manniacturing  districts 
to  uphold  woollen, '  Uie  noble  and  national  fabric,'  stood  in  the  way ;  and  while  royal 
patronage  did  immense  good  in  Scotland  and  Ireland,  it  had  little  effect  in  England. 
Sam  Homespun's  calculations  relative  to  the  value  of  a  single  acro's  produce  of  flax 
when  spun  and  woven  wero  made  in  1742,  and  given  at  length  in  the  leading  magarine 
of  that  day ;  but  marvellous  as  they  wero,  so  far  as  roferred  to  the  profits  which 
might  be  made  in  the  linen  manufacture,  the  subject  was  not  taken  up  in  the  spirit 
intended  by  that  writer.  Shortly  afterwards  the  discoveries  of  Hargreaves,  Arkwright, 
and  others,  and  the  enterprise  created  theroby  in  the  cotton  trade  opened  np  new 
avenues  in  the  manufusturing  world  of  England  ;  farmers  thero  gradually  decreased 
the  area  of  flax  cnltnn ;  and,  except  in  few  localities,  linen  weaving  no  longer  occu- 
pied any  large  space  in  the  republic  of  labour. 

In  the  meantime  very  great  progress  had  been  munbuned  in  the  manufactnro  of 
linen  in  Scotland  and  Ireland.  Bounties  and  other  artifidal  stimulants  wero  freely 
administered  by  the  State ;  a  Board  of  Trustees  for  Scotland  sat  in  Edinburgh,  and 
local  influence  was  largely  used  to  give  efl!ect  to  the  movement  for  improving  the 
manufisctnre.  The  Bounty  Act  became  law  in  1742,  and  in  the  course  of  that  year 
4,431,600  yards  of  linen  wero  stamped  by  the  inspectors  appointed  for  that  purpose. 
Twelve  yean  afterwards,  and  when  tho  bounty  sjwtem  was  given  up,  the  turn  out  of 
goods  had  increased  to  8,914,400  yards ;  in  1800,  24,236,630  yards  wero  produced  and 
stamped  by  the  inspectors ;  and  in  1823  thero  was  a  total  of  36,268,680  yards  of  linen 
made  in  Scotland.  The  introduction  of  flax  spinning  by  mechanical  power  and  of 
weaving  linen  on  the  steam-loom  principle,  made  a  romarkable  change  in  the  Scotch 
trade.  Dundee  had  long  been  the  great  centro  of  the  flaxen  manufactures,  and  of 
late  years  it  has  taken  the  lead  in  the  Jute  trade.  Twenty-five  years  ago  the  imports 
of  Jnte  into  Dundee  wero  12,500  cwts. ;  in  1863,  46,900  cwts.  wero  landed  thero;  and 
of  the  total  import  of  2,683,842  cwM.  for  the  six  months  ending  June  80, 1874,  a  large 
proportion  went  to  Dundee.  The  capital  employed  in  that  town  and  neighbourhood 
in  the  flax  and  Jute  trades  cannot  at  present  bo  under  five  and  a  half  millions  sterling. 
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Inland's  linen  tnde  vas  its  great  ihext  anchor  in  times  the  records  of  «liich  hare 
been  lost  in  the  mist  of  ages.  Long  befoie  the  reign  of  William  the  Conqneror  Irish 
linen  occupied  a  large  space  among  the  wares  exposed  for  sale  at  the  great  &irs  of 
England.  The  looms  nsed  in  the  make  of  goods  were,  however,  of  veiy  primitiTe  con- 
stmction ;  and,  antil  the  semi-regal  reign  of  Wentworth,  Earl  of  Strafibrd,  no  effiirt 
had  been  made  to  improve  those  machines.  In  course  of  a  tour  through  Ulster  that 
Ticeioyaaw  that  much  was  required  to  ^lace  the  Irish  trade  on  something  like  equality 
with  theiz  French  and  Dutch  competitors.  He  had  already,  by  importing  superior 
flax  seed  and  giving  it  at  coat  price  to  the  farmers  succeeded  in  creating,  as  it  were,  a 
higher  class  of  flbre,  and  at  considerable  cost  he  brought  over  from  Holland  some 
hundreds  al  looms,  all  of  which  he  distributed  among  the  more  ambitious  class  of 
weavers. 

The  trade  at  that  time  may  be  said  to  have  been  a  local  one,  as  the  total  annual 
value  of  linen  exports  did  not  exceed  an  average  of  10,0002.,  and  that  aggregate 
had  not  increased  m  any  great  degree  when  the  first  batch  of  Huguenot  exiles  landed 
in  Ireland.  How  moch  the  Prince  of  Orange  contributed  towards  the  establishment 
of  a  new  system  of  flaxen  manufacture  has  still  to  be  acknowledged  by  the  people  of 
that  oonntry.  He  was  the  warm  friend  of  the  Qallic  fugitives,  and  his  kindly  feeling 
towards  those  victims  of  persecution  led  to  the  most  important  results  in  all  depart^ 
menta  of  the  Irish  trade.  We  have  alluded  to  the  value  of  exports  in  1600.  In  1706 
the  quantity  of  linen  sent  team  Ireland  was  630,900  yards,  valued  at  10<i.  a  yard. 
In  1728  there  were  4,368,396  yards  exported;  and  in  1766  the  account  had  ran  up  to 
17,892,000  yards,  while  the  average  value  had  arisen  to  16d.  a  yard.  Forty  years 
afterwards,  Ireland  exported  43,634,000  yards  of  linen,  and  in  1836  the  export  was 
60,000,000  yards. 

Up  to  this  time,  and  for  a  great  many  years  afterwards,  all  the  linen  produced  in 
Ireland  had  been  woven  by  hand.  Considerable  impulse  was  given  to  the  trade  by 
the  introdtiction,  a  few  years  before,  of  flax-spinning  by  steam-power.  Still,  although 
flaxen  goods  were  largely  produced  in  Kirkcaldy  and  Dundee  on  the  power-loom 
principle,  no  attempt  had  been  made  to  bring  out  the  new  weaving-machine  in  Ireland. 
We  here  give  two  figures  of  the  loom  as  constructed  some  years  ago  for  the  working 
of  heavy  linen. 

Flax  Wbaviko  Loom  tob  Hbivt  Fabrics. — AXA,fiff».  1890,  1891,  frame  of  loom; 
B,  beam  on  which  the  yam  for  warp  is  wound  ;  c,  doth-receiving  beam ;  s,  driving 
pnllsys  and  fly-wheel ;  b,  hand  rail  for  supporting  the  reed  ;  r,  swords  of  supports  of 
going  part ;  o,  picking  sticks  for  driving  the  shuttle ;  H,  leather  straps  for  connecting 
the  picking  sticks  with  their  actuating  levers  i. ;  x,  n,  jaws  of  a  clamp  to  cause  the 
retaining  friction    on  the  .... 

eollan  of  the  beam  B,  by 
which  friction  the  quantity 
of  weft  is  regulated ;  o, 
end  of  lever,  bearing  the 
weight  by  which  the  jaws 
are  brought  together;  v, 
lever,  keyed  at  one  end  to 
the  upright  shaft  a,  and 
connected  with  the  other  to 
the  fulcrum  of  the  weighted 
lever  o ;  b,  lever,  one  end 
of  which  is  also  keyed  to 
the  upright  shaft  q,  and 
the  other  is  provided  with 
a  wood  sole,  and  is  pressed 
by  a  strong  spring  against 
the  yam  wonnd  upon  the 
beam  ».  It  will  be  seen 
that,  as  the  yam  is  taken 
off  the  beam  b,  and  its 
diameter  oonsequentiy  re- 
duced, the  lever  p  moves 
the  nilcmm  of  the  weighted 
lever  o,  and  thus  reg^tes 
the  pressure  upon  the 
damps  X  and  ir,  causing 
an  equal  tension  upon  the 
yam  from  the  full  to  the 
•mp^  beom;  a,  tieddles,  actuated  by  the  cams  ft,  diireo  by  the  wheels  «^<^<^  from  the 
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of  leren  to  conduct  equally  each  end  of  the  gearg  i  •'.    This  loom  has  tAaa,  in  addi< 
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tion  to  the  otdinaiy  stopinng  anaogement  oonneoted  with  Uie  thnttla,  one  alao  for 
telasing  the  leed  in  case  the  winttle  should  be  arrested  in  its  course  across  the  'warp, 
whereby  the  danger,  ordinarily  incurred  by  that  accident,  of  breaking  many  threads 
in  the  warp  is  aToided ;  it  will  ahn  be  seen  that  the  bands  called  picUng  bands  are 
snpeiseded  by  the  ends  of  the  picking  levers  striking  the  shuttle  direct ;  Uius,  by  theso 
improvements,  drills  are  currently  woven  in  this  loom  at  the  rate  of  120  to  130  picks 
per  minute. 

About  a  dozen  years  since  eartensive  triala  were  made  to  adapt  the  powar-loom  to 
the  weaving  of  light  linen  fhbrics.  Previously  it  had  been  found  that  while  coarse 
and  strong  flax  fabrics,  such  as  those  made  at  Dundee,  Arbroath,  tec,  in  Scotland, 
and  the  drills  made  at  Bamsley,  could  be  produced  by  power  as  well  and  more  cheaply 
than  by  hand,  yet  that  the  lighter  fabrics,  such  as  shirtings,  cambrics,  htwns,  &c., 
would  not  bear  the  strain  of  the  power-loom,  or,  at  all  events,  that  to  make  them  of  aa 
good  appearance  as  by  the  hand-loom  the  manufacturer  required  to  employ  a  dearer 
article  of  yam,  and  so  found  that  he  could  not  compete  with  his  neighbours  who  had 
hand-loom  weavers. 

Irish  manufacturers  were  for  a  long  time  very  hard  to  convince  that,  except  for  the 
production  of  sets,  say  f^m  8"  to  1*2**,  the  steam-driven  loom  was  not  likely  to  be 
woriced  successihlly.  But  at  length  thn  increasing  demand  for  linen,  and  the  difficult 
of  procuring  hands  to  work  on  tJ^e  ordinary  loom,  forced  capitalists  to  adopt  the  new 
mode  of  production,  and  rapidly  did  the  system  extend  when  it  was  found  not  only  to 
equal,  but  far  exceed  that  which  had  been  expected  fh>m  it.  Hand>loom  weaving,  in 
coarse,  heavy  linens,  was  a  labour  that  required  more  than  average  strength,  and  yet, 
when  it  was  maintained  for  fourteen  hours  a  day,  the  operator  did  not  earn  as  much 
as  a  factory  worker  can  now  realise  by  his  ten  hour^  labour.  Many  linen  weavers, 
sa  demand  for  hands  increased  in  other  sections  of  industry,  forsook  the  loom,  and  the 
only  alternative  manufacturers  had  was  the  substitution  of  the  iron  machine  and  the 
steam-engine  for  the  old  wooden  loom  and  the  hand-weaver. 

In  1867  there  were  only  30  power-looms  at  work  on  linen  weaving  in  Ireland,  in 
1860  there  were  4,000,  in  1866,  10,000,  and  in  1872,  about  16,600  powei^Iooms  were 
engaged  in  the  trade.  Some  of  these  machines  woik  up  to  16". .  In  one  factory  an 
18**  Unen  has  been  produced  by  the  steam  loom,  but  such  high  sets  can  hardly  be 
made  with  profit.  Damasks,  diapers,  and  cambric  handkerchiefs,  are  brought  out  in 
the  best  style,  of  course,  up  to  certain  sets  on  the  same  principle,  but  the  upper  class  of 
worit  can  only  be  rightly  done  by  hand.    In  fact,  the  practi(»l  limit  to  steam  piodne- 
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tioD  of  linana  has  been  fbimd  to  t>e  the  weaTiag  of  a  16**-«eb ;  sdt  fobrie  above  that 
■  let '  cannot  well  be  brought  ont  by  '  power,'  so  ai  to  oompete  with  the  hand-loom  work. 
The  ipiproTements  recently  efiected  in  the  make  of  the  steam  loom  have  nearly  all 
been  &Toaiable  to  the  opeiattres.  Stroneer  and  better  fitted-np  machines  are  now 
seen  in  factories  ;  for  instance,  a  loom  which  a  dozen  yean  ago,  and  constructed  for  a 
certain  class  of  work,  weighed  IS  to  16  cwts.,  would  now  be  brought  out  so  much 
heavier  as  to  weigh  17  to  18  cwts.  One  e^t  df  the  improvement  in  gearing  is  to 
give  the  workpeople  greater  facility  of  prodnction  ;  they  get  through  their  labour  with 
more  ease,  and  the  quality  of  doth  is  decidedly  better.  In  the  last  case,  however,  we 
must  add  that  the  superior  class  of  yams  now  thrown  off  the  spindles  has  liad  much 
to  do  with  the  order  of  &bric  made  in  1874,'  compared  with  that  brought  out  in  1863. 
And  while  thus  alluding  to  the  improvements  In  mabbinery,  we  must  not  forget  to 
add  that  the  better  mode  of  ventilation  in  mills,  the  care  taken  as  to  sanitary  regu- 
lations and  the  regularity  of  labonr,  have  been  ptodnclDg  a  very  gratifying  change  on 
the  physical  aspect  of  the  people  oonneoted  with  public  works.  Contrasted  witii  the 
appearance  of  the  hand-loom  or  &ctory  weaver  of  half  a  century  since,  that  of  hia 
successor  in  the  present  day  shows  a  marvellous  advance  in  social  position  as  well  aa 
in  bodily  itamins. 

Export*  o/Linm,  1872. 
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Brought  fonraid 
To  Portagal  and  Madeira 
„  Spain  and  Canaries   . 
.,  Italy         .... 
„  rnitad  States:  Atlantic    . 
ti        II         II        Padflc      . 
„  Fonign  West  Indies 
„  Unit^  States  of  Colombia  (Sew  Oranada) 
„  Biaiil       .... 
„  AigentiiM  Bepnblic  . 
„  Anstiab'a  .... 
»  British  yorth  America      . 
„  Othei  eonntriea         .        . 


Total 
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« 
100,779 
2,760 
6,620 
6,169 

13,061 
85 

14,111 
4,682 
8,909 
4,488 

13,018 
6,879 

88,828 


207,769 


A  snlphide  of  cobalt,  named  after  the  Swedish  naturalist,  Idnni 
(Liniueus).    See  Cobai-t. 

uarsaaD.  {Orame  de  Uh,  Fr. ;  Leituame,  6er.)  The  seed  of  tlie  flax,  Lmurn 
uritatiMshatm,  vhich  is  indigenous  to  onr  islands,  and  is  cnltiTHted  extensirelj'  in  this 
and  other  countries  for  its  seed,  and  tot  flax.  Linseed  contains  in  its  dipr  state,  11-266 
of  oil ;  0-146  of  wax ;  2-4808  of  a  soft  resin ;  0-560  of  a  colouring  resinous  matter ; 
0-926  of  a  jrellowish  substance  analogous  to  tannin ;  6-154  of  gum ;  16-12  of  vegetable 
mocila^ ;  1-48  of  starch ;  2-932  of  ^uten ;  2-782  of  albumine ;  10-884  of  saccharine 
extractive ;  44'382  of  envelopes,  including  some  vegetable  mucilage.  It  contains  also 
free  acetic  add ;  some  acetate,  snlphate,  and  muriate  of  potash,  phosphate  and  sulphate 
of  lime ;  {diosphnto  of  magnesia ;  and  silica. 

TUMBMMB  OZ&  is  obtained  bam  linseed  by  first  bmisiDg  the  seeds,  grinding  thein, 
and  salgecting  them  to  violent  pressure,  either  by  means  of  wedges,  or  <n  the  hydraulic 
or  screw  press.  Cold  drawn  linseed  oil  is  obteutaed  cold,  and  is  paler  coloured,  lees 
odorous,  and  has  lees  taste  than  that  which  is  obtained  when  heat  is  applied. 

It  is  usual  to  employ  a  steam  hrat  of  about  200°  Fahr.  By  cold  expression  the  seeds 
yield  about  20  per  cent.,  while  by  the  aid  of  heat  nearly  27  per  cent,  of  oil  can  be 
obtained.  The  ultimate  composition  of  linseed  oil  is  carbon  76*014,  hydrogen  1 1-361, 
and  oxygen  12*686 ;  its  proximate  constitnents  being  oleic  and  margaric  acids,  and 
glycerine.  Linseed  oil  is  much  used  as  a  vehicle  for  colours  by  the  painter.'  If 
Uoseed  oil  is  eqwsed  in  a  thin  coat  to  the  air  it  absorbs  oxygen  and  becomes  tenadons. 
•od  ip  many  respects  like  caoutchouc :  upon  this  property  mainly  depends  its  use  in 
the  arts.  To  secure  this  more  readily  a  drying  process  is  adopted,  which  must  be 
described. 

When  linseed  oil  is  carefully  agitated  with  acetate  of  lead  (tribasic  acetate  of  lead), 
and  the  mixture  allowed  to  dear  by  settling,  a  copions  white  dondy  predpitate  forms, 
containing  oxide  of  lead,  whilst  the  raw  oil  is  converted  into  a  drying  oil  of  a  pale 
straw  colour,  fotmiiw  an  excellent  varnish,  which,  when  applied  in  tlun  layers,  dries 
perfectly  in  twenty-^ur  hours.  It  contains  from  four  to  five  per  cent,  of  oxide  of 
lead  in  solution.  The  following  proportions  appear  to  be  the  most  advantageous  for 
its  preparation  :~- 

]ji  a  bottle  containing  4^  pinte  of  rain  wat«r,  ISoanees  of  neutral  acetate  of  lead  ore 
placed,  and  when  the  solution  is  complete,  18  ounces  of  litharge  in  a  very  fine  powder 
are  added ;  the  whole  is  then  aUowedto  stand  in  a  moderately  warm  place,  frequently 
agitoting  it  to  asdst  the  solution  of  the  litharge.  This  solution  may  be  considered  as 
complete  when  no  more  small  scales  are  apparent.  The  deposit  of  a  shining  white 
ccdour  (sexbosic  acetete  of  lead)  may  be  separated  by  filtration.  This  conversion  of 
the  neutral  acetate  of  lead  into  vinegar  of  lead,  by  means  of  litharge  and  water,  is 
effieted  in  about  a  quarter  of  an  hour,  if  the  mixture  be  heated  to  ebullition.  When 
heat  is  not  applied,  the  process  will  usually  take  three  or  four  days.  The  solution  of 
vinegar  of  lead,  or  tribasic  acetate  of  lead,  thus  formed,  is  suffident  for  the  preparation 
of  22  lbs.  of  dicing  oil.  For  this  purpose,  the  solution  is  diluted  with  an  equal  volume 
of  tsin-watev,  and  to  it  is  gradually  added,  with  constant  agitation,  22  lbs.  of  oil,  with 
which  18  ouDcas  of  litharge  have  previously  been  mixed. 

When  the  pointe  of  contact  between  the  lead  solution  and  the  oil  have  been  fre- 
-qnently  renewed  by  agitation  of  the  mixture  three  or  four  times  a  day,  and  the  mixture 
allowed  to  settle  in  a  warm  place,  the  limpid  straw-coloured  oil  rises  to  the  surface, 
leaving  s  copions  whitish  deposit.    The  watery  solution  rendered  dear  by  filtration, 
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contains  intact  all  the  acetate  of  lead  first  employecl,  and  may  be  nsed  in  tlie  next 
operation,  after  the  addition  to  it  as  before  pf  18.  ounces  of  litharge. 

By  filtration  through  paper  or  cotton  the.  oil  may  be  obtained  as  limpid  as  water, 
and  by  exposure  to  the  light  of  the  sun  it  may  also  be  bleached. 

Shonld  a  drying  oil  be  required  absolutely  tree  £rpm  lead,  it  may.be  obtained  by 
Uie  addition  of  dilute  sulphniic  add  to  the  aboye,  when,  on  being  allowed  to  stand, 
a  deposit  of  sulphate  of  lead  will  take  place,  and  the  dear  oil  may  be  obtained  &ca 
fiom  all  trace  en  lead. 

Unseed  oil  was  at  one  time  mnch  used  in  the  prepazation  of  a  liniment,  which,  as 
it  is  one  of  the  veir  beat  possible  applications  to  a  burnt  sat&ce.,  cannot  be  too 
generally  known,  .{r  equal  parii  of  hmeuxUtr  and  linueed,  oil  are  agitated  together, 
they  form  a  thick  liniment,  which  may  be  applied  to  the  bum  with  a  brush  or 
feather.  It  relieves  at  once  &om  pain,  and  forming  a  pellide,  protects  the  abraded 
ports  from  the  air.  The  lAnimcHtum  calcu  of  the  Fharmacopceia  is  equal  parts  of 
limewater  and  olive  oil ;  this  is  a  more  elegant,  but  a  less  effective  preparation. 
See  Oil.  .     ■  '.        . 

3UVT  for  Surgery,  was  formerly  prepared  by  scraping  up  linen  by  the  hand ;  the 
preparation  of  it,  however,  has  been  made  the  subject  of  a  patent  by  Mr.  Thomas  Boss, 
which  consists  in  the  employment  of  peculiarly  constructed  scrapers  for  abrading  the 
surface  of  the  linen  cloth,  and  producing  a  pile  or  nap  upon  it.  The  scrapen 
are  worked  by  a  rotary  motion. 

Instead  of  rotaiy  scrapers,  a  reciprocating  pendulous  movement  is  sometimes  applied 
to  a  single  scraper.  Chisel-formed  blades  are  claimed  by  the  patentee  as  scrapen  for 
raising  the  pile,  by  working  with  the  bevel  edges  forwards,  so  as  to  scrape  and  voi  to 
cut  the  fabric  He  has  in  tile  rotary  form  a  lodge  or  bed  concentric  with  the  axis  of 
the  scraper,  which  he  also  claims  ;  both  of  which  seom  to  be  serviceable.  Several 
kinds  of  lint-making  machines  are  now  employed,  but  as  they  all  partake  more  or  leas 
tbe  above  principles  they  do  not  require  description. 

&IQVATZOir  (Eng.  and  Fr. ;  Saigemn^,  Oer.)  is  the  process  of  sweatang  out, 
by  a  regulated  heat,  from  an  alloy  a  more  easily  fnsible  metal  from  the  intentices  of  a 
metal  which  is  more  difBcult  of  fusion.  Lead  and  antimony  aro  the  metals  most  com- 
monly subjected  to  liquation  :  lead  for  the  pnrpose  of  removing  by  its  superior  affinity 
the  silver  present  in  any  complex  alloy ;  antimony  as  an  easy  means  of  separating  It 
from  its  combinations  in  the  ores, 

Figt,  1392,  1898,  1394,  represent  the  celebrated  antimonial  liquation  famaces  of 
Kalbosc,  in  the  dnpartment  of  Ardiche,  in  France.  Fig,  1392  is  a  ground  plan 
taken  at  the  level  of  the  draught  holes  g  g,  fig.  1393,  and  of  the  dotted  line  a  T ;  fig. 
1393  is  a  vertical  section  through  the  dotted  line  KB,of  fig.  1392 ;  and  fig  1394  is  a 
vertical  section  through  the  dotted  line  citot  fig,  1392,  In  the  three  fignres,  the 
same  letten  denote  like  objects,  a,  6,  c,  are  three  grates  npon  the  same  level  above 
the  floor  of  the  works,  i\  feet  long,  by  10}  inches  broad ;  between  which  are  two 

rectanguUr  galleries,  d  e,  which  pass  trans- 
versely through  the  whole  furnace,  and  lie  at 
a  level  of  12  Inches  above  the  ground.  They 
are  separated  by  two  walls  from  the  three 
fire-places.  The  walls  have  three  openings, 
f  g  h,  altematetv  placed  for  the  flames  to 
play  through.  The  ends  of  these  galleries  are 
shut  in  with  iron  doors  1 1,  containing  peep- 
holes. In  each  gallery  are  two  coni(»l  cast* 
iron  crucibles  kk,  into  which  the  eliquating 
solphuret  of  antimony  drops.  Their  height 
is  ih>m  12  to  14  inches;  the  width  of  the 
month  is  10  inches,  that  of  the  bottom  is  6, 
and  the  thickness  four-tenths  of  an  inch. 
They  are  coated  over  with  fire-day,  to  pre- 
vent the  snlphurat  from  acting  upon  them ;  and  they  stand  upon  cast-iron  pedestals 
with  prcgecting  eara,  to  fedlitate  their  removal  (torn  the  gallery  or  platform.  Both 
of  these  galleries  are  lined  with  tiles  of  fire-clay  1 1,  which  also  serve  as  supports  to 
the  vertical  liquation  tubes  m  m,  made  of  the  same  clay.  Tlie  tiles  are  somewhat 
carved  towards  the  middle,  for  the  purpose  of  receiving  the  lower  ends  of  these 
tabes,  and  have  a  small  bole  at  n,  through  which  the  liquid  sulphnret  flows  down  into 
the  crudble. 

The  liquation  tubes  are  conical,  the  internal  diameter  at  top  being  10  inches,  at  bot- 
tom 8  ;  the  length  fully  40  inches,  and  the  thickness  six-tenths  of  an  inch.  They  have 
at  their  lower  ends  notches  or  slits,  o,  fig.  1894,  from  3  to  5  inches  long,  which  look  out- 
wards, to  make  them  accessible  fiom  the  fhint  and  back  part  of  the  fnrnaoes  through 
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imall  cooloal  openings  p  p,  in  the  wnlls.  Them  are  closed  daring  the  openfa'on  with 
cisy  stoppers,  uid  are  opened  only  when  the  gAngae,  rubbish,  and  cinders  are  to  be  raked 
out.  The  liqoation-tabes  pass  across  the  arch  of  the  flimace, ;  ;,  the  space  of  the  arch 
being  wider  than  the  tnbes ;  they  are  shut  in  at  top  with  flro-corers  rr,    it,  th« 
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middle  part  of  the  arch,  immediatelT  under  the  middle  grnto,  is  barrel-shaped,  so  that 
both  arches  are  abutted  together.  The  flames,  after  playing  round  about  the  sides  of 
the  liquation-tnbeB,  pass  off  through  three  openings  and  flues  into  the  chimney  <,  about 
li  feet  high ;  u,  being  the  one  opening,  and  v,  the  two  others,  which  are  provided 
with  register-plates.  In  front  of  the  furnace  is  a  smoke-flue,  w,  to  carry  off  the  sulphur- 
ous vapours  exhaled  during  the  clearing-out  of  the  rubbish  and  slag;  another,  t, 
begins  oyer  j/  y,  nt  the  top  of  the  tubes ;  a  wall,  t,  separates  the  smoke-flue  into 
halres,  so  that  the  workmen  upon  the  one  side  may  not  be  incommoded  by  the  fumes 
of  the  other.  This  wall  connects  at  the  same  time  the  front  flue,  to,  with  the  chimney 
t.  a  d  and  V  1/  are  iron  and  wooden  bearer  beams  and  rods  for  strengthening  the 
smoke-flue,  c'  <f  are  arches  upon  both  sides  of  the  furnace,  which  become  narrower 
firom  without  inwards,  and  are  closed  with  well-fitted  plates  d'  d'.  They  serve  in 
particular  circumstances  to  allow  the  interior  to  be  inspected,  and  to  see  if  either  of 
the  liquation-iumaces  be  out  of  order.  Each  tube  is  uiarged  with  600  lbs.  of  anti- 
monial  ore,  previously  warmed;  in  a  short  time  the  sulphuret  of  antimony  begins  to 
flow  off.  Wnen  the  liquation  ceases,  the  cinders  are  raked  out  by  the  side  openings, 
and  the  tubes  are  charged  afresh.  The  luted  iron  crucibles  are  allowed  to  become 
three-fourths  full,  are  then  drawn  out  ftom  the  galleries,  left  to  cool,  and  emptied, 
The  ingot  weighs  about  85  lbs.  The  average  duration  of  the  tube  is  3  weeks.  This 
plan  is  proved  to  be  an  exceedingly  economical  one. 

,  KI^USmUB,  KXQVOXZSTa.  Karnes  given  bytheVrencb,  andadoptedintoour 
language,  to  denote  certain  aromatic  alcoholic  cordials,  and  to  the  manufacturer  of  them. 

Some  Uqnanrs  are  prepared  by  infusing  the  woods,  fruits,  or  flowers,  in  either  water 
or  ^oohol,  and  adding  thereto  sugar  and  colouring  matter.  Others  are  distilled  from 
th»  flaTonriiK  agents. 

Many  of  the  Uqneurs  are  of  very  compound  character,  as  the  following  recipes  will 
ahow: — 

Itartinigiu  Nogtau. — ^Fut  into  a  stone  jar, 

Preserved  guavas  and  their  syrup,  or  the  jelly  of  that  fruit         .    )  lU 

Oil  of  sweet  almonds •  '     •        .    1  oci 

Sweet  almonds,  beaten  fine        ,        .        .        ■        >        •        .    1  Ibi 

Bitter       „  I 

Preserved  ginger  and  its  syrup .2 

Cinnamon  and  cloves  (bruised)  of  each j 

Nutmeg  and  Pimento       „  i 

Jamaica  ginger  „  \ 

Candied  lemon  and  citron,  of  each 1 

White  sugar-candy  (powdered) 14 

IVoof  spirit  of  wine  .       .       .        .       ...        .        .       •    6^nartf. 
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Beat  the  oil  with  »  little  brandy,  and  mix  it  vith  the  almonds,  vhen  beaten  to  » 
paste  mth  oiange-flower  water.  Stop  np  the  jar  necnrelr,  and  Ut  it  remain  in  a  warm 
room,  or  in  the  san,  shakiDg  it  often,  for  a  fortnight.  Keep  it  in  the  jar  for  twelve  or 
lUteen  months ;  then  strain  it,  and  filter  repeatedly  until  it  is  as  clear  as  spring  water. 
Binse  phials  or  half-pint  bottles,  with  any  white  wine,  drain  them^  and  fill.  Cork 
and  8^  welL  In  six  months  it  will  be  fit  for  use,  if  required,  imt.  will  improve 
greatly  by  age. — Robinson, 

Tears  of  the  Widow  qf  Malabar. — To  ten  pounds  of  spirit  (pale  brandy),  add  4 
pounds  of  white  sugar,  and  4  pints  of  water,  adding  4  drachms  of  powdered  cinnamon, 
48  grains  of  cloves,  and  the  same  quantity  of  mace ;  colour  with  caramel. 

7m  Sighs  of  Love. — Spirit,  water,  and  sugar  as  above.  Perfume  with  otto  of  roses, 
and  slightly  colour  with  cochineal. 

Jbtinthe. — Take  of  the  tops  of  wormwood,  4  pounds,  root  of  angelica,  calamus 
aiomaticns,  aniseed,  leaves  of  dittany,  of  each,  1  oz. ;  alcohol,  four  gallons. 

Macerate  these  substances  during  eight  days,  add  a  little  water,  and  distil  by  a 
gentle  fire  until  two  gallons  are  obtuned.  This  is  lednoed  to  a  proof  spirit,  and  a 
few  drops  of  the  oil  of  aniseed  added.    See  Absimtbb. 

These  forms  exemplify  the  character  of  all  kinds  of  liqueurs.  They  are  coloured 
yeUou)  by  the  colouring  matter  of  carthamus ;  favm  is  produced  by  caramel ;  red,  by 
cochineal ;  violet,  by  litmus,  or  archil ;  Uu»,  by  the  sulphate  of  indigo ;  green,  by 
mixing  the  blue  and  the  yellow  together. 

BaUifia  is  the  generic  name,  in  France,  of  Uquturs  compounded  with  alcohol, 
sugar,  and  the  odoriferous  or  flavouring  principles  of  vegetables.  Bruised  cherries 
with  their  stones  are  infused  in  spirit  of  wine  to  make  the  ratafia  of  Qrenoble  de 
Teyssere.  The  liquw  being  boiled  and  filtered,  is  fiavonred,  when  cold,  with  spirit 
of  noyeau,  made  by  distilling  water  off  the  bruised  bitter  kernels  of  apricots,  and 
mixing  it  with  alcohol.    Syrup  of  bay  laurel  and  galango  are  also  added. 

XSQVXaAK&aJt.  A  balsam  obtained  from  the  lAqvidambar  styraeijbia,  a 
native  of  North  America. 

XSQUX9  8TOSAZ.    The  produce  of  the  Ligmdambar  orieniale. 

XSQVOBIOa  (Glyeyrrhiea  glabra  ;  &om  fKinAt,  sweet,  and  ^iia,  a  root.  The 
toot  only  is  employed ;  these  roots  are  thick,  long,  and  running  deep  in  the  ground. 

Besides  the  use  of  liquoric  roots  in  medicine,  they  are  also  employed  in  brewing, 
and  are  pretty  extensively  grown  for  these  purposes  in  some  parts  of  England.  Liquo- 
rice requires  a  rich,  deep,  dry,  sandy  soil,  which,  previous  to  forming  a  new  planta- 
tion, should  be  trenched  to  the  depth  of  about  8  feet  and  a  liberal  amount  of  manure 
regularly  mixed  with  the  earth  m  trenching.  The  plants  which  are  procured  by 
slipping  them  from  those  in  old  plantations  are,  either  in  Februaiy  or  Much,  dibbled 
in  rows  3  feet  apart,  and  fiom  18  inches  to  2  feet  in  the  row.  They  require  three 
summers'  growth  before  being  fit  for  use,  when  the  roots  are  obtained  by  retrenching 
the  whole,  and  they  are  then  stored  in  sand  for  their  preservation  until  required. — 
FeterLamson. 

Large  quantities  of  extract  of  liquorice-root  are  imported  into  this  country  under 
the  name  of  Spanish  or  Italian  juice,  according  as  it  comes  &om  one  peninsula  or  the 
other.  Whilst  the  Spanish  juice  is  yielded  by  G.  glabra,  it  is  said  thai,  the  Italian 
liquorice  is  prepared  from  6.  echinata.  liquorice  juice  contains  an  uncrystallisable 
sugar  called  Otycgrrhigin  or  Liquorice  Sugar. 

XiXBOOOmra.  A  hydrous  arsenate  of  copper,  occurring  in  sky-blue  crystala. 
It  was  formerly  found  in  some  of  the  Cornish  copper-mines. 

XiITBAXOB  (Eng.  and  Fr. ;  Glatte,  Ger.)  is  the  fused  yellow  protoxide  of  leac^ 
which  on  cooling  passes  into  a  mass  consisting  of  small  six-sided  plates,  of  a  reddish 
yeUow  colour  and  semi-transparent.  It  generally  contains  more  or  lees  red  lead, 
whence  the  variations  of  its  colour,  and  carbonic  acid,  especially  when  it  has  been 
exposed  to  the  air  for  some  time.    For  its  mode  of  preparation,  see  Lsad,  and  Silvbb. 

X2XBZA  is  a  simple  earthy  or  alkaline  substance,  discovered  in  the  minerals 
called  petalite  and  triphane.  It  is  white,  vety  caustic,  reddens  litmus  and  red  cabbage, 
and  saturates  add  wiui  great  fadlity.  'When  exposed  to  the  air  it  attracts  humidity 
and  carbonic  acid.  It  is  more  soluble  in  water  than  baryta,  and  has  such  a  strong 
affinity  for  it  as  to  bo  obtained  only  in  the  state  of  a  hydrate.  It  forms  neutral  salts 
with  all  the  adds.  It  is  most  remarkable  for  its  power  of  acting  upon  or  corroding 
platinum.    This  earth  is  now  used  medidnally. 

The  following  interesting  account  of  a  new  source  of  lithium  is  from  the  address  of 
Sir  Charles  Lyell  at  the  Bath  meeting  of  the  British  Assodation.  After  stating  that 
Professor  Boscoe  of  Manchester  had  detected  the  chloride  of  lithium  in  the  Bath 
waters.  Sir  Charles  Lyell  proceeds : — 

■  While  I  was  punning  my  inquiries  respecting  the  Bath  waters,  I  learned  casually 
that  a  hot  spring  bad  be^  ^scoveied  at  a  great  depth  in  a  ooppei  mine,  near  Bedruch 
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in  CornvalT,  having  about  as  high  a  tempeiatnie  as  tliat  of  the  Bath  vaters,  and  of 
vhich,  strange  to  say,  no  account  has  jet  been  pnblished.  It  seems  that,  in  the  year 
1839,  a  level  was  dnven  fiom  an  old  shaft,  so  as  to  intersect  a  rich  copper  lode  at  a 
depth  of  1,350  feet  from  the  snrfeee.  This  lode  or  metalliferons  fissure  occurred  in 
vhat  -was  formerly  called  the  United  Mines,  and  which  have  since  been  named  the 
Cliffiird  Amalgamated  Mines. '  Through  the  contents  of  the  lode  a  powerful  spring 
of  hot  water  was  observed  to  rise;  iniich  has  continued  to  flow  with  undimimshed 
strength  ever  since.  At  my  request  Mr.  Horton  Bavey,  of  Bedruth,  had  the  kindness 
to  semi  up  to  London  many  gallons  of  thiB  water,  which  have  been  analysed  by  Pro- 
fessor William  Allen  MiHer,  F.B.8.;  who  finds-  that  the  quantity  of  solid  matter  is  so 
great  as  to  exceed  by  more  than  four  times  the  proportion  of  that  yielded  by  the  Bath 
waters.  Its  composition,  is  also  ia  many  respects  very  different ;  for  it  contains  but 
little  sulphate  of  lime,  and  is  almost  free  from  the  salts  of  magnesinm.  It  is  rich  in 
the  chlorides  of  calcium  and  sodium,  and  it  contains  one  of  the  new  metals,  CaHum, 
never  before  detected  in  any  mineral  sprini;  in  England ;  but  its  peculiar  charac- 
teristic is  the  extraordinary  abundance  of  lithium,  of  which  a  mere  trace  had  been 
found  by  Professor  Boscoe  in  the  Bath  waters  ;  whereas,  in  this  Cornish  hot  spring, 
this  metal  constitutes  no  less  than  a  twenty-sixth  part  of  the  whole  of  the  solid 
contents,  which,  ns  before  stated,  are  so  voluminous.  When  Professor  Miller  exposed 
some  of  these  contents  to  the  test  of  spectrum  analysis,  he  gave  me  an  opportunity  of 
seeing  the  beautiful  bright  crimson  line  which  the  lithium  produces  in  the  spectrum. 

'Lithium  was  first  nbde  known  in  1817  by  Arfvedsen,  who  extracted  it  from 
pctalite ;  and  it  was  believed  to  be  extremely  rare,  until  Bunsen  and  Kirchhof^  in 
1860,  by  means  of  the  spectrum  analysis,  showed  that  it  was  a  most  widely-difiiised 
substance,  existing  in  mmute  quantities  in  almost  all  mineral  waters  and  in  the  sea, 
as  well  as  in  milk,  human  blood,  and  the  asbee  of  some  plants.  It  has  already  been 
used  in  medicine,  and  we  may  therefore  hope  that  now  that  it  is  obtainable  in  large 
qnantities,  and  at  a  much  cheaper  rat«  than  before  the  Hnel  Clifford  hot  spring  was 
analysed,  it  may  become  of  high  value.  According  to  a  rough  eojmate,  which  has 
been  sent  to  me  by  Mr.  Davey,  the  Hnel  Clifford  spring  yields  no  less  thon  260  gallons 
per  minute,  which  is  almost  equal  to  the  discharge  of  the  King's  Bath,  or  chief  spring 
of  this  city.  As  to  the  gases  emitted,  they  are  the  same  as  t£ose  of  the  Bath  water, 
namely,  carbonic  acid,  oxygen,  and  nitrogen.' 

Mr.  Warington  Smyth,  who  had  already  visited  the  Huel  Clifford  lode  in  186S, 
re-examined  it  shortly  before  this  meeting,  chiefly  with  the  view  of  replying  to  several 
queries  which  Sir  Charles  Lyell  put  to  him ;  and,  in  spite  of  the  stifling  heat,  ascer- 
tjiined  the  geological  stmcture  of  the  lode,  and  the  exact  temperature  of  the  water. 
This  kst  he  found  to  be  122°  Fahr.  at  the  depth  of  l,3fi0  feet ;  but  he  scarcely  doubts 
ftat  the  thermometer  would  stand  two  or  three  degrees  higher  at  a  distance  of  200 
feet  to  the  eastward,  where  the  water  is  known  tu  gush  up  more  freely.  The  Huel 
Clifford  lode  is  a  fissure  varying  in  width  from  6  to  12  feet,  one  wall  consisting  of 
•Ivan  or  porphjritic  granite,  and  the  other  of  killas  or  day-slate.  Along  the  line  of 
the  rent,  which  runs  east  and  west^  there  has  been  a  slight  throw  or  shift  of  the 
rocks.  The  vein-stuff  is  chiefly  formed  of  cellular  pyrites  of  copper  and  iron,  the 
porous  nature  of  which  allows  the  hot  water  to  percolate  freely  through  it.  It  seems, 
however,  that  in  the  continuation  upwards  of  the  same  fissure,  little  or  no  metal- 
liferous ore  was  deposited,  but,  in  its  place,  quartz  and  other  impermeable  substances, 
which  obstructed  the  course  of  the  hot  spring  so  aa  to  prevent  its  flowing  out  on  the 
surface  of  the  eonntiy. 

Huel  Clifford  Am^gamated  Mine,  having  ceased  to  pay  the  adventurers,  watt 
stopped  worUng  in  1872.  It  ia  now  (1874)  full  of  water,  and  in  all  probability  it 
will  never  again  be  opened. 

A  similar  hot  spring  has  been  discovered  in  Huel  Seton  Mine  near  Cambone, 
Cornwall.  The  waters  issue,  at  the  rate  of  50  gallons  jper  minute,  from  the  eastern 
fore-breast  of  the  160-fathom  level,  at  a  temperature  of  02°  Pahr.  This  water  has 
been  analysed  with  the  greatest  care  by  Mr.  John  Arthur  Phillips,  and  found  to 
contain  a  larger  quantity  of  lithium  than  the  Hnel  Clifford  spnng.  Mr.  J.  A. 
Phillips  communicated  the  results  of  his  examination  to  the  Boyal  Society;  from 
which  communication  the  following  analysis  is  extracted : — 

Grains  per  gallon 
Caldum  carbonate  >.,.,.         7*03 

Fenona  carbonate 0'8& 

Hancanoiis  carbonate trace 

Ctlciuffi  sulphate 2'11 

Cuprie  chloride minute  trace 

Calciam  chloride 475'64 

Carried  ibrward .        .        .        .      48606 
Vol.  m.  K 
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Brought  foiward 
Magnesium  chloride 
Aluminum  chloride . 
Potassium  chloride  . 
Sodium  chloride       .        .        . 
IMkium  chloride      .        ,        • 
Potassium  bromide  .        .        •' 
Potassium  silicate    .        •        • 
Nitric  acid       .... 
Ammonia        .        .        .        • 


Grains  per  gallon 

.      48606 

11-80 

6309 

6-30 

.      407-47 

33-74 

trace 

6-03 

trace 

.        trace 


Total 1012-49 

UTHXOW  is  the  metallic  basis  of  lithia ;  the  latter  substance  consists  of  100  of 
metal  and  123  of  oxygen.    Lithium  is  the  lightest  kno-wn  solid,  its  specific  gravity 
being  0-69.    Its  atomic  weight  (7)  is  lower  than  that  of  any  other  element,  excepting 
hydrogen.    Lithium  is  not  of  any  use  in  the  arts.    See  Lithia. 
KXTHOrKACraiTX.     See  ExFLOSiTB  Agents. 

KZTHOOBAPHZC  PKB8S.  The  lithographic  press  in  common  use  has  long 
been  regarded  ns  a  very  inadequate  machine.  The  amount  of  manual  power  required 
to  work  it,  and  the  slow  speed  at  which,  under  the  most  favourable  circumstances, 
copies  can  be  produced,  disables  lithography  in  its  competition  with  letter-press.  A 
career  of  brilliant  success  has  attended  the  efforts  of  scientific  men  towards  speed  and 

success  in  this  latter  branch  of 
1 396  the  art ;  and  the  present  printing- 

machines  surpass  the  hand-press 
somewhat  in  the  same  ratio  ns 
does  our  express-speed  the  jog- 
trot of  our  forefathers.  The 
engravings  annexed,  /^«.  1396, 
1396,  will  serve  to  illustrate 
Messrs.  Napier  and  Sons'  im- 
provements upon  the  lithographic 
press.  The  machine  is  armnged 
to  be  driven  by  steam-power ;  has 
belts, 'crossed' and  'open,'  sup- 
posed to  be  in  connection  with 
the  engine,  and  to  rank  upon  the 
pulleys,  A,  B,  c.  The  crank- 
pulley,  B,  is  fixed  on  the  screw- 
spindle,  D,  and  the  other  two  work 
loose,  or  'dead,'  on  Uie  same 
spindle ;  these  bands,  with  their  striking-forks,  a,  are  arranged  so  as  to  be  brought 
alternately  upon,  the  fixed  pulley,  s,  and  thus  a  roversing-motion  is  given  to  the 


iicrew.  The  nut  in  which  the  screw  works  is  fixed  to  a  cross-piece,  e,  which  braces 
the  fdde-frames,  f  t,  together  at  bottom|  while  the  bar,  o,  performs  the  same  office  at 
top ;  the  scraper-box,  h,  is  sustained  between  these  frames  at  bearings,  i,  and  is  so 
fitted  as  to  work  freely.  To  support  the  frames  and  scraper-boz  independent  of  the 
screw  and  maintain  them  in  position,  allowing  freedom  of  action,  the  rollers,  j  i, 
sro  provided,  which  run  in  the  planed  recosses,  x,  along  the  top  of  the  main  stan- 
dards, L. 
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The  machine  is  ahown  irith  its  ^nn^n  down,  nady  for  (tartiDg ;  this  is  effected  by 
preesing  lightly  upon  the  leyer,  b,  which  raises  a  catch,  and  allows  the  weight,  ic,  to 
descend  in  the  direction  of  its  present  inclination,  and  act  upon  the  connections  with 
the  EtriUng-forks,  go  as  to  bring  one  of  the  bands  upon  the  fast  pulley,  B,  and  make 
the  scraper  and  its  frames  move  forward.  The  return  is  caused  by  the  frame,  r, 
coming  in  contact  with  a  stop,  c,  which,  yielding,  acts  upon  the  striking-forks  by  its 
bar,  d,  upon  which  it  may  bo  ac^nsted  to  give  the  toavel  ro^uired.  On  the  return 
being  accomplished,  the  machine  stops  itself  by  a  striking  action  against  stop  e,  the 
catch,  b,  foiling  in  to  prevent  the  weight  descending  to  its  full  throw,  and  thus  retain- 
ing the  two  bands  upon  the  two  dead  pulleys,  a,  c,  while  the  machine  is  prepared  for 
another  impression. 

The  action  of  the  acrapeor  is  peculiar  and  novel :  it  is  balanced  so  that  its  tendency 
is  to  remain  slightly  raised,  but  in  its  forward  movement,  and  at  the  point  desired,  it 
is  made  to  descend  bv  a  gbip  fixed  upon  the  top  of  the  main  standard,  l,  into  a  posi- 
tion vertical,  or  nearly  eo,  in- which  position  it  is  retained  by  its  own  onward  progress 
against  strong  abutments  projecting  from  the  frames,  v;  on  the  return  it  resumes  its 
raised  position,  and  passes  back  without  impediment.  The  scraper  may  be  adjusted 
to  give  the  pressure  desired^  or  the  table  on  which  the  stone  is  placed  regulated  by 
screws,  ... 

The  advantages  embodied  in  this  machine  will  be  at  once  recognised  by  those  inte- 
rested. The  pulling  down  of  the  scraper,  and  the  labour  and  inconvenience  attendant 
upon  that  operation,  are  entirely  superseded  by  the  simple  and  effectual  valve-like 
movement  just  explained,  which  forms  the  groundwork  of  this  combination,  although 
it  will  alike  apply  to  the  press-work  by  hand,  and  is  the  most  striking  novelty  in  t£a 
machine. 

liZTKOCmAyar.  tniongh  this  subject  belongs  rather  to  the  aits  of  taste  and 
design  than  to  pgroductive  manufactures,  its  chemiotl  principles  fioll  within  the  pro- 
vince of  this  Dictionary. 

The  term  litkograp^  is  derived  frvm  \l9os,  a  ttone,  and  ypc^,  wrUing,  and  deag- 
natcs  the  art  of  throwing  (^impressions  upon  paper  of  figures  and  writing  previously 
traced  upon  stone.    The  processes  of  this  art  are  founded — 

1.  Upon  the  adhesion  to  a  grained  or  smoothly-polished  limestone  of  an  encaustie 
&t  which  forms  the  lines  or  traces. 

2.  Upon  the  power  acquired  by  the  parts  penetrated  by  this  encaustic  of  attract- 
ing to  tiiemselves,  and  becoming  covered  with,  a  printer's  ink  having  linseed-oil  for 
its  basis. 

3.  Upon  the  interposition  of  a  film  of  water,  which  prevents  the  adhesion  of  the  ink 
in  all  the  parts  of  the  sur&ce  of  the  stone  not  impregnated  with  the  encaustic 

4.  Lastly,  upon  a  treasure  applied  to  the'  stone,  such  as  to  transfer  to  paper  the 
greater  part  of  the  ink  which  covers  the  greaqr  tracings  or  drawings  of  the  encaustic. 

The  lithographic  stones  of  the  best  quality  are  still  procured  from  the  quarry  of 
Sdenhofen,  a  village  at  no  great  distance  from  Munich,  where  this  mode  of  printing 
had  its  birth.  They  resemble  in  their  aspect  the  yellowish-white  lias  of  Bath,  but 
their  geological  place  is  much  higher  than  the  lias.  Abundant  quarries  of  these  fine- 
grained limestones  occur  in  the  county  of  Pappenheim,  along  the  banks  of  the  Danube, 
presenting  slabs  of  every  required  degree  of  thickness,  parted  by  regular  seams,  and 
ready  for  removal  with  very  little  violence.  The  good  quality  of  a  lithographic  stone 
is  ^nerally  denoted  by  the  following  characters  :  its  hue  is  of  a  yellowish-grey,  and 
uniform  throughout ;  it  is  free  from  veins,  fibres,  and  spots ;  a  steel  point  makes  an 
impression  on  it  with  difficulty ;  and  the  splinters  broken  off  from  it  by  the  hammer 
display  a  conchoidal  fracture. 

The  Munich  stones  are  retailed  on  the  spot  in  slabs  or  layers  of  equal  thickness ; 
they  are  quarried  with  the  aid  of  a  saw,  so  as  to  sacrifice  as  little  as  possible  of  the 
irregular  edges  of  the  rectangular  tables  or  plates.  One  of  the  brood  iaces  is  then 
dressed,  and  coarsely  smoothed.  The  thickness  of  these  stones  is  nearly  proportional 
to  their  other  dimensions  ;  and  varies  from  1§  inch  to  3  inches. 

In  each  lithographic  establishment  the  stones  receive  their  finishing,  dmsing,  and 
poHshing ;  which  are  performed  like  the  grinding  and  polishing  of  mirror-plate.  Ths 
work  is  done  by  hand,  by  nibbing  circularly  a  moveable  slab  over  another  in  a  hori- 
■ontal  position,  with  fine-sifted  sand  and  water  interposed  between  the  two.  The 
style  of  work  that  the  stone  is  intended  to  produce  determines  the  kind  of  polish 
that  it  should  get.  For  crayon-drawing  the  stone  should  be  merely  grained  more  or 
less  fine  accoraing  to  the  fancpr  of  ths  draughtsman.  The  higher  the  finish  of  ths 
snrfiice  the  softer  are  the  drawings ;  but  the  printing  process  becomes  sooner  paity, 
and  a  smaller  number  of  impressions  can  be  tAken.  Workt  in  ink  require  the  stone 
to  bo  moro  softened  down,  and  finally  polished  with  pumice  and  a  little  water.  The 
stones  thus  prepared  are -packed  for  use  with  white  paper  interposed  between  thoir  faces. 
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Zinc  pUt«s  are  some&neii  mtd  in  lien  of  stones ;  they  are  prepared  by  graining  the 
snrfitce  with  fine  sand,  mbbed  over  by  means  of  a  small  piece  of  the  metal.  Zinc 
takes  a  finer  surface  than  stone,  and  yields  more  delicate  jmpressions  j  but  great  can 
is  necessaiy  in  keeping  it  dry,  so  that  it  does  not  corrode ;  this  is  almost  the  only 
objection  to  its  more  general  use,  for  it  is  &r  more  convenient  to  handle  and  more 
about  than  heavy  stones. 

Lithographic  Crayoju. — ^Fine  lithograribic  prints  cannot  be  obtuned  nnless  the 
crayons  possess  erery  requisite  quality.  The  ingredients  composing  them  onght  to  be 
of  such  a  nature  as  to  adhere  strongly  to  the  stone,  both  aft«r  the  drairing  has  under- 
gone the  preparation  of  the  acid,  and  during  the  press-work.  They  should  be  hard 
enough  to  admit  of  a  fine  point,  and  trace  delicate  lines  without  risk  of  breaking. 
The  following  compoddon  has  been  suocessAiUy  employed  for  cmyons  by  MAT.  Bernard 
and  Delarue,  at  Puis : — 

Puts 

Pore  wax  (first  quality) 4 

Dry  white  tallow  soap       ......    2 

White  tallow 3 

Oum  lac    .        .        .        ......    2 

Lamp-black,  enough  to  give  a  dark  tint     ...    1 
Occasionally  copal  yarish  .....    1 

The  wax  should  be  melted  orer  a  gentle  fire,  and  the  lac,  broken  to  bits,  is  then 
added  by  degrees,  stirring  all  the  while  with  a  spatula :  the  soap  is  next  introduced 
in  fine  shavings ;  and  when  the  mixture  of  theee  substances  is  very  intimately  accom- 
plished, the  copal  Tarnish,  incorporated  with  the  lamp-black,  is  poured  in.  The  heat 
and  agitation  are  continued  until  the  paste  has  acquired  a  suitable  consistence ;  which 
may  be  recognised  by  taking  out  a  little  of  it,  letting  it  cool  on  a  plate,  and  trying  its 
quality  with  a  penknife.  This  composition,  on  being  cut,  should  afibrd  brittle  slices. 
The  boiling  may  be  quickened  by  setting  the  rising  vapours  on  fire,  which  increases 
the  temperature,  and  renders  the  exhalations  lees  offensive.  AVhen  ready  it  is  to  be 
poured  into  a  brass  mould,  made  of  two  semi-cylinders  joined  together  by  clasps  or 
rings,  forming  between  them  a  cylindric  tube  of  the  crayon  size.  The  monld  should 
be  previously  rubbed  with  a  greasy  cloth. 

The  soap  and  tallow  are  to  be  put  into  a  small  goblet  and  covered  up.    When  the 
whole  is  thoroughly  fused  b^  heat,  and  no  clots  remain,  the  black  is  gradually 
sprinkled  in  with  careful  stimng. 
Xitbograpbic ink  is  prepared  nearly  on  the  tame  principle:— 

Putt 

Wax 16 

Tallow 6 

Hard  tallow  soap 6 

SheU-lac.        . 12 

Hastie  in  tears 8 

Venice  turpentine    . 1 

Lamp-bladt ,        .  '      .      4 

The  mastic  and  lac,  previonsly  ground  together,  are  to  be  carefully  heated  in  the 
turpentine ;  the  wax  and  tallow  must  be  added  after  they  are  taken  vS  the  fire,  and 
when  their  solution  is  effected,  the  soap-shavings  are  to  be  thrown  in.  Lastly,  the 
lamp-black  is  to  be  well  intermixed.  Whenever  the  union  is  accomplished  by  heat, 
the  operation  is  finished ;  the  liquor  is  left  to  cool  a  little,  then  poured  out  on  tables, 
and,  when  cold,  cut  into  square  rods. 

lathographic  ink  of  good  quality  onght  to  be  susceptible  of  forming  an  emulsion  so 
attenuated  that  it  may  appear  to  be  dissolved  when  rubbed  upon  a  hard  body  in  dis- 
tilled or  river  water.  It  should  flow  in  the  pen,  but  not  spread  on  the  stone ;  capable 
of  forming  delicate  traces,  and  very  black,  to  show  its  delineations.  The  most  essen- 
tial quality  of  the  ink  is  to  sink  well  into  the  stone,  so  as  to  reproduce  the  most 
delicate  outlines  of  the  drawing,  and  to  afford  numerous  impressions.  It  mnst, 
therefore,  be  able  to  resist  the  acid  with  which  the  stone  is  moistened  in  the  pre- 
paration, without  letting  any  of  its  greasy  matter  escape. 

M.  de  Idsteyrie  states  that,  after  having  tried  a  great  many  combinations,  he  gives 
the  preference  to  the  fallowing : — 

Tarts 

Tallow  soap,  dried 30 

Hastie  in  teare 30 

White  soda  of  commerce 30 

Shell-lao ISO 

Lamp-black .12 
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Th«  aoap  is  fint  put  into  the  ^blet,  and  melted  over  the  fire ;  the  lao  being  added, 
it  fine*  immediately ;  the  soda  is  then  iottodnced,  and  next  the  mastic,  stirring  all 
the  while  irith  a  spatula.  A  brisk  ill*  is  applied  till  all  these  materials  are  melted 
eompleteljr,  when  the  whole  is  poured  out  into  the  mould. 

Toe  inks  now  prescribed  may  be  employed,  dther  with  the  pen  and  the  hair-pendlr 
for  writings,  blade-lead  drawings,  apu  <w<a,  mixed  drawings,  those  which  represent 
eagraring  on  wood  (woodcuts),  &c  When  the  ink  is  to  be  used  it  is  to  be  rubbed 
doirn  wiut  water,  in  the  manner  of  China  ink,  till  the  shade  be  of  the  requisite  depth. 
The  temperatore  of  the  place  ought  to  be  from  81°  to  90°  Fshr.,  or  the  saucer  in 
which  the  ink-stick  is  rubbed  should  be  set  in  a  heated  plate.  No  more  ink  should 
be  dissolved  than  is  to  be  used  at  the  time,  for  it  rarely  keeps  in  the  liquid  state  for 
21  hours  ;  and  it  should  be  covered  or  corked  up. 

Autograpkie  Paper. — Autography,  or  the  operation  by  which  a  writing  or  a  drawing 
is  trantfeired  from  paper  to  stone,  presents  not  merely  a  means  of  abridging  labour, 
but  also  that  of  fwerting  the  writings  or  drawings  into  the  direction  in  which  they 
were  traced,  whilst,  if  executed  directly  upon  the  stone,  the  impression  given  by  it  is 
Mveited.  Hence,  a  writing  upon  stone  must  be  inverted  frran  right  to  left  to  obtain 
direct  impressions.  But  the  art  of  writing  thus  is  tedious  and  difficult  to  acquire ; 
while,  by  means  of  the  auto^{Uo  paper  and  the  transfer,  proofs  are  obtained  in  the 
same  direction  with  the  writing  and  drawing. 

Autograpkia  Ink. — It  must  be  fatter  and  softer  than  that  applied  directly  to  the 
stone,  so  that,  though  dry  upon  die  paper,  it  may  still  preserve  sufficient  viscidity  to 
adhere  to  the  stone  by  mere  pressme. 

To  compose  this  ink  we  take — 

Fula 

Whits  soap    ........    lOU 

White  wax,  of  the  best  qn^^      .        .       .        .100 

Ilutton-suet 30 

Shell-lac 60 

Uastio 50 

Lamp-black 80  or  36 

These  materials  are  to  be  melted  as  above  described  for  the  lithographic  ink. 

LUhographie  Ink  and  Paptrt — The  following  recipes  have  been  much  com* 
mended: — 

Vir^  or  white  wax 8  parts 

White  soap 2    „ 

SheU-lae 2    „ 

lAmp-bladc 3  table-spoonfuls. 

Prtparaiion. — The  wax  and  soap  are  to  be  melted  together,  and  before  they  become 
so  hot  as  to  take  fire,  the  lamp-black  is  to  be  well  stirred  in  with  a  spatula,  and  then 
the  mixture  should  be  allowed  to  bnm  for  30  seconds ;  the  flame  being  extinguished, 
the  lac  is  added  by  degrees,  carefully  stirring  all  the  time ;  the  vessel  is  to  be  put 
upon  the  fire  once  more  in  order  to  complete  the  combination,  and  till  the  material  g 
are  Mtber  kindled  or  nearly  so.  After  the  flame  is  extinguished,  the  ink  must  be 
■ufibred  to  cool  a  little,  and  then  put  into  the  moulds. 

With  the  ink-ciayons  thus  made,  lines  may  be  drawn  as  fine  as  with  the  point  of 
the  graver,  and  as  full  as  can  be  desired,  without  risk  of  its  spreading  in  the 
carriage.  Its  traces  will  remain  unchanged  on  paper  for  yean  before  being  trans- 
ferred. 

Some  may  think  it  strange  that  there  is  no  suet  in  the  above  composition,  but  it  has 
been  found  that  ink  containing  it  is  only  good  when  used  soon  after  it  is  made,  and 
when  immediately  transferred  to  the  stone,  while  traces  drawn  on  paper  with  the  suet 
ink  become  defective  after  4  or  5  days. 

JAtk»arapUe  Paper. — ^Lay  on  the  iiaper  3  successive  coats  of  sheep's-foot  jelly,  1 
layer  of  white  staich,  1  la^er  of  gamboge. 

The  fint  layer  is  applied  with  a  sponge  dipped  in  the  solution  of  the  hot  jelly, 
Tsrr  equally  over  the  whole  surface,  but  thin ;  and  if  the  leaf  be  stretdied  upon  a 
eoro,  the  gdstine  will  be  more  uniform.  The  next  two  coats  are  to  be  laid  on  untiL 
each  is  dry.  The  layer  of  starch  is  then  to  be  applied  with  a  sponge,  and  it  will 
also  be  very  thin  and  equal.  The  coat  of  gamboge  is  lastly  to  be  applied  in  the 
same  way.  When  the  paper  is  dry  it  must  be  smoothed  by  passing  it  through  the 
lithngrephic  press ;  and  the  mora  polished  it  is,  the  better  does  it  t^e  on  the  ink  in 
fine  lines. 

TVantfer. — ^When  the  psper  is  moistened,  the  transfer  of  the  ink  from  the  gamboge 
is  perfect  and  in&Uible.    The  starch  separates  f^m  the  gelatine,  and  i^  after  taking 
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the  pajfer  off  tho  stone,  ire  place  it  on  a  white  slab  of  stone,  smI  pour  hot  water  over 
it,  it  will  reBume  its  primitive  state. 

The  coat  of  gambc^  ought  to  be  laid  on  the  same  day  it  is  dissolred,  ia  by  keejang 
it  becomes  of  an  oily  nature ;  in  this  state  it  does  not  obstmct  the  tnnsm;  bat  it 
giree  a  gloss  to  the  paper  which  renders  the  drawing  or  tracing  more  difficnlt,  i 


dally  to  persons  little  acenstomed  to  lithography. 

The  starch  paste  can  be  employed  only  when  cold,  the  day  after  it  is  made,  and 
after  having  the  skin  remoTed  &om  its  surface. 

A  leaf  of  such  lithogisphic  paper  may  be  made  in  two  minutes. 

In  transferring  a  writing,  an  ink  drawing,  or  a  lithographic  crayon,  even  the  im- 
pression of  a  copper-plate,  to  the  stone,  it  is  necessary,  (1)  that  the  impressions  be 
made  upon  a  thin  and  slender  body,  like  common  paper ;  (2)  that  thoy  may  bo  de- 
tached and  fixed  totally  on  the  stone  by  means  of  pressure ;  but  as  the  ink  of  a  draw- 
ing sinks  to  a  certain  depth  in  paper,  and  adheres  rather  strongly,  it  would  be 
difficult  to  detach  all  its  parts,  were  there  not  previously  put  between  the  paper  and 
the  traces  a  body  capable  of  being  separated  from  the  paper,  and  of  losing  its  ad- 
hedon  to  it  by  means  of  the  water  with  which  it  is  damped.  In  order  to  produce  this 
efteet,  the  paper  gets  a  certain  preparation,  which  consists  in  coating  it  over  vrith  a 
kind  of  paste  ready  to  receive  every  delineation  without  suffering  it  to  penetrate  into 
the  paper.    There  are  different  modes  of  communicating  this  property  to  paper. 

Besides  the  above,  the  following  may  be  tried.  Take  an  unsized  paper,  rather 
strong,  and  cover  it  with  a  varnish  composed  of — Starch,  120  parts ;  gum  arable, 
40  parts ;  alum,  20  parts. 

A  paste  of  moderate  consistence  must  be  made  with  the  starch  and  some  water, 
with  the  aid  of  heat,  into  which  the  gum  and  alum  are  to  be  thrown,  each  previously 
dissolved  in  separate  vessels.  When  the  whole  is  well  mixed,  it  is  to  be  applied,  stiU 
hot,  on  the  leaves  of  paper,  with  a  flat  smooth  brush.  A  tint  of  yellow  colour  may 
be  given  to  tho  vamisn  with  a  decoction  of  the  berries  of  Avignon,  commonly  called 
French  berries  by  our  dyers.  The  paper  is  to  be  dried,  and  smoothed  by  passing 
under  the  scraper  of  the  lithographic  press.       .  . 

Steel  pens  are  employed  for  writing  und  drawing  with  ink  on  the  lithographic 
stones ;  in  many  establisomonts  a  sable  brush  is  more  frequently  used. 

Eiu/raving  on  stone,  for  maps,  geometrical  drawings  of  every  kind,  patent  inven- 
tions, machinery,  &&,  is  performed  with  a  diamond  point  as  clearly  and  distinctly  as 
if  executed  on  copper  or  steel  plates ;  to  print  those  engraved  stones,  tho  ink  should 
be  laid  on  with  a  dabber,  not  a  roller.  Another  method  is  by  preparing  the  siirFnco 
of  the  stone  with  a  thin  covering,  or  etching  ground,  of  gum  and  black,  upon  which 
tho  design  is  traced  or  engraved  with  an  etching  point ;'  it  then  appears  in  tehite  lines 
upon  a  black  surfiice.  In  this  state  the  stone  is  token  to  the  printer,  who  applies  ink 
to  the  engraved  part,  and  washing  off  the  gum,  the  drawing  appears  in  blacHc  lines 
upon  the  white  surface  of  the  stone,  and  after  being  submitted  to  the  process  of 
fixing,  described  below,  is  ready  for  printing. 

lAlhotint,  a  process  of  drawing  upon  stone  was  adopted,  first,  by  Mr.  J.  X>.  Harding, 
a  few  years  back,  and  since  by  one  or  two  other  artists;  several  works  were  at 
the  time  exocnted  by  this  method,  which  consists  in  painting  the  subject  with  a 
camel's-hair  pencil,  dipped  in  a  preparation  of  liqnid  lithographic  chalk,  using  the 
latter  as  if  it  wore  an  ordinary  colour,  or  Indian  ink,  sepia,  &c  The  results  of  this 
process  were,  however,  so  uncertain  in  printing,  that  it  has  been  almost,  if  not  en- 
tirely, abandoned. 

The  process  of  printing  a  subject  executed  in  lithography  is  as  follows : — Tho 
drawing  is  first  executed  by  the  artist  on  the  stone  in  as  perfect  and  finished  a 
manner  as  if  done  on  paper  or  cardboard ;  the  stone  is  then  washed  over  with  nitric 
acid,  diluted  with  gum,  which  neutralises  the  alkali,  or  soap,  contained  in  the  chalk, 
fixes  the  drawing,  and  cleanses  the  stone  at  the  same  time :  this  is  technically  called 
etching.  The  acid  is  then  washed  off  with  cold  water,  and  any  particles  of  the 
crayon  or  other  substances  which  may  have  adhered  to  die  surface  are  removed  by 
the  application  of  a  sponge  dipped  in  spirits  of  tnipentino :  the  stone  is  now  ready 
for  printing:  it  is  slightly  wetted,  charged  with  pnnting-ink  by  means  of  a  roller, 
the  sheet  of  paper,  which  is  to  receive  the  impression,  is  laid  on  it  in  a  damp  state, 
.  and  the  whole  is  passed  through  tho  press. 

Chromotithograpky,  or  printing  in  colours  from  stones  (xfw^io,  colour),  is  a  com- 
paratively recent  introduction ;  but  has  been  brought  to  such  perfection,  that  works 
of  art  of  the  highest  pictorial  excellence  are  sometimes  so  closely  imitated,  as  to 
deceive  very  competent  judges.  A  portrait  of  Shakspeare,  for  example,  executed 
in  chromolithography  by  Hr.  Vincent  Brooks,  of  London,  from  an  old  oil  painting, 
is  so  marvellous  a  copy  of  the  original  as  almost  to  defy  detection.  Chromolitho- 
graphy, as  a  beautifU  medium  of  illustration,  is  now  in  very  general  use:  the  process 
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may  be  thus  described,  A  drawing  of  the  subject,  ia  otitline,  on  transfer  tracing- 
paper,  is  made  in  the  ordinary  iray :  when  transferred  to  a  stone,  this  drawing  la 
called  the  keystone,  and  it  serres  as  a  guide  to  all  the  others,  for  it  must  be  transferred 
to  as  many  different  stones  as  there  are  coloom  in  the  subject ;  as  many  as  thirty 
stones  hare  been  used  in  the  production  of  one  coloured  print.  The  first  8tons 
required,  generally  for  flat,  local  tints,  is  covered  with  lithographic  ink  where  the 
parts  should  be  of  sdid  colour:  the  different  gradations  are  produced  by  rab- 
bins the  stOM  irith  rubbing-ttuff,  or  tint-ink,  made  of  soap,  shell-lac,  &c.  &e.,  and 
tnsb.  a  painted  lithographic  chalk  where  necessary ;  the  stone  is  then  washed  over  with 
mtrie  acid,  and  goes  throng  the  entire  process  described  above.  A  roller  charged 
with  lithographic  printing-ink  is  then  passed  over  it  to  ascertain  if  the  drawing 
comes  as  desired ;  and  the  ink  is  immediately  afterwards  washed  off  with  turpentine : 
if  satis&ctory,  this  stone  is  ready  for  printing,  and  is  worked  off  in  the  requisite 
colour ;  the  next  stone  undergoes  the  same  process  for  another  colour,  and  so  with 
the  rest,  till  the  work  is  complete :  it  will  of  course,  be  understood,  that  before  any 
single  impression  is  finished,  it  will  have  to  pass  through  as  many  separate  printings 
as  there  are  drawings  on  stones.  The  colours  used  in  printing  are  ground  up  with 
burnt  linseed-oil,  termed  vamiih. 

&ITBOIUUtCia.  An  iron  ochre  ;  essentially  a  silicate  of  alumina,  with  6  to  7 
per  cent,  of  oxide  of  iron,  in  many  respects  resembling  China  clay  or  kaolin.  It  is 
round  abundanUy  in  co.  Antrim.    See  Ibox. 

ItlTMUB  (Toumetol,  Fr. ;  Lachnut,  Oer.)  is  prepared  in  Holland  from  the  spe- 
cies of  lichen  called  Lecanora  tartarea,  and  BocctUa  tinctoria.  The  ground  lichens  are 
first  treated  with  urine  containing  a  little  potash,  and  allowed  to  ferment  for  several 
weeks,  whereby  they  produce  a  purple-red ;  the  coloured  liquor,  treated  with  quick- 
lime and  some  more  urine,  is  set  again  to  ferment  during  two  or  three  weeks,  then 
it  is  mixed  with  chalk  or  gypsum  into  a  paste,  which  is  formed  into  small  cubical 
pieces  by  being  pressed  into  brass  moulds,  and  dried  in  the  shade.  Litmus  has  a 
violet-blue  colour,  is  easy  to  pulverise,  is  partially  soluble  in  water  and  dilute  alcohol, 
leaving  a  residuum  consisting  of  carbonate  of  lime,  of  clay,  silica,  gypsum,  and  oxide 
of  iron  combined  with  the  dye.  The  colour  of  litmus  is  not  altered  by  alkalis,  but  is 
reddened  by  acids ;  and  is  Uierefore  used  in  chemistry  as  a  delicate  test  of  acidity, 
either  in  the  state  of  solution  or  of  unsized  paper  stained  with  it. 

Utmus  is  used  in  Holland  to  give  a  peculiar  tint  to  certain  kinds  of  Dutch 
cheese. 

The  preparation  of  litmus  has  been  described  by  Ferber,  Moreioz,  and  others. 

Litmus  is  imported  from  Holland,  in  the  form  of  small,  rectangular,  light,  and 
friable  cakes  of  an  indigo  blue  colour.  Examined  by  the  microscope,  we  find  spomles 
and  portions  of  the  epidermis  and  mesothallus  of  some  species  of  Uchen,  moss,  leaves, 
sand,  &c.  The  odour  of  the  cakes  is  that  of  indigo  and  violets.  The  violet  odour 
is  acquired  while  the  mixture  is  undergoing  fermentation,  and  is  common  to  all  the 
tinctorial  lichens.  It  has  led  some  writers  into  the  error  of  supposins  that  the 
litmus-makers  use  Florentine  orris  in  the  manufacture  of  litmns.  The  indigo  colour 
depends  on  the  presence  of  indigo  in  the  litmns  cakes.    See  Lichek. 

&ITMIIS>VAVn.  Paper  coloured  with  an  infusion  of  litmus,  used  as  a  test  for 
the  presence  of  acids. 

Faraday,  in  his  '  Chemical  Manipulation,'  recommended  an  infusion  of  one  ounce  of 
litmus,  and  half  a  pint  of  hot  water.  Bibulous  paper  is  saturated  with  this.  Prof. 
Oiabam  preferred  good  letter-paper  to  the  unsized  paper.  In  order  to  obtain  very 
delicate  test-paper,  the  alkali  in  the  litmus  must  be  almost  nentralisod  by  a  minute 
portion  of  acid. 

kSmnuiX,  a  geological  term.    Belonging  to  the  sea-shore. 

XXVX-OZBZ,    Another  name  for  Divi-£vi.    See  Lsatebb. 

XlXtVlATZOH'  {Lessivage,  Fr. ;  Audaugen,  Ger.)  signifies  the  abstraction  by 
water  of  the  soluble  alkaline  or  saline  matters  present  in  any  earthy  admixture  ;  as 
from  that  of  quicklime  and  potashes  to  make  potash-lye,  from  that  of  efBoresced  alum 
schist  to  make  aluminous  liquors,  &c. 

X&AMUL.  A  genus  of  animals  belonging  to  the  class  Mammalia,  order  Ungvlaia, 
family  Bovida,  and  tribe  Camelina,  Tbey  are  the  camels  of  South  America,  to 
which  country  they  are  confined.  In  the  wild  state  the  llamas  keep  together  in  herds 
of  from  one  to  two  hundred.  There  are  two  distinct  species  found  wild  in  South 
America,  inhabiting  the  Peruvian  Alps,  the  Pampas,  and  the  mountains  of  Chili. 
These  animals  are  used  as  beasts  of  burthen ;  cords  and  sacks,  as  well  as  stuffs  for 
ponchos,  &c.,  are  fabricated  from  their  wool ;  and  their  bones  are  converted  into  instru- 
ments for  weaving  the  same.  The  Alpaca,  which  is  a  variety  of  the  llama,  has 
given  its  name  to  a  doth  manufactured  from  its  hair ;  and  this  has  become  so  valuable, 
diat  attempts  have  been  made  to  naturalise  the  animal  in  Europe.    The  success, 
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however,  which  has  attended  theM  attempts  has  not  been  great.    The  following  not« 
ftom  the  *  Penny  Cyclopeedia,'  article  '  Llama,'  is  important : — 

'  In  reference  to  the  wool,  we  may  here  state  that  a  herd  of  thirty-six,  including  the 
kinds  called  llamas,  alpacas,  and  vicunas  or  vigonias,  were  sent  from  Lima  (^ftru) 
and  Concepdon  (Chili)  to  Buenos  Ayies  by  journeys  of  two  or  three  leagues.  To 
those  who  may  be  inchned  to  import  these  animals,  it  may  be  necessary  to  state  that 
they  were  fed  during  the  journey  with  potatoes,  maize,  and  hay.  As  soon,  however, 
as  the  potatoes  were  exhausted,  constipation  came  on  so  obstinately,  that  medical 
relief  was  required.  They  were  shippisd  as  a  present  from  Qodoy,  the  Prince  of 
Peace,  to  the  Empress  Josephine,  but  only  eleven  arrived  at  Cadiz  in  1808,  just  as 
3odoy  fell  into  disgrace.  Here  two  died,  and  the  rest  were  near  being  thrown  into 
the  sea  by  the  infuriated  rabble,  in  their  detestation  of  the  late  minister  and  minion. 
The  poor  llamas  were  however  saved  from  the  tender  mercies  of  the  populace  by  the 
governor  of  Cadiz,  and  were  consigned  to  Don  Francisco  de  Theian  of  Andalusia, 
who  had  a  fine  menagerie  at  San  Lucar  de  Barrameda.  When  the  French  occupied 
the  province,  Marshal  Soult  protected  them;  and  M.  Bury  St.  Vincent,  who  was 
with  the  army,  studied  their  habits,  and  executed  drawings  of  them,  which  were  lost 
at  the  battle  of  Vittoria.  M.  Bury  paid  great  attenUon  to  their  wool,  and  some  from 
each  kind  was  sent  to  the  Academy  of  Sciences  at  Paris.  From  the  report  of  the 
French  naturalist  and  the  philosophical  Spaniard,  it  would  appear  that  the  fleece  of 
the  alpa-vigonia  (produced  by  a  cross  between  a  vigonia  and  an  alpaca)  has  much 
greater  length  than  any  other  variety,  and  is  six  times  heavier.' 

The  following  is  from  James's  'History  of  the  Worsted  Manufacture  in  England,' 
p.  662  :— 

To  commence  with  the  earliest  mention  of  the  alpaca,  we  must  recur  to  so  early  a 
period  as  the  year  1525,  when  Pizarro  and  his  ferocious  companions  invaded  Pern. 
It  is  related  by  the  Spanish  historians,  that  they  found  there  four  varieties  of  sheep : 
two,  the  gnanaco  and  the  vicuna,  in  a  wild  state,  ranging  the  mountainous  tracts 
of  South  America;  and  the  others,  the  llama,  and  the  pacos,  or  alpaca,  domesti- 
cated. The  former  of  these  domestic  animals,  partaking  somewhat  of  the  nature  and 
size  of  the  Arabian  camel,  was  in  like  manner  employed  as  a  beast  of  burthen. 
Though  in  many  features  similar  to  the  llama,  the  alpaca  had  several  clear  marks 
of  distinction,  and  among  others  was  less,  and  the  fleece  much  longer  and  softer  in 
fibre.  In  the  sixteenth  century,  and  even  from  the  remotest  times,  the  Peruvians 
being  comparatively  (to  the  other  tribes  of  the  great  continent  of  America)  a  civilised 
people,  and  well  acquainted  with  the  arts  of  spinning  and  weaving,  fabricated  from 
alpaca-wool  textures  of  much  delicacy  and  beanty,  which  were  highly  prized  as 
articles  of  dress.  And  that  the  use  of  them  had  prevailed  for  centuries  is  demonstrated 
by  the  opening  of  several  very  apcient  tombs  of  the  Peruvians,  in  which  the  dead 
had  been  enwrapped  in  stnffl  made  from  the  fleece  of  the  alpaca. 

In  general,  the  alpaca  ranges  about  four  feet  in  height,  the  size  of  a  full-grown 
deer,  and,  like  it,  is  of  graceful  appearance.  Its  fleece  is  superior  to  the  sheep  in 
length  and  softness,  averaging  six  inches  (the  length  of  the  staple  of  the  alpaca 
fleece  is  on  an  average  mw^  less  than  formerly,  probably  from  being  shorn  oftener), 
and  sometimes  it  has  been  procured  even  of  an  extraordinary  length ;  a  specimen 
shown  at  the  Great  Exhibition,  by  Messrs.  Walter  Milligan  and  Son,  reaching  to 
forty-two  inches  in  length.  The  fleeces,  when  annually  shorn,  range  &om  five  to  six 
pounds.  Contrary  to  experience  in  other  descriptions  of  wool,  the  fibre  of  the 
alpaca  fleece  acquires  strength  without  coarseness;  besides,  each  filament  appears 
straight,  well-formed,  and  free  &om  crispness,  And  the  quality  is  more  uniform 
throughout  the  fleece.  There  is  also  a  transparency,  a  glittering  brightness  upon 
the  surface,  giving  it  the  glossiness  of  silk,  which  is  enhanced  on  its  passing  through 
the  dye-vat.  It  is  also  distinguished  by  softness  and  elasticity,  essential  properties 
in  the  manufacture  of  flne  goods,  being  exempt  from  spiral,  curly,  and  shaggy  defects ; 
and  it  spins,  when  treated  properly  according  to  the  present  improved  metnod,  easily, 
and  yields  an  even,  strong,  and  true  thread.  With  all  these  remarkable  qualities,  it 
was  long  before  the  value  of  alpaca  wool  was  known  or  appreciated  in  this  country. 

Itecorring  to  th«  application  of  the  alpaca  fleece  to  manufacturing  purposes  in 
England,  it  was  long  delayed,  though  so  early  as  the  year  1807,  the  British  troops 
returning  from  the  attack  of  Buenos  Ayres  brought  with  them  a  few  hags  of  this  wool, 
which  were  submitted  for  inspection  in  London  ;  but,  observes  Walton,  in  his  work 
OD  alpaca,  *  owing  to  the  difficulty  of  spinning  it,  or  the  pn^udico  of  our  mannfac- 
torers,  it  did  not  then  come  into  notice,'  and  for  more  than  twenty  years  the  attempt 
does  not  seem  to  have  been  renewed ;  thus  depriving,  for  that  period,  the  country  of 
the  advantage  derived  from  this  notable  manufacture. 

According  to  the  best  authorities,  the  first  person  in  England  who  introduced  a 
marketable  &bric  made  fiom  this  material  was  Mr.  Beiyamin  Oatram,  a  sdentifio 
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uanoftctareT  of  Oleetland,  near  HalifaT,  who,  alxKit  the  year  1830,  surmoanted, 
vith  mnch  diffienlty,  the  ob«Ucle«  encountered  in  apinning  the  wool,  and  eventually 
pradneed  an  article  which  sold  at  high  prices  for  ladies'  caniaj^e-shawls  and  doakings ; 
out  their  value  mom  more  from  being  zsie  and  curiona  articles  than  from  intrinsio 
worth. 

These  were,  it  is  well  established,  quite  destitute  of  the  peculiar  gloss  and  beauty 
which  distinguish  the  alpaca  lustres  and  fabrics  of  later  times,  and  after  a  short  period 
the  manufacture  was  abandoned. 

About  the  same  time  as  Hr.  Outram  was  weaving  goods  ttom  alpaca,  the  wool 
attracted  the  notice  of  the  Bradford  sjnnners.  Messrs.  Wood  and  Walker  spun  it  to 
some  extent  for  camlet  warps  used  in  the  Norwich  trade.  Owins  to  the  clieapness  of 
alpaca  wool  during  tlie  fint  years  of  its  consumption  in  England,  it  was  occasionally 
employed  instead  of  English  hqg  wool  for  preparing  lasting  and  camblet  warps,  being 
spun  to  about  No.  48. 

The  earliest  manu£u!ture  of  the  alpaca-wool  into  goods  at  Bradford  appears  to 
hare  occurred  under  these  circumstances.  In  the  commencement  of  1832  some 
.  gentlemen,  connected  with  the  trade  to  the  west  coast  of  South  America,  were  on  a 
visit  at  the  house  of  J.  Gamett,  Esq.,  of  Clithero,  and,  on  their  alluding  to  the  diffi-' 
colty  of  meeting  with  suitable  returns  for  goods  forwarded  to  that  part  of  the  world, 
he  suggested  to  them  the  transmission  of  adpaca-wool,  and  offered,  if  they  would  send 
him  a  few  pounds  weight  to  ascertain  its  value  for  manufacturing  pniposes.  In  a  few 
months  he  received  some  samples  of  alpaca-wool,  which,  on  October  2,  1832,  he  for- 
warded to  Messrs.  Horsfull  of  Bradford,  with  a  request  that  they  would  test  its  value. 
Accordingly,  they  &bricated  from  this  wool  a  piece  resembling  heavy  camblet,  which 
they  showed  to  the  Leeds  merchants;  but  the  piece,  not  developing  any  peculiar 
qnalities  of  alpaca,  did  not  please,  so  that  Messrs.  HorsfUl  were  not  encouraged  to 
proceed  further  with  experiments.  However,  in  the  same  year  Messrs.  Hoyam,  Hall, 
and  Co.,  spirited  merchants  of  Liverpool,  perceiving  the  value  of  the  alpaca-wool, 
directed  their  agents  in  Peru  to  pnrchase  and  ship  over  all  the  parcels  of  alpaca-wool 
thOT  could  meet  with  ;  some  of  which,  being  sent  to  the  Bradford  district,  was  spun 
and  manu&ctnred  by  several  parties  there.  The  pieces  chiefly  fabricated  from  alpaca 
in  the  neighbourhood  of  Bradford  were  figures  made  with  worsted  warp  and  alpaca 
weft,  the  figures  being  raised  and  lustrous,  like  union  dapiasks.  These  goods  were  in 
Togue  only  for  a  limited  time,  for  neither  the  figured  nor  phkin  ones  seem  to  have  suited 
thapublic  taste. 

Until  ihs  introduction  of  cotton  warps  into  the  worsted  trade  it  may  safely  be 
averred  that  the  alpaca  manu&cture  had  not  been  developed,  and  would  never  have 
made  much  progress  without  being  combined  with  cotton  or  silk  warp.  To  Sir 
Titns  Salt,  of  Bradford,  mnst  undoubtedly  be  awarded  the  high  "praise  of  finally 
overcoming  the  difficulUes  of  preparing  and  spinning  the  alpaca-wool  so  as  to  produce 
an  even  and  true  thread ;  and,  by  combining  it  with  cotton  warps,  which  had  then 
(X836)  been  imported  into  the  tnida  at  Bradford,  improved  the  manufacture  so  as  to 
make  it  one  of  the  staple  industries  of  the  kingdom.  He  has,  by  nn  admirable  adap- 
tation of  machinery,  been  enabled  to  work  up  the  material  vrith  the  ease  of  ordinary 
wool,  and  thus  present  beautiful  alpaca-stufs  at  a  reasonable  rate.  Every  previous 
attempt  had  been  made,  as  fur  as  can  be  ascertained,  with  worsted  warps,  wiu  which 
the  alpaca  did  not  easily  assort 

About  the  year  1836  the  alpaca  trade  had  become  established,  and  has  since  risen 
to  much  importance.  After  this  period  the  manufacture  rapidly  extended.  The  great 
mercantile  house  of  A.  and  S.  Henry  took  vei^  large  quantities  of  alpaca-stufis,  which 
began  to  be  made  in  an  endless  variety  of  goods  suited  both  for  male  and  female 
dress,  including  scarfs,  handkerchiefs,  and  cravats„  plain  andiigured  goods,  both  with 
silk  and  cotton  warp,  for  ladies'  dresses,  dyed  alpaca  checks  of  beautiful  texture,  and 
a  variety  of  grograms,  codringtons,  silk-striped,  checked,  and  figured  alpacas  and 
alpaca  linings.  The  demand  for  these  various  alpaca  fabrics  during  the  period  between 
1841  and  1846  remained  uniform  and  steady. 

At  the  commencement  of  the  manufacture  of  alpaca  goods  with  cotton  warps  (silk 
was  not  used)  the  weft  was  spun  from  fine  qualities  of  the  wool  into  low  numbers, 
and  the  pieces  were  made  much  richer  and  heavier  than  has  been  the  ease  more 
zecenUy,.tha  demand  having  altered  in  &vour  of  lighter  and  less  costly  cloth. 

Most  of  the  alpaca-wool  brought  into  the  United  Kingdom  is  unshipped  at  Liver-r 
pool,  but  a  small  portion  is  also  carried  to  London.  At  these  two  ports,  it  may  be 
asserted,  the  whole  imported  into  this  country  is  landed.  It  arrives  in  small  bales, 
called  ballots,  weighing  about  70  lbs.,  and  is  generally  in  an  impure  jstate,.  with  difie- 
rent.qnalities  mixed.  Like  the  fieece  of  the  sheep,  that  of  the  alpaca  is  composed  of 
difEwent  qualities,  so  that  the  portion  growing  on  the  hind-quarters  is  of  an  inferior 
description.    The  wool  is  .sorted  into  about  eight  dif&rentqnalitieSr  each  fitted  for  a 
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particular  class  of  goods.  Owing  to  the  dirty  stata  of  ths  fleeces,  and  the  peculiar 
nature  of  the  dusty  particles  nrismg  during  the  progress  of  sorting,  the  operation  is 
an  unhealthy  one,  unless  great  care  be  taken  by  ventilation  to  counteract  this  baneful 
effect.  After  being  sorted,  it  is  at  Saltaire  washed  and  combed  by  machinery.  Until 
of  late  years  it  was  combed  wholly  by  hand,  and  the  combs  used  for  this  purpose 
were  of  a  deeper  pitch  than  those  usually  adopted  for  preparing  sheep's  wool,  that 
is,  those  combs  liad  a  larger  number  of  teeth  than  ordinary.  The  next  process  is  to 
draw  the  sliver,  which  is  perfected  by  an  improved  gill-machine,  especially  adapted 
for  this  material.  And  here,  in  combing  and  preparing  the  alpaca-wool,  so  as  to 
make  a  clean,  even,  and  glossy  thread,  lay  the  grand  difficulty  in  the  way  of  applying 
the  alpaca-flbre  to  the  worsted  manufacture,  and  which  was  so  successfully  surmounted 
by  Sir  Titus  Salt 

The  main  articles  now  manofactured  from  alpaca-wool  consists  of  alpaca  lustres, 
which  are  dyed,  and  alpaca  mixtures,  which  are  undyed  ;  and  both  are  made  of  cotton 
or  silk  warp.  These  plain  goods  may,  from  their  extensive  and  steady  use,  be  termed 
stock-articles.  Large  quantities  of  fancy  alpacas  are  made,  but  thoy  are  rapidly  vary- 
ing, and  are  distinguished  by  innnmeiahla  nanus.  1%9  material  is  at  present  much 
shorter  in  staple  than  formerly,  owing  to  the  alpaca  being  shorn  oftener,  so  tliat  it  is 
now  commonly  &om  5  to  8  inches  in  len^.  Nearly  all  Uie  alpaca-wool  consumed  in 
England  is  worked  up  in  the  Bradford  district. 

Bating  from  the  year  1834,  when  the  importation  of  alpaca-wool  sprung  up  as  a 
permanent  branch  of  commerce,  the  demand  in  this  country  has,  on  the  whole,  been 
a  growing  one.  Mr.  Walton,  in  his  work  on  the  alpaca,  exhibits  the  quantities  im- 
ported until  the  year  1843,  when,  the  tariff  law  having  come  into  operation,  the 
returns  began  to  be  more  correctly  framed,  and  the  alpaca-wool  was  then  classed  by 
itself. 

Our  imports  were  in  1843,  1,468,032  lbs. ;  in  1858,  2,148,267  lbs.  These  large 
quantities  were  yet  increased  in  1863,  when  we  imported  from  Peru,  2,772,836  lbs. ; 
from  New  Granada,  622,889 lbs. ;  and  6,857  lbs.  from  other  parts;  and  the  Importt 
of  llama,  alpaca,  and  vicuna  during  the  three  years  ending  1873  were  as  follows : — 


From  Gennany     • 
M     Pun     •       •       • 
„     Chill     .       .       . 
„    Other  conntrles   . 

Total  .      . 

1870 

1871 

1873                1 

Um. 

S,S34°,4M 

«63,783 

SOO 

Talne 

£3S8',9<I9 

68,996 

14 

lbs. 

3,088',S28 

MS  ,855 

2,067 

Talne 

£402",690 

80,861 

383 

IbL 

184,144 

8,622,314 

134,319 

48,063 

Talne 
£34,4.'>0 
460,533 

20,417 
6,4*3 

8,888,838 

4S4,979 

3,651,250 

433,783 

8,878,739 

521,839 

In  the  interval,  the  price  had,  with  the  demand,  progressively  increased :  the  price 
in  1834  only  amounted  to  about  S^d.  per  pound ;  next  year  it  reached  nearly  1  Qd. ; 
the  year  after.  Is. ;  in  1838,  to  upwards  of  U.  3id. ;  and  in  1839  to  1>.  id. 

During  the  last  ten  years  the  prices  have  fluctuated  considerably.  In  1844,  If.  Sd. 
per  pound  was  quoted  as  the  price  of  the  white  fleece,  and  2a.  for  the  black  one.  In 
the  year  1865,  according  to  the  price-cunentSi  the  average  rates  were  thus  quoted : — 

s. 

Alpaca,  beet  white        .       .        .       <       .    2 

„      brown  and  black      ....    2 

Vienna,  best  dark  coloured   ....    3 

T.]ftTnR «       9       •••«..    0 

But  these  quotations  are  somewhat  higher  for  alpaca-wool  than  the  prices  now 
realised,  which  of  late  years  have  ranged  from  2s.  to  2«.  2d.  per  pound. 

Alpaiea  Vat  was  shown  in  the  Exhibition  of  1862,  and  was  stated  to  be  remiarit- 
able  in  its  power  of  resisting  rancidity.  It  was  thought  this  would  make  it  valuable 
to  the  arts,  especially  in  peribmery. 

ILOAB.  A  burthen  or  freight  As  the  various  quantities  of  material  contained 
in  a  load  cannot  but  be  useful,  the  following  Table  is  borrowed  &om  Ur.  P.  L.  Sim* 
monds's  '  Trade  Products,'  &c : — 


d.        ». 

d. 

6   to  2 

6    „  2 

0    „  8 

lOi  „   I 

8 
8 
6 
3 

Com      .        ,5  qrs.  or  40  bushels. 
Straw    .        .    86  trusses^  or  11  cwts. 

64  lbs. 
Old  hay         .    18  cwts. 
New  bay       .    19  cwts.  32  lbs. 


Bricks  .        ,    600. 

Tiles     .        ,    1,000. 

Lead  ore  (in  Derbyshire)  0  dishes  or 

naarly  3  cwts. 
Bulrushes     .    63  bundles.  . 
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Xartar  .        .    37  feet.  Timber : —  aqnuv  feet 

Coffee,  in  bags  .        .        .    12cwU.  2  inch  plank.        .        .    300 

Rice  .....    10    „  2^        „        ...    240 

Timber:-^  iqiuretnt  3  „         ...    200 

1  inch  plank.        .        .    600  Sj,        „        .        .        .    170 

1^        „         ...    '400  4  150 

MkAlMTOraf  Magnetie  Jron-tione,  (Far  oayduU,  Fr. ;  MagneleUmtiein, 
Ger.)  An  iion  ore,  contigting  of  the  protoxide  and  peroxide  of  iron  in  a  state  of 
««nbinaUon. 

IfWH  &tak  discovered  in  Magnesia,  and  from  that  proTiace  has  been  derived  the 
name  JlAomr  applied  to  this  ore  of  iron.  The  term  loadstone,  however,  is  given  to 
those  specimens  which  an  powerfully  magnetic  only.    See  Isom. 

IMAM.  {Terre  limoifeuie,  'Pt. ;  Itia,  Ger.)  A  native  clay,  mixed  with  qnartz- 
sand  and  iron-ochre,  and  occasionally  with  mna  aiTboniite  of  lime. 

'  More  commonly  we  find  sand  and  elay,  or  clay  and  marl,  intarraixed  in  the  same 
mass.  When  the  sand  and  clay  are  eacn  in  considerable  quantities,  the  mixtnTB  is 
caUed  "  loam."  '—LyeU. 

XMOMJB.  Although  locks  ore  distinctly  a  manufacture,  yet  they  were  not  embraced 
in  tile  early  editions  of  thu  work ;  the  chief  cause  of  this  being  the  desire  on  the  part 
of  Dr.  T7re  to  limit  the  articles  of  the  Dictionaiy  to  such  manufactures  as  were  not 
comprehended  within  his  meaning  of  the  term  Handicraft 

The  lock  manufacture  is  essentially  one  of  handicraft ;  and  seeing  that  these 
volnmes  conld  not  possibly  enter  into  any  detailed  description  of  this  and  numerous 
other  trades,  as  watch-making  and  the  like,  it  has  been  determined  that  a  brief  notice 
of  the  several  kinds  of  locks  alone  shall  find  a  place  in  its  pages. 

The  lock  manufacture  of  this  country  is  confined  almost  oxcln^vely  to  Wolver- 
hampton and  the  neighbouring  village  of  WillenhalL  There  are  very  few  large 
manufactories,  almost  all  kinds  of  locks  being  made  by  small  masters,  employing 
from  half-a-dozen  to  u  dozen  men. 

In  nearly  every  kind  of  lock  a  bolt  shoots  out  from  the  box  or  lock,  usually  of  an 
oblong  shape,  and  catches  in  some  Idnd  of  staple  or  box  fixed  to  receive  it.  In  some 
a  staple  enters  the  lock,  and  the  bolt  passes  through  the  staple  within  the  lock.  The 
lock  of  a  room-door  is  of  the  first  character;  the  lock  of  a  writing-desk,  or  orJinary 
box,  is  of  the  second  kind.  The  key  is  merely  a  bent  piece  of  iron,  which,  on  entering 
the  lock,  can  move  freely,  and  push  forward  the  bolt.  To  the  bolts  of  superior  locka 
springs  are  attached,  and  the  force  required  to  turn  the  key  in  a  lock  is  the  force 
necessary  to  overcome  the  resistance  of  the  springs.  The  following  two  figures,  1397, 
1398.  represent  the  character  of  a  lock  with  wards  or  wheels,  which  are  introduced  to 
give  safety.  Fig.  1397  is  an  ordinary  back-spring  lock,  representing  the  bolt  half- 
shot  ;  a*  <?'  are  notches  on  Uie  under  side  of  the  bolt,  connected  by  a  curved  portion ; 
i  is  the  back-spring,  which  is  of  course  compressed  as  the  curved  portion  of  the  bolt 


1397 


1398 


passes  throngh  the  apertnr«  prepaied  for  it  in  the  rim  of  the  lock ;  when  the  bolt  is 
withdrawn,  the  notch  ef  rests  in  the  rim ;  when  the  bolt  is  shot,  the  notch  a"  rests  in 
the  same  manner.  The  action  of  the  key  and  wards  is  shown  in  Jiff.  1398.  The 
emrred  pieces  of  metal  are  the  wards ;  and  there  are  two  clefts  in  the  bit  of  the  key 
to  enable  it  to  move  without  interruption. 

The  tnmbler-lock  is  shown  in  its  most  simple  form  in  fig.  1309.  Here  the  bolt  has 
two  slots,  a  a,  in  the  upper  part ;  and  behind  the  bolt  is  a  kind  of  latch,  b,  which 
carries  a  projecting  piece  of  metal ;  c,  this  is  the  tumbler,  which  moves  freely  on 
a  piTOt  at  the  other  end.  When  the  bolt  is  fully  shot  the  projecting  piece  of  metal 
fiuf  into  OM  notch,  and  when  withdrawn  it  falls  into  the  other.    It  will  be  evident 


Digitized  by 


Google 


140  LOCKS 

here  tbat  the  action  of  the  key  is  to  raim  the  tumhler,  so  that  tl^e  bolt  has  free 

motion :  this  action  will  be  intelligible  hj  tiacing  the  action  qf  the  key  on  the  dotted 

.   ]  jQo  lines.    These  tomUer-loeks  are  greatly  varied  in 

character;  but  in  principle  they  are  as  above 

described. 

Numerous  ▼ell-known  loc^  have  been  pa- 
tented, the  most  remarkable  being  Chubb's 
lock,  which  has  been  fully  described  by  the 
inventors  in  a  paper  read  before  the  Institu- 
tion of  Civil  Engineers ;  and  also  in  an  excel- 
lent treatise  on  locks  to  be  found  in  Mr.  Weale's 
series  of  useful  manuals.  This  lode  is  essen- 
tially a  tumbler-lock,  it  being  fitted  up  with 
no  less  than  six  tumblers ;  and  the  key  nas  to 
raise,  by  a  series  of  steps,  these  before  the  bolt 
is  free  to  move.  It  will  bis  obvious,  that  unless 
the  key  is  exactly  fitted  to  more  these,  there  is  no  chance  of  moving  the  bolt.  In  this 
paper  already  alluded  to  Mr.  Chubb  says : — 

•The  number  of  changes  which  may  be  effected  on  the  keys  of  a  three-inch 
drawer-lock  is  1x2x3x4x6x6  =  720,  the  number  of  different  combinations 
which  may  be  made  on  the  six  steps  of  unequal  lengths  without  altering  the  length  of 
either  step.  The  height  of  the  shortest  stop  is  however  capable  of  being  reduced,  20 
times ;  and  each  time  of  being  reduced,  the  720  combinations  may  be  repeated ;  there- 
fore 720x20=14,400  changes.'  By  effiscting  changes  of  this  character,  therefore, 
almost  any  number  of  combinations  can  be  produced.  The  Btamah  lock  has  been  long 
celebrated,  and  most  deservedly  so.  Notwithstanding  the  fact  that  this  lock  was  picked 
by  Mr.  Hobbs  aftir  having  the  lock  in  his  possession  for  sixteen  days,  it  appears  to  us 
that  it  most  fully  justifies  the  boast  made  by  Mr.  Bramah  in  his  '  bissertation  on  the 
Construction  of  Locks.'  '  Being  confident,'  he  says,  '  that  I  have  contrived  a  security 
which  no  instrument  but  its  proper  key  can  reach,  and  which  may  be  so  applied  as 
not  only  to  defy  the  art  and  ingenuity  of  the  most  skilful  workman,  but  to  render  the 
utmost  force  ineffectual,  and  thereby  to  secure  what  is  most  valued  as  well  from  dis- 
honest servants  as  from  the  midnight  rufiian,  I  think  myself  at  liberty  to  declare  (what 
nothing  but  the  discovery  of  an  io^Uible  remedy  would  justify  my  disclosing)  that  all 
dependence  on  the  inviolable  security  of  locks,  even  of  those  whi(m  are  constructed  on 
the  best  principle  of  any  in  general  use,  is  fallacious.'  He  then  proceeds  to  demonstrate 
the  imperfections  of  ordinary  locks,  and  to  describe  his  own. 

*The  body  of  a  Bramah  lock  may  be  considered  as  formed  of  two  concentric  brass 
barrels,  the  outer  one  fixed,  and  the  inner  rotating  within  it.  The  inner  barrel  has 
a  projecting  stud,  which,  while  the  barrel  is  rotating,  comes  in  contact  with  the  bolt 
in  such  a  way  as  to  shoot  or  lock  it ;  and  thus  the  stud  serves  the  same  purpose  as 
the  bit  of  an  ordinary  key,  rendering  the  construction  of  a  bit  to  the  Bramah  key 
unnecessary.  If  the  barrel  can  be  made  to  rotate  to  the  right  or  left,  the  bolt  can  be 
locked  or  unlocked,  and  the  problem  is,  therefore,  how  to  insure  the  rotation  of  the 
barrel.  The  key,  which  has  a  pipe  or  hollow  shaft,  is  inserted  in  the  keyhole  upon 
the  pin,  and  is  then  turned  round;  but  there  must  be  a  nice  adjustment  of  the  me- 
chanism of  the  barrel  before  this  turning  round  of  the  key  and  the  barrel  can  be  in- 
sured. The  barrel  has  an  external  groove  at  right  angles  to  the  axis,  penetrating  to 
a  cerUin  depth  ;  and  it  has  also  several  internal  longitudinal  grooves  &om  end  to 
end.  In  these  internal  grooves  thin  pieces  of  steel  are  able  to  slide,  in  a  direction 
parallel  with  iJie  axis  of  the  barrel.  A  thin  plate  of  steel,  called  the  locking  plate,  is 
screwed  in  two  portions  to  the  outer  barrel,  concentric  with  the  inner  barrel ;  and  at 
the  same  time  occupying  the  external  circular  groove  of  the  inner  barrel ;  this  plate 
has  notches,  fitted  in  number  and  size  to  receive  the  edges  of  the  slides  which  work  in 
the  internal  longitudinal  grooves  of  the  barrel.  If  this  were  all,  the  barrel  could  not 
revolve,  because  the  slides  are  catching  in  the  grooves  of  the  locking  plate ;  but  each 
slide  has  also  a  groove,  corresponding  in  depth  to  the  extent  of  this  entanglement ;  and 
if  this  groove  be  brought  to  the  plane  of  the  locking  plate,  the  barrel  can  be  turned, 
so  &r  as  respects  the  individual  slide.  All  the  slides  must,  however,  be  so  adjusted, 
that  their  grooves  shall  come  to  the  same  plane ;  but,  as  the  notch  is  cut  at  different 
points  in  the  lengths  ot  the  several  slides,  the  slides  have  to  be  pushed  in  to  different 
distances  in  the  barrel,  in  order  that  this  juxtaposition  of  notches  may  be  insured. 
This  is  effected  by  the  key,  which  has  notches  or  clefts  at  the  end  of  the  pipe  equal  in 
number  to  the  slides,  and  made  to  fit  the  ends  of  the  slides  when  the  key  is  in- 
serted ;  the  key  presses  each  slide,  and  pushes  it  so  far  as  the  depth  of  its  cleft  will 
permit;  and  all  these  depths  are  such  that  all  the  slides  are  pushed  to  the  exact 
pomtion  where  their  notches  all  lie  in  the  same  plane ;  this  is  the  plane  of  the  locking 
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plate,  and  the  barrel  can  he  then  tarned.' — TbmUnson  on  the  Coniiruetion  of  Locki. 
In  this  yroA  the  details  of  construction  are  given  with  great  cleamees. 

The  American  bank  locks,  especially  that  of  Messrs.  Bay  and  Newall,  hare  ex- 
cited much  attention.    Their  En^ish  patent  describes  it  thus : — 

'The  object  of  the  present  nnproyements  is  the  consUmcting  of  locks  in  such 
manner  that  the  interior  arrangements,  or  the  combination  of  the  internal  moveable 
parts,  may  be  changed  at  pleasure  acccvding  to  the  form  given  to,  or  change  made  in, 
the  key,  -without  the  necessity  of  arranging  the  moveable  parts  of  the  loci  by  hand, 
or  removing  the  lock  or  any  part  thereof  from  the  door.  In  locks  constructed  on 
this  plan  the  key  may  be  altered  at  pleasure ;  and  the  act  of  locking,  or  throwing  out 
the  Ixilt  of  the  lock,  produces  the  particular  arrangements  of  the  internal  parts, 
which  correspond  to  tl^t  of  the  key  for  the  time  being.  While  the  same  is  locked, 
this  form  is  retained  until  the  lock  is  unlocked  or  the  bolt  withdrawn,  npon  which 
the  internal  moveable  parts  return  to  their  original  position,  with  reference  to  each 
other ;  but  these  parts  cannot  be  made  to  assume  or  be  brought  back  to  their  original 
position,  except  by  a  key  of  the  precise  form  and  dimensions  as  the  key  by  which  they 
were  made  to  assume  such  arrangement  in  the  act  of  locking.  The  key  is  change- 
able at  pleasure,  and  the  lock  receives  n  special  form  in  the  act  of  locking  according 
to  the  key  employed,  and  retains  that  form  tmtil  in  the  act  of  unlocking  by  the  same 
key  it  resumes  its  original  or  unlocked  state.  Thp  lock  is  again  changeable  at  plea- 
snre,  simply  by  altering  the  arrangement  of  the  moveable  bits  of  the  key ;  and  the 
key  may  be  changed  to  any  one  of  the  forms  within  the  number  of  permutations  of 
which  tile  parts  are  susceptible.' — April  16,  1851. 

Mr.  Hobbs  who  has  been  carrying  out  the  manufacture  of  American  locks  in  this 
coantry  has  introduced  an  inexpensive  lock,  which  he  calls  a  protector  lock.  The 
following  description  is  borrowed  from  Ur.  Charles  Tomlinson's  *  Treatise  on  the 
Construction  of  Locks ' : — 

'When  the  American  locks  became  known  in  England,  Mr.  Hobbs  undertook 
the  snperintendence  of  their  mann&ctnre,  and  their  introduction  into  the  commercial 
world.  Such  a  lock  as  that  just  described  must  necessarily  be  a  complex  piece  of 
mechanism ;  it  is  intended  for  use  in  the  doors  of  receptacles  containing  property  of 
great  value ;  and  the  aim  has  been  to  baffle  aU  the  methods  at  present  known  of 
jnddng  locks,  by  a  combination  of  mechanism  necessarily  elaborate.  Such  a  lock 
most  of  necessity  be  costly ;  but  in  order  to  supply  the  demand  for  a  small  lock  at 
moderate  price,  Mr.  Hobl»  has  introduced  what  tie  calls  a  protector  lock.  This  is  a 
modification  of  the  ordinuy  six-tumbler  lock.  It  bears  an  affinity  to  the  lock  of 
Messrs.  Bay  and  Newall,  inasmuch  as  it  is  an  attempt  to  introduce  the  same  prin- 
ciple of  security  against  picking,  while  avoiding  the  complexity  of  the  changeable 
lock.  The  distinction  which  Mr.  Hobbs  has  made  between  secure  and  insecure  locks 
irill  be  nnderstood  from  the  following  proposition :  viz.  '  that  whenever  the  parts  of 
8  lock  which  come  in  contact  irith  the  key  are  so  affected  by  any  pressure  applied  to 
the  bolt,  or  to  that  portion  of  the  lock  by  which  the  bolt  is  withdrawn,  as  to  indicate 
the  points  of  resistance  to  the  withdrawal  of  the  bolt,  such  a  lock  can  be  picked.' 
Fiff.  1401  exhibits  the  internal  mechanism  of  this  new  patent  lock.  It  contains  the 
nsnal  contrivances  of  tumblers  and  springs,  with  a  key  cut  into  steps  to  suit  the  dif- 
ferent heights  to  which  the  tumblers  must  be  raised.  The  key  is  shown  separately 
in  fiff.  1402.    But  there  is  a  small  additional  piece  of  mechanism,  in  which  the 

1402 


1400 


hmUiler  ttump  shown  at « in  figs.  1400  and  1401  is  attached;  which  piece  is  intended 
to  vock  under  or  behind  the  bolt  3f  the  lock.    Is^k^.  1401,  i  is  the  bolt;  <  ( is  the 
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front  or  foremost  of  the  range  of  six  tnmblers,  each  of  which  has  the  usual  slot  and 
notches.  In  other  tiunbler-lbcks  the  stump  or  stud  irhieh  moves  along  these  slots  is 
riTeted  to  the  bolt,  in  such  manner  tliat,  if  any  pressure  be  applied  in  an  attempt  to 
\rithdraw  the  bolt,  the  stump  becomes  pressed  against  the  edges  of  the  tumblers,  and 
bites  or  binds  against  them.  How  far  their  biting  facilitates  the  picliing  of  a  lock 
-will  be  shown  further  on ;  but  it  will  suffice  here  to  say,  that  the  moveable  action  given 
to  the  stump  in  the  Hobbs  lock  transfers  the  pressure  to  another  quarter.  The  stump 
s  is  riveted  to  a  peculiarly-shaped  piece  of  metal  h  p  (Jiff.  1400),  the  hole  in  the  centra 
of  which  fits  upon  a  centre  or  pin  in  a  recess  formed  at  the  back  of  the  bolt ;  the 
piece  mores  easily  on  its  centre,  but  is  prevented  irom  so  doin^  spontaneously  by  a 
small  binding  spring.  The  mode  in  which  this  small  moveable  piece  takes  part  in  the 
action  of  the  lock  is  as  follows :  when  the  proper  key  is  applied  in  the  usual  way,  the 
tumblers  are  all  raised  to  the  proper  heights  for  allowing  the  stump  to  pass  hori- 
zontally through  the  grating ;  but  should  there  be  an  attempt  made,  either  by  a  false 
key  or  by  any  other  instrument,  to  withdraw  the  bolt  before  the  tumblers  are  pro- 
perly raised,  the  stump  becomes  an  obstacle.  Meeting  with  an  obstruction  to  its 
passage,  the  stump  turns  the  piece  to  which  it  is  attached  on  its  centre,  and  moves  the 
arm  of  the  piece  p  so  that  it  shall  come  into  contact  with  a  stud  riveted  into  the  case 
of  the  lock;  and  m  this  position  there  is  a  firm  resistance  against  the  withdrawal  of 
the  bolt.  The  tnmblers  are  at  the  same  moment  released  from  the  pressure  of  the 
stump.  There  is  a  dog  or  lever  d,  which  catches  into  the  top  of  the  bolt,  and 
thereby  serves  as  an  additional  security  against  its  being  forced  back.  At  k  is  the 
drill-pin  on  which  the  pipe  of  the  key  works;  and  r  is  a  metal  pece  on  which  the 
tumblers  rest  when  the  key  is  not  operating  upon  them. 

Another  lock,  patented  by  Mr.  Hobbs  in  1852,  has  for  its  object  the  absolute 
closing  of  the  key- hole  during  the  process  of  locking.  The  key  does  not  work  or 
turn  on  its  own  centre,  but  occupies  a  small  cell  or  chamber  in  a  revolving  cylinder, 
which  is  turned  by  a  fixed  handle.  The  bit  of  the  moveable  key  is  entirely  separable 
from  the  shaft  or  stem,  into  which  it  is  screwed,  and  may  be  detached  by  turning 
round  a  small  milled  headed  thumb-screw.  The  key  is  placed  in  the  key-hole  in 
the  usual  way,  but  it  cannot  turn  ;  its  circular  movement  round  the  stem  as  an  axis 
is  prevented  by  the  internal  mechanism  of  the  lock ;  it  is  left  in  the  key-hole,  and 
the  stem  is  detached  from  it  by  unscrewing.  By  turning  the  handle,  the  key-bit, 
which  is  left  in  the  chamber  of  the  cylinder,  is  brought  into  contact  with  the  works 
of  the  lock,  so  as  to  shoot  and  withdraw  the  bolt  This  revolution  may  take  place 
whether  the  bit  of  the  moveable  key  occupy  its  little  cell  in  the  plate  or  not ;  only 
with  this  difference — t^at  if  the  bit  be  not  in  the  lock,  the  plate  revolves  without 
acting  upon  any  of  the  tumblers ;  but  if  the  bit  be  in  its  place,  it  raises  the  tumblers 
in  the  proper  way  for  shooting  or  withdrawing  the  bolt  It  will  be  understood  that 
there  is  only  one  key-hole,  namely,  that  through  which  the  divisible  key  is  in- 
serted ;  the  other  handle  or  fixed  key  working  through  a  hole  in  the  cover  of  the 
lock  only  just  large  enough  to  receive  it,  and  not  being  removable  from  the  lock. 
As  soon  as  the  plate  turns  round  so  far  as  to  enable  the  key-bit  to  act  upon  the 
tumblers,  the  key-hole  becomes  entirely  closed  by  the  plate  itself,  so  that  the  actual 
locking  is  effected  at  the  very  time  when  all  access  to  the  interior  through  the  key- 
hole is  cut  offi  When  the  bolt  has  been  shot,  the  plate  comes  round  to  its  original 
position,  it  uncovers  the  key-hole,  and  exhibits  the  key-bit  occupying  the  little  cell 
into  which  it  had  been  dropped;  the  stem  is  then  to  be  screwed  into  the  bit,  and  the 
latter  withdrawn.  It  is  one  consequence  of  this  arrangement  that  the  key  has  to  be 
screwed  and  unscrewed  when  used;  but  through  this  arrangement  the  key-hole 
becomes  a  sealed  book  to  one  who  has  not  the  right  key.  Nothing  can  be  moved, 
provided  the  bit  and  stem  of  the  key  be  both  left  in ;  but  by  leaving  in  the  lock  the 
former  without  the  latter,  the  plate  can  rotate,  the  tnmblers  can  be  lifted,  and  the 
bolt  can  be  shot 

IiOOVST  XBWt  A  North  American  tree,  the  Bdbmia  pteudacacia.  *  It  grows 
most  abundantly  in  the  southern  States ;  but  it  is  pretty  generally  diffiuMid  throu(|h 
the  whole  country.  It  sometimes  exceeds  four  feet  in  diameter  and  seventy  feet  in 
height.  The  locnst  is  one  of  the  very  few  trees  planted  by  the  Americans.'  This 
wood  is  much  used  for  ships'  tree-nails,  and  is  employed  for  stakes  and  pales. 

The  wood  of  the  Hymenaa  Courbaril  is  also  known  as  locnst  wood. 

KOBa  (a  mining  term).  A  mineral  lode,  or  a  mineral  vein,  is  ike  name  given  to 
a  fissure  in  the  crust  of  the  earth  which  has  been  filled  in  with  metalliferous  matter. 
TicB  miner  gives  the  same  name  lode  to  a  fissure  filled  with  quartz,  carbonnte  of  lime, 
&C-,  but  then  he  says  the  lodo  is  not  '  mineralised,'  eonflning  the  word  '  mineral'  to 
metalliferous  matter. 

The  term  vein  has  frequently  led  to  the  idea  that  it  expresses  tlie  condition  of 
something  aoalogoiui  to  the  blood-vessels  of  the  animal  body,  to  which  a  lode  has  not 
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in  Uie  remotest  degree  any  resemblance.  Daring  some  primary  conTulsions,  the 
crnst  of  the  earth  has  been  cracked,  these  fissures  haying,  of  course,  some  special  re- 
lation to  the  direction  of  the  force  vhich  produced  them.  These  cracks  hare  daring 
ages  of  sabmeigence  been  filled  in,  according  to  some  law  of  polarity,  irith  mineral 
matter,  the  character  of  the  lode  having  generally  some  special  relation  to  its  direc- 
tion.   See  MiHiNa. 

IrfkOWOOB  {Bois  de  Ctmtpieke,  Boa  bleu,  7r. ;  SlauMz,  Qet.)  is  the  wood  of 
the  HttmatoajdoK  Campeehumum,  a  native  tree  of  Central  America,  grown  in  Jamaica 
since  1715.  It  was  firat  introdnced  into  England  in  the  reign  of  EUzabeth,  bnt  ns  it 
afforded  to  the  unskilful  dyers  of  her  time  a  fugitive  colour,  it  was  not  only  prohibited 
from  being  used,,  under  severe  penalties,  bnt  was  ordered  to  be  burned  wherever  found, 
by  a  law  passed  in  the  23rd  year  of  her  reign.  The  same  prejudice  existed,  and  the 
same  law  was  enacted  against  indigo.  At  length,  after  a  century  of  absurd  prohibition, 
these  two  most  valuable  tinctorial  matters,  by  which  all  our  hats,  and  the  greater  part 
of  OUT  woollen  cloths,  are  dyed,  were  allowed  to  be  used.  The  logwood  tree  grows 
from  40  to  50  feet  high,  the  stems  are  cut  into  logs  of  about  3  feet  long,  the  bark  and 
white  sap  (alburnum)  of  which  are  chipped  off,  the  heart  or  red  part  only  being  sent 
to  England.  Cherreul  gave  the  constituents  of  logwood  as  mlaiUa  oil,  hamaiin,  rsnn* 
ous  mailer,  tannin,  gl*tinou»  mailer,  aettio  acid,  sundry  salts  of  lime,  with  alumina, 
alica,  manganese,  and  irmi.  The  decoction  of  logwood  is  of  a  deep  dull  red,  which  is 
rendered  paler  and  of  a  brighter  colour  by  acids.  Alkalis  give  it  a  purplish  or  violet 
colour.  Ax^ate  of  lead  causes  a  blue,  alum  a  violet  precipitate ;  the  salts  of  iron 
make  it  a  dark  violet  blue,  gelatine  forming  a  reddish  precipitate  with  it.  The 
colouring  principle  of  logwood  is  a  crystallisable  substance  known  as  hcemaloiylin, 
which  contains  C"H'0«  (0"H"0»). 

Old  wood,  with  black  bark  and  with  little  of  the  white  alboinum,  is  preferred. 
Logwood  is  denser  than  water,  specific  gravity,  1'0S7,  very  hard,  of  a  fine  compact 
grain,  and  almost  indestructible  by  the  atmospheric  elements ;  it  has  a  sweet  and 
astringent  tnste,  and  a  peculiar  but  inoffensire  smell,  and  will  take  a  fine  polish. 

When  chipped  logwood  is  for  some  time  exposed  to  the  air,  it  loses  a  portion  of  its 
dyeing  power.  Its  decoction  absorts  the  oxygen  of  the  atmosphere,  and  then  acquires 
the  property  of  precipitating  with  gelatine,  which  it  had  not  before.  The  dry  extract 
of  logwood,  made  btxa  an  old  decoction,  affords  only  a  fugitive  colour. 

For  its  applications  in  dyeing,  see  Black  Stb  ;  Calico  Fbtntikq  ;  Dteino  ;  Hat 
Bteixo,  ice. 

Imports  of  Logwood. 


From  France      .... 

1871 

1873 

Tons 

£ 

Tons 

« 

649 

4,886 

„     United  States    .        .        , 

705 

4,765 

616 

4,004 

„     Spanish  West  Indies . 
„     I  ayti  and  Domingo  . 

190 

2,090 

... 

•  ■> 

2,832 

12,791 

4,319 

23,864 

„     Hexico      .... 

1,009 

7,693 

2,099 

18,220 

„     British  West  Indies  . 

24,059 

116,957 

32,792 

157,340 

„     British  Honduras 

9,174 

43,560 

6,660 

25,693 

„      Other  countrioa. 

Total      .        .        . 

728 

4,080 

635 

3,908 

39,346 

196,801 

46,021 

283,036 

An  arsenide  of  iron,  resembling  mispickel.  It 'is  occasionally 
anrifereus,  and  has  been  worked  for  gold  at  Reichenstein  in  Silesia,    See  Fybites. 

XrflOZnra  OKASS.    See  Hibbobs. 

XOOM  {Mititr  a  tisser,  Fr. ;  WtberstuM,  Ger.)  is  the  ancient  and  well-known 
machine  for  weaving  cloth  by  the  decussation  of  a  series  of  parallel  threads,  which 
run  lengthwise,  called  the  warp  or  chain,  with  other  threads  thrown  transversdy  with 
the  shuttle,  e^ed  the  woof  or  weft.    See  Jacquabd  Look  and  Wbavutq. 

MWAMI.  The  Levitiicum  officinale,  an  umbelliferous  plant,  with  aromatic 
£ndt. 

XVaXXOAatTS.  Oleaginous  or  fiitty  bodies  employed  for  the  purpose  of  reducing 
the  friction  between  two  parts  of  a  machine  or  carriage. 

&VBBXOATZ]rO  OZX.  This  name  has  recently  been  specially  given  to  an  oil 
or  grease  prepared  from  the  mineral  naphthas.  It  ought  to  have  a  specific  gravity 
Tsrying  from  0'920  to  0*960,  and  to  possess  but  a  Twy  slight  odour,    Altfewigh  it 
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contain  paiafBn,  yet  it  on^t  not  to  deposit  any  when  cooled  to  2°  Cent.  See 
Naphtha. 

&VBBXC&TXOV.  The  lubrication  of  the  wheel  and  axle  of  railway  carriages  is 
effected  by  a  kind  of  soap :  a  combination  of  cocoa-nut  oil  or  palm  oil,  or  ordinaiy  fats, 
with  soda  being  the  '  grease '  with  which  the  boxes  are  filled.  The  heat  produced 
by  the  friction  melts  the  grease,  and  it  flows  out  upon  the  parts  in  motion  through  an 
opening  in  the  bottom  of  the  box.  Heavy  machinery,  such  as  pumping-engines, 
require  tenacious  bodies  as  their  lubricants,  while  the  finer  parts  most  be  carefully 
oiled  with  oils  as  free  as  possible  from  any  of  the  fatty  acids.  Spinning  machinery, 
for  example,  must  be  lubricated  with  the  finest  oils,  or,  as  it  is  found  to  be  still  better, 
with  those  peculiar  hydro-carbon  compounds,  as  paraffin,  glycerine,  and  the  like. 
The  following  is  a  simple  and  efficacious  plan  of  lubricating  the  joints  and  bearings 
of  machinery  by  capillaiy  attraction,  the  iDvention  of  Edward  Woolsey,  Esq. : — 

Fig.  1403  represents  a  tin  cup,  which  has  a  small  tin  tube  A,  which  passes  thioo^ 
the  bottom.    It  may  hare  a  tin  coTer  to  keep  out  the  dust. 

Fig.  1404  is  a  plan  of  the  same. 

Fig.  1406  is  a  section  of  the  same.  Oil  is  poured  into  the  cup,  the  one  end  of  a 
worsted  or  cotton  thread  is  dipped  into  the  oil,  and  the  other  end  passed  through  the  tube. 

The  capillary  attraction  causes  the  oil  to  ascend  and  pass  orer  the  orifice  of  the  tube, 
whence  it  gradually  descends,  and  drops  slower  or  qni(xer  according  to  the  length  of 
the  thread  or  its  thickness,  until  every  particle  of  oil  is  drawn  oyer  by  this  capillary 
siphon.  The  tube  is  intended  to  be  put  into  the  bearings  of  shafts,  ice.,  and  is  made 
of  any  size  that  may  be  wished.  If  oil,  or  other  liquids,  is  desired  to  be  dropped  upon  a 
grindstone  or  other  sur&ce,  this  cup  can  hare  a  handle  to  it,  or  be  hung  from  the  ceiling. 

Fig.  1 406.  It  is  frequently  required  to  stop  the  capillary  action  when  the  machinery 
is  not  going ;  and  this  has  been  effected  by  means  of  a  tightening  screw,  which  passes 
throngh  a  screw  boss  in  the  cover  of  the  cup,  and  presses  against  the  internal  orifice 
of  the  tube,  preventing  the  oil  from  passing. 

Fm.  1407.  As  when  these  screw  cups  are  nsed  upon  beams  of  engines  and  moving 
bearings,  the  screw  is  apt  to  be  tightened  by  the  motion ;  and  also,  as  the  action 
of  the  screw  is  uncertain,  from  the  workman  neglecting  to  screw  it  down  sufficiently, 
it  answers  beat  to  take  out  the  capillary  thread  when  the  lubrication  is  not  requirea; 
and  to  effect  this  easily,  a  tin  top  is  fixed  to  the  cup,  with  a  round  pipe  soldered  to  it ; 

this  pipe  has   a  slit  in 

^^"^         1405  1404  U03_    i^i;^^X^BT^lM'. 

easily.  In  fig.  1408  the 
bolt  IS  down ;  in  Jig.  1409  ' 
the  bolt,  which  is  a  piece 
of  brass  wire,  is  drawn 
up,  and  thus  the  flowing 
of  the  oil  is  checked.  In 
J^.  1409  it  will  be  ob- 
served, that  the  bolt  is 
kept  in  its  place  by  its 
head  c,  resting  in  a  lateral 
slit  in  the  pipe,  and  it 
cannot  be  drawn  out  on 
account  of  the  pin  e. 
One  end  of  the  thread  is 
fastened  to  the  eye-hole 
at  the  bottom  of  the  bolt, 
and  the  other  end  is  tied 
small  wire  which 
^crosses  the  lower  orifice 
of  the  tube  at  d,  and 
i  which  is  shown  in  plan, 
ijig..  1410. 

The  saving  by  this 
plan,  instead  of  pouring 
oil  into  the  bearings,  is 
2  gallons  out  of  3,  while 
the  bearings  are  better 
oiled. 

The  saving  in  labour 
is    considerable     where 
there  are  many  joints  to  keep  oiled  three  or  four  times  a  day ;  and  the  workman  does 
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not,  with  this  apparatus,  run  the  risk  of  being  canght  hy  the  machinery.  To  tie  on 
the  cotton  or  Trorsted  thread,  pass  a  long  thread  through  the  eye-hole,  s,  of  the  bolt, 
and  then  draw  the  two  ends  through  de  tube  by  a  fine  wire  with  a  hook  to  it,  one 
end  on  one  side  of  the  cross-wire  d,  and  the  other  end  on  the  other  side.  Then  put 
tha  coyer  on,  and  the  bolt  in  the  position  shown  in  fig.  1409  ;  when,  by  drawing  the 
two  ends  of  the  thread,  and  tying  them  across  the  wire  d,  you  have  the  exact  length 
required.  When  you  wish  to  see  the  quantity  of  oil  remaining  in  the  lubricator,  the 
bolt  must  be  droj^ped,  as  in  fig.  1408,  and  yon  can  then  lift  the  cover  a  little  way  ofi^ 
without  breaking  the  thread,  and  replenish  with  oil.  The  figures  in  the  woodcut  are 
one-third  of  the  fall  size. 

KVCXnnt  MCATOHas.  The  importance  of  this  mana£M^ure  has  been  shown 
by  Ilr.  Tomlinson  in  a  communication  made  by  that  gentleman  to  the  '  Journal  of  the 
iSociety  of  Arts.'  '  It  has  been  estimated,'  ha  says,  '  that  the  English  and  French 
manufacturers  of  phosphorus  are  now  produdng  at  the  rate  of  300,000  lbs.  of  common 
phosphorus  per  annum,  nearly  the  whole  of  which  is  consumed  in  making  lucifer 
matches.  In  compounding  the  emulsion  for  tipping  the  matches,  the  German  manu- 
facturers make  three  pounds  of  phosphorus  suffice  for  five  or  six  millions  of  matches. 
If  we  suppose  only  one-half  of  the  French  and  English  annual  product  of  phosphorus 
to  be  employed  in  making  matches,  this  will  give  us  250,000,000,000  of  matches  as 
the  annual  product  consequent  on  the  consumption  of  one-half  of  the  French  and 
English  phosphorus.  We  need  not  suppose  tliis  to  be  an  exaggerated  statement  when 
we  c(msider  the  daily  product  of  some  of  our  match  manufactories.  I  lately  had  occa- 
sion to  describe  the  processes  of  a  London  iactory,  which  produces  2,500,000  matches 
daily.  For  this  purpose,  fourteen  3-inch  planks  are  cut  up  ;  each  plank  produces  80 
blocks;  each  blodc,  of  the  dimensions  of  11  inches  long,  4^  inches  wide  and  3  inches 
thick,  produces  100  slices;  each  slice  31  splints;  each  splint  2  matches:  thus  we 
have — 14  x  30  x  100  x  31  x  2  =  2,604,000  matches  as  the  day's  work  of  a  single  iaOuaij 
in  London.  At  Messrs.  Dixon's  factory,  near  Manchester,  from  6,000,000  to  9,000,000 
of  matches  are  produced  daily.' 

The  lucifer  matches  formerly  employed  for  procuring  a  lidit  were  the  wooden 
solphur  matches,  coated  with  a  paste  containing  phosphorus,  which,  when  dry,  would 
igmte  by  friction.  To  prepare  the  paste,  phosphorus  was  melted  with  a  certain 
quantity  of  water  at  120°,  the  requisite  proportion  of  nitrate,  with  a  small  proportion 
of  chlorate  of  potash,  was  disaolred  in  this  water,  a  small  quantity  of  binoxide  of 
manganese  or  red  l«id  added,  and  the  liquid  thickened  with  gum ;  the  whole  was 
well  triturated  together  in  a  mortar  till  the  globules  of  phosphorus  ceased  to  be 
visible  to  the  eye,  and  the  mass  was  coloured  with  Prussian  blue  or  with  minium. 
The  points  of  the  matches  were  dipped  into  this  paste,  and  then  cautiously  dried  in  a 
store.  The  use  of  the  gum  was  to  serve  as  a  varnish  to  protect  the  phosphorus  from 
oxidation  by  the  air. 

For  the  rapid  mannfaetuie  of  the  wooden  splints  for  ludfer  matches,  a  patent  waa 
obtained  by  Mr.  Beuben  Partridge,  in  March  1842.  He  employed  a  perforated 
metallic  plate,  having  a  steel  face,  strengthened  by  a  bell-metal  badk ;  see  figt.  1411, 
1412.  'tha  size  of  the  perforations  must  depend  on  that  of  the  desired  splints ;  but 
they  must  be  as  close  together  as  possible,  that  there  may  be  a  very  small  blank 
space  between  them,  otherwise  the  plate  would  affijrd  too  great  a  resistance  to  the 
passage  of  the  wood.  By  this  construction,  the  whole  area  of  the  block  of  wood 
may  be  compressed  latency  into  the  countersunk  openings,  and  forced  through  the 
holes,  which  are  slightly  countersunk  to  &Tour  the  entrance  and  separation  of  the 
wooden  fibres.  Fig.  1411  represents  the  face  of  one  of  these  plates ;  and  fig.  1412  is 
a  rectangular  section  through  the  plate.  A  convenient  size  of  plate  is  3  inches  broad, 
6  inches  long,  and  1  inch  thick.  The  mode  of  pressing  is  by  fixing  the  back  of  the 
plate  against  a  firm  resisting  block  or  bearing,  having  an  aperture  equal  to  the  area 
of  the  perforations  in  the  ^te,  and  then  placing  the  end  of  the  piece  or  pieces  of 
wood  in  the  direction  of  the  grain  against  the  face  of  the  plate  withm  the  area  of  the 
perforated  portion.  A  plunger  or  lever,  or  other  suitable  mechanical  agent,  being 
then  applied  to  the  back  or  reverse  end  of  the  piece  of  wood,  it  may  be  forced  throngn 
the  perforations  in  the  plate,  being  first  split  as  it  advances  by  the  cutting  edges  of 
the  holes,  and  afterwards  compressed  and  driven  through  the  perforations  in  the 
plate,  coming  out  on  the  opposite  side  or  back  of  the  plate  in  the  form  of  a  multitude 
of  distinct  splints,  agreeably  to  the  shapes  and  dimensions  of  the  perforations. 

The  first  stage  in  the  manu&cture  of  lucifers  is  the  cutting  the  wood,  which  is  done, 
according  to  the  extent  of  the  manufactory,  either  by  hand  or  by  machinery.  This, 
as  well  as  the  subsequent  process  of  counting  and  placing  the  matches  in  firames,  is  in 
itself  necessarily  free  from  any  inconvenience  or  evil  consequences  ;  nor  does  it  appear 
that  the  third  stage,  which  consists  of  melting  the  sulphur  and  (lipping  the  heads  of 
the  matches  in  it,  produces  any  inconvenience.    The  fourth,  fifth,  sixth,  and  seventh 
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gtagei  comprise  the  grinding,  mullering,  and  minng  of  the  explosive  compound ;  the 
process  of  dipping  the  matches  in  it,  the  counting  and  boxing.  The  diptnng,  counting, 


1403 


1404 


and  packing  appear  to  bo,  according  to  Mr.  Gdst,  the  only  depaitments  in  which  the 
worlqpeople  are  in  any  way  affected  with  peculiar  complaints ;  we  would  even  limit 
the  appearance  of  the  jaw-diaease  to  those  engaged  in  dipping— at  least,  all  that  we 
hare  examined  on  the  subject  were  unanimous  as  to  the  fact  tliat  dippers  only  were 
attacked.  There  is  a  certain  degree  of  secrecy  observed  relative  to  the  proportions  of 
the  composition  ;  and  the  mixture  of  the  materials  is  generally  performed  by  the  pro- 
prietor of  the  mann&ctoiy,  or  by  a  confidential  workman.  Chlorate  of  potash  is 
considered  an  essential  ingredient  in  England ;  but  in  the  manufactories  at  Nnmberg 
it  has  not  been  employed  for  a  number  of  years,  as  its  explosive  properties  much  en- 
dangered the  safety  of  the  buildings  and  the  limbs  of  the  workmen. 

The  composition  used  in  Kiirnborg  consists  of  one-third  of  phosphorus,  of  gnm- 
aiabie  (which  is  eschewed  by  English  manufacturers  on  account  of  its  hygrometric 
property),  of  water,  and  of  colouring-matter,  for  which  either  minium  or  Prussian  blue 
IS  employed.  If  ignition  be  required  without  a  flame,  the  quantity  of  phosphorus  is 
diminished,  or  nitrate  of  lead  is  added.  The  mixing  is  conducted  in  a  water-bath ;  and 
during  this  process,  and  as  long  as  the  phosphorus  is  being  ground  or  '  mullered,' 
cofnous  fumes  are  evolved.  The  dipping  is  performed  in  the  following  manner :— The 
melted  composition  is  spread  upon  a  boanl  covered  with  cloth  or  leather,  and  the 
workman  dips  the  two  ends  of  the  matches  alternately  that  are  fixed  in  the  frame ; 
and  as  this  is  done  with  great  rapidity,  the  disengagement  of  fumes  is  very  consider- 
able, and  the  more  liable  to  be  ii^urious,  as  they  are  evolved  in  a  very  concentrated 
form  close  to  the  face  of  the  workman.  This  department  is  generally  left  to  a  single 
workman ;  and  the  average  number  that  he  can  dip  in  an  hour,  supposing  each  frame 
to  hold  3,000  matches,  would  be  1,000,000. 

As  the  matches  have  been  dipped,  they  require  to  be  dried.  This  is  generally 
done  in  the  room  in  which  the  former  process  is  carried  on  ;  and  as  a  temperature  of 
from  80°  to  90°  Fahr.  is  necessary,  the  greatest  quantity  of  fumes  is  evolved  at  this 
stiu^.  When  the  matches  are  dried,  the  frames  are  removed  from  the  drying-room, 
and  the  lucifers  are  now  ready  to  be  counted  out  into  boxes.  As  this  is  done  with 
great  rapidity  they  frequently  take  fire,  and,  althongh  instantly  extinguished  in  the 
sawdust  or  the  water  which  is  at  hand,  the  occurrence  gives  rise  to  an  additicmal  and 
frequent  evolution  of  iiimes. 

The  composition  of  lucifor  matches  varies  greatly,  as  it  regards  the  proportions  of 
the  materials  employed.  In  principle  they  are,  however,  as  we  have  described  them 
above ;  everything  depending  on  the  ignition  of  the  phosphorus,  and  the  perfection  of 
s  ludfer  match  is  in  tipping  the  match  with  a  composition  which  will  ignite  quietly 
upon  attrition  against  any  rough  surface,  but  which  is  not  liable  to  ignition  by  such 
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pressnre  m  it  nay  be  subjected  to  under  the  oidinaiy  ooDdition  of  keying  in  cloeed 
boxes. 

Accordiiig  to  Dr.  B.  Bottger,  in  Annalea  der  CKtmit  und  Phamuoie,  toI.  zlvii. 
p.  334,  the  beet  composition  for  Ineifer  matches  is— 

Parte  P«rt« 

Fhosi^oms  ....    4  I       Bed  ochre,  or  red  lesd  .       .    6 

Vitce ><*  ^'°^*= ^ 

nneglne      ....    6  | 

Conyert  the  glue,  with  a  little  water,  1^  a  gentle  heat-  into  a  smMth  jelly,  put  it  into 

a  slightly-warm  porcelain  mortar  to  bquefy;  rub  the  pbosphoms  down  through  this 
gelatine  at  a  temperature  of  about  140°  or  160°  Fahr. ;  add  the  nitre,  then  the  red 
powder,  and  lastly  the  smalt,  till  the  whole  forms  a  uniform  paste.  To  make  writing- 
paper  matches,  which  bum  with  a  bright  flame,  and  dif^e  an  agreeable  odour, 
moisten  each  side  of  the  paper  with  tincture  of  benzoin,  dry  it,  cut  it  into  slips,  and 
smear  one  of  their  ends  with  a  little  of  the  abore  paste  by  means  of  a  hair-pencil. 
On  rubbing  the  stud  end,  after  it  is  dry,  against  a  rongh  surface  the  paper  will  take 
fire,  without  the  intervention  of  sulphur. 

To  form  lucife;  wood-matches  that  act  without  sulphur,  melt  in  a  flat-bottomed  tin 
pan  as  much  white  wax  as  will  stand  ^^th  of  an  inch  deep ;  take  a  bundle  of  wooden 
matches  free  from  resin,  rub  their  ends  against  a  red-hot  iron  plate  till  the  wood  be 
slightly  charred ;  dip  them  now  in  the  melted  wax  for  a  moment,  shake  them  well 
on  taking  them  out,  and  flnally  dip  them  separately  in  the  above  visdd  paste.  When 
dry,  they  will  kindle  readily  by  friction. 

The  phosphorus  may  be  introduced  into  the  composition  of  lucifer  matches  in  the 
form  of  a  solution  in  bisulphide  of  carbon.  It  has  been  suggested  by  C.  Fuscher  to 
employ  a  sulphide  of  phosphorus  in  the  place  of  pure  phosphorus. 

A  '  Sa/et;/  Lucifer  Match,'  as  it  is  called,  has  been  manufactured  at  Jonkoping  in 
Sweden  and  by  Bottger  in  Q-ermany.  A  patent  was  obtained  in  this  country,  by 
Messrs.  Bryant  and  May,  for  this  match.  Its  peculiarity  consists  in  the  division  of 
the  combustible  ingredients  of  the  lucifer  between  the  match  and  the  friction-paper. 
In  the  ordinary  lucifer  the  phosphorus,  sulphur,  and  chlorate  of  potash  or  nitre,  are 
all  together  on  the  match,  which  ignites  when  rubbed  against  any  rough  substance. 
In  the  Swedish  matches  these  materials  are  so  divided  that  the  phosphorus  is  placed 
on  the  sand-paper,  whilst  the  sulphur  and  a  minimum  amount  of  chlorate  or  nitrate 
of  potash  is  placed  on  the  match.  In  virtue  of  this  arrangement  it  is  only  when  the 
phosphorised  sand-paper  and  the  sulphurised  match  come  in  contact  with  eoch  other 
diat  the  ignition  occurs.  Neither  match  nor  sand-paper,  singly  takes  fire  by  moderate 
friction  against  a  rough  surface.  The  phosphorus  used  in  the  sand-paper  for  these 
safety  matches  is  the  amon)hous  variety  described  below. 

The  preparation  of  luci^r  matches  has  been  attended  with  much  human  suffering. 
£ve;y  person  engaged  in  a  factory  of  this  kind  is  more  or  less  exposed  to  the  fumes 
of  phosphorus,  and  this  exposure  produces  a  disease  which  has  thus  been  described  by 
Mr.  Harrison  in  the  '  Quarterly  Journal  of  Medical  Science ' : — '  This  disease,'  he  says, 
'  is  of  so  insidious  a  nature  that  it  is  at  first  supposed  to  be  common  toothache,  and 
a  most  serious  disease  of  the  jaw  is  produced  before  the  patient  is  fully  aware  of  his 
condition.  The  disease  gradnally  creeps  on,  until  the  sufferer  becomes  a  miserable  and 
loathsome  object,  spending  the  best  period  of  his  life  in  the  words  of  a  public  hospital. 
Many  patients  have  died  of  the  disease ;  many,  unable  to  open  their  jaws,  have 
lingered  with  carious  and  necrosed  bones ;  others  have  suffered  dreadful  mutilations 
from  surgical  operations,  considering  themselves  happy  to  escape  with  the  loss  of  the 
greater  portion  of  the  lower  jaw.' 

By  the  introduction  of  an  amorphous  phosphorus  discovered  by  M.  Schrotter, 
which  is  in  nearly  all  respects  unlike  the  ordinary  phosphorus,  except  in  combustibility, 
but  which  answers  exceraingly  well  for  the  manufacture  of  lucifer  matches,  this  diseass 
is  prevented,  the  manufactory  is  rendered  more  healthy,  and  the  boxes  of  matches 
themselves  less  dangerous. 

Lucifer  matches  are  now  manufactured  without  sulphur.  Letcbfoid  employs 
paraffin  or  paraffin-oil  for  saturating  the  wood  :  these  ignite  rapidly,  and  bum 
r^;nlarly  with  little  or  no  smell.  Notice  and  approbation  are  due  to  the  persever- 
ing effitrts  which  have  been  made  to  produce  friction  matches,  containing  neither 
oidinanr  nor  amorphous  phosphorus.  Wiederhold  has  proved  that  lucifer  matches 
of  good  quality  may  be  made  with  chlorate  of  potash  and  hyposulphite  of  lead :  a 
result  which  may  prove  most  valuable,  should  experience  show  it  to  be  attainable  on 
the  industrial  scale.  Other  matches  free  from  phosphorus  have  been  made  with  the 
following  mixtures,  which  are  given  by  Jettel :  chlorate  of  potash  4  parts,  sulphur 
1,  and  bichromate  of  potash,  0'4 ;  or,  chlorate  of  potash  7,  sulphur  I,  biehromate  of 
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potash  2,  and  nitrate  of  lead  2 ;  or,  chlorate  of  potash  8  parts,  bichromate  of  potash 
9'6,  and  sulphide  of  antimony  8.  Wiederhold's  miztnre,  mentioned  above,  may  be 
-made  <rf  chlorate  of  potash  7-8  parts,  hyposulphite  of  lead  2-6,  and  gum-arabic,  1. 

ttUtKAOaXLlMA.,  or  Fire  Marble.  This  is  a  dark-brown  shelly  marble,  baring 
brilliant  fiei^  or  chatoyant  reflections  from  irithin.    See  Mabblb. 

mntAM  .OAVBXZC  a  name  for  nitrate  of  silr^r,  when  fpsed  and  rna  into 
cylindrical  mpulds, 

SinnmrB  is  a  sabstance  of  a  g^ommy  appearance,  so.  named  by  M.  Cuasola, 
because  it  was  obtained  from  Lupines, 

XiUf  U&IHB.  The  peculiar  bitter  aromatic  principle  of  the  hop,  Humtdu$  Lupu- 
liu.     See  Bbbb. 

Kirsnuwo,  sometimes  spelled  and  pronounced  LuUttring ;  a  peculiar  shining 
silk. 

XiVTB  (from  lAttum,  day ;  IaU,  'Ex.  ;  Kilte,  BacUSge,  Get.')  is  a  pasty  or  loamy 
matter  employed  to  dose  the  joints  of  chemical  apparatus,  or  to  coat  their  surfaces, 
and  protect  them  from  Uie  direct  action  of  flame.  Lutes  differ  according  to  the  nature 
of  the  vapoun  -which  they  are  destined  to  confine,  and  the  degree  of  heat  which  they 
are  to  be  exposed  to. 

1.  Lute  oflinseed-vual,  made  into  a  soft  plastic  dough  with  water,  and  immediately 
applied  pretty  thick  to  junctions  of  glass,  or  stoneware,  makes  them  perfectly  tight, 
hardens  speedily,  resists  adds  and  ammoniacal  vapours,  as  also  a  moderate  degree  of 
heat.  It  becomes  stronger  when  the  meal  is  kneaded  with  milk,  lime-water,  or  solu- 
tion of  glne,  and  is  the  best  lute  for  fluo-silidc  acid. 

2.  Lute  of  thick  gum-water,  kneaded  with  day,  and  iron  filings,  serves  well  for 
permanent  junctions,  as  it  becomes  extremely  solid. 

8.  By  softening  in  water  a  piece  of  thick  brown  paper,  kneading  it  first  with  rye- 
flour  paste,  and  then  with  some  potter's  day,  till  it  acquire  the  proper  consistence,  a 
lute  is  formed  which  does  not  readily  crack  or  scale  off. 

4.  Lute,  consisting  of  a  strong  solution  of  glue  kneaded  into  a  dough  with  new 
staked  lime,  is  a  powerful  cement,  and,  with  the  addition  of  white-of-egg,  forms 
the  lute  cC&ne — a  composition  adapted  to  mend  broken  vessels  of  porcelain  and  stone- 
ware. 

6.  Skim-milk  cheese,  boiled  for  some  time  in  water,  and  then  tritnrated  into  pasta 
with  fresh-slaked  lime,  forms  also  a  good  late. 

6.  Caldned  gypsum  (plaster-of-Faris),  diffused  through  milk,  solution  of  glne, 
starch,  or  gum-water,  is  a  valuable  lute  in  many  cases. 

7.  A  lute  made  with  linseed,  melted  caoutchouc,  and  pipe-day,  incorporated  into  a 
smooth  dough,  may  be  kept  long  soft  when  covered  in  a  cellar,  and  serves  admirably 
to  confine  add-vapoun.  As  it  does  not  harden,  it  may  therefore  be  applied  and  taken 
off  as  often  as  we  please. 

8.  Caoutchouc  itself,  after  bdng  melted  in  a  spoon,  may  be  advantageously  used  for 
securing  joints  against  chlorine  and  acid  vapouro,  in  emergendes  when  nothing  else 
would  be  effectual ;  or  we  may  use  1  part  of  caoutchouc  dissolved  in  2  parts  of  hot 
linseed-oil,  and  worked  up  with  pipe-day  (3  parts)  into  a  plastic  mass.  It  bears  the 
heat  at  which  Sulphuric  add  boils. 

9.  The  best  lute  for  joining  crucibles  inverted  into  each  other  is  a  dough  made  with 
a  mixture  of  fresh  fire-clay  and  ground  fire-bricks,  worked  with  water.  That  cement, 
if  made  with  a  solution  of  borax,  answers  still  better  upon  some  occasions,  as  it  be- 
comes a  compact  vitreous  mass  in  the  fire. 

SiVTSOXSmi  is  the  colouring-principle  of  the  weld  (Seieda  luieola),  a  slender 

Cit,  growing  to  the  height  of  about  three  feet,  and  cultivated  for  the  use  of  dyers. 
en  ripe  it  is  cut  and  dried. 

Chevreul  was  the  firat  to  separate  the  luteolijie.  It  is  extracted  &om  the  weld  by 
boiling-water,  and  whan  this  solution  is  concentrated  and  allowed  to  cool,  the  luteo- 
line  separates ;  it  is  then  collected,  dried,  and  submitted  to  sublimation,  when  it  is 
condensed  in  yellow  needles. 

It  is  valued  for  its  durability,  and  is  used  as  a  yellow  dye,  on  cottons  principally, 
and  also  on  silks,  but  is  little  used  at  present.  It  was  formerly  used  by  paper-hanging 
manufacturers,  to  form  a  yellow  pigment,  but  has  been  entirely  superseded  for  that 
purpose  by  quercitron  bark  and  Persian  berria.  It  unites  with  acids  and  alkalis,  the 
former  making  the  colour  paler,  and  the  latter  heightening  the  colour.  The  compound 
which  it  forms  with  potasli  is  of  a  golden  colour,  becoming  greenish  when  exposed  to 
the  air,  by  absorption  of  oxygen,  and  at  length  becomes  red. 

It  forms  yellow  compounds  with  alum,  protochloride  of  tin,  and  acetate  of  lead ; 
with  the  salts  of  iron  it  produces  a  blackish-grey  predpitate ;  and  with  sulphate  of 
copper  a  greenish-brown  precipitate. 

It  is  readily  sduble  in  alcohol  and  ether,  b«t  sparingly  so  in  water.— E.  E.  B. 
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M,  C'H'Sr  (CWM).  A  Tolatils  nibryle  baae,  discovered  by  Andeisoa 
in  bone-oil.  It  has  also  been  found  in  shale-naphtha,  cotd-naphtha,  and  in  crttde 
chinoline. 

XTCOVOSTOM  CKAVATDBC.  The  spores  of  the  lycopodium,  or  club-moss, 
ripen  in  September.  They  are  employed,  on  account  of  their  g;reat  combustibility,  in 
theatres,  to  imitate  the  sadden  flash  of  lightning,  by  throwing  a  quantity  of  them 
from  a  poiMer-pii^  or  bellows,  across  the  flame  of  »  candle.  They  are  sometii^es 
known  as 'vegetable  sulphur.' 

SiTBZAJr  STOva,  Toueislone,  or  Batanite.  A  flinty  variety  of  jasper,  used  on 
account  of  its  hardness,  fine  texture,  and  velvet-black  colour,  for  trying  uie  purity,  of 
the  precious  metals.  The  amount  of  alloy  is  indicated  by  the  colour  left  on  the  stone 
after  the  metal  has  been  rubbed  across  it. 

KTBUUra.  A  basic  sulphate  of  copper,  occurring  as  a  blue  incrustation  on 
killas,  from  certain  Cornish  mines.  It  is  named  after  Sir  Charles  Lyell.  According 
to  Tschermak,  it  is  a  mixture  of  langite  and  gypsum. 

XinrXi  An  animal  producing  a  favourite  fur  of  a  greyish-white  with  dark  spots. 
Host  of  the  lynx-fur  is  imported  from  North  America,  and  is  obtained  from  the 
Canadian  lynx  {Feiii  Canadmsii). 


M 

KACABOVZ  is  a  dough  of  fine  wheat-floor,  made  into  a  tubular  c»  pipe  form,  of 

the  thickness  of  goose-quUIs,  which  was  first  prepared  in  Italy,  ^nd  introduced  into 
commerce  under  the  name  of  Italian  or  Genoese  paste.  The  wheat  for  this  pnrpose 
mnst  be  ground  into  a  coarse  flour,  called  gruau  semoule,  by  the  French,  by  means 
of  a  pMr  of  light  mill-stones,  placed  at  a  somewhat  greater  distiwce  than  usual.  This 
atmoide  is  the  substance  employed  for  making  the  dough.    See  VEBMidU.!. 

KACB  is  a  somewhat  thick,  tough,  unctuous  membrane,  reticulated,  and  of  a  yel- 
lowish-brown or  orange  colour.  It  forms  the  envelope  of  the  shell  of  the  firuit  of  Uie 
Jiyriiiica  motchalc,  the  nutmeg.  It  is  dried  in  the  sun,  after  being  dipped  in  brine ; 
sometimes  it  is  sprinkled  over  with  a  little  brine,  before  packing,  to  prevent  the  risk 
of  moulding.  Mace  has  a  more  agreeable  fiavour  than  nutmeg,  with  a  warm  and 
pnqgent  taste.  It  contains  two  kinds  of  oil :  the  one  of  which  is  unctuous,  bland,  and 
of  the  consistence  of  batter ;  the  other  is  volatile,  aromatic,  and  thinner.  Mace  ia 
osed  as  a  condiment  in  cookery,  and  the  aromatic  oil  occasionally  in  medicine.  See 
'Srmaa. 

wuusaxmma  vos  tarn  oomwo  or  coAXtZv  amras.  The  severe 

character  of  the  labour  of  the  coal-miner,  and  the  daogeis  connected  with  bis  employ- 
ment have  led  to  several  mechanical  appliances,  by  which  the  task  of  '  hewing  coal ' 
might  be  lessened,  and  the  dangers  attendant  on  the  work  diminished.  No  one  has 
given  more  attention  to  the  subject  than  Mr.  William  Firth  of  Leeds,  to  whom  we  are 
indebted  for  one  of  the  very  first  machines  which  have  been  successfully  employed  in 
the  cutting  of  coal  in  mines.  To  this  gentleman  we  owe  the  following  notice  of  the 
progress  mads  within  the  post  century  in  this  direction  :— 

'In  1761  Michael  Menzies  of  Nowc^Ie  obtained  a  patent  for  catting  coal  in  mines, 
and  that  is  the  earliest  evidence  which  we  have  of  any  attempt  having  been  made  to 
produce  a  mechanical  coal-cutter ;  and  his  plans  having  regard  to  the  time  at  which 
they  were  produced,  were  remarkable  for  their  ingenuity. 

'  Menzies'  specification  is  also  remarkable  in  other  respects,  as  showing  that  it  was 
his  intention  to  make  use  of  the  '  fire-engine '  as  his  motor ;  which  engine  hod,  about 
two  years  previously,  through  the  improvements  of  "Watt  and  of  Smeaton,  attained  only 
to  so  much  perfection  as  to  become  a  doubtful  rival  to  the  'water  miln'  or  'wind 
miln,'  and  the '  horse  gin.' 

*  By  the  power  of  one  or  other  of  these  agents,  he  proposed  to  give  motion  to  a  heavy 
iron  }>ick,  made  to  reciprocate  by  means  of  spears  and  chains,  carried  down  the  pit, 
and  with  wheels  and  horizontal  spears,  on  rollers,  extended  to  the  working  places,  and 
there  to  "  shear  "  the  coal  exactly  as  it  is  now  performed.  In  the  same  patent,  Menzies 
included  a  "  saw"  to  cnt  the  coal;  and  although  nothing  came  from  his  labours,  he 
displayed  so  much  mechanical  knowledge,  as  to  have  deserved  success ;  and  his  failure 
was  evidently  due  to  the  absence  of  an  eligible  power,  and  not  to  bis  deficiencies  as  a 
mechanic 

'During  the  hundred  jears  that  followed  these  events  more  than  a  hundred 
other  patents  were  applied  for,  and  granted ;   but  amongst  them  all,  there  was 
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not  on6  machinA  tliat  approached  nearer  to  Buccesa  than  the  invention  of  ICchael 
Henzies. 

'  This  fact  is  not  referred  to  in  disparagement  of  the  ftatentees,  for  there  vere  many 
curious  devices,  ingeniously  arranged;  but  the  matter  is  referred  to  to  show  that  the 
object  excited  much  continuous  interest,  and  that  amongst  so  many  miacarriages,  our 
mechanics  were  still  hopefhl. 

■Amongst  these  devices  may  be  enumerated  the  "saw,"  "catapult,"  "battering 
lam,"  "  plough,"  "  rotary  ■wheel,"  "  endless  chain,"  "  planing  machine,"  and  many 
others  by  wUch  the  coal  was  to  Jbe  either  crushed,  cut,  or  shand  out. 

'TWe  had  been  no  suitable  power  made  known  for  driring  the  mnchines;  and  it 
was  to  that  cause,  without  doubt,  that  so  many  f^lnrea  and  disappointments  were 
attributable.  The  steam-engine,  even  when  it  attained  to  its  moat  perfect  form,  is 
not  in  itself  sufficient  for  the  purpose,  because  steam  cannot  be  produced  near  to  the 
place  where  the  work  has  to  bo  done,  nor  can  it  be  carried  long  distances  in  an  efibcti  ve 
condition,  by  reason  of  its  rapid  condensation.  Moreover,  an  escape  of  exhaust-steam 
could  not  be  permitted  in  the  ooal-minei,  because  of  its  tendency  to  soften  and  bring 
down  the  roof,  the  difficulty  of  maintaining  which  is  already  the  most  serious  and 
troublesome  part  of  coal-mining  operations. 

'  Hydraulic  ppwer  might,  in  certain  cases,  be,  and  has  been  recently,  tried,  but  its 
nn&Tourable  conditions  exceed  its  advantages  for  the  purpose  of  cutting  coal  in  mines, 
And  may  be  put  aside  ftom  present  considerations. 

'  But  in  compressed  air,  in  so  far  as  the  moving  power  is  concerned,  every  require- 
ment is  found ;  and  from  the  date  of  the  experiments  made  at  West  Ardsley  in  York- 
shire, in  1862,  the  question  was  undoubtedly  settled. 

'  'The  elastic  property  of  air  under  compression,  is  an  old  and  well-known  power; 
but  until  these  experiments  had  been  completed,  its  value  was  bnt  imperfectly  under- 
stood, and  its  future  beneficial  influence  on  coal-mining  was  unappreciated. 

*  The  engine  for  compressing  the  air,  by  which  a  coal -cutting  machine  is  worked,  is 
generally  placed  on  the  sur&ce,  near  to  the  top  of  the  shaft ;  a  receiver  is  fixed  in  close 
proximity  thereto,  and  the  air  is  taken  from  the  compressor  to  the  receiver,  which  is 
$0  feet  in  length  and  i  feet  in  diameter. 
'  The  density  is  generally  of  about  three  atmospheres. 

'  Iron  pipes  of  sufficient  area  are  laid  on  from  the  receiver  to  the  bottom  of  the  shaft, 
and  there,  being  split  into  smaller  sizes,  is  led  in  every  needed  direction  through  the 
roads  and  passages  of  the  mine,  exactly  as  the  gas  and  water  services  are  laid  on  in 
any  town. 

'  At  the  entrance  into  the  working  places,  screw  joints  or  stop-cocks  are  fixed  to  the 
iron  air-pipe,  at  which  point  an  india-rubber  nose,  50  or  60  yards  in  length  (ns  the 
length  of  the  "benk"  mayreqnire)i3  screwed  on;  the  other  end  of  the  nose  is  attached 
to  the  cutting  machine,  and  when  all  is  in  readiness,  the  tap  at  the  receiver  is  turned 
on,  and  the  air  rushes  down,  and  throughout  the  whole  service  of  pipes. 

'The  air  does  not  require  to  be  forced  from  the  receiver,  for  by  its  own  elasticity  it 
is  carried  forward  at  a  velocity  corresponding  to  its  own  dennty. 

'Apparently  it  loses,  if  the  arrangements  are  good,  but  little  of  its  power  by 
distance,  except  the  frictional  retardation ;  and  machines  are  working  underground, 
at  nearly  two  miles  distance  from  the  air-engine,  without  any  serious  loss  of 
force.' 

Firth's  Coal-Cutting  Itaehine. — A  machine  which  maybe  simply  described  as  a  pick 
placed  horicontally,  and  worked  by  a  crank  motion,  lus  for  some  five  or  six  yean 
(1874)  been  steadily  at  work  in  the  West  Ardsley  collieries.  TbecoUiers,  who  at  first 
objected  to  '  following  the  machine,'  instead  of  working  with  their  old  implements, 
have  at  length  yielded  to  the  evident  advantages  of  the  '  coal-cutter,'  and  in  many  of 
our  largest  collieries  these  machines  are  now  fairly  introduced. 

We  must  now  turn  to  the  consideration  of  this  machine  for  cutting  the  coal,  os 
invented  by  Mr.  William  Tirth.  Fig.  1413  shows  its  form  and  construction;  the 
weight  is  about  IS  cwts.  for  an  ordinary  sized  machine,  its  length  i  feet,  its  height 
2  feet  2  inches,  and  a  gauge  1  foot  6  inches  to  2  feet ;  it  is  very  portable,  and  easily 
transferred  from  one  '  bcnk '  to  another. 

The  firont  and  hind  wheels  of  the  machine  are  coupled  together  in  a  similar  manner 
to  the  coupled  locomotive  engines.  The  'pick'  or  cutter  is  double-headed,  whereby 
the  penetrating  power  is  considerably  increased. 

The  groove  is  now  cut  to  a  depth  of  3  feet  to  3  feet  6  inches  at  one  cotirse,  whereas 
r>y  the  old  form  of  a  single  blade,  the  machine  had  to  pass  twice  over  the  face  of  the 
iiuil  to  accomplish  the  same  depth.  The  points  are  loose  and  cottcred  into  the  boss, 
so  that  when  one  is  blunt  or  broken,  it  can  bo  replaced  in  a  few  minutes.  It  diopensi's 
with  the  necessity  of  sending  the  heavy  tools  out  of  the  pit  to  be  sharpened,  and  is  an 
immense  improvement  on  the  old  pick. 
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When  all  is  in  reodinesa  for  -woA,  the  air  is  admitted  to  the  machine,  and  the 
redpTocating  action  ooihmenceg.  The  piston  vorks  at  a  speed  of  sixty  to  ninetT 
stroi^es  per  minute,  Tarying  aocording  to  the  density  of  the  compiessed  air,  the  hard- 
ness of  the  strata  to  be  cut,  or  the  ezportness  of  the  attendant. 

1413 


As  to  the  quantity  of  laork.  In  *  long-intU,'  a  machine  can,  nnder  favonrable  cir- 
cumstances, cut  20  yards  in  an  hour,  to  a  depth  of  3  feet;  but  we  consider  10  yards 
per  hour  very  good  vork,  or  say  60  yards  in  a  shift. 

This  is  about  equal  to  the  day's  work  of  twelve  average  men,  and  the  persons  em- 
ployed to  work  the  machine  are  one  man,  one  youth,  and  one  boy,  who  remove  and 
Uy  down  the  road  and  clear  away  the  dibris. 

The  machines  are  built  so  strong  that  they  rarely  get  out  of  working  condition. 
Some  of  those  now  working  at  West  Aidsley  (and  other  places),  have  been  in  constant 
nse  for  three  or  four  years. 

At  that  colliery  there  are  about  eight  machines  in  use.  .  One  of  the  seams  is  so  hard 
and  difficult  to  manage,  that  it  could  not  be  done  '  by  hand,'  and  the  proprietors  had 
to  abandon  it,  but  now,  by  the  employment  of  these  machines,  it  is  worked  with  per- 
fect ease.  It  is  a  tliin  cannel  seam,  with  layers  of  iron-stone,  and  the  machines  now 
'hdla'  for  about  1,200  tons  per  week. 

The  groove  made  by  the  machine  is  only  2  or  3  inches  wide  at  the  &ce,  and  1)  at 
the  back,  whereas  by  hand,  it  is  12  to  18  inches  on  the  face,  and  2  to  3  inches  at  the 
back,  thus: — 

In  thick  seams  worked  by  hand,  the  holeing  is  oiten  done  to  a  depth  of  i  feet  6 
inches  to  5  fiset,  and  the  getter  is  quite  within  the  hole  he  lias  mode,  and  where  the 
coal  does  not  stick  well  up  to  the  roof,  or  where  there  is  a  natural  parting,  there  is  great 
difficulty  and  danger  from  falls  of  coal.  In  cutting  coal  by  the  ordinary  method,  the 
angle  is  such  that  when  the  upper  portion  of  coal  &11b  off  from  the  roof,  that  it  must 
pitch  forward  into  the  '  road,'  but  by  the  machine  cutting  a  perfectly  horizontal  groove. 
The  coal,  having  lost  its  support,  simply  settles  upon  its  own  bed ;  and  has  no  tendnecy 
to  &11  forward. 

The  following  statement  was  made  by  the  inventor  at  the  meeting  of  the  British 
Association  at  Bradford : — 

'  The  cost  of  applying  coal-cutting  machinery  is  an  important  part  of  the  question, 
bnt  it  frequently  happens  that  at  old  established  collieries  there  may  be  surplus 
power,  which  can  be  utilised ;  but  supposing  that  ever3rthing  has  to  be  provided  new, 
then  the  following  may  be  taken  aa  an  approximate  estimate  of  the  necessary  outlay : — 

£ 

2  Boilers  at  6002.  each 1,000 

1  Steam-engine 1,260 

10  Machines  at  160<.  each 1,600 

Kpes,  Beceivers,  Fixings,  and  sundry  other  outgoings       .        .    1,260 

■ay  6,000 

'  This  outlay  would  provide  all  necessary  power  and  plant  for  the  regular  working 
of  eight  machines,  with  two  in  reserve ;  and  eetimating  that  each  macliine  will  cut  60 
yards  per  day,  the  product  in  a  4-foot  seam  would  be  86  tons  per  day,  or  per  week  say 
600  tons  per  machine,  and  8  by  600  is  4,000  tons. 

'  Xow  at  this  rate  of  expenditure  and  work  done,  an  allowance  of  id.  per  ton  would 
in  three  yean  liquidate  the  entire  outlay. 
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'  But  there  is  no  reason  yrby  the  machines  shonld  he  restricted  to  a  single  shift 
daily ;  indeed,  it  is  far  more  economical  to  «ork  double  shifts,  there  is  no  additional 
outlay  of  capital,  and  so  far  as  depends  upon  the  machinery,  the  output  might  be  easily 
increased  to  8,000  tons  per  -vreek. 

*  Wo  now  come  to  the  relative  coets  of  cutting  the  coal,  by  hand  and  by  maehine, 
and  the  follotring  figures  may  be  talcen  as  representing  a  somewhat  &Tourable  state 
of  things  for  the  latter. 

'  The  seam  is  the  "  Middleton  Main  "  or  "  SiUcstone  Bed."  The  depth  of  the  mine 
is  160  yards,  and  the  coal  four  feet  thick ;  there  are  tvo  bands  of  shale,  with  a  thin 
layer  of  coal  between  them. 

'  The  bottom  portion  is  not  always  wholly  mercliantable,  but  when  it  is  so,  it  yields 
one  ton  and  a  third  of  a  ton  per  running  yard.  For  the  purpose,  however,  of  this 
comparison,  I  take  60  tons  only  per  day  (wliich  would  come  out  of  45  yards  of  machine 
working.' 

The  Cost  hy  Hani. 

80  Hen  catting,  fllling,  timbering,  drilling,  road-laying,  blasting, 

and  all  other  needAil  work  ready  in  the  corves  for  the  "harrier,"    £      <•  <<. 
at  4«.  6\d.  per  ton 13    8    9 

Bv  MacMfte. 
'  £     t.   a. 

1  Machine  man  at  8<J  6a.      .        .        .        .        .        .086 

ICtt^^''-}'^'^^^'"-  *  '  '  -{III 

8  men  clearing  and  packing  at  8«.  4<2 16    0 

6  men  filling,  10  tons  each  man  at  8^.  per  ton     .        .313 

3  men  timbonng  at  6>.  lOd 10    6 

ith  portion  of  cost  of  steam  and  air  expenses .        .        .    I  14    0 

Maintenance  at  Id.  per  ton 0    6    0 

Redemption  of  capital  at  2<^.  per  ton     .       >       .       .    0  10    ft 

8  13    0 
Difference  in  money  in  &vour  of  the  madiine :  or  Is.  7d. 

per  ton 4  IS    0 


13    8 


It  is  necessary  now  to  bring  under  notice  some  of  the  other  coal-cutting  machines 
which  have  been  introduced  of  late  years. 

Baird^t,  or  the  GarUherrie  Machine. — One  of  the  machines  which  has  claimed  the 
larges  t  share  of  attention  is  the  '  Gartsherrie  coal-cutter '  of  the  Messrs.  Baird.  This 
appears  to  be  a  modified  form  of  a  machine  which  was  patented  many  years  since  bj 
m.  Gleadhill. 

The  cutting  in  these  machines  is  done  by  an  endless  chain  with  cutters  attached, 
driven  round  a  jib  or  arm,  which  extends  underneath  the  coal.  The  machine  is  actuated 
hy  air  compressed  on  pit  bank  to  36  or  40  lbs.  per  square  inch,  and  conveyed  there- 
from in  cast-iron  pipes.  The  machine  at  work  draws  or  "  feeds  "  itself  along  the  coal 
face,  with  the  jib  projecting  underneath  the  coal  2  ft  9  in.  or  3  ft.  as  required.  The 
present  work  done  (1874)  is  300  to  360  ft.,  cut  2  ft.  9  in.  deep,  in  a  shift  of  eight  to 
ten  hours,  and  as  the  seam  worked  is  2  it.  10  in.  thick,  this  yields  76  to  90  tons. 
This  rate  includes  all  stoppages,  and,  of  course,  if  it  were  possible  to  drive  along 
without  interruption,  the  figures  would  be  very  much  higher.  The  speed  also  is 
capable  of  considerable  increase  by  extra  pressure  of  air,  and  when  it  is  stated  that 
even  in  tlie  hard  Oartsherrie  coal  the  machine  has  frequently  been  timed  at  abont 
6  ft.  in  four  minutes,  an  idea  may  be  formed  of  what  it  would  do  in  soft  English  coal 
with  a  good  presstire  above.  The  machine  at  work  is  attended  by  three  men.  The 
working  parts  of  the  machine  are  carried  upon  a  strong  cast-iron  soleplate  6  ft.  long 
by  2  ft.  6  in.  broad,  set  upon  four  wheels.  On  the  soler^te  is  bolted  the  cylinder, 
6\  in.  in  diameter,  with  a  12-in.  stroke.  The  crank'shaft  is  fixed  in  bearings  cast  on 
soleplate.  On  tliis  shaft  is  the  fiy-wheel  and  excentric,  which  is  reversible.  On  one 
end  of  the  shaft,  overhanging  the  soleplate,  is  attached  a  spur-wheel,  which  by  means 
of  another  shaft  and  bevel-gearing,  is  connected  to  an  upriglit  shaft,  on  under  end  of 
which  is  the  chain-wheel,  communicating  motion  to  the  cutting  chain.  The  whole  of 
these  wheels  are  of  Bessemer  steel,  and,  so  far  as  proved,  appear  to  give  the  greatest 
satisfaction  in  wear.  The  cutters,  nine  in  number,  and  2J  in.  broad  on  face,  are 
secured  to  the  chain  by  means  of  two  bolts  passing  through  cutter  and  link.  The  jib, 
which  distends  the  chain,  is  bolted  to  side  of  soleplate,  and  consists  of  two  parts,  the 
stock  and  pointy  adjustable  by  means  of  a  nut  and  screw  working  against  a  bridge  in 
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■tock.  Thochainismadeof 'WTOoght  steel,  and  the  cutters  of  the  best  tool-steet.  The 
machine  draws  or  "  feeds  "  itself  by  means  of  a  drum  and  a  ^  in.  chain  passed  round 
a  pulley  fixed  to  a  prop  100  ft.  in  advance.  The  drum  shaft  is  actuated  through  a 
toothed  wheel  worked  by  a  racket  motion  from  an  ezcentric  cast  or  bevel-wheel  of 
upright  shaft.  The  roadway  on  which  the  machine  trayels  is  of  CJist  malleable  iron. 
The  rails  arc  keyed  down  to  sleepers,  and  aro  kept  in  condition  by  means  of  snugs 
east  on  sleepers,  which  fit  into  oblong  holes  in  end  of  rails.  Each  machine  is  fitted 
'with  21  ft.  or  seven  pairs  of  such  rails  3  ft.  long.  The  machines  are  of  two  designs, 
Ko.  1,  being  2  ft.  4  in.  high,  requires  about  3  ft.  of  head  room  between  pavement  and 
roof.  No.  2  is  1  ft.  8  in.  high,  including  roadway,  and  so  is  capable  of  working  the 
thinnest  seam.  The  gearing  can  be  altered  to  speed  required  by  the  nature  of  the  coal 
or  other  material  cut.    They  have  been  adapted  to  undercut  clay  band  iron-stone  lying 


on  hud  sandy  fire-clay.    At  work  the  machine  is  attended  by  three  men,  one  driving, 
one  lifting  roadway  behind  machine,  and  the  other  laying  roadway  in  front,  &c. 
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The  cutters  are  sharpened  at  each  shift,  the  cutting  chain  being  brought  to  bank  daily 
for  this  purpose,  and  the  cutters  removed,  sharpened,  and  dressed  to  a  gauge. 
This  deecription  vill  be  rendered  quite  intelligible  by  reference  to  the  drawings. 
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tig.  1414  shows  the  Gaitsherrie  madiine  in  plan.  Fig.  HIS  g^ves  an  end  eleration 
of  the  machine.  In  both  cases  the  -way  in  which  the  cutting  work  into  the  coal  is 
effected  is  clearly  shown,    la  fig,  1116  a  side  eleration  is  given,  from  which  it  will  be 
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easy  for  anyone  having  but  a  dight  acquaintance  with  machinery  to  see  how  motion  is 
given  to  the  cutters. 

Oidott  and  CapUtfa  Machine,  which  is  shown  in  the  accompanying  woodcuts,  was 
patented  in  1868.    Fig.  1417  gives  the  machine  in  plan. 

The  machine,  with  the  exception  of  the  cylinders  and  one  spur-wheel,  is  made 
entirely  of  steel  and  wrought  iron,  thus  combining  the  greatest  strength  in  the 
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1418 

smallest  space,  and  with  the  least  weight.  The  top  frame  is  of  angle-iron,  4  feet 
9  inches  long  by  2  feet  4  inches  wide,  and  on  this  are  fixed  two  cylinders,  7)  inches 
in  diameter,  with  a  9-inch  stroke,  working  on  to  a  crank-shaft,  which,  by  a  very 
simple  arrangement,  drives  the  pinion  which  eenrs  into  the  slots  of  the  cutter-wheel. 
This  wheel,  which  is  of  cast  steel,  is  carried  by  a  bracket  projecting  horizontally 
from  the  side  of  the  machine.  It  makes  about  bix  revolutions  per  minute,  and  on  its 
outer  edge  are  fixed  twenty  steel  picks  or  cutters,  these  giving  120  strokes  per 
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Bibrato ;  it  is  S  feet  10  inchee  in  diameter,  and  makes  a  clean  cat  of  3  feet  4  inches 
deep  by  3  inebes  thick,  and  from  this  space  it  entirely  sweeps  out  the  whole  of  the 
coal  as  it  revolves.  The  machine  is  propelled  by  a  wire  lope  having  one  end  secured 
at  the  extremity  of  the  fisce,  and  passing  round  a  drum  driven  by  the  air-cylinders,  or 
by  hand-gearing  attached  to  the  side  of  the  machine.  The  whole  is  covered  in  with  a 
moveable  sheet-iron  casing  to  protect  it  from  anything  falling  from  the  roof.  One 
man  only  is  required  to  be  in  attendance  on  the  machine,  and  another  should  follow 
to  sprag  the  coal  as  it  is  cut 

With  a  pressure  of  27  lbs.  of  compressed  air  per  square  inch  the  machine  has  holed, 
in  ft  hard  tough  flre-elay  seating,  26^  yards  in  40  minutes,  and  24  yards' 1  foot  of 
strong  solid  coal  in  S5  minutes,  with  only  20  lbs.  preesun.  A  &ir  average  rate  of 
work  with  27  lbs.  pressure  may  bo  stated  at  thirty  yards  per  hour,  3  foet  2  inches  to 
3  feet  4  inehea  under  and  8  inches  thick,  either  in  a  seating  or  moderately  hard  coal. 
The  aretage  rate  of  holeing  by  manual  labour  in  the  seam  where  it  is  now  working  is 
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about  7  yards  for  a  day's  work — equivalent  to  about  nine  men  working  a  whole  day  to 
do  what  the  machine  does  better  in  two  hours.  The  men  have  only  to  wedge  or  shoot 
the  coal  down  and  clear  it  away,  while  the  machine  is  token  to  another  bank  to  do  its 
work  there,  lafiga.  1418  and  1419  the  machine  is  shown  in  sectional  elevations. 

WiniianUi/'t  Machine, — The  coal  cutting  machine  of  Messrs.  Winstanloy  and 
Barker  is  not  essentially  different  from  the  machines  already  do8CTib^d.  It  consists  of 
a  small  frame  running  upon  four  wheels  adapted  to  the  colliery  gauge,  and  carrying 
two  oscillating  cylinders  driven  by  comprtssed  air  or  steam.  On  the  crank-shaft  and 
underneath  the  frame  is  a  pinion  which  gears  into  a  very  coarse-pitched  toothed 
wheel,  the  ends  of  the  teeth  being  armed  with  cutters.  This  cutting  wheel  can  be 
turned  under  the  carriage  when  not  required,  and  when  placed  iu  position  is  brought 
to  bear  against  the  coal  by  turning  a  handle  into  which  it  cuts,  until  the  arm  carrying 
the  wheel  is  at  right  angles  to  the  carriage.  The  machine  is  slowly  dragged  forward 
by  means  of  a  chain  attached  to  a  crab  and  worked  by  a  boy.  As  the  machine 
advances,  the  miner  in  attendance  drives  wooden  wedges  into  the  cut  to  support  the 
coal,  and  when  the  machine  is  out  of  the  way  the  wedges  are  withdrawn  and  the  coal 
&lls.  The  machine  itself  only  weighs  15  cwts.,  and  will  cut  at  the  rate  of  30  yards 
per  hour  with  a  pressure  of  only  26  lbs.  per  square  inch,  making  a  '  holing'  in  the 
coal  3  feet  deep  and  only  2}  inches  high.  The  height  of  the  machine  is  only  22  inches. 
It  has  the  disadvantage  of  being  only  able  to  cut  on  one  side  of  the  carriage,  but  of 
course  it  can  be  constructed  to  cut  on  the  right-  or  left-hand  side  as  may  bo  desired  by 
the  purchaser. 

Surd  and  Simpion't  30-inch  self-acting,  right  and  left-hand,  variable  height 
eoal-catter  waa  specially  constructed  for  the  Olass  Houghton  Coal  Company  to  nnder- 
eut  in  the  bloe  stone  band  lying  between  two  portions  of  the  coal-seam.  This 
machine  is  worked  on  a  somewhat  similar  principle  to  that  of  Winstanloy  and 
Barker ;  that  is  to  say,  the  coal  is  undercut  by  means  of  a  circular  sots  working  at  the 
end  of  a  moveable  lever,  but  with  this  important  diSbrence,  that  in  Hurd  and  Simp- 
son's machine  the  cutter  is  placed  in  front,  and  can  thus  cut  the  coal  right  ahead  of 
the  machine  or  on  either  side  of  it.  The  cutting  wheel  is  slightly  excentric,  and  the 
machine  hauls  itself  alcmg  by  means  of  a  chain  anchored  ahead  of  it ;  for  as  the 
cutter  revolves,  being  an  excentric,  the  teeth  on  one  portion  of  the  periphery  would 
revolve  without  touching  the  coal,  but  at  this  time  the  self-acting  hauling  gear  comes 
into  play,  the  machine  advances,  and  the  cutters  get  a  fresh  feed  on  the  coal.  This 
coal-cutter  is  80  inches  high  over  all,  and  cuts  to  a  depth  of  8  feet  3  inches. 
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Brovnii  Monitor  Coal-CtUtar  has  excited  some  attention  in  America.  The  machine 
consists  of  a  fire  horse-povrer  Bteam-engine  driven  by  steam  carried  into  the  mine  by 
a  steam-pipe,  terminating,  however,  in  a  few  feet  of  rubber-hose,  which  permit  of  full 
freedom  of  motion  to  the  machine.  The  intention  of  the  proprietors  is  to  employ 
compressed  air  in  place  of  steam  eventually.  The  cutting  arrangement  is  an  iron  rim 
of  four  feet  in  diameter,  which  has  on  its  periphery  moveable  steel  teeth,  placed  at 
points  about  12  inches  apart.  Tliese  teeth  may  be  taken  out  and  ground  whenever 
they  become  dull.  This  rim  lies  on  small  wheels  which  support  it  and  allow  a  free 
motion,  and  has  cogs  on  its  under  surface  which  gear  into  cogs  on  a  shaft  turned  by 
-the  engine.  By  this  means  the  power  is  applied  near  the  circumference  of  the  wheel, 
instead  of  at  the  centre  as  in  the  ordinary  circular  saw.  The  principal  reason  for 
this  arrangement  is  to  get  a  deeper  cut  at  the  coaL  The  cutter  can  be  put  to  a  depth 
of  3i  feet,  or  Jths  of  its  whole  diameter,  whereas  the  ordinary  circular  saw  can  haidly 
cut  to  one-half  of  its  diameter.  The  machine  runs  on  a  moveable  track,  and  is  fed  by 
means  of  a  screw  working  in  cogs.  The  track  is  put  down  along  the  side  of  the  coal 
at  the  proper  distance  from  it,  and  when  a  cut  hais  been  made  the  whole  length,  the 
machine  is  put  on  tracks  and  wheeled  to  the  next '  room,'  where  the  track  is  laid  as 
before,  and  so  on  through  the  mine.  The  duty  of  the  machine  is  calculated  to  be  at 
about  a  yard  in  five  minutes. 

The  estimate  of  its  economy  given  by  the  proprietors  is  that  it  saves  about  35  cents 
per  ton  over  the  cost  of  putting  out  coal  by  hand  labour,  which  in  a  mine  turning  out, 
say  200  tons  a  day,  amounts  to  a  saving  of  70  dollars  per  day.  The  first  cost  of  the 
machine  is  very  moderate,  being  only  about  800  dollars, 

Joneii  Hand  Coal-Cutier. — This  machine  is  practically  a  combination  of  inclined 
circular-saws  mounted  upon  a  revolving  rod,  so  that  the  groove  cut  by  each  saw  runs 
into  the  groove  cut  by  the  next,  thus  thoroughly  under-cutting  a  scam.  The  saws  are 
set  on  the  rod  obliquely,  and  provision  is  made  for  retaining  t^em  at  a  proper  distance 
firom  each  other,  and  in  the  most  suitable  position  on  the  rod,  the  end  of  which  has  a 

screw-thread  cut  upon  it,  by  means 
of  which  it  is  fastened  into  the 
spindle  and  bearings.  Another 
form  of  cutting  apparatus  may  be 
formed  fiom  a  flat  bar  of  steel,  with 
saw  teeth  along  both  of  its  outer 
edges,  and  so  twisted  that  the 
toothed  edges  are  formed  into  spirals 
{fig.  1420).  By  tliis  arrangement, 
which  resembles  that  of  Hacdor- 
mott^s  rock-perforator,  the  cutter 
readily  clears  itself  from  the  slack 
which  it  cuts  away.  See  Bock-Per- 
FOBATos.  A  revolving  cutter  of  this 
kind  may  be  forked  in  two  ways. 
It  may  be  caused  to  sweep  in  the  arc 
of  a  circle  into  and  out  of  the  coal, 
80  as  to  cnt  out  a  groove  in  it,  the 
spindle  of  the  cutter  being  for  that 
pnrpose  carried  by  a  frame  turning  upon  an  axis,  such  axis  being  also  traversed  for- 
ward from  time  to  time  in  a  line  parallel  with  the  face  of  the  coal  operated  upon. 
Alternatively  the  frame  carrying  the  spindle  of  the  cutter  ma^  simply  be  caused  to 
move  forward  continuously  in  a  line  parallel  with  the  face  of  the  coal,  in  which  latter 
case  a  groove  will  be  produced  of  a  depth  equal  to  the  length  of  the  cutter.  But  if 
the  cutter  is  caused  to  sweep  round  in  the  arc  of  a  circle,  a  groove  of  any  desired 
depth  can  be  cut,  irrespective  of  the  length  of  the  cutter  itself. 

Bevolving  cutters,  such  as  above  described,  can  be  driven  either  by  hand-power  or 
by  compressed  air.  In  the  former  case,  and  when  the  machine  is  to  be  used  only  for 
holing  or  nndeicutting,  the  following  is  proposed  as  the  preferable  arrangement.  The 
■[nndle  of  the  cutter  is  mounted  on  bearings  in  a  frame  which  can  turn  upon  a  stud 
on  the  bed-plate  of  the  machine.  On  the  under  side  of  this  bed-plate  are  sledge 
runners  to  run  on  rails  laid  upon  the  floor  of  the  mine.  On  the  frame  which  carries 
the  cntter  spindle  is  a  toothed  arc,  into  which  gears  a  pinion  carried  in  bearings  from 
the  bed-plate.  The  pinion  can  be  turned  by  a  hand  wheel  on  its  spindle,  and  t^ius  the 
cntter  can  be  caused  to  sweep  round  to  and  fro  in  the  arc  of  a  circle.  Upon  the  cutter 
spindle  is  fixed  a  bevel  pinion  gearing  into  a  horizontal  bevel  wheel,  which  is  con- 
centric with  the  stud  upon  which  the  fteme  carrying  the  cutter  is  mounted.  The 
horizontal  bevel  is  mounted  upon  a  vertical  shaft,  upon  which  is  a  fiy-wheel,  and  at 
its  upper  end  a  pinion  which  gears  with  a  bevel  wheel,  which  latter  can  be  driven  by 
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s  cfank  handle,  and  thus  a  quick  TOTolring  motion  can  be  given  to  the  cntter,  irhilst 
that,  at  the  same  time,  may  be  freelj  swept  round  to  and  fro  in  the  are  of  a  circle. 
Heans  are  provided  for  the  exclusion  of  dirt  from  the  machinery,  and  lor  holding  the 
apparatus  securely  vhile  the  cutter  is  in  motion.  An  adjustment  may  be  made  for 
catting  grooves,  either  vertically  or  horizon- 
tally in  the  upper  part  of  the  seam,  and  in 
such  case  the  spindle  of  the  cutter  is  driven 
by  a  rotary  engine  set  in  motion  by  com- 
pressed air. 

The  mode  of  action  of  Mr.  Jones's  appara- 
tus will  bo  more  clearly  understood  on  refe- 
rence to  the  diagram  {Fig.  1421).  The  fixed 
end  of  the  cutter  is  supposed  to  be  succes- 
sively at  A,  B,  and  c,  the  seam  of  coal  lying 
between  the  lines  D  s  and  b  b.  first  the 
cutter,  starting  from  the  position  A  a',  travels  «       b       ». 

round  to  the  position  a  a",  clearing  the  triangnlar  space  a  a'  a".  Then  the  fixed  end  is 
transferred  from  A  to  b,  when  a  quarter  revolution  changes  its  direction  from  bb'  to 
B  B*,  clearing  the  space  b  b'  b",  and  on  removal  to  the  fixed  point  c,  the  similar 
space  c  c'  c"  19  cleared. 

Bidda's  Machine  for  breaking  down  Coal. — ^Mr.  S.  P.  Bidder,  jnn.,  had,  in  conjunc- 
tion with  Mr.  John  Jones,  devised  a  machine  which  had  been  submitted  to  actual 
trial  on  a  working  scale  at  the  Harecastle  Colliery,  where  the  resnlts  were  so  satisfac- 
tory as  to  induce  the  proprietors  to  make  arrangements  for  its  immediate  adoption. 
'  The  machine  oonristra  ol  a  small  hydraulic  press  of  12  tons  power,  to  which  was 
attached  a  pair  of  tension-bars,  bent  in  the  form  of  a  connecting  rod  or  hinge-strap. 
These  were  placed  one  over  the  other  in  the  bore-hole,  and  between  them,  at  the 
extreme  end,  thero  were  a  clearancc-boz  and  two  metal  pressing-blocks,  between  which 
was  forced,  by  the  action  of  the  hydraulic  press,  a  split  wedge  IS  inches  long,  causing 
a  lateral  expansion  of  3  inches.  The  ram  was  then  withdrawn,  and  a  second  wedge 
was  inserted  between  the  two  parts  of  the  first  wedge,  and  was  forced  up  nntil  suffi- 
cient expansion  was  obtained  to  break  the  coal.  The  operation  could  be  repeated 
several  times  if  found  necessary.  The  whole  apparatus  would  weigh  about  60  lbs. 
The  hydraulic  ^rees  was  in  future  to  be  made  of  steel,  and  the  ram  would  be  cored 
out.  In  practical  working,  each  gang  of  colliers  would  be  provided  with  the  tension- 
bars  and  three  wedges,  while  the  presses  would  be  under  the  charge  of  the  men  who 
at  present  occupied  the  position  of  firemen,  so  that  no  new  class  of  labour  would  be 
introduced,  while  the  risk  of  firing  would  be  got  rid  of.  Trials  had  been  made  both 
in  the  7-feet  and  the  9-feet  seams  at  Harecastle  ;  and  in  the  latter,  with  three  wedges, 
about  12  tons  of  coal  had  been  brought  down  in  only  throe  or  four  pieces.  It  was 
found  that  the  press  could  be  applied,  and  the  blocks  brought  down,  in  less  time  than 
was  consumed  by  firing  a  hole  and  waiting  for  the  smoke  clearing. 

Explosions  in  mines  wero  known  to  arise,  very  frequently,  from  the  employment  of 
gunpowder  for  blasting.    In  the  interests  of  humanity  alone,  an  efficient  substitute 
-  had  long  been  desired  by  practical  men  ;  and  this,  it  was  believed,  had  been  accom- 
plished by  Bidder's  machine,  which  had  also  the  advantage  of  preventing  the  waste  of 
coal  incurred  by  the  present  system. 

The  following  remarks,  made  by  Mr.  W.  Menelaus  of  Bowlais,  on  the  use  of  coal- 
cutting  machines  in  the  collieries  of  Sonth  Wales,  aro  so  much  to  the  point  that  they 
an  extracted  from  the  '  Jonrnal  of  the  Institution  of  Mechanical  Engineers.'  These 
remarks  have  reference  moro  especially  to  the  coal-cutting  machine  of  Mr.  Itobert 
Winstanley. 

Mr.  Menelaus  said  that,  having  paid  considerable  attention  to  the  subject  of  coal- 
cntting  by  machinery,  and  watchod  carefully  the  several  plans  that  had  been  tried,  he 
had  not  yet  found  any  machine  that  could  compete  with  colliers'  labour  under  the 
exceptional  circumstances  attending  the  working  of  the  thick  veins  of  coal  in  South 
Wales.  The  holing  of  the  coal  constituted  there  only  one-tenth  of  the  entin  labour 
in  the  collieries ;  and  the  margin  for  saving  upon  this  portion  of  the  work  was  there- 
fore so  small,  that  he  had  given  up  as  hopeless  the  fntrodnction  of  coal-cutting 
machines  in  that  district.  The  colliers  at  present  worked  only  one  turn  of  about  8 
hours  per  day  of  24  hoars ;  and  the  coal  was  all  brought  down  by  natural  pressure 
daring  the  interval  while  the  men  were  all  absent,  the  bulk  of  the  coal  being  obtained 
with  very  little  holing.  If  three  turns  were  worked  per  day  he  was  not  snre  that  the 
holing  might  not  be  advantageously  done  by  a  machine,  even  in  the  thick  soft  veins  of 
the  South  Wales  collieries ;  and  in  such  a  case,  he  should  be  very  glad  to  adopt 
machines  for  the  purpose.  In  thin  veins  of  hard  coal  ho  considered  the  introduction 
of  coal-cutting  machines  wonld  be  attended  with  very  great  advantages,  and  he  hoped 
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they  would  be  generally  adopted,  and  thonght  ereiy  possible  endeavour  abould  be 
made  to  establiu  their  use.  The  machine  nov  described  appeared  to  him  to  be  one 
of  the  best  that  had  been  brought  forward  for  coal-cutting ;  and  he  thought  the  prin- 
ciple of  its  construction  and  action  was  more  likely  to  prove  the  right  one  than  that 
of  machines  desired  to  work  a  pick  in  a  similar  manner  to  hand-labour.  One  of  the 
earliest  coal-cntting-machines  that  he  remembered  had  been  made  on  the  same  prin- 
ciple as  a  dicular  saw,  but  in  that  case  the  cntting-wheel  had  been  literally  a  circular 
saw  witli  fixed  teeth,  and  had  consequently  proved  a  failure  in  actual  working.  The 
use  of  moveable  teeth  in  the  cutting-wheel  ot  the  present  machine  was  an  important 
practical  improvement,  and  this  nmchine  appeared  to  him  to  have  been  worked  out  in 
a  very  ingonions  way,  and  seemed  one  of  tiie  moat  likely  to  succeed  that  ho  had  yet 
met  with.  Whether  the  air  was  worked  expansively  in  the  cylinders  was  a  question 
that  should  not  be  overlooked  in  regard  to  the  economy  of  any  coal-cutting  machine ; 
and  if  the  expansion  could  be  obtained  without  complicating  the  conscraction  of  the 
machine,  it  was  by  all  means  desirable  to  have  the  benefit  of  it.  If,  however,  i( 
involved  the  introduction  of  cams  or  excentrics  and  ordinary  valve-gear,  he  thought  it 
would  be  better  to  waste  a  portion  of  the  power  than  to  introduce  these  complications, 
as  he  considered  the  utmost  simplicity  of  construction  was  an  object  of  such  essential 
importance  for  the  success  of  a  coal-cnttlng  machine ;  and  in  working  with  compressed 
air  it  most  be  borne  in  mind  that  the  power  was  cheaply  produced  at  the  mouth  ot 
the  pit,  and  readily  conveyed  to  the  machine.  The  constniction  of  the  machine  now 
described  seemed  to  possess  the  advantage  of  simplicity,  and  he  thought  this  machine 
was  very  likely  to  prove  one  of  the  best  yet  introduced ;  it  had  also  another  advan- 
tage in  being  able  to  hole  its  own  way  into  the  coal  at  starting,  without  requiring  any 
preliminary  holing  to  be  done  by  hand  before  it  could  be  got  to  work.  He  agreed  in 
considering  that  t£e  discharge  of  exhaust-air  from  a  coal-cutting  machine  was  hardly 
capable  of  producing  an  appreciable  effect  upon  the  ventilation  of  a  colliery,  as  the 
quantity  of  fresh  air  so  discharged  was  insignificant  in  comparison  with  the  total 
quantity  passing  through  the  mine. 

MAO&a  is  the  name  given  to  certain  spots  in  minerals,  of  a  deraer  hue  than  the 
main  substance,  and  differing  from  it.  Clay-slate  may  be  moded  with  Iron  Pyrites ; 
— or  it  may  be  that  the  made  spots  are  some  peculiar  form  of  the  same  mineral  matter 
supposed  to  proceed  from  some  disturbance  of  the  particles  in  the  act  of  crystallisation. 

Maclei  are  twin  crystals  which  are  united,  or  which  interpenetrate. 

BKABSax  {Garance,  Ft.;  Krapp,  Fdrberrothe,  Q-er.),  a  substance  very  exten- 
sively used  in  dyeing,  is  the  root  of  the  Subia  tinctorum,  Linn.  It  is  employed  for 
the  production  of  a  variety  of  colonrs,  such  as  red,  pink,  purple,  black,  and  diooolate. 

The  Eiythrodanum  or  Ereuthrodanum  of  the  Greeks,  of  which  Pliny  says  that  it 
was  named  Bubia  in  Latin,  and  that  its  roots  were  used  for  dyeing  wool  and  leather 
red,  was  probably  identical  with  the  Eubia  tinctorum,  since  the  description  of  its 
appearance  and  uses  given  by  ancient  authors  can  hardly  apply  to  any  other  plant.  It 
was  cultivated  -  in  Galilee,  Cario,  and  near  Bavenna  in  Italy,  where  it  was  planted 
either  among  the  olive-trees  or  in  fields  destined  for  that  pnrpose.  Another  species 
of  Rubia,  viz.  the  R.  mmyuta,  grows  in  the  mountainous  regions  of  Hindostan,  and 
the  roots  of  this  and  an  allied  plant,  the  Oldenlandia  umieilata,  called  by  the  natives 
Chaya,  have  been  in  use  in  that  country  since  the  most  remote  period,  for  the  purpose 
of  piodudng  the  red  and  chocolate  figures  seen  in  the  chintx  calicoes  of  the  East 
Indies.  (See  CAUCO-PaiinnKa.)  The  peculiar  process  by  which  the  colour  called 
Turkey  red  is  imparted  to  cotton  was  probably  invented  originallv  in  India,  but  the 
dyeing  material  generally  employed  in  this  process  was  not  madder,  but  the  chaya- 
root.  From  India  the  art  of  dymng  this  colour  seems  to  have  been  carried  to  Persia, 
Armenia,  Syria,  and  Greece ;  where  it  was  practised  for  many  centuries  before  it 
became  known  in  the  western  part  of  Europe.  In  those  coontnes,  however,  the  root 
of  the  Bubia  pettgrma,  called  in  the  Levant  Alizari,  was  the  material  to  which  dyers 
had  recourse  for  this  purpose,  and  large  quantities  of  it  are  at  the  present  day 
imported  into  Europe  £rom  Smyrna,  under  the  name  of  Turkey  roots.  In  the  middle 
ages,  according  to  Beckmann,  madder  went  by  the  name  of  Varantia  or  Ferantia. 
llie  cultivation  of  madder  was  introduced  into  the  province  of  Zeeland,  in  Holland, 
in  the  reign  of  the  Emperor  Charles  V,,  who  encouraged  it  by  particular  privileges 
conferred  on  the  inhabitants  for  the  purpose.  According  to  Ilaoqner,  however,  it 
was  to  tlie  Flemish  refugees  that  the  I>utch  were  first  indebted  for  their  knowledge 
of  the  method  of  preparing  the  plant.  It  is  still  grown  very  extensively  in  that  port 
of  Holland,  and  large  quantities  are  annually  exported  thence  into  other  countries. 
Until  very  recently  indeed,  tbe  dyers  of  this  country  derived  almost  the  whole 
of  their  supply  of  madder  from  Holland ;  and  it  was  the  discovery  that  Dutch  madder 
was  incap^le  of  producing  some  of  the  finer  colours  more  recently  introduced,  that 
first  led  to  its  being  to  some  extent  supplanted  by  madder  grown  in  other  ooontriea. 
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In  tlis  district  of  Avignon,  in  Fmnce,  the  cultivation  of  the  plant  commenced  abont 
the  year  1666,  under  Oolbeit,  but  it  was  chiefly  by  the  efibrts  c€  the  Secretary  of  State, 
Berlin,  tovards  the  dose  of  the  last  century,  ^at  it  became  firmly  established  there. 
The  Flench  dyers  and  printers  are  supplied  with  madder  from  Avignon  and  Alsace, 
and  laige  quantities  are  also  exported  from  France  into  England  and  other  countries. 
Uadder  is  also  grown  for  the  use  of  dyers  in  Silesia,  I)  spies,  and  Spain.  It  was 
formeriy  more  extensively  cultivated  in  England  than  it  is  now,  when  it  can  be 
imported  at  a  less  expense  than  it  can  be  raised.  The  Subia  pengr'ma  grows  wild  in 
the  south  of  England,  but  it  is  not  applied  to  any  useful  purpose. 

The  Subia  tinctorum  is  one  of  the  least  conspicuous  and  ornamental  of  our  culti- 
Tated  plants.  In  external  appearance  it  bears  great  resemblance  to  the  ordinary 
bed-sttaWB  or  Galinms,  with  which  it  is  also  botanically  allied.  Some  species  oi 
galium  seem  also  to  contain  a  red  colonring  matter,  and  one  of  them,  the  G.  varum,  is 
used  in  the  Hebrides  for  dyeing.  The  B.  tinctorum  belongs  to  the  class  Tetrandrin, 
order  Monogynia,  of  the  Linnnan,  and  the  order  Bubiacea,  Si  the  Natural  system.  It 
is  a  perennial  plant,  but  has  an  herbaceous  stem,  which  dies  down  every  year.  The 
main  part  of  the  root,  which  extends  perpendicularly  downwards  to  a  considerable  depth, 
is  cybndrical,  fleshy,  tolerably  smooth,  and  of  a  pale  carrot  colour.  On  cutting  it 
across  transversely,  it  is  found  to  consist  externally  of  a  thin  cortical  layer,  or 
epidermis,  to  which  succeeds  a  thick,  spongy  mass  of  cellular  tissue,  filled  with  a 
yellow  juice,  and  in  the  centre  runs  a  thin  tough  string  of  woody  fibre,  of  a  rather 
paler  yellow  colour  than  the  enveloping  cellular  tissue,  which  may  easily  be  peeled 
off.  The  root  when  freshly  cut  has  a  yellow  colour,  but  speedily  acquires  a  reddish 
tinge  on  exposure  to  the  air.  Man^  side  roots  issue  from  the  upper  part  or  head  of 
the  parent  root,  and  they  extend  jnst  beneath  the  surface  of  the  ground  to  a  con- 
siderable distance.  It  m  consequence  propagates  itself  very  rapidly,  for  these 
nnmeroos  side  roots  send  forth  many  shoots,  which,  if  carefully  separated  in  the 
spring,  soon  after  they  are  above  ground,  become  so  many  plants.  From  the  roots 
spring  forth  numerous  square-jointed  stalks,  which  creep  aI(Hig  the  ground  to  the 
length  of  from  5  to  8  feet.  Bound  each  joint  are  placed  in  a  whorl  firom  4  to  6 
lance-shaped  leaves,  abont  8  inches  in  length,  and  almost  an  inch  wide  at  the 
broadest  part.  The  upper  surface  of  the  leaves  is  smooth,  but  their  margin  and  keel, 
as  well  as  the  four  angles  of  the  stem,  are  armed  with  reflexed  prickles,  so  as  to  cause 
the  plant  to  adhere  to  any  rough  object  with  which  it  comes  in  contact  The  flowers, 
which  are  yellow,  are  arranged  in  compound  panides,  which  rise  in  pairs  opposite  to 
each  other  from  the  axils  of  the  leaves.  The  calyx  is  very  small.  The  corolla  is  small, 
campanulate,  and  5-cleft.  The  flower  contains  4  stamens,  and  I  style.  The  fr^it  or 
berry  is  at  first  red,  but  afterwards  becomes  black.  It  consists  of  two  lobes,  each  of 
whidi  contains  a  seed. 

The  Rtibia  timUonim  thrives  best  in  a  warm  climate,  and  if  grown  in  the  north  of 
Europe  a  warm  sheltered  situation  should  be  chosen.  A  deep,  dry  soil,  containing  an 
abundance  of  humus,  is  best  adapted  for  its  cultivation.  A  nch  loam,  in  which 
there  is  a  large  proportion  of  sand  and  but  little  clay,  is  preferable  to  the  stifi^  soils. 
As  the  plant  requires  to  be  left  in  the  ground  several  years,  it  is  not  one  which  can 
be  adapted  to  any  system  of  rotation  of  crops,  and  its  cultivation  must  be  carried  on 
independently.  Land  which  has  lain  for  a  considerable  time  in  grass  is  preferred  to 
any  other  for  the  purpose.  At  all  events,  it  is  well  not  to  allow  it  to  follow  on  root  crops. 
The  finest  qualities  of  madder  grow  in  calcareous  soils.  In  the  district  called  Palud, 
which  prodnces  the  best  quality  of  French  madder,  the  soil  contains  abont  90  per 
cent  of  carbonate  of  lime,  and  is  moreover  capable  of  yielding  several  successive  crops 
of  the  plant ;  whereas  the  land  which  grows  the  second  quality  called  rotie  is  richer, 
but  lees  calcareous,  and  can  only  be  made  to  grow  madder  alternately  with  other  crops. 
The  land  must  be  well  dug  up  with  the  spade  about  the  beginning  of  aatamo,  and  before 
winter.  The  manure  used  must  be  well  rotten,  and  mixed  with  earth  in  a  compost  some 
time  before  it  is  used.  Good  stable-dun^,  which  has  heated  to  a  certain  degree  and  been 
turned  over  two  or  three  times  before  it  is  mixed  with  earth,  is  the  best  The  dung 
should  be  put  in  layers  with  the  earth,  and  if  the  whole  can  be  well-watered  with 
urine  or  the  diainings  of  the  yard,  and  then  mixed  up  by  the  spade,  the  compost 
will  be  much  superior  to  fresh  dung  alone.  The  manure  having  been  dug  or  plou^ed 
in,  the  land  is  left  over  winter,  and  in  spring  it  is  turned  over  again,  in  order  to 
destroy  all  weeds,  and  make  the  soil  uniform  to  the  depth  of  2  feet  at  least  After 
having  been  harrowed  flat  it  is  ready  for  planting.  Hadder  is  generally  grown  from 
suckers  or  shoots,  rarely  from  seeds.  The  shoots  are  prepared  by  cutting  in  tiie 
previous  autumn,  from  the  secondaiy  roots  of  old  plants,  pieces  at  least  5  inches 
long  and  of  the  thickness  of  a  quill,  each  length  containing  several  joints  for  the 
development  of  buds,  and  preserving  them  throngh  the  winter  in  a  dry  place  by 
coTtiing  them  over  with  litter  or  leaves.    Before  planting,  the  land  is  in  some  dis- 
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tricts  laid  in  beds,  about  8  feet  wide,  \rith  deep  interrals  dog  out  with  tiie  spade,  Mid 
the  layers  are  set,  by  means  of  a  dibble  op  narrow  trowel,  in  rows,  each  bed  coDtain- 
ing  two  rows  about  16  inches  apart,  and  the  layers  being  at  a  distance  of  4  to  6 
inches  from  each  other.  In  other  districts,  fonows  about  8  or  4  inches  deep,  and 
14  or  2  feet  apart,  are  made,  and  in  theise  furrows  the  suckers  are  placed  at  a  distance 
of  1  foot  from  one  another,  and  the  furrows  are  then  filled  up  with  soil  by  means  of  a 
lake.  Should  the  weather  be  dry,  the  plants  must  be  watered.  A  watering  with 
diluted  urine  after  sunset  greatly  assists  their  taking  root.  After  3  or  4  weeks  they 
appear  above  the  ground.  When  they  have  grown  to  the  length  of  a  finger  they 
must  be  well  weeded  and  earthed  up  with  the  hoe,  and  this  process  must  be  repeated 
4  or  6  weeks  later,  taking  care  that  the  roots  be  well  coTered  with  earth,  which 
very  much  promotes  their  growth.  The  stems  and  leaves  should  not  be  cut  off,  but 
allowed  to  die  down  as  winter  approaches.  Where  the  winter  cold  is  very  great,  the 
roots  should  in  the  course  of  November  be  covered  up  with  earth  to  the  depth  of  2 
or  3  inches,  and  an  additional  covering  of  litter  is  also  advisable  as  a  protection 
^m  the  frost  Water  must  on  no  account  be  allowed  to  stand  in  the  furrows 
between  the  rows  during  the  winter.  In  spring  the  covering  is  removed,  and  the 
plant  then  sends  np  fresh  stalks  and  leaves  as  in  the  first  year.  The  same  attention 
must  be  paid  to  weeding  and  earthing-up  during  the  second  as  the  first  year.  A 
second  winter  and  a  third  summer  must  elapse  before  the  root  is  sufficiently  mature 
to  be  taken  up.  The  object  of  allowing  the  roots  to  remain  for  such  a  length  of 
time  in  the  ground  seems  to  be  to  give  time  for  the  interior  or  woody  part  of  the  root 
to  increase ;  for  this  part,  though  it  is  no  richer  in  colouring  matter  than  the  outer  or 
fieshy  part  of  the  root,  yields  a  product  of  finer  quality.  In  France,  however,  it  is 
usual  to  gather  the  crop  in  18  months  after  planting,  uiat  is,  in  the  autumn  of  the 
second  year. 

In  Oermany  the  roots  are  sometimes  even  taken  up  .it  the  end  of  the  first  year, 
and  it  is  to  the  product  thus  obtained  that  the  spedal  name  of  Sothe  is  applied,  the 
term  Krapp  being  restricted  to  that  which  has  been  in  the  ground  the  usual  len^h 
of  time.  The  root  is  the  only  part  of  the  plant  generally  used.  The  East  Indian 
product  called  liunjeet  seems,  however,  to  consist  entirely  of  the  stalks  of  the  madder 
plant  It  is  much  inferior  in  quality  to  'ordinary  madder,  and  is  comparatively  poor 
in  colouring-matter. 

The  time  usually  selected  for  taking  np  the  roots  is  October  or  November.  In 
doing  so  care  mast  be  taken  to  break  and  injure  them  as  little  as  possible.  The 
quantity  of  fresh  roots  obtained  in  France  from  one  arpent  of  ground  (of  48,000 
square  feet)  varies  from  4.000  to  6,000  lbs.  In  Kngland  an  acre  of  ground  will  yield 
firom  10  to  20  cwts.,  and  in  the  south  of  Germany  the  produce  of  1  morgen  of  land 
(equal  to  about  4,075  square  yards)  amounts  to  50  cwts.  of  dry  roots.  In  warm 
climates  the  roots,  as  soon,  as  they  are  taken  out  of  tlie  ground,  are  simply  dried  in 
the  sun,  and  after  having  been  separated  from  the  earth,  &c.,  are  broken  into  pieces, 
and  then  brought  to  market  This  kind  of  madder  is  called  in  the  East  Alisari,  and 
in  England  Madder-rooU.  It  consists  of  short  twisted  pieces,  a  little  thicker  than  a 
quill,  reddish-brown,  and  rather  rough  externally.  A  transverse  section  of  one  of 
uiese  pieces  exhibits  in  the  centre  several  concentric  layers  of  pale  yellowish-red 
'Woody  fibre,  surrounded  by  a  thin  leddish-brown  layer  of  cellular  tissue,  the  origimil 
volume  of  which  has  been  much  reduced  by  drying.  Madder  is  also  imported  in  this 
state  from  France,  Naples,  and  Bombay. 

In  France  and  Holland  the  cultivator  generally  dries  Ms  roots,  after  shaking  oat 
the  earth  as  much  as  possible,  partially  in  stoves.  He  then  takes  them  to  the 
threshing-floor,  and  threshes  Uiem  with  the  flail,  partly  for  the  purpose  of  separat- 
ing the  small  radicles  and  epidermis  of  the  root,  and  partly  in  order  to  divide  the 
latter  into  pieces  about  7  or  8  centimetres  in  length.  They  are  then  sieved  or  win- 
nowed, in  order  to  remove  what  has  been  detached  by  threshing.  The  particles 
which  are  separated  in  this  process  are  ground  by  themselves,  and  constitute  an  in- 
ferior kind  of  madder  called  MuU.  The  remainder  is  then  handed  over  to  the  madder 
manufacturer,  who  proceeds  to  dry  it  completely  in  stoves  heated  to  about  100°  Fahr. 
by  means  of  furnaces  so  constructed  as  to  allow  an  occasional  current  of  f^h  air  to 
pass  through.  It  is  afterwards  taken  to  a  large  sieve  with  different  compartments, 
moved  by  machineiy.  The  compartment  with  t£e  narrowest  meshes  serves  to  sepa- 
rate the  portions  of  epidermis,  earthy  particles,  and  other  refiise  matter  which  had 
been  left  adhering  to  the  roote  after  the  threshing.  The  compartments  with  wider 
meshes  are  for  the  purpose  of  separating  the  smaller  roots  from  the  larger  ones,  the 
latter  being  considered  the  best  In  France  this  operation  is  called  robage.  The 
roots  are  then  subjected  to  the  process  of  grinding,  by  means  of  vertical  millstones, 
and  afterwards  passed  through  sieves  of  different  sizes,  until  they  are  reduced  to  a 
State  of  fine  powder.    When  the  larger  and  better  roots  are  ground  by  themselves, 
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the  madder  is  o&Iled  in  France  ffarance  roUt  fine,  at  aaranee  tvrfine,  and  it  is  mariced 
with  tlio  letters  s  f.  The  smaller  roots  yield  an  rnferior  madder,  which  is  called 
ffarance  non  robie,  or  rnifine,  and  is  marked  H  f.  When  the  different  kinds  of  roots 
are  not  separated  from  one  another,  but  all  ground  together,  the  product  is  called 
garance  petite  robie,  moint  robie,  or  fine,  and  is  marked  f  f,  B^  far  the  greater  por- 
tion of  the  madder  consumed  in  France  consists  of  this  qualitf,  since  it  is  found  to  be 
perfectly  well  adapted  for  all  the  purposes  to  which  madder  is  usually  applied.  The 
letter  o  is  applied  to  the  lowest  quality  of  madder  or  mull,  which  is  obtained  by 
grinding  the  epidennis  and  other  portions  of  the  root  which  are  detached  after  the 
first  stoving,  and  during  the  process  called  robage.  The  qualities  c  v  and  o  F  o  con- 
sist of  mixtures  of  m  r  and  n.  There  is  also  another  quality,  which  receives  the 
designation  s  f  f,  and  which  is  obtained  by  grinding  separately  the  internal  ligneous 
part  of  the  root,  preriously  deprived  of  the  outer  or  cortical  portion.  Tliis  queJity  is 
employed  for  dyeing  fine  colours  on  wool  and  silk,  as  well  as  for  the  preparation  of 
madder-lakes.  Other  marks,  such  as  sfff,  szsfvf,  &c,  are  also  occasionally 
employed  by  French  manu&ctnrers  and  dealers,  to  distinguish  particular  qualities. 
In  Holland  the  product  obtained  by  grinding  together  the  whole  roots,  after  uie  sepa- 
ration of  the  mull,  is  called  onber,  whilst  the  term  orop  is  applied  to  the  internal  part 
of  the  root  ground  separately. 

The  Levant  madder,  usually  called  Turkey  roots,  is  considered  to  be  the  finest 
quality  imported  into  this  country.  It  comes  to  us  from  Smyrna,  and  consists  of  the 
whole  roots  broken  into  small  pieces,  and  packed  in  bales.  It  is  ground  as  it  is, 
without  any  attempt  being  made  to  separate  the  dif&rent  portions  ot  the  root ;  and 
has  then  the  appearance  of  a  coarse,  dark  reddish-brown  powder.  It  is  employed 
chiefly  for  the  purpose  of  dyeing  the  finer  purples  on  calico.  Next  to  this  comes  the 
madder  of  Avignon,  of  which  two  varieties  are  distinguished  in  commerce,  viz.  PtUuds 
and  roeie.  The  first,  which  is  the  finest,  owes  its  name  to  the  district  in  which  it  is 
grown,  consisting  of  a  small  tract  of  reclaimed  marsh  land  in  the  neighboorhood  of 
Avignon.  Avignon  madder  is  considered  to  be  the  best  adapted  for  dyeing  pink.  It 
has  the  appearance,  as  imported  into  this  country,  of  a  fine  pale  yellowish-brown  or 
reddish-brown  powder.  The  paler  colour,  as  compared  with  that  of  ground  roott,  is 
owing  to  the  partial  separation  of  the  external  or  cellular  portion  of  the  root  during 
the  process  of  grinding,  as  practised  in  France.  The  madders  of  Alsace,  Holland,  and 
Naples,  are  richer  in  oolouring-mattisr  than  the  two  preceding  kinds,  bot  they  jdeld 
less  permanent  dyes,  and  are  therefore  only  employed  for  colours  which  require  little 
treatment  with  soap  and  other  purifying  agents  after  dyeing.  Of  late  years,  indeed, 
the  employment  of  fforancme,  a  preparation  of  madder,  in  the  place  of  theae  lower 
descriptions,  has  berame  very  general. 

All  kinds  of  madder  have  a  peculiar,  indescribable  smell,  and  a  taste  between 
Utter  and  sweet  Their  colour  varies  extremely,  being  sometimes  yellow,  sometimes 
orange,  red,  reddish-brown,  or  brown.  They  are  all  more  or  less  hygroscopic,  so 
that  even  when  closely  packed  in  casks  in  a  state  of  powder,  they  slowly  attract 
moisture,  increase  in  weight,  and  at  length  lose  their  pulverulent  condition,  and  form 
a  firm,  coherent  mass.  This  change  takes  place  to  a  greater  extent  with  Alsace  and 
Dutch  madders  than  with  those  of  Avignon.  Hadder  which  has  undergone  this 
change  is  called  by  the  French  garance  grapfie.  It  is  probable  that  some  process 
of  fermentation  goes  on  at  the  same'  time,  for  madder  that  is  kept  in  casks  in  a 
dry  place,  and  as  much  out  of  contact  with  the  air  as  posmble,  is  found  constantly 
to  improve  in  quality  for  a  certain  length  of  time,  after  which  it  again  deteriorates. 
Some  kinds  of  madder,  especially  those  of  Alsace  and  Holland,  when  mixed  with 
water  and  left  to  stand  for  a  short  time,  give  a  thick  coagulum  or  jelly,  which  does 
not  take  place  to  the  same  degree  with  Avignon  madder.  The  miidder  of  Avignon 
contains  so  much  carbonate  of  lime  as  to  effervesce  with  acids.  The  herbaceous  parts 
of  the  plant,  when  given  as  fodder  to  cattle,  ore  found  to  communicate  a  red  colour 
to  their  bones,  a  ciicumstabce  which  was  first  observed  about  a  hundred  years  ago, 
and  has  been  employed  by  physiologists  to  determine  the  manner  and  rate  of  growth 
of  bone. 

There  exists  no  certain  means  of  accnrately  ascertaining  the  intrinsic  value  of  any 
sample  of  madder,  except  that  of  dyeing  a  certain  quantity  of  mordanted  calico  wiu 
a  weighed  quantity  of  the  sample,  and  comparing  the  depth  and  solidity  of  the 
colours  with  Uiose  produced  by  the  same  weight  of  another  sample  of  known  quality, 
and  even  this  method  may  lead  to  uncertain  results,  if  practised  on  too  small  a  scale. 
The  faliads,  which  is  the  most  esteemed  of  the  Avignon  madders,  has  a  dark  red  hue, 
vhereas  the  other  kinds  have  naturally  a  yellow,  reddish-yellow,  or  brownish-yellow 
colour.  Nevertheless,  means  hare  been  devised  of  communicating  to  the  latter  the 
desired  reddish  tinge,  which,  therefore,  no  longer  verves  as  a  test  A  method  formerly 
•owloyed  to  ascertain  the  comparative  value  of  a  number  of  samples  of  madder  con« 
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nsted  in  pladng  a  small  qitantity  of  each  sample  on  a  slate,  pressing  the  heaps  flat  with 
some  haid  body,  and  then  taking  them  to  a  cellar  or  other  damp  place.  After  10  or 
12  hours  they  were  examined,  and  that  which  had  acquired  the  deepest  colour,  and 
increased  the  most  in  volume  was  considered  the  best.  This  method  led,  howerer,  to  so 
many  frauds  on  the  part  of  the  dealer,  for  the  purpose  of  producing  the  desired  effect, 
that  it  is  no  longer  resorted  to.  Madder  is  sometimes  adulterated  with  sand,  clay, 
bride-dust,  ochre,  sawdust,  bran,  oak-bark,  logwood  and  other  dye-woods,  sumac  and 
quercitron  bark.  Some  of  these  additions  are  difficult  to  detect.  Such  as  contain 
tannin  maybe  discorered  by  the  usual  tests,  since  madder  contains  naturally  no  tannin. 
If  the  material  used  for  adulteration  be  of  mineral  nature,  its  i^esence  may  be  dis- 
eorered  by  incinerating  a  weighed  quantity  of  the  sample.  If  the  quantity  of  ash  which 
is  left  exceeds  10  per  cent,  of  the  material  employed,  adulteration  may  be  suspected. 
The  ash  obtained  by  incinerating  pure  madder  consists  of  the  carbonates,  sulphates, 
and  phosphates  of  potash  ind  soda,  chloride  of  potassium,  carbonate  and  phosphate  of 
lime,  phosjdiate  of  magnesia,  oxide  of  iron  and  silica.  If  a  considerable  amount  of 
any  ouiar  mineral  constituents  is  found,  it  is  certainly  due  to  adulteration. 

There  is  probably  no  subject  connected  with  the  art  of  dyeing  which  has  giyen  rise  to 
so  much  discussion  as  the  composition  of  madder,  and  the  chemical  nature  of  the 
colouring  matters  to  which  it  owes  its  valuable  properties.  The  sulject  has  engaged 
the  attention  of  a  number  of  chemists,  whose  labours,  extending  over  a  lengthened 
period,  have  thrown  considerable  light  oa  it  Nevertheless,  the  conclusions  at 
which  they  have  severally  arrived  do  not  perfectly  agree  with  one  another,  nor  with 
the  views  entertained  by  the  most  intelligent  of  those  practically  engaged  in  madder 
dyeing.  The  older  investigators  supposed  that  madder  contained  two  colouring 
matters,  one  of  which  was  tawny,  and  the  other  red.  Bobiquet  was  the  first  chemist 
who  asserted  that  it  contained  two  distinct  red  colouring  matters,  both  of  which 
contributed  to  the  production  of  the  dyes  for  which  madder  is  employed ;  and  his 
views,  though  they  were  at  the  time  of  their  promulgation  strongly  objected  to 
by  some  of  the  most  eminent  French  dyers  and  calico-printers,  still  offer  probably 
the  best  means  of  explaining  some  of  the  phenomena  occurring  during  the  process  at 
madder  dyeing.  The  two  red  colouring  matters  discovered  by  Bobiquet  were  named 
by  him  juizarine  and  Purpurine,  and  these  names  they  still  retain.  Several  crystal- 
lised yellow  colouring  matters  have  been  discovered  by  other  chemists ;  but  the  only 
one  which  exists  ready-formed  in  the  madder  of  commerce  is  the  ^uiiactM  of  Schunck, 
and  this  substance  may  also  be  taken  as  the  type  of  the  whole  class,  the  members  of 
which  possess  very  similar  properties.  Among  the  other  organic  substances  obtained 
by  different  diemists  from  madder,  two  resinous  colouring  matters,  sugar,  a  bitter 
principle,  a  peculiar  extractive  matter,  pectin,  s  fermentative  nitrogenous  substance, 
and  malic,  citric,  and  oxalic  acids,  may  be  mentioned. 

When  madder  is  extracted  with  boiling  water,  a  dark  brown  muddy  liquid,  having 
a  taste  between  bitter  and  sweet,  is  obtained.  On  adding  a  small  quantity  of  an  acid 
to  this  liquid,  a  dark  brown  precipitate  is  produced,  while  the  supernatant  liquid 
becomes  clear,  and  now  appears  of  a  bright  yellow  colour.  The  precipitate  eonasts 
of  alizarine,  purporine,  rubiacine,  the  two  resinous  colouring  matters,  pectic  acid, 
oxidised  extractive  matter,  and  a  peculiar  nitrogenous  substance.  The  liquid  filtered 
from  this  precipitate  contains  the  bitter  principle  and  the  extractive  matter  of  madder, 
as  well  as  sugar  and  salts  of  potash,  lime,  and  inagnesia.  Xo  starch,  gum,  or  tannin 
can  be  detected  in  the  watery  extract.  After  the  madder  has  been  completely  ex- 
hausted with  boiling  water,  it  appears  of  a  dull  red  colour.  It  still  contains  a  quan- 
tity of  colouring  matter,  which  cannot,  however,  be  extracted  with  hot  water,  or 
even  alkalis,  since  it  exists  in  a  state  of  combination  with  lime  and  other  bases, 
forming  compounds  which  are  insoluble  in  those  menstrua.  If,  however,  the  residue 
be  treated  with  boiling  dilute  muriatic  acid,  the  latter  dissolves  a  quantity  of  lime, 
magnesia,  alumina,  and  peroxide  of  iron,  as  well  as  some  phosphate  and  oxalate  of 
lime,  which  may  be  discovered  in  the  filtered  liquid ;  and  if  the  remainder,  after  being 
well  washed,  be  treated  with  caustic  alkali,  a  dark  red  liquid  is  obtained,  which  gives 
with  acids  a  dark  reddish-brown  precipitate  consisting  of  alizarine,  purpurine,  rubia- 
cine, resin,  and  pectic  add.  That  portion  of  the  madder  left  after  treatment  with  hot 
water,  adds,  and  alkalis,  consists  almost  entirely  of  woody  fibre. 

A  short  description  of  some  of  the  substances  just  mentioned  will  not  be  oat  of 
place  here,  as  it  may  assist  in  rendering  the  process  of  dydng  with  madder  more 
utelligjble. 

The  most  important  of  these  substances  is  alisarine,  since  it  forms  the  basis  of  all 
the  finer  and  more  permanent  dyes  produced  by  madder.  The  matihre  colorante  ronge 
of  Fersoz  and  the  madder-nd  of  Bunge  also  consist  essentially  of  alizarine,  mixed 
with  some  impurities.  Bobiquet  firsbobtained  it  in  the  form  of  a  crystalline  sublimate, 
by  eztiacdog  madder  with  odd  water,  aUowing  the  liquid  to  gehttinise,  treating  the 
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jally  witb  alcohol,  eTa^istioe  the  alooliolio  liquid  to  di^iieaB,  and  heatiiig  the  nsidne ; 
and  since  the  application  of  neat  seemed  to  be  an  essential  part  of  his  process,  it  was 
for  a  long  time  doubted  whether  alizarine  was  contained  as  gach  in  madder,  and  was 
not  a  product  of  decomposition  of  some  other  body.  It  was  proved,  however,  by  the 
experiments  of  Schonck  that  it  does  in  reality  pre-exist  in  the  ordinaiy  madder  of 
commense,  though  not  in  the  fresh  root  when  just  taken  ont  of  the  ground.  It  has 
the  following  properties : — It  oystallises  in  long,  transparent,  lustrous,  yellowish-red 
needles.  These  needles  when  heated  to  212°  F.  lose  their  water  of  crystallisation, 
and  become  opaque.  At  about  420°  F.  alizarine  begins  to  sublime,  and  if  carefolly 
heated  may  be  almost  entirely  volatilised,  only  a  little  charcoal  being  left  b^nd. 
The  sublimate  obtained  by  collecting  the  vapours  consists  of  long,  brilliant,  trans- 
parent, orange-coloured  crystals,  which  are  pure  anhydrous  alizarine.  If  madder,  or 
any  preparation  or  extract  of  madder,  be  heated  to  the  same  temperature,  a  sub- 
limate of  alizarine  is  also  obtained,  but  the  crystals  are  then  generally  contaminated 
with  drops  of  empyreumatic  oil,  produced  by  the  decomposition  of  other  oonatitneuts 
(^  the  root.  This  oily  matter  may,  according  to  Kobiquet,  be  removed  by  washing 
the  crystals  with  a  little  cold  alcohol.  Alizarine  is  almost  insoluble  in  cold  water. 
It  is  only  slightly  soluble  in  boiling  water,  and  is  deposited,  on  the  solution  cooling, 
in  yellow  crystalline  flocks.  When  the  water  contains  large  qnantitiee  of  acid  or 
salts  in  solution,  it  dissolves  very  little  alizarine,  even  on  boiling.  The  colour  of  the 
solution  is  yellowish  when  it  is  quite  firee  from  alkalis  or  alkaline  eartiis.  Alizarine 
dissolves  much  more  readily  in  alcohol  and  ether  thaa  in  water ;  the  solutions  have 
a  deep  yellow  colour.  Alizarine  is  decomposed  }n  chlorine,  and  converted  into  a 
colourless  product.  It  is  also  decomposed  by  boiling  nitric  acid,  the  product  being 
a  colourless,  crystallised  add,  phthalic  acid,  the  same  that  is  formed  by  the  action  of 
nitric  acid  on  nafJithaline.  Alizarine  dissolves  in  concentrated  sulphuric  acid,  yield- 
ing a  yellow  solution,  which  may  be  heated  to  the  boiling  point  without  changiitt 
colour  and  without  any  decomposition  of  the  alizarine,  which  is  precipitated  unolianged 
on  the  addition  of  water.  Alizarine  dissolves  in  caustic  alkalis  with  a  splendid 
purple  or  violet  colour,  which  remains  unchanged  on  exposure  of  the  solutions  to  the 
air.  The  ammoniacal  solution,  however,  loses  its  ammonia  entirely  on  being  left  to 
stand  in  an  open  vessel,  and  deposits  its  alizarine  in  the  form  of  shining  prismatic 
crystals,  or  of  a  oystalline  crust.  The  alkaline  solutions  give  with  solutions  of  lime 
and  baryta  salts  precipitates  of  a  beautiful  purple  colour,  with  alumina  salts  a  red, 
with  iron  salts  a  purple  precipitate,  and  with  most  of  the  salts  of  metallic  oxides  pre- 
cipitates of  various  shades  of  purple.  The  affinity  of  alizarine  for  alumina  is  so  great, 
that  if  the  compound  of  the  two  bodies  be  treated  with  boiling  caustic  potash-lye,  it 
merely  changes  its  colour  &om  red  to  purple  without  being  decomposed.  Alizarine 
is  not  more  soluble  in  boiling  alum-liquor  than  in  boiling  water.  The  chemical 
formula  of  anhydrous  alizarine  is,  according  to  the  researches  of  Messrs,  0raeba  and 
Liebsrmann,  C»H'0«  (0"HH><). 

If  alizarine  in  a  finely  divided  or,  what  is  still  better,  in  a  freshly  precipitated  state, 
be  sospended  in  distilled  water,  and  a  piece  of  calico  printed  with  alumina  and 
iron  mordants  of  different  strengths  be  plunged  into  it,  the  latter,  on  gradually 
heating  the  bath,  become  dyed.  The  process  is  necessarily  a  slow  one,  because 
alizarine  is  only  slightly  soluble  in  boiling  water,  and  as  the  mordants  can  only 
combine  with  that  portion  actually  in  solution,  a  constant  ebullition  of  the  liquid 
must  be  kept  up,  in  order  to  cause  firesh  portions  of  colouring  matter  to  dissolve  in 
the  place  of  that  portion  taken  up  by  the  mordants.  A  very  small  proporticMial 
quantity  of  alizarine  is  required  in  order  to  dye  very  dark  colours,  but  it  is  absolutely 
necessary  that  the  bath  should  contain  no  trace  of  either  acid  or  base,  since  the  former 
wonld  combine  with  the  mordants,  and  the  latter  with  the  alizarine.  When  the 
process  is  complete  the  alumina  mordant  will  be  found  to  have  acquired  various 
shades  of  red,  while  the  iron  mordant  will  appear  either  black  or  of  different  shades 
of  purple,  according  to  the  strength  of  the  mordant  employed.  These  colours  are 
as  brilliant  and  as  permanent  as  those  obtained  £rom  madder  by  means  of  a  long  and 
complicated  process.  Nevertheless,  the  red  is  generally  found  to  have  more  of  a 
purplish  hue,  and  the  black  to  be  less  intonso  than  when  madder  or  its  preparations 
are  employed.  On  the  other  hand,  if  one  of  the  finer  madder  colours  iniich  are 
produced  on  calico,  such  as  pink  or  lilac,  be  examined,  the  colours  are  found  to  con- 
tain, in  combination  with  the  mordants,  almost  pure  alizarine.  Hence  it  may  be 
inferred,  that  alizarine  alone  is  required  for  the  production  of  these  colours,  and 
that  the  simple  combination  of  this  colouring  matter  with  the  mordants  is  the  principal 
end  which  is  to  be  attained  by  the  dyer  in  producing  them. 

Alizarine  has  been  obtained  artificially  by  Messrs,  Graebe  and  Uebermann,  as  a 
derivative  of  anthracene  or  paranaphthaline,  which  is  one  of  the  products  obtained  in 
the  distillation  of  coal-tar.    Artificial  alizarine  is  now  extensively  manufactured  and 
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used  for  a  substitate  for  madder.  By  the  action  of  bromine  upon  alizarine,  Hr.  Ferkm 
has  receuUy  obtained  a  deriratiTe  called  bromcdUarint,  which  may  also  be  used  in 
dyeing.    For  the  mannfacture  of  artificial  alizarine,  see  Aiizasinx  ;  AnTHBACENZ. 

Pwrpurine,  the  other  red  colouring  matter  of  madder,  with  which  the  maiiire 
eoloranie  rose  of  Gaultier  de  Glaubry  and  Persoz,  and  the  madder^rfle  of  Bonge,  are 
substantially  identical,  can  hardly  be  distingnished  by  its  appearance  firam  aliauine, 
vhich  it  also  resembles  in  most  of  its  properties.  It  crystallises  iu  small  orange* 
coloured  or  rod  needles.  'When  carefully  neated  it  is  almost  entirely  volatilised, 
yielding  a  sublimate  of  shining  orange-coloured  scales  and  needles.  It  is  slightly 
soluble  in  boiling  water,  giving  a  piidc  solution.  It  is  more  soluble  in  alcohol  than 
in  water,  the  solution  having  a  deep  yellow  colour.  It  dissolves  in  concentrated 
sulphuric  acid,  and  is  not  deoomjposed  on  heating  the  solution,  even  to  the  boiling 
point  It  is  decomposed  by  boiling  nitric  acid,  and  yields,  like  alizarine,  phthalic 
add.  It  is  distinguished  from  alizarine,  by  its  solnbility  in  alum-liquor.  When 
treated  with  a  boiling  solution  of  alum  in  water,  it  dissolves  entirely,  yielding  a  peculiar 
opalescent  solution,  which  appears  of  a  bright  pink  colour  by  transmitted  light,  and 
yellowish  by  reflected  light  The  solution  deposits  nothing  on  cooling,  but  on 
adding  to  it  an  excess  of  muriatic  or  sulphuric  acid,  it  becomes  colourless,  and  the 
purpurins  &lls  down  in  yellow  flocks.  On  this  properbr  depends  the  method  of 
separating  it  from  alizarine.  The  compounds  of  purpunne  with  bases  are  mostly 
purple.  It  dissolves  in  alkalis  with  a  bright  purplish-red  or  cherry-red  colour. 
If  the  solution  iu  caustic  potash  or  soda  be  exposed  to  the  air,  ita  colour  changes 
gradually  to  reddish-yellow,  and  the  purpurine  contained  in  it  is  decomposed,  a 
characteristic  which  also  serves  to  distinguish  purpurine  from  alizarine,  the  alkaline 
solutions  of  which  are  not  changed  by  the  action  of  oxygen.  The  composition  of 
purpurine  approaches  very  near  to  that  of  alizarine,  but  its  chemical  formula  is 
unknown.  It  communicates  to  calico,  which  has  been  printed  with  various  mordants, 
colours  similar  to  those  imparted  by  alizarine,  but  the  red  is  more  fiery,  and  the 
black  more  intense  than  when  alizarine  is  employed.  On  the  other  hand,  the  purple 
dyed  by  means  of  purpurine  has  a  disagreeable  reddish  tinge,  and  presents  an 
unpleasant  contrast  with  the  beautiful  purple  firom  alizarine.  The  name  of  this 
colouring  matter  is  therefore  very  inappropriate,  and  is  calculated  to  mislead.  The 
colours  dyed  with  purpurine  are  less  stable  than  those  dyed  with  alizarine,  they 
are  less  able  to  resist  the  action  of  soap  and  other  agents  than  the  latter.  Hence,  very 
little  purpurine  is  found  in  combination  with  the  mordants,  in  such  madder  colours 
as  have  undergone  a  couise  of  treatment  with  alkalis  and  adds,  after  having  been 
dyed ;  indeed,  the  principal  object  of  this  treatment  appears  to  be  the  removal  of  this 
and  other  substances,  so  as  to  leave  compounds  of  alizarine  only  on  the  fabric 
Purpurine  seems  to  abound  more  in  the  lower,  stronger  qualities  of  madder  than  in 
the  finer.  To  this  cause,  Robiquet  chiefly  ascribed  the  superiority  of  the  latter  in 
dyeing  &8t  colours,  and  no  better  way  of  accounting  for  it  has  hitherto  been  suggested. 
Furpnrine  forms  the  basis  of  the  red  pigment  called  madder-lake. 

StMaoine  is  the  name  which  has  been  applied  to  a  yellow  ciystallisod  colouring 
matter  contained  in  madder.  It  coincides  in  most  of  its  properties  with  the 
madder-orange  of  Bunge.  It  crystallises  in  greenish -yellow  lustrous  scales  and 
needles,  mien  heated  it  is  entirely  volatilised,  yielding  a  ciTstalline  sublimate.  It 
is  only  slightly  soluble  in  boiling  water,  but  more  soluble  m  boiling  alcohol,  from 
which  it  crystallises  on  cooling.  It  dissolves  in  concentrated  sulphuric  acid,  and  is 
not  decomposed  on  boiling  the  solution.  It  also  dissolves  in  boiling  nitric  acid  without 
being  decomposed.  It  dissolves  in  caustic  alkalis  with  a  pnrple  colour.  Its  com- 
pounds with  earths  and  metallic  oxides  are  mostly  red.  'When  treated  with  a 
boiling  solution  of  pemitrato  or  perchloride  of  iron  it  dissolves  entirely,  yielding  a 
brownish-red  solution,  which  deposits  nothing  on  cooling,  but  gives,  on  the  addition 
of  an  excess  of  muriatic  acid,  a  yellow  flocculent  precipitate,  consisting  of  a  peculiar 
add,  called  rubiacic  acid. 

Two  amorphous  resinous  colooring  matters,  forming  brownish-red  compounds 
with  bases,  have  also  been  obtained  from  madder.  Both  are  veiy  little  soluble  in 
bailing  water.  One  of  them  is  a  dark  brown,  brittie,  resin-like  substance,  very  easily 
soluble  in  alcohol,  which  melts  at  a  temprature  a  little  above  212°  F.  The  other  is 
a  reddish-brown  powder,  less  soluble  in  alcohol  than  the  preceding.  These  two 
colouring  matters,  together  with  rubiadne,  constitute  probably  the  tawuu  or  dun 
colouring  matter  of  the  older  chemists.  They  do  not  contiibute  to  tile  intensity  of  the 
colours  dyed  with  madder,  and  exert  a  very  prejudidal  affect  on  the  beauty  of  the 
dyes.  If  printed  calico  bo  dyed  witli  a  mixture  of  alizarine,  and  any  one  of  these 
three  colouring  matters,  the  colours  are  found  to  be  both  weaker  and  less  beautiful 
than  when  alirarine  is  employed  alone.  The  red  acquires  an  orange  tinge,  and  the 
purple  a  reddish  hue,  whilst  the  black  is  less  intense,  and  the  parts  of  the  calico 
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wiiich  sbonld  remain  \riiita  an  foond  to  hare  a  yelloTisIi  oolonr.  Hence  it  i»  of  im- 
portance to  the  dyer  that  their  efibct  should  be  connteracted  ae  mudi  as  possible,  by 
{trerenting  them  either  fiom  diuolving^in  tiie  dye-bath  or  from  attaching  themselves 
tothe&Ivie. 

The  other  oonstitnents  of  madder  possess  no  interest  in  themselres,  bnt  may  be- 
come of  importance  in  consequence  of  the  effects  which  they  produce  during  the  pro- 
cess of  dyeing.  The  pectine,  in  the  state  in  which  it  exists  in  the  root,  is  probably 
an  indifferent  substance,  but  in  consequence  of  the  ease  and  rapidity  with  which  it 
passee  into  pectic  acid,  it  ma^  in  dyeing  net  rery  prejudicially  by  combining 
with  the  moraants  and  preventing  them  t&ng  up  colouring  matter.  The  eztrao- 
tive  matter  of  madder,  when  in  an  unaltered  state,  produces  no  injurious  effects 
directly ;  but  by  the  action  of  oxygen,  especially  at  an  elevated  temperature,  it  ac- 
quires a  brown  colour  and  then  contributes,  together  with  the  rubtacine  and  the 
resinous  colouring  matter,  in  deteriorating  the  colours  and  sullying  the  white  parts 
of  the  fobric  The  extractive  matter,  when  in  a  state  of  purity,  has  the  appearance 
of  a  yellow  tiymp  like  honey,  which  is  easily  soluble  in  water  and  alcohol.  When 
pure,  it  is  not  precipitated  from  its  watery  solution  by  an  earthy  or  metallic  salt, 
but  if  the  solution  be  evaporated  in  contact  with  the  air,  it  gradually  becomes  brown, 
and  then  gives  an  abundant  brown  precipitate  with  sugar  of  lead.  When  its  watery 
solution  is  mixed  with  muriatic  or  sulphuric  acid  and  boiled,  it  becomes  green  and 
deposits  a  dark  green  powder.  Hence  this  extractive  matter  has,  for  the  sake  of  dis- 
tinction, been  called  Chlorogmine  and  Subic/Uoric  Aeid.  The  bitter  principle  of  madder 
will  be  referred  to  presently.  The  Xanthine  of  Kuhlmann,  and  the  madder-yellow  of 
Bunge  are  mixtures  of  the  extractive  matter  and  the  bitter  principle.  The  sugar 
contained  in  madder  is  probably  grape-sugar.  It  has  not  hitherto  been  obtained  in  a 
etystallised  state,  but  it  yields  by  fermentation  alcohol  and  carbonic  acid,  like  ordi- 
naiy  sugar.  The  woody  fibre  which  is  left  after  madder  has  been  treated  with 
various  solvents  until  nothing  more  is  extracted,  always  retain  a  slight  reddish  or 
brownish  tinge  from  the  presence  of  some  colouring  matter  which  cannot  be  com- 
pletely removed,  and  seems  to  adhere  to  it  in  the  same  way  as  it  does  to  the  cotton 
fibre  of  nnmordanted  calico. 

There  is  a  question  connected  with  the  chemical  history  of  madder  which  must  not 
be  passed  over  in  silence,  since  it  is  one  which  possesses  great  interest,  and  may  at 
some  future  time  become  of  great  importance,  viz.  the  question  as  to  the  state  in  which 
the  ooloniing  mattais  originally  exist  in  the  root.  It  has  long  been  known,  that  when 
ground  madder  is  kept  tightly  packed  in  casks  for  some  time,  it  constantly  improves 
in  quality  for  several  years,  after  which  it  again  deteriorates ;  and  it  was  always  sup- 
posed that  this  effect  was  due  to  some  process  of  slow  fermentation  going  on  in  the 
interior  of  the  mass,  an  opinion  which  seemed  to  be  justified  by  the  evident  increase 
in  weight  and  volume,  and  the  agglomeration  of  the  particles  which  took  place  at  the 
same  time.  Nevertheless,  the  eerier  chemical  examinations  of  madder  threw  no  light 
whatever  on  this  part  of  the  subject,  since  the  red  oolouring  matters  were  found  to 
be  very  stable  compounds,  not  easily  deccnnposed  except  by  the  action  of  very  potent 

Xnts,  so  that  when  once  formed  it  seemed  improbable  that  they  would  be  at  all 
cted  by  any  mere  process  of  fermentation.  Hence  some  chemists  were  led  to  the 
conclusion  that  the  improvement  which  takes  place  in  the  quality  of  madder  on  keep- 
ing is  caused  by  an  actual  formation  of  fireeh  colouring  matter.  A  very  simple  ex- 
periment may  indeed  suf&ce  to  prove  that  the  whole  of  the  colouring  matter  does  not 
exist  ready  formed,  even  in  the  article  as  used  by  the  dyer.  If  ordinary  madder  be 
extracted  with  cold  water,  the  extract  after  being  filtered  has  generally  an  acid  re- 
action, and  cannot  contain  any  of  the  colouring  matters,  since  these  are  almost  in- 
soluble in  oold  water,  especially  when  there  is  any  acid  present.  Nevertheless  the 
extract  when  gradually  heated  is  found  capable  of  dyeing  in  the  same  way  as  mftdder 
itself.  If  the  extract  be  made  tolerably  strong,  it  possesses  a  deep  yellow  colour  and 
a  very  bitter  taste ;  but  if  it  be  allowed  to  stand  m  a  warm  place  for  a  few  hours, 
it  gelatinises,  and  the  insoluble  jelly  which  is  formed  is  found  to  possess  the  whole  of 
tiie  tinctorial  power  of  the  liquid,  which  has  also  lost  its  yellow  colour  and  bitter 
taste.  Hence,  it  may  be  inferred  tjiat  the  substance  which  imparts  to  the  extract  its 
bitter  taste  and  yellow  colour  is  capable  also  of  giving  rise  to  the  formation  of  a  certain 
quantity  of  colouring  matter. 

In  1887  a  memoir  was  published  by  Becaisne,  contuning  the  results  of  an  ana- 
tomical and  physiological  examination  of  the  madder  plant,  results  which  were  con- 
sidered so  important  that  a  prize  was  awarded  to  the  author  by  the  Boyal  Academy 
of  Sciences  at  Brussels.  This  investigation  led  the  author  to  the  conclusion,  that  the 
cells  of  the  living  plant  contain  no  ready-formed  red  colouring  matter,  but  are  filled 
with  a  transparent  yellow  juice,  which,  on  exposure  to  the  atmosphere,  becomes  reddish 
and  opaque  in  consequence  of  the  formation  of  red  colouring  matter.     Hence  he 
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laftrted  that  the  inaolnble  red  eoJaanvg'mattBi  \res  simply  a  prod'aot  of  oaidatiaa  of 
tbe  tolnble  Tellorr  one,  and  that,  coniequantlj,  the  more  complete  the  uaptaoK-  at  the 
tntmrated  raot  to  the  atmospheie,  the  greater  would  be  ita  tinctorial  wnrar;  aad  he 
even  went  so  far  as  to  assert  that  all  the  proximate  principles  obtained  from  the  mot 
«Br&  derived  ultimately  from  one  single  subatance  contained  in  the  whole  pbint  That 
the  fresh  roots,  before  being  dried,  da  indeed  oontmn  no  colooBtag-mattnr  capable  of 
inpttiitiiig'  to  mordants  coloiun  of  the  nai^  appsa«iBO»  and  intemily,  may  be  prored 
tgr  the'  fidlowing  eiperimeBt : — If  the  rootai,  a«  soon  aa  they  ate  taken  out  of  tha 
ground^  aie  eat  into  null  piaeea  as  quickly  as  poaable,  and  then,  eatraotsd  with 
boiiiag  spirits  of  wine,  a  yeUow  Mttraot  is  obtained,  which,  after  b^ag  filteisd  aad 
•vapocated,  learea  a  biowoish-yaUaw  leaidiis.  Now  this  residue,  an  beiag  radissolred 
ia  watw,  i»  found  inaapaUe  of  impaitiog  to  mordants  any  but  the  sli^tsst  shades 
•f  coloHr ;  and,  on  tho  t^ar  hand,  the  portion  of  tha  root  left  after  extraolion  with 
•pilita  ef  wine,  on  being  subjeotsd  to  the  same  test  as  the  extraet,  is  found  to  possess 
•8  little  tinctorial  power  oa  tha  laUer.  If,  however,  tha  roots,  instead  of  being  treated 
with  spirits  of  wine,  ar»  maoerated  in  water;  tjia  liqnor,  on  being  gradually  heated, 
4y«s  tha  nsosl  ooloor  aa  wall  as  ordinaiy  madder.  Hence  it  may  be  inferred  that  by 
msans  of  alcohol  tbe  colour-producing  body  of  the  root  may  be  separated  from  the 
agent  which,  under  ordinary  circumstances,  is  destined  to  effect  its  transformation 
into  colouring-matter,  the  one  being  soluble  and  the  other  insoluble  in  that  menstruum. 
It  was  by  this  and  other  similar  faicts  that  Schunck  was  led  to  an  examination  of  this 
part  of  the  subject.  He  infers  from  his  experiments  tljiat  the  colour-producing  body 
of  maddder  ie  identical  with  its  so-called  bitter  principle,  to  which  he  has  given  the 
name  of  Bubian,  This  body,  when  pure,  has  the  following  properties : — ^It  is  an 
amorphous,  shining,  brittle  substance  like  gum,  dork  brown  and  opaque  in  mass,  but 
yellow  and  transparent  in  thin  layurs.  Its  solutions  are  of  a  deep-y«llow  colour,  and 
have  an  intensely-bitter  taste.  It  is  easily  soluble  in  water  and  alcohoL  The  wateiy 
solutiea  turns  of  a  blood-red  colour  on  the  addition  of  caustic  and  carbonated  aUcaBs, 
and  givea  dark-red  precipitate  with  lime  and  baryta-water.  The  mlotion  gives  a 
copious  light-red  precipitate  with  basic  acetate  of  load,  but  yields  no  preciintote  with 
any  other  metallic  salt.  On  trying  to  dye  with  rubian  in  the  usual  manner,  the  nor- 
dants  assume  only  the  faintest  shades  of  colour.  If,  however,  the  wateiy  solution  be 
mixed  with  sulphuric  or  muriatic  acid  and  boiled,  it  gradually  deposits  a  quautity  of 
insoluble  yellow  flocks,  which,  after  being  separated  by  filtnition  and  well  washed, 
are  fbund  to  dye  tSte  same  colour  as  those  obtained  by  means  of  madder.  In  fact, 
these  flocks  contain  alizarine,  to  which  they  owe  their  tinctoriat  power,  but  they  also 
contsiB  a  crystallised  jtiQovr  oolbnring^mstter,  similat  to,  but  not  identical  with, 
rubiaeine,  as  weH  a»  two  reeinons  colouring-matters,  which  SohonA  has  named 
Feranliiu  md  Bubiretine,  and  which  are  probably  identical  with  the  resinous 
eolouring>-BratbBt»  before-  refbned  tn  as  being  obtained  fVom  oidinaiy  oaiddtr.  The 
Bqnid  filtered  from  the  flocks  contains  an  raMrystallisable  sugar,  similar  to  that  which 
is  obtained  ftera  the  madder  itself.  Rubiaa  is  not  decomposed  by  ordinary  ftnients, 
such  as-  yeast  and  decempesing-oassiB ;  bat  by  ostraefiing  madder  with  cold  waten 
and  adding  aloohol  t»  th»  extract,  a  substance  ie  predpitatsd  in  palc-ied  Ixxka,  which 
possesses  in  an  emhient  degree  the  power  of  aflfbctiog  the  deeomposkiaD  rf  mUam  If 
a  wateiy  sotQtion  of  tha  latter  be  mixed  with  some  of  the  floeeolent  pneipitata 
(afCet  having  been  coUacted'  on  a  filter,  aad  washed  with  aleofacd),  and  then  kft  to 
stand  in  a  worm  place  for  soma  hoars,  t^e  mixtnre  is  eonrsrted  into  a  lig^ib-brawB 
jelly;  which  is  so  thick  that  the  -vessel  may  be  reversed  without  it*  falling  out.  This 
Jelly,  when  agitated  with  oold  water,  comninnieatwi  to  tbe  Inbter  very  liule  eolenr  or 
taste,  proving  that  the  rubite  has  nndeigone  eam{dete  decomposition  by  the  action  of 
the  flecculent  substance  or  ferment  adi^  to  its  solution.  The  oold  watar,  however, 
«UWd«  &omr  the  gslatinons  mass  a  quantity  oT  sugar,  while  the  portion  left  uadis- 
aolvad  contains  aliaartne,  vsraatiBe,  rabiretine,  aad  a  crystalline  yellow  colotiring- 
mattcEr  besides  a  portion  of  UBdsa»nq>e8ed  ferment.  £ubi«,  tliorefore,  by  the  action 
of  Strang  mineMl-acidg  and  of  the  peculiar  frmeot  af  madder,  is  deoompossdt  yielding 
sagaiaad  a  variety  of  colooring-mattan;  the  principal  of  whiah  is  abcarine.  Itappeais, 
thersfore,  that  tlu»e  ((^ouiing-mattsrs  ase  aot  originally  oontained  as  sncb  in  the  root, 
but  are  formed  by  tbe  deaomposition  of  one  paceat  sulwtaBce,  which  alone  is  prodoced 
by  the  vital  enaig^es  of  the  plant.  In  addition  to  this  substance,  the  plant  also  eon- 
tains  another,  which  possesses  the  property  of  rapidly  eSbcting  the  decomposition  of 
the  first.  The  two  are,  however,  during  the  living  state  of  the  plant,  prevented  from 
acting  on  one  another,  either  in  consequence  of  their  being  contained  in  different  cetie, 
or  because  the  vital  energies  of  the  plant  resist  the  process  of  decomposition^  During 
the  diying  and  grinding  of  the  root  the  decomposition  of  the  oalour-produdng  body 
commences  and  continues  slowly  during  the  period  that  the  powder  is  kept  before 
being  used.    It  is  finally  completed  during  the  process  of  dyeing  itself,  and  nonce  no 
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tiaee  ot  oolonr-prodneiag  robatance  can  1>e  detected,  either  in  the  liqoor  ot  the  reiidaal 
madder,  after  the  operation  of  dyeing  is  conclnded.  The  preeence  of  oxygen  does  not 
■earn  to  be  essential  daring  tlus  process  of  decompositun,  as  Becaisne  supposed. 
Kerattheless,  according  to  Schnnck,  mbian  does  in  reality  sufler  a  i>artial  oxida- 
tion when  its  watery  solution,  mixed  with  some  alkali  or  alkaline  earth,  is  exposed  to 
the  action  of  the  atmosphere,  giving  rise  to  a  peculiar  acid,  called  by  him  rubianio 
ami.  'When  mbian  is  heated  A  a  temperature  considerably  exceeding  212°  Fahr.,  it 
is  conrerted  without  much  change  of  appearance  into  a  substance  which  yields  by 
deotanposition  resinous  colouring-matters  in  the  place  of  alizarine.  The  great  excess 
of  these  colouring-matters  contained  in  the  madder  of  commerce  arises,  therefore, 
meet  probably  from  the  high  temperature  employed  in  drying  the  root. 

Employmait  of  Madder  in  Dy^ng. — After  the  aceonnt  whidi  has  jost  been  given  of 
the  composition  of  madder,  it  may  easily  be  conceived  that  the  chemical  and  physical 
[Aenomena  which  occur  daring  the  various  processes  of  madder-dyeing,  are  of  a  rather 
complicated  nature,  and  Host  many  of  these  phenomena  have  not  yet  received  a  per- 
fectly sHtisfaetory  explanation.  Ksvectheless,  the  present  state  of  our  knowledge  on 
this  subject  may  enable  us  to  give  a  consistent  explanation  of  the  fiicts  presented  to 
OS  by  the  experience  of  the  dyer,  and  even  to  indicate  what  direction  our  labours  must 
take  if  we  wish  to  improve  this  branch  of  the  arts. 

In  order  to  produce  perfectly-fast  colours  in  madder-dyeing,  it  is  necessary  that  the 
madder  should  contain  a  large  proportion  of  carbonate  of  lime,  and  if  the  madder  is 
natorally  deficient  in  that  salt,  the  deficiency  may  be  supplied  either  by  using  cal- 
careous water  in  dyeing,  or  by  adding  a  quantity  of  ground  chalk.  If  madder  be 
treated  wiUi  dilute  sulphuric  or  muriatic  acid,  so  as  to  dissolve  all  the  lime  contained 
in  it,  and  Aen  washed  with  cold  water  until  the  excess  of  acid  is  removed,  its  tinc- 
torial power  will  be  found  to  be  very  mn<h  diminished,  but  may  be  entirely  restored, 
and  even  increased,  by  the  addition  of  a  proper  quantity  of  lime-water  or  chalk. 
Hence,  too,  Avignon  madder,  which  is  grown  in  a  highly-calcareous  soil,  and  contains 
so  modi  carbonate  of  lime  as  to  efibrvesce  with  acids,  afibids  the  most  permanent 
colours ;  whilst  Alsace  madder  requires  the  addition  of  carbonate  of  lime  in  order  to 
produce  the  same  effect.  This  &ct  was  first  pointed  out  by  Eausmann,  who,  after 
having  produced  very  fine  reds  at  Booen,  encountered  the  greatest  obstacles  in  dyeing 
the  same  reds  at  Logelbadi,  near  Colmar,  where  he  went  to  live.  Kumerons  trials, 
undertaken  with  the  view  of  obtaining  the  same  success  in  his  new  establishment, 
jooved  that  the  cause  of  his  &vouiable  results  at  Bouen  existed  in  the  water,  which 
contained  carbonate  of  lime  in  solution,  whilst  thb  water  of  Logelbach  was  nearly 
pure.  He  then  tried  a  factitious  ealcareoos  water  by  adding  chalk  to  his  dye-bath. 
Having  obtained  the  most  satisfiutory  results,  he  was  not  long  in  producing  here  as 
beautiful  and  as  solid  reds  as  he  had  done  at  Kouen.  This  simple  fact  led  to  the  pro- 
duction of  a  series  of  lengthy  Memoirs  on  the  part  of  some  of  the  I^nch  chemists  and 
calico-printers,  which  fUly  confirmed  the  results  of  Hausmann,  without,  however, 
leading  to  a  satisfactory  explanation  of  them.  The  experiments  of  Bobiquet  prove 
that  in  dyeing  with  pure  alizarins  the  least  addition  of  lime  is  rather  injurious  than 
otherwise,  as  it  merdy  weakens  the  colours  without  adding  to  their  durability.  Hence 
the  beneficial  effect  of  lime  can  only  be  accounted  for  by  some  action  which  it  exerts 
on  other  constituents  of  the  root.  Bartholdi  imagined  that  this  action  consisted 
simply  in  the  decompoeition  of  the  sulphate  of  magnesia,  which  he  found  to  be  con- 
tained in  ordinary  madder.  It  was  asserted  by  others  that  the  carbonate  of  lime 
served  to  neutralise  some  free  acid,  supposed  by  Enhlmann  to  be  malic  acid,  which 
was  present  in  some  madders,  and  whiui  not  only  to  a  great  decree  prevented  the 
colouring-matters  from  dissolving  in  the  dye-bath,  but  also  combined  with  the  mor- 
dants to  the  exclusion  of  the  latter.  Though  later  researches  have  failed  to  detect 
the  existence  of  malic  acid  in  madder,  still  it  is  certain  that  all  watery  extracts  of 
madder  contain  pectic  acid,  which  probably  exists  in  the  root  originally  as  pectine ; 
and  that  this  acid,  when  in  a  free  state,  acts  most  injuriously  in  dyeing  with  alizarine, 
but  ceases  to  do  so  as  soon  as  it  is  combined  with  lime.  Nevertheless,  it  seems  that 
madder  whidi  is  naturally  deficient  in  lime,  cannot  be  made  to  replace  entirely  such 
madder  as  haa  been  grown  in  a  calcareous  soil,  however  great  an  excess  of  chalk  be 
used  in  dyeing.  Hence  Bobiquet  was  led  to  the  conclusion  that  the  inferior  kinds  of 
madder,  which  are  also  the  most  deficient  in  lime,  contain  more  purpurine  and  less 
alizarine  than  the  superior  kinds,  and  that  the  carbonate  of  lime  serves  partly  to 
combine  with  the  purpurine,  and  prevent  it  from  uniting  with  the  mordants,  and  thus 
producing  less  permanent  d^es.  The  experiments  of  Skibunck  have  proved  that  not 
only  pectic  acid,  but  also  mbiacine  and  the  resinous  colouring-matters  of  madder,  act 
detrimentally  in  dyeing  with  pure  alizarine,  by  deteriorating  the  colours  and  sullying 
tha  white  parts  of  the  fabric,  and  that  these  efifects  are  entirely  neutralised  by  the 
•dditian  of  a  little  lime-water  to  the  dye-bath.    If  in  dyeing  with  madder  the  whole 
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of  the  colonring-matters  were  in  a  free  state,  the  rednons  and  yellow  colonring-matterg 
would,  accordii^  to  Schnnck,  nnite  with  the  mordants,  to  the  ezdnsim  of  the  aliza- 
rine, yiehUsg  colonia  of  little  permanency  and  of  a  disagreeable  hue ;  but  on  adding 
lime^  they  combine  with  it,  and  the  alizarine,  bebg  less  eleotro-negative,  then  attaches 
itself  to  the  mordants  or  weaker  bases.  A  great  excess  of  lime  would  of  course 
have  an  ii^urious  effect  by  combining  also  wit£  the  alizarine,  and  preyenting  it  from 
exerting  its  tinctorial  power.  In  practice  a  little  less  lime  is  added  than  is  sufficient 
to  take  up  the  whole  of  the  impurities  with  which  the  alizarine  is  associated,  thus 
allowing  a  portion  of  the  former  to  go  to  the  mordants,  to  be  subsequently  remorod 
by  treatment  with  soap  and  other  detergents.  Lastly,  it  has  been  assmed  by  Kochlin 
and  FersoB  that  when  lime  is  used  in  dyeing  with  madder  the  colours  produced  are 
not  simply  oomponnds  of  colouring-matter  wiUi  mordants,  but  contain  also  in  chemical 
combination  a  certain  quantify  of  lime,  which  adds  very  much  to  their  stability.  It  is 
probable  that  all  these  causes  contribute  in  producing  the  effect.  The  carbonates  of 
magnesia  and  zinc,  acetate  and  neutral  phosphate  of  lime,  and  the  protoxides  of  lead, 
line  and  manganese,  act  in  a  similar  manner  to  carbonate  of  lime  in  madder-dyeing, 
but  are  less  efficient. 

Samboumey  and  Beckman  have  asserted  that  it  is  more  advantageous  to  employ 
the  fresh  mot  of  madder  than  that  which  has  been  submitted  to  desiccation,  especially 
by  means  of  stores.  But  in  its  state  of  freshness  its  volume  becomes  troublesome  in 
the  dye-bath,  and  uniform  observation  seems  to  prove  that  it  ameliorates  by  age  up 
to  a  certain  point.    Besides,  it  must  be  rendered  susceptible  of  keeping  and  carrying 


In  dyeing  printed  calicoes  with  madder,  the  general  course  of  ^oceeding  is  as 
follows : — The  madder  having  been  mixed  in  the  dye-vessel  with  the  proper  quantity 
of  water,  and,  if  necessary,  with  chalk,  the  liquid  is  heated  slowly  by  means  of  fire  or 
steam,  and  the  febric  is  introduced  and  kept  constantly  moving  until  the  dyeing  is 
finished.  (See  Ciiuco-Fsiirniia.)  The  temperature  should  be  kept  low  at  first,  and 
should  be  gradually  raised,  without  allowing  it  to  fall,  until  it  reaches  the  boiling- 
point;  and  the  boiUng  may,  if  necessary,  be  continued  for  a  short  time.  The  chief 
object  of  the  gradual  heating  seems  to  be  to  allow  the  ferment  to  exert  its  full  power 
on  the  rubian  or  colour-producing  body ;  for  this  process,  like  all  processes  of  fermen- 
tation, is  most  active  at  a  temperature  of  about  100°  Fahr.,  and  is  arrested  at  212° 
Fahr.  In  dyeing  quiddy  lees  permanent  colours  are  also  produced,  in  consequence, 
probably,  of  the  colouring-matters  combining  with  the  more  superficial  portions  of 
the  mordants,  and  not  penetrating  sufficiently  into  the  interior  of  the  vegetable  fibre. 
The  fastest  colours  are  produced  by  dyeing  at  a  moderate  temperature,  and  not  allow- 
ing the  liquid  to  b<Hl.  By  boiling  the  madder  becomes  more  thoroughly  exhausted, 
and  a  greater  depth  of  colour  is  attained,  but  the  latter  resists  less  perfectly  the 
action  vi  soap  and  other  agents,  than  the  same  shade  dyed  at  a  lower  tempemture. 
The  time  occupied  in  dyeing  varies  according  to  the  nature  and  intensity  of  the 
colours  to  be  produced ;  but  there  is  little  advantage  in  allowing  it  in  any  case  to 
exceed  3  hours,  since  the  gain  in  colour  acquired  is  more  than  counterbalanced  by  the 
loss  of  time  and  increaaed  expenditure  of  fnel  caused  by  a  long-continued  ebullition. 
In  dyeing  ordinary  madder  colours,  such  as  red,  black,  chocolate,  and  common  purple, 
which  do  not  require  much  treatment  after  dyeing,  in  order  to  give  them  the  desired 
tone  and  intensity,  strong  but  inferior  qualities  of  madder  may  be  used  with  advan- 
tage ;  and  various  other  dye-stuffs,  such  as  peach-wood,  queratron-bark,  sumac,  &c., 
are  often  added  to  the  madder,  in  order  to  vary  the  shade  and  depth  of  colour.  But 
for  the  finer  colours,  such  as  pink  and  fine  purple,  which  after  dyeing  must  be  sub- 
jected to  a  long  course  of  treatment  with  soap  and  acids  before  they  assume  the 
requisite  beauty  and  delicacy  of  hue,  it  is  necessary  to  employ  the  finest  qnalitiee  of 
madder ;  for  if  dyed  with  inferior  qualities  they  would  resist  only  imperfectly  the 
requisite  after-treatment,  and  gr^t  care  must  be  observed  in  regulating  the  tempera- 
ture during  dyeing.  The  addition  of  other  dye-stu%,  in  their  case,  would  be  not 
only  useless,  but  positively  injurious.  The  use  of  difierent  kinds  and  qualities  of 
madder  in  conjunction  is  often  found  to  be  attended  with  benefit,  arising  probably 
from  the  circumstance  of  one  kind  supplying  some  material  or  other,  such  as  ferment 
or  carbonate  of  lime,  in  which  the  other  is  deficient 

Tlie  chemical  processes  which  take  place  during  the  o|»mtion  of  dyeing  may  be 
shortly  described  as  follow : — In  the  first  place,  the  watef  of  the  dye-bath  extracts 
the  more  soluble  constituents  of  the  madder,  such  as  tlie  sng&r,  extractive  matter,  and 
bitter  principle.  The  latter  substance  is  decomposed  by  the  ferment,  and  the  colour- 
ing-matter thereby  formed  is  added  to  that  which  already  exists  in  the  root.  As  the 
temperature  rises  the  less  soluble  constituents,  such  as  the  alizarine,  purpnrine,  rubia- 
cine,  the  resinous  colouring-matters,  the  pectine  and  pectic  add,  begin  to  dissolve,  and 
as  they  dissolve  they  combine  partly  with  the  mordants  of  the  fabric,  partly  with  the 
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lime  ftnd  other  baae*  contained  in  the  not  or  added  to  the  dye-hath,  and  thna  permit 
the  liquid  to  take  up  fresh  quantities  from  the  madder.  If  the  quantity  of  madder 
vae  exactly  proportioned  to  the  quantity  of  fahric  to  he  dyed,  then  it  becomes,  in  this 
way,  gradually  exhausted  of  all  available  oolooring-matter.  The  extractive  matter  at 
the  same  time  acquires  a  brows  colour  by  the  combined  action  of  the  heat  and  oxygen, 
and  ooveis  the  whole  surface  of  the  fabric  with  a  uniform  brown  tinge.  When  the 
dyeing  is  concluded  the  liquor  appears  muddy  and  of  a  pale  dirty-red  colour.  It  still 
contaioe  a  quantity  of  oolouring^matter  in  a  state  of  combination  with  lime  and  other 
bases  from  the  madder,  or  with  portions  of  the  mordant  meohanically  detached  from 
the  bbric.  The  residual  matter  at  the  bottom  of  the  liquor  also  contains  a  quantity 
of  colouring-matter  in  a  simikr  state  of  combination.  By  mixing  the  residue  and 
the  liquor  with  sulphuric  or  muriatic  acid,  boiling,  and  then  washing  with  water,  the 
▼arions  bases  are  removed,  and  the  colouring-matter  is  thus  made  avulable  for  dyeing. 
Oocasionally,  when  a  very  great  depth  of  colour  is  required,  it  is  found  advisable  to 
let  the  goods  pass  through  a  second  dyeing  operation,  instead  of  obtaining  the  requisite 
shade  at  once. 

After  the  calico  has  been  removed  from  the  dye-hath  and  washed  in  water,  it 
presents  a  very  unsightly  appearance.  The  alumina-mordant  has  acquired  a  dirty 
brownish-red  colour,  and  the  iron-mordant  a  black-  or  brownish-purple,  accoiding  to 
its  strength,  whilst  the  white  portions  are  reddish-brown.  In  uie  case  of  ordinary 
colours  the  &bric  is  now  passed  through  a  mixture  of  boiling  bran-and-water,  or 
through  a  weak  solution  of  chloride  of  lime,  or  it  is  exposed  for  some  time  on  the  grass 
to  the  action  of  air  and  light,  or  it  is  subjected  to  several  of  these  processes  in  suoces-  - 
sion,  by  which  means  the  impurities  adhering  to  the  mordants  or  the  fibre  are,  in  a 
great  measure,  either  removed  or  destroyed,  the  white  portions  recovering  their  purity, 
and  the  red,  black,  purple,  and  chocolate,  appearing  afterwards  sufficiently  bright  for 
ordinary  purposes.  That  the  colours,  however,  even  after  being  thus  treated,  stiU 
contain  in  combination  with  the  mordants  other  substances  in  addition  to  the  red 
colouring-matters,  may  be  proved  by  a  very  simple  experiment.  If  a  few  yards  of 
same  calico,  wliich  has  been  treated  as  ju^  described,  be  immersed  in  dilute  muriatic 
acid  in  the  cold,  the  mordants  are  removed,  and  the  colours  are  destroyed  ;  orange- 
coloured  stains  being  left  on  the  places  where  they  were  before  fixed.  After  washing 
the  calico  with  cold  water,  the  orange-coloured  matter  may  be  dissolved  in  alkali,  and 
the  calico  left  entirely  white.  The  solution,  which  is  brownish-red,  gives,  with  an 
excess  of  acid,  a  reddish-brown  floocnlent  precipitate.  This  precipitate,  after  being 
collected  on  a  filter  and  well  washed  with  water,  is  found  to  be  only  partially  soluble 
in  biriliog  alcohol,  a  brown  substance,  consisting  partly  of  pectic  add,  being  left  un- 
dissolved. The  yellow  alcoholic  solution  leaves,  on  spontaneous  evaporation,  a  brown 
crystalline  residue,  which  is  found  on  examination  to  contain  alizarine,  purpuxine,  a 
little  mhiadne,  or  some  similar  compound,  and  a  brown  amorphous  substance.  The 
removal  of  these  various  impurities,  associated  with  the  alizarine,  seems  to  be  a  prin- 
cipal object  of  the  treatment  to  which  madder-colours  are  subjected,  when  it  is  desired 
to  give  them  the  highest  degree  of  brilliancy  of  which  they  are  susceptible.  This  course 
of  treatment,  as  applied  to  printed  calicoes,  may  be  shortly  described  as  follows : — The 
goods,  after  being  very  fully  dyed,  generally  with  the  addition  of  chalk,  and  then 
washed,  ore  passed  for  some  time  through  a  solution  of  soap,  which  is  heated  to  a 
moderate  temperature.  By  this  means  a  great  deal  of  colour  is  removed,  as  may  be 
seen  by  the  nd  tinge  of  the  soap-liquor,  and  the  purity  of  the  white  portions  is  almost 
entirely  restored.  During  this  process  the  brown  and  yellow  oolouring-matters  are 
probably  removed  by  double  decomposition,  the  alkali  of  the  soap  combining  with 
and  dissolviiig  them,  while  the  &t  acid  takes  their  place  on  the  fabric.  After  being 
washed  the  goods  are  passed  through  a  weak  solution  of  add,  mostly  sulphuric  or 
oxalic  add,  or  an  add  tin-salt,  which  causes  the  colours  to  assume  an  orange  tinge. 
The  point  at  which  the  action  of  this  add-liquid  is  to  be  arrested  can  only  be  ascer- 
tained by  practice.  The  next  step  in  the  process  is,  After  washing  the  goods,  to  treat 
them  again  with  soap-liquor,  which  is  gradually  raised  to  the  bdling-point,  and  they 
are  lasUy  subjected  to  the  action  of  soap-liquor  in  a  close  vessel  under  pressure.  By 
exposing  the  goods  on  the  grass  for  some  time  after  the  first  soaping,  the  use  of  add 
may  be  ob^riated,  but  the  process  then  becomes  much  more  tedious.  In  this  way  are 
produced  those  beautiful  pinks  and  lilacs  which,  for  delicacy  of  hue,  combined  with 
great  permanence,  are  not  surpassed  by  any  dyed  colours  known  in  the  arts.  Whether 
the  &t  add  of  the  soap  employed  forms  an  essential  constituent  of  these  colours  is  not 
certainly  known,  but  it  is  probable  that  it  contributes  to  thdr  beauty  and  durabilitgr. 
It  is  certain,  however,  that  they  always  contain  fat  add.  If  a  piece  of  calico  which  has 
gone  through  the  processes  just  described  be  treated  with  muriatic  add,  the  colour  is 
destroyed,  and  a  yellow  stain  is  left  in  its  place.  This  yellow  stain  disappears  on 
treating  the  calico,  after  washing  with  water,  with  alkali,  yielding  a  solution  of  a  bean- 
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tiM  purple  colour.  This  aolntion  gives  again  with  an  exeeM  of  aeid  a  ytllow,  floeon- 
,  lent  predpitata,  irilich,  after  filtration,  disBolyee  almost  entirely  in  boiling  alcohol, 
and  tne  aolntion  on  ernporation  aflbrds  needle-shaped  crystals  of  pnre  alizarine,  mixed 
with  white  masses  of  fat  add.  The  latter,  therefore,  seems  to  occupy  the  place  taken 
np  by  the  imparities  before  the  treatment  with  soap.  This  experiment  servea  also  ta 
prove  that  it>  is  alizarine  which  forma  the  basis  at  the  more  permanent  colours 
afforded  by  madder,  though,  on  the  other  hand,  as  in  dyeing  the  finer  madder 
colours,  it  cannot  be  denied  that  the  colouring-matters  which  are  removed  by  the 
treatment  with  soap  and  adds  contribute  to  the  efiect  produced  in  dyeing  ordinary 
madder  colours. 

The  same  result  is  attained  in  dyeing  Turkey  red,  but  the  process  employed  is 
somewhat  difi^ent  and  much  more  complicated.    See  Tcbkbt  Bed. 

The  attempts  which  have  been  made  at  various  times  to  obtain  an  extract  of  madder, 
capable  of  being  applied  in  making  so-called  steam-colours  for  calico  and  other 
fabrics,  have  not  been  completely  successful.  A  very  beautiful  pink  has  been  pro- 
duced by  Gastard  and  Giranlin,  in  France,  by  printing  on  calico,  previously  prepared 
with  some  mordant,  an  ammonia)»l  solution  ot  an  extract  of  madder  called  eolorim, 
bnt  it  is  not  much  superior,  either  as  regards  its  hue  or  its  degree  of  permanency,  to 
what  can  be  obtained  by  easier  processes  from  dye-woods  and  c^er  materials. 

Madder  is  not  so  much  employed  in  woollen  dyeing,  especially  in  this  country,  as  in 
cotton  dyeing  and  printing.  Only  ordinary  woollen  goods  are  dyed  red  with  madder, 
since  the  colour  is  not  so  bright  as  that  obtained  ftrom  cochineal  or  lac,  though  it  is 
more  permanent  and  cheaper.  A  mixture  of  alum  and  tartar  is  employed  as  a  mordant. 
The  addition  of  a  little  muriate  of  tin  in  dyeing  imparts  to  the  colour  a  more  scarlet 
tinge.  The  bath  of  madder,  at  the  rate  of  &om  8  or  16  ounces  to  the  pound  of  cloth,  is 
heated  to  such  a  degree  as  to  be  just  bearable  by  the  hand,  and  the  goods  are  then 
dyed  by  the  wince,  without  heating  the  bath  more  until  the  colouring  matter  is  fixed. 
Vitalis  prescribes  as  a  mordant,  ^th  of  alum  and  Ath  of  tartar ;  and  for  dyeing  |rd  of 
madder,  with  the  addition  of  y>rth  of  solution  of  tin,  diluted  with  its  weight  of  water. 
He  raises  the  temperature  in  the  space  of  one  hour  to  200°,  and  afterwards  ha  boils 
for  three  or  four  minutes,  a  circumstance  which  is  believed  to  contribute  to  the  fixation 
of  the  colour.  The  bath,  after  dyeing,  appears  to  contain  much  yellow  colouring- 
matter.  Sometimes  a  little  archil  is  a!dded  to  the  madder,  in  order  to  pve  the  dye  a 
pink  tinge ;  but  the  tiSsct  is  not  lasting.  By  passing  the  goods  after  dyeing  through 
weak  alkali,  the  colour  aoquiree  a  blueish  tinge.  By  adding  other  dye-stnfis,  such  as 
fustic  peachwood,  and  logwood,  to  the  madder  in  dyeing,  various  shades  <k  brown, 
drab,  &c.,  are  obtained.  Hadder  is  also  used  in  conjunction  with  woad  and  indigo  in 
dydng  woollen  goods  blue,  in  order  to  impart  to  the  colour  a  reddish  tinge.  See 
Impioo. 

Silk  is  seldom  dyed  with  madder,  beoause  cochineal  aflbrds  brighter  Unts. 

PrepanUions  of  Madder. — The  numerous  analytical  investigations  of  madder, 
undertaken  chiefly  in  consequence  of  the  Soditi  Indnstrielle  de  Hulhonse  having 
offered  in  the  year  1826  a  premium  for  a  means  of  discovering  the  real  quantity  of 
colouring-matter  in  the  root,  and  of  determining  the  comparative  value  of  different 
samples  of  madder,  led  to  many  attempts  on  the  part  of  chemists  to  improve  the 
quality  of  this  dye-stuff  by  means  of  chemical  agents,  and  thus  render  it  more  fit  for 
Uie  purposes  to  which  it  is  applied.  Kobiqnet  and  Persoz  were  the  first  to  point  out 
the  advantages  which  result  from  submitting  madder,  previous  to  its  being  used,  to 
the  action  of  strong  adds.  They  showed  that,  by  acting  on  madder  with  strong 
sulphuric  add,  and  then  carefully  washing  out  the  add  with  water,  a  product  was 
obtained  whidi  not  only  possessed  a  greater  tinctorial  power  than  the  original 
material,  bnt  also  dyed  much  brighter  colours.  This  important  discovery,  which  was 
not,  like  so  many  others,  arrived  at  by  chance,  but  was  pnrely  the  result  of  sdentifie 
investigation,  did  not  at  first  receive,  on  the  part  of  practical  men,  the  appreciation 
which  it  deserved.  The  product  obtained  by  tlie  action  of  sulphuric  acid  on  madder, 
which  in  the  first  instance  was  called  eharbon  suffurique,  afterwards  garaneine,  was 
first  manufactured  on  a  large  scale  by  MM.  Lagier  and  Thomas,  of  Avignon,  but  so 
great  were  the  prejndicee  entertained  by  dyers  and  (»lico-printers  against  its  use  at 
Ule  commencement,  that  years  elapsed  before  they  could  be  overcome ;  indeed  they 
were  partly  justified  by  Uie  imperfect  nature  of  the  product  itself,  The  perssTsring 
eflbrts  to  improve  the  method  of  manufacture,  and  adapt  it  to  the  wants  of  the  con- 
sumer were  at  last  attended  with  success,  so  that  at  the  present  day  garandne  has 
come  to  be  used  to  as  great  an  extent  as  madder,  and  large  quantities  of  it  are  now 
manufluitnred  in  France  and  other  countries. 

It  was  supposed  by  Bobiquet,  that  by  the  action  of  sniphnrio  add  on  madder  the 
saccharine,  mudlaginous,  and  extractive  matters  of  the  root  were  destroyed,  and  thus 
hindered  &om  producing  any  iqjurions  effects  in  dydog,  and  that  the  woody  fifart 
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yru  at  th«  same  time  charred,  so  as  to  prevent  it  from  attracting  and  Unding  any 
of  the  colonring-miitteF.  This  explanation  is  not  entiiely  correct,  since  it  is  not 
>  necessary  to  carry  the  action  so  far  as  actuallj  to  carbonise  any  of  the  constituents 
at  the  root,  and  it  is  also  doubtfiil  irhother  the  woodj  fibre  ever  attracts  the  useful 
colooring-matters  in  any  considerable  degree.  The  account  above  giren  of  the 
chemical  constitution  of  madder,  may  easily  lead  ns  to  the  conclusion,  that,  during 
the  action  of  the  acid,  the  following  processes  take  place: — 1.  The  bitter  principle  or 
colonr-prodncing  body  of  the  root  is  decomposed,  yielding,  among  other  products,  a 
qnantity  of  alizarine  which  did  not  preriously  exist.  2.  The  reu  colonnng-matteis 
are  rendered  by  the  acid  insoluble  in  water,  and  thus  it  becomes  possible  to  wash  out 
the  eztzactiTe  matter,  sugar,  &c.,  without  the  madder  loejng  any  of  its  tinctorial  power. 
3.  The  lime,  magnesia,  and  other  bases  which  are  combined  in  the  root  with  oolonring 
matter,  or  would  combine  with  it  dnring  the  dyeing  process,  are  removed  by  the  acid, 
and  thus  prevented  £rom  exerting  any  injurious  action.  The  subsequent  addition  of 
a  suitable  quantity  of  lime,  soda,  or  other  base,  serves  to  neutralise  the  e&ct  of  the 
excessive  amount  of  pectic  acid  and  resinous  colouring  matters,  which  -were  set  free  by 
the  action  of  the  mineral  acid. 

The  method  of  manu&cturing  gaiancine,  as  practised  at  the  present  day,  may  b« 
shortly  described  as  follows: — ^iSe  ground  madder  is  mixed  with  water,  and  the 
miztuie  is  left  to  stand  for  some  hours.  Dnring  this  time  it  is  probable  that  the 
mbian  is  decomposed  by  the  ferment  of  the  root,  otherwise  a  great  loss  would  be 
ezponenced.  -  More  water  is  now  added,  in  order  to  remove  all  tiie  soluble  matters, 
and  is  then  run  o£  The  liquid  contains  sugar,  and  is  employed  on  the  Continent  for 
the  preparation  c£  a  kind  of  spirit,  which  on  account  of  its  peculiar  smell  and  flavour 
cannot  be  consumed  as  a  beverage,  but  is  used  in  the  arts  for  the  preparation  of 
varnishes  and  other  purposes.  A  sufficient  quantity  of  alcoholic  spirit  is  thus  obtained 
to  pay  for  the  whole  cost  of  the  process.  The  residue  left  after  washing  the  madder 
may  be  employed  for  dyeing  without  any  further  preparation,  and  is  then  called  yt«ur 
defforatiee.  h  order  to  convert  it  into  garancine,  it  is  mixed  with  sulphuric  acid,  and 
the  mixture  is  heated  and  left  to  itself  for  some  time.  Water  is  then  added  in  suc- 
cessive portions  until  the  excess  cS  acid  is  removed.  The  pectic  acid  of  the  root 
always  retains  a  portion  of  the  sulphuric  acid  in  chemical  combination ;  and  the 
compound  being  but  littie  soluble  in  water  would  require  for  its  removal  a  very  long 
washing.  The  addition  of  a  small  quantity  of  carbonate  of  soda,  by  neutralising  this 
double  acid,  serves  to  abridge  the  time  of  washing  very  considerably.  The  residue  is 
then  filtered  on  strainers,  pressed,  dried,  and  lastly  ground  into  a  fine  powder.  This 
powder  has  a  dark  reddish-brown  colour,  and  a  peculiar  odour,  di&rent  ttom  that  of 
madder,  but  no  taste.  It  ootnmumcates  hardly  any  colour  to  cold  water.  Dyeing 
with  garaudne  is  attended  with  the  following  advantages: — 1.  The  whole  tinctoriiu 
power  of  the  madder  is  exerted  at  once,  and  garancine  is  therefore  capable  of  dyeing 
more  than  the  material  from  which  it  is  made.  2.  The  colours  produced  by  its 
means  are  much  brighter  than  those  dyed  with  madder,  and  the  ports  of  the  fabric 
destined  to  remain  white  attract  hardly  any  colour,  so  that  very  little  treatment  is 
required  after  dyeing.  3.  Much  less  attention  is  required  in  regard  to  the  temperature 
of  the  dye-bath  and  its  gradual  elevation  than  with  madder,  and  a  continued  ebullition 
produces  no  iigurious  effects,  but  only  serves  to  exhaust  the  material  of  all  its  colour- 
ing-mattar.  On  the  other  hand,  garancine  colours  are  not  so  &st  as  madder  colours, 
they  do  not  resist  so  well  the  action  of  soap  and  acids,  and  hence  garancine  cannot  be 
employed  for  the  production  of  the  more  permanent  colours,  such  as  pink  and  fine 
pnrple.  By  the  use  of  a  product  which  was  patented  by  Finco£&  and  Schunck  several 
years  ago,  and  which  is  obtained  by  exposing  garancine  to  the  action  of  steam  of  high 
pressure  it  is  indeed  possible  to  dye  as  beautiful  and  as  permanent  a  purple  as  with 
madder,  and  its  use  is  attended  by  a  considerable  saving  of  time  as  well  as  of  dyeing 
material  and  soap,  but  it  is  not  so  well  adapted  for  dyeing  pink.  As  yet  therefore  we 
have  not  succeeded  in  obtaining  a  preparation  which  shall  serve  as  a  perfect  substitute 
£>r  madder,  and  the  latter  consequently  continues  to  be  employed  for  some  purposes. 

The  residue  left  after  dyeing  with  madder  as  well  as  the  dyeing  liquor  still  contain 
acnne  colouring-matter  in  a  state  of  combination,  as  mentionol  above.  By  acting  on 
it  witii  sulphnrio  acid  it  affords  a  product  similar  to  garancine,  which  is  c^ed 
garonceux.  This  product  is,  however,  adapted  only  for  dyeing  red  and  black,  as  it 
does  not  affiird  a  good  purple.  (See  CAi,ico-FBiirnNO.)  Numerous  other  methods  of 
treating  maddo:  for  the  use  of  the  dyer  have  been  invented  and  patented  of  late  yeats, 
bnt  they  are  not  sufficientiy  important  to  merit  description  within  the  limift  of  the . 
pnaent  article. — ^E.  S. 

The  following  notes  of  a  journey  to  the  madder-growing  districts  of  France,  (October 
1864)^  by  James  Higgin,  who  contributed  the  important  article  on  CAUoo-Panrmco, 
Till  b«  found  to  have  considerable  interest : — '  The  part  al  the  Comtat  d'Avignon 


Digitized  by  LjOOQ  IC 


172  MADDER 

■when  madder  is  grown  is  a  flat  basin,  bounded  on  the  north  and  north-east  hy 
mouDtains  of  limestone,  spurs  of  which,  gradually  declining  in  height,  run  east  and 
west.  This  basin  is  plentifallj  watered :  in  the  north  by  sereral  streams  which  rise 
in  the  mountains  towards  the  north-east,  and  run,  in  a  south-westerly  diiection,  into 
the  Ilh6ne  ;  along  the  south-west  bonndaiy  runs  the  fine  river  Durance,  which,  like  all 
the  other  streams,  joins  the  Bh6ne — in  this  case  below  the  town  of  Avignon ;  between 
the  Dnrance  and  the  mountains,  and  about  the  centre  of  the  Comtat  rises  the  celebrated 
fountain  of  Vaocluse,  or  the  river  Sorgne.  This  remarksible  river  rises  as  a  spring, 
in  an  amphitheatre  of  perpendicular  rocks,  about  eighteen  miles  north-east  of  Avignon. 
A  prodigious  volume  of  water  issues  from  a  deep  pool  at  the  foot  of  a  high  precipice, 
and  in  die  course  of  two  hundred  or  three  hundred  yards  the  stream  is  aagmented  by 
numerous  lateral  springs ;  so  that,  at  the  distance  of  a  quarter  of  a  mile  from  tho 
source,  the  fountain  has  become  a  considerable  river,  mnniag  at  the  rate  of  seven  or 
Mght  miles  an  bonr.  After  running  a  mile  or  two  the  stream  divides  into  two  main 
branches,  which,  lower  down,  subdivide ;  the  one  into  four  branches,  the  other  into 
three,  or  seven  streams  in  all,  each  of  considerable  volume.  These  seven  streams 
permeate  the  central  and  southerly  portions  of  the  basin  above  described ;  and  it  is  to 
these  waters  that  I  unhesitatingly  ascribe  the  wonderful  fertility  of  the  district  of 
which  Avignon  is  the  capital.  The  Sorgue  waters  are  again  subdivided,  artificially, 
in  a  great  variety  of  ways.  Small  streams  run  along  Uie  roadside  and  across  the 
fields  in  every  conceivable  manner ;  the  volume  of  water  being  so  great  and  fiowing  so 
rapidly,  that  the  agricnltorist  can  divert  it,  dam  it  up,  and  irrigate  his  fields  just  as 
be  wants,  in  the  same  manner  as  the  people  of  the  '  Garden  of  Valencia,'  in  Spun, 
apply  the  waters  flowing  through  the  old  Iloorish  aqneducts,  and  produce  thereby, 
with  the  aid  of  a  southern  sun,  a  fertility  perhaps  without  parallel  anywhere, 

'  The  result  of  this  abundance  of  water  is  that  the  soil  is  kept  naturally  moiat ;  not, 
be  it  understood,  wet,  but  to  such  a  degree  of  moisture  as  naturally  occurs  when  water 
is  found  anywhere  from  two  to  four  yards  below  the  surface.  In  some  parts  of  the 
basin  are  patches  of  land,  where  formerly  were  small  lakes,  which  have  dried  up. 
These  patches  were  occupied  during  the  drying-np,  and  for  years  subsequently,  by  a 
dense  growth  of  reeds ;  and  at  the  present  time  the  ditches  bordering  these  lands,  and 
any  portion  of  them  still  covered  with  water,  grow  plentifully,  tall  reeds.  These 
ancient  lakelets  form  the  lands  known  as  '  Faluds,'  where  the  finest  quality  of  madder 
grows.  The  soil  here,  when  dry,  is  of  a  light  drab  colour,  very  pulverulent,  and 
containing  about  half  its  weight  of  chalk,  which  has  been  washed  down  from  the 
limestone  hills.  When  freshly  turned  up,  this  soil  is  dark  brown,  showingthe  presence 
of  considerable  quantities  of  humus. 

<In  the  higher  portions  of  the  basin  grows  the  qnality  of  madder  called  Bosit. 
The  soil  hero  contains  more  clay  and  less  chalk,  and  when  d:^  it  is  much  more  tenacious 
and  not  so  easily  powdered  in  the  fingers.  It  is,  when  moist,  of  not  quite  so  daric  a 
colour  as  the  pallida  land.  The  course  of  cultivation  for  the  ro»ie  lands  is  to  plough 
up  and  clean  the  land  in  autumn  and  winter.  In  spring,  stable  or  cow  manuro  is 
^ely  applied  over  the  ground,  and  then  ploughed  in.  Beds  of  about  three  feet  wide 
on  nuub  by  cutting  trenches  about  one  foot  deep,  and  throwing  the  soil  on  the  beds. 
Madder^eed  is  now  sown  in  drills,  running  lengthwise  down  the  beds,  to  the  number 
of  four  or  five  to  each  bed.  The  quantity  of  manure  given  per  acre  varies  with  the 
number  of  cattle  kept  by  the  farmers ;  they  give  as  much  as  they  can  miister,  as  they 
know  very  well  that  plenty  of  mannro  increases  the  yield  of  roots.  In  the  trenches 
between  the  madder  beds,  or  more  generally  only  in  every  other  tiench,  white-sugar 
beet  is  always  sown;  probably  as  the  beet,  when  growing  ia  a  very  bulky,  lea^ 
plant,  the  beds  would  be  too  much  shaded  from  the  sun  by  sowing  it  in  every  drilL 
Nothing  is  done  during  the  summer  but  weeding,  and  before  winter  comes  on  the  young 
plant  is  covered  entirely  with  earth  taken  from  the  trenches  after  the  beet-crop  (three 
to  five  tons  per  acre)  is  removed.  Next  spring  and  summer  nothing  but  weeding  is 
done,  if  we  except  plucking  the  seed  and  sowing  beet-root  in  the  trenches  which  were 
left  vacant  the  former  ;^ear.  In  the  late  autumn,  or  about  October,  the  crop  is 
generally  dug  up,  or  at  eighteen  months  old.  The  farmen  know  perfedJy  well  that 
to  leave  the  madder  in  the  ground  another  year,  or  in  all  thirty  months,  is  a  gain  to 
them  both  in  quantity  and  qnality,  but  they  are  generally  poor,  the  FMnch  laws  of 
inheritance  tending  to  constantly  subdivide  the  lands  into  very  small  ferms,  and  they 
are  obliged  to  realise  upon  the  crop  as  soon  as  they  possibly  can,  which  ia  as  soon  as 
the  roots  are  of  a  saleable  size.  The  paluds  madder  is  always  planted  in  the  spring, 
not  sown,  the  plants  being  obtained  from  the  year-old  crops.  I  could  not  ascertain 
why  this  diffirence  is  made,  further  than  that  it  is  found  to  suit  paluds  land  better 
thanros^. 

*  On  the  two  great  cardinal  points  I  satisfied  myself,  viz. :  that  manuro  is  always 
given,  and  that  no  artificial  irrigation  is  practised,  the  natural  freshness  of  the  soil 
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lieing  sufficient  The  fermers,  howeyer,  al-wAys  look  for  rain  in  the  spring  to  fiipUtate 
the  germination  of  the  seed,  and  in  autnmn  to  &cilitate  the  digging-up  the  roots ;  for 
the  rest  of  the  year  it  is  not  of  any  importance  to  hare  rain.  Botation  of  crops  is 
nsoally  practised,  though  in  some  districts  madder  is  grown  year  after  year  upon  the 
same  sou,  by  giring  plenty  of  manure.  This,  however,  is  not  consider«i  a  wise  plan, 
and  all  the  farmers  I  talked  with  condemned  it.  The  usual  rotation  is  one  madder 
crop,  tiien  a  crop  of  wheat,  and  lastly  lucerne  for  one  or  two  years,  generally  the 
latter,  loceme  being  a  good  paying  crop.  I  saw  in  October  Inoeme  being  cut  and 
made  into  hay  for  the  fourth  time  that  year,  and  even  then  a  splendid  crop.  Where 
it  is  practieable,  they  irrigate  the  lucerne  three  or  four  times  a  year.  In  many  places 
this  IS  very  easy,  by  damming  across  one  of  the  numerous  streamlets  of  the  fountain 
of  Vaudnse  water,  so  as  to  cause  the  water  to  cover  the  adjacent  land.  Thus,  once 
manuring,  with  irrigation,  lasts  six  years. 

*  The  roots  when  puUed  are  spread  out  on  sheets  on  the  ground  and  dried  in  the 
sun,  and  sold  in  this  state  to  the  merchant  or  grinder.  The  farmers  delirer  them  as 
damp  as  they  dare ;  as  soon  as  a  bundle  of  them,  taken  in  the  hand  and  twisted  round, 
breaks  easily,  the  roots  are  considered  commercially  dry.  On  being  stoTe-dried  for 
grinding,  the  dried  roots  loee  forpaluds,  20  per  cent ;  for  ros^  18  per  cent 

'The  digging  up  of  madder  is  evidently  the  most  expensive  part  of  the  business, 
but  it  is  not  surprising  when  you  see  the  leisurely  way  in  which  they  go  about  it :  a 
nan  digs  down  a  breadth  of  a  bed,  and  then  puts  down  his  louche  (a  sort  of  spade- 
hoe)  and  picks  out  the  madder  roots,  shakes  them,  and  throws  them  into  a  basket 
By  hiring  children  to  follow  the  digger,  to  pick  up  and  dear  the  roots,  a  great  saving 
oould  be  effected.  A  madder-digger  gets  three  francs  a  day ;  the  ordinary  wages  for 
other  labourers  is  two  and  a  half  francs  per  day.  It  would  seem  easy  to  adapt  horse 
maehineiy  to  digging  up  madder.  I  was  told  as  one  reason  why  the  roots  are  often 
pulled  up  at  eighteen  months  old,  that  if  left  in  the  ground  longer  they  rotted ;  this, 
however,  is  only  said  of  low-lying  lands,  and  is  not  the  case  near  the  moontains.  I 
am  inclined  to  think,  however,  that  poverty  is  more  fieanently  the  cause. 

*  I  saw  near  Femes,  in  the  palnds  conntir,  some  splendid  madder  that  had  been 
forty-two  monUis  in  the  ground ;  the  farmer  had  been  too  bu^  in  the  autumn  of  1866 
to  pull  it  at  the  usual  time,  and  knew,  he  said,  that  he  should  be  rather  a  gainer  than 
8  looeir  by  letting  it  stay  in  the  ground  another  year.  This  madder  had  all  the 
appearance  of  good  Turkey  madder;  and  a  French  madder-giinder  and  garancine- 
maker,  who  was  with  me,  told  mo  that  he  had  never  seen  any  so  good  before. 

'  The  rent  of  good  madder-land  is  high.  About  Avignon  the  land  that  grows  ros^ 
roots  is  let  at  20  francs  to  26  francs  per  eminte  per  annum ;  an  emin^e  being  one- 
tenth  of  an  hectare,  or  about  a  quarter  acre  English.'  The  rent  of  paluds  land,  near 
Orange  and  Pemes,  is  80  francs  to  36  ficancs  per  eminie ;  so  that  an  acre  (English)  of 
ros^  lands  lets  at  64*.  to  80«.  per  annum.  An  acre  of  paluds  land  lets  at  from  96«. 
to  112s.  per  acre.  The  yield  per  acre  is  two  tons  ibr  paluds  roots ;  for  rosie  roots  it 
is  not  so  much.*  The  present  price  of  rosie  roots,  as  delivered  by  the  farmer,  is  65 
ftancs  per  100  Uloe. ;  of  paluds,  65  francs  per  100  kilos.  These  prices  correspond  to 
222.  per  ton  for  ros^,  and  26/.  per  ton  for  paluds.  These  prices  are  exceptionally 
low ;  and  a  madder-grinder  told  me  thit  66  francs  per  100  kilos,  only  about  covered 
the  cost  of  rent,  manure,  and  labour,  and  that  76  francs  was  a  good  paying  price ;  76 
francs  is  at  the  rate  of  802.  per  ton.  Colza-oil  cnke  is  nsed  as  a  manure  for  grain 
crops  and  lucerne,  when  not  following  madder,  but  it  dors  notsuit  madder — good  farm- 
yara  manure  being  what  is  required ;  superphosphate  of  lime  does  not  appear  to  have 
been  tried. 

•Hadder  of  v«nr  fine  quality,  almost  palnds,  is  now  grown  in  the  alluvial  lands  of 
the  BoQches  du  Mi6ne,  near  Aries,  and  even  down  nearly  to  Marseilles.  This  land  is 
impregnated  with  salt  and  I  was  told  more  than  once  that  a  little  salt  as  a  top  dressing 
was  useful  to  improve  the  yield  of  the  lands  in  the  Comtat  of  Avignon,  It  is  a  curious 
emnddence  that  in  the  district  where  madder  is  principally  cultivated  in  Spain — Uiat 
is,  between  Segovia  and  Yalladolid — there  are  large  salt  lakes,  though  almost  in  the 
centre  of  Spain  ;  indeed,  salt  is  made  from  some  of  thom,' 

The  following,  extracted  from  'A  Practical  Handbook  on  Dyeing  and  Calico* 

*  The  eminte  vutes  In  size  In  dlflerant  parte  of  the  oomitry ;  at  Entralgnos  (tenabu  palnda)  it 
contain*  7  am  ii  oentiares,  at  Avignon  8  ana  U  centlana,  and  at  Orange  t  ares  M  ccntlanM. 

■  This  qiuDtity  U  nmeThat  above  tlie  average.  Acooiding  to  lb.  Fcmod,  an  eminent  gsronotne 
monnhotanr  at  Avignon,  S  area  8A  oenUaree  (Avignon  eminie)  yield  800  Ulogmniines  of  ftesh 
madder  roots,  eqnol  to  300  Ulogranunea  of  dr;  roots ;  one  are  or  100  sqiuie  mMres  eqnab  0-0347  of 
an  EogUah  acre;  »-81  x  -ViV  ^  0-I443t8  acre*,  and  300  +  ■14i348  =  138«-t  klloa,  which  x  2-3  = 
8,060  lb>.,  or  37  cwta.  0-30  dry  n»6e  roots  per  acre.  This  is  for  18  months  old  loots.  The  qanntity 
prednced  of  80  months  old  roots  is  one-third  more,  or  an  increased  weight  of  one-third  by  keeping  tho 
mats  qnothar  year  Is  the  gnrand,  glvliig  on  above  data  36  owti.  1  qr.  C  lbs.  tor  80  months  roots. 
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Friativg,  hj  William  Crook«g,  F.R.S.,  contains  some  iDstractire  matter  connect«d 
vith  tha  application  of  mordants  in  the  use  of  madder: — 

'  Almninata  of  soda  is  largely  made  and  used  in  France,  since  the  discovery  of  the 
extenaiTe  deposits  of  banxite  in  the  southern  parts  of  that  country.  It  is  obtained  by 
roasting,  in  a  rererberatory  fnmace,  a  mixture  of  soda-ash  and  bauxite,  imtil  a  small 
■ample  taken  from  the  fritted  mass  ceases  to  efierresce  with  adds.  When  the  opera- 
tion is  finished,  the  alnminate  of  soda  is  extracted  by  lixit-iation  vith  boiling  water, 
and  the  aolntion  evaporated  to  dryness.  It  is  a  ooarse  powder,  exhibiting  a  slightly 
greenish  colonr,  due  to  a  trace  of  vanadium.  It  is  infusible  at  the  highest  fomace- 
haat,  and  readily  soluble  in  hot  and  cold  water.  Dilnts  solutions  (sp.  gr.  1*072  to 
1-089  =  14  and  17°  Tw.)  remain  limpid  and  clear  for  a  long  time,  but  stronger  solutions 
(sp.  gr.  1-3  to  l-37'>62°  to  71^°  Tw.)  deposit gianular  alumina,  while  the  supernatant 
liquor  contains  a  subaluminate  and  excess  of  caustic  soda.  This  aluminate  of  soda 
agrees  in  its  piopertiea  with  the  corresponding  pot assa -salt  See  Atuxixaib  or 
Soda;  Bavziti. 

'Since  bauxite  is  a  very  pnre  native  hydiate  of  alumina,  the  aluminate  of  soda  pre- 
pared with  it  is  nsed  for  the  production  of  acetate  of  alumina  in  the  following 
manner : — The  alnminate  of  soda  is  precipitated  by  the  addition  of  a  very  slight  excess 
of  hydrochloric  add ;  the  gelatinous  alumina  thus  obtained  is  thoroughly  washed  with 
boibng  water,  and  next  dissolved  in  acetic  add.  The  percentage  composition  of  the 
pore  aluminate  of  soda  is  47'21  soda  and  62'79  alumina;  the  conunerdal  product,  as 
met  with  in  the  French  market,  is  contaminated  with  about  9  per  cent,  of  impurities, 
dne  to  the  presence  of  sulphate  of  soda,  and  chloride  of  sodium  in  the  soda-ash. 

•  As  regards  the  methods  of  fixing  alumina  upon  woven  fabrics,  it  must  be  in  a 
peiftct  state  of  solution,  while  it  is  also  necessary  that  the  hydrate  of  alumina  should 
be  predjAtated,  in  the  best  possible  physical  condition,  within  the  fibre  of  the  fabries, 
W,  Cmm  found  that  the  microscopic  examination  of  fibres  mordanted  with  acetate  of 
alumina  and  dyed,  presented  difierences :  inasmuch  as,  in  the  first  instance,  the  coloured 
lake,  or  combination  of  alumina  and  colonring-matter,  was  chiefly  accumulated  within 
the  central  canal  of  the  fibre ;  in  the  second  case,  however,  the  perii^ieiy  of  the  fibre 
only  was  coloured. 

'  Alumina  can  be  obtained  in  solution :  (1)  in  the  state  of  a  saline  solution  of  that 
base;  (2)  as  a  basic  salt;  (3)  as  a  soluble  modification  of  the  earth  itself;  (4)  in 
combination  with  alkali.  Some  of  the  salts  of  alumina  can  be  brought  into  contact 
with  the  cotton  fibre  without  any  decomposition  whatsoever  ensuing,  so  that  a  simple 
washing  in  cold  water  eliminates  nil  the  alumina  taken  up.  This  ha{^ns,  e.g.,  with 
nitrate  and  sulphate  of  alumina  and  with  alum.  Whenever  it  may  be  desirable  to 
apply  such  salts  for  the  purpose  of  mordantmg  cloth  it  is  necessary  to  pass  the  cloth, 
after  it  has  been  impregnated  with  the  aluminous  solution,  through  a  bath  containing 
substances  capable  of  predpitating  within  the  fibres  either  hydrate  of  alumina,  or  at 
least  an  insoluble  basic  salt  of  that  base.  Some  of  the  salts  of  alumina  are  decom- 
posed by  moist  heat  (steam),  thereby  giving  up  to  the  fibres  of  the  cloth  the  whole  or 
a  portion  of  the  alumina  on  becoming  converted  into  a  basic  salt.  The  add  set  free 
is  volatilised,  or  leaves  the  tissue.  The  chloride,  acetate,  and  hyposulphite  of  alumina 
are  salts  of  this  description.  These  salts  become  fixed  by  exposing  the  saturated 
tissnes  to  a  worm  and  mdst  atmosphere.  This  result  is  not  simply  a  dissociation  of 
the  constituent  elements  of  the  salt,  bnt  the  intervention  of  the  water  is  absolutely 
required  for  the  formation  of  the  hydrate  of  alumina.  The  action  is,  therefore,  to  be 
considered  as  a  saponification,  in  the  more  extended  sense  of  this  word,  as  understood 
by  chemists. 

'It  is  here  the  proper  place  to  give  a  few  particulars  ooncendiig  the  process  just 
mentioned,  and  known  as  "  ageing.  The  mordants  generally  nsed  for  madder  styles 
are  the  pyrolignites,  or  acetates  of  iron  and  alumina,  which,  under  the  influence  of 
agdng — which  we  are  about.to  describe — are  so  decomposed  as  to  leave  on  the  cloth 
either  an  insoluble  oxide  or  a  subsalt,  which  becomes  the  intermediate  agent  for  fixing 
on  tiie  fiibric  the  colouring-matters  of  madder.  The  fixing  of  mordants  by  agdng 
was  first  practically  carried  out  by  Mr.  W.  Oum,  an  pminent  and  highly  sdentific 
calico-printer.  "  On  the  proper  ageing  of  printed  goods,"  says  Dr.  Schnnck,  "  depends 
in  a  great  measure  the  success  of  many  styles.  Should  a  room  be  too  hot  or  too  dry, 
imperfect  fixation  of  the  colour  ensues,  and  meagre  and  uneven  tints  are  obtained  in 
tlie  subsequent  operations."  To  give  some  idea  of  the  importance  of  this  step  in 
calico-printing,  we  may  here  state  that  "  ageing  rooms,"  as  tliey  are  called,  are  id 
sevmuprint-works  of  enormous  dimensions,  and  generally  constitute  a  separate  build- 
ing. Those  of  Messrs.  Edmund  Potter  and  Co.,  and  Messrs.  T  Uogle  and  Sons,  all 
at  OF  near  Manchester,  may  be  particularised  as  forming  quite  a  feature  in  their 
works.  The  process  of  ageing  in  calico-printing  is  that  by  which  a  mordant,  after 
being  H>pUed  to  a  cotton  fabdc,  is  placed  in  drcnmstances  &voaiable  to  its  being 
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completely  inaorporated  wiUi  and  fixed  in  the  fibre.  It  bas  generally  been  ftrand 
denrable  that  calico  printed  ■with  s  mordant  should,  before  dyeing,  be  exposed  to  the 
atmosphere  for  some  time  in  the  agdng  room,  in  single  folds,  irhich  generally  speak- 
ing, requires  seTeial  days,  the  object  being  to  liberate  the  acetic  acid  from  the  acetates 
of  iron  or  snbacetatas  of  alumina,  and  to  oxidise  the  protoxide  of  iron.  It  was  for 
many  yean  believed  that  oxygen  iras  the  only  necessary  agent ;  and  although  some 
printers  had  observed  that  moistnn  facilitated  the  process,  tiiis  fact  was  not  generally 
known  nntil  Mr.  J.  Thorn  of  Manchester  claimed  the  introduction  of  moisture  as  an 
impoitsot  agent  in  the  process  of  ageing,  in  a  patent  which  he  took  ont  in  1849.  Mr. 
W,  Crum  was,  however,  the  first  printer  who  applied  this  principle  practically.  He 
describes  the  process  as  adopted  at  Thomliebank  (near  Glasgow),  in  the  following 
words : — A  buUding  is  employed,  48  feet  long  inside  and  40  feet  high,  with  a  mid- 
wall  from  bottom  to  top,  running  lengthwise,  so  as  to  form  two  apartments,  each  II 
feet  wide :  in  one  of  these  apartments  the  goods  first  receive  the  moisture  they  require. 
Besides  the  ground  floor,  it  has  two  open  sparred  floors,  26  fe^  apart,  upon  each  of 
which  is  fixed  a  row  of  tin  rollers,  all  long  enough  to  contain  two  pieces  of  doth  ia 
their  breadth.  The  rollers  being  threaded,  are  set  in  motion  by  a  small  steam-engine, 
and  the  goods  to  be  aged,  which  are  at  first  placed  in  the  ground  floor,  are  drawn  into 
the  chamber  above,  where  they  are  made  to  pass  over  and  under  each  roller,  issuing 
at  last  at  the  opposite  end,  where  they  are  folded  into  bundles  on  one  of  the  three 
stages  which  are  placed  there.  These  stages  are  partially  separated  from  the  rest  of 
the  chamber  by  woollen  cloths.  While  the  goods  are  traversing  these  rollers  they  are 
exposed  to  heat  and  moisture,  furnished  to  them  by  steam,  which  is  made  to  issne 
gently  from  three  rows  of  trumpet-monthed-shaped  openings.  The  temperature  is 
raised  from  80°  to  100°  F.  or  more,  n  wet-bulb  thermometer  indicating  at  the  same 
time  76°  to  86°  F..  or  always  4°  less  than  the  dry-bulb  thermometer.  In  this  arrange- 
ment 60  pieces  of  25  yards  each  are  exposed  at  one  time ;  and,  as  each  piece  is  a 
quarter  of  an  hour  under  the  influence  of  steam,  200  peces  pass  through  in  an  hour. 
Althoogh  wwkpeople  need  scarcely  ever  enter  the  warmest  part  of  this  chamber,  a 
ventilator  in  the  roof  is  opened  when  there  is  any  considerable  evolution  of  acetic 
acid.  The  mordant  does  not,  however,  become  niUy  aged  by  this  process  alone, 
although  it  is  acted  upon  as  much  as  if  it  had  hung  a  whole  day  in  cold  air.  It  has 
received,  however,  the  requisite  quantity  of  moisture,  about  7  per  cent,  of  the  weight 
of  the  piece,  and  is  thns  enabled,  if  the  mordant  be  iron,  to  take  oxygen  from  the  air, 
and  to  become  changed  with  time  into  the  sesquiacetate  and  sesquihydrate  of  oxide  of 
iron.  In  order  to  be  sufficiently  aged,  it  mnst  be  loft  one,  or  two,  or  even  three,  days 
in  an  atmosphere  still  warm  and  moist. 

'It  had  been  asceitained  long  before, at  Thomliebank,  that  exposure  in  single  folds, 
after  moistening,  was  not  necessary.  The  experiments  of  the  late  Frof,  T.  Oraham, 
on  the  difiTusion  of  gases  through  small  apertures,  had  served  to  suggest  that,  for  the 
absorption  of  the  small  quantity  of  oxygen  required,  the  goods  might  as  well  be 
wrapped  up  and  laid  in  heaps.  Accordingly,  in  the  operation  in  question,  the 
moistened  goods  are  carried  in  bundles  into  the  building  on  the  opposite  side  of  the 
mid-wall  uready  mentioned,  and  laid  upon  the  sparred  floors,  placed  at  heights  cor- 
responding with  the  stages  in  the  first  apartment.  Upon  these  floors,  7,000  or  8,000 
pieces  may  be  laid  at  a  time,  and,  since  each  piece  is  29  yards  long,  100  miles  can  be 
stored  at  once.  It  is  necessary,  of  course,  that  an  elevated  temperatmre  and  a  corre- 
sponding degree  of  moisture  be  preserved  in  the  storing  apartments,  day  and  ni^hl, 
and  80°  F.  is  sufficient  with  the  wet-bulb  thermometer  at  76°.  To  efiect  this  condition, 
a  large  iron  pipe  is  placed  along  the  ground  floor  underneath,  and  moderately  heated 
by  steam,  while  a  row  of  small  jets  in  the  same  position  are  made  to  project  steam 
directly  into  the  air  of  the  room.  The  whole  building  is  protected  from  external  cold, 
and  consequently  from  condensation  of  steam,  by  a  warmed  entrance-room,  and  by 
double  windows,  thick  walls  and  a  double  roof.  Small  steam-pipes  are  also  placed  at 
other  points,  where  they  seem  to  be  required ;  and  the  apartment  which  contains  the 
rollers  is  specially  heated  when  not  in  use  by  a  couple  of  steam-pipes,  which  are  placed 
under  the  ceiling  of  the  ground  floor.' 

All  who  are  interested  in  the  application  of  moidants,  and  vHio  are  desirous  of 
understanding  the  principles  upon  which  the  applications  are  made,  are  referred  to 
the '  Handbook  of  Dyeing,'  already  quoted. 

IK&9BBB  Tift  KM.  The  red  pigment  usually  called  vtadder  lake,  which  is  much 
used  by  painters,  is  made  by  treating  madder,  t^ch  has  been  previonsly  washed  with 
water,  with  a  boiling  solution  of  alum,  filtering  the  red  liquid,  and  adding  a  small 
quantity  of  carbonate  of  soda,  taking  core  to  leave  an  excess  of  alumina  in  solution, 
washing  the  red  precipitate,  which  is  a  compound  of  colouring-matter  and  alumina, 
with  water  and  drying.  Persoz  gives  the  following  meUiod  for  obtaining  a  madder 
lake  of  great  brilliancy :— One  part  of  madder,  which  has  been  pzevioiuly  sub- 
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uitted  tx>  fermentation  or  dse  washed  -with  a  solotion  of  Ml]>hate  of  kkIa,  ia  treated 
mth  ten  times  its  weight  of  a  boiling  solution  of  alum,  containing  one  part  of  altun, 
for  Afteen  or  twenty  minutes.  The  filtered  liquid  is  mixed,  as  soon  as  its  tempera- 
ture has  &llen  to  about  100°  F.,  with  a  soluUou  of  carbonate  of  soda  containing  one- 
eighth  or  one-tenth  of  the  weight  of  the  alum  employed.  This  quantity  is  insuf- 
ficient to  cause  any  precipitate  at  that  temperature,  but  on  boiling  the  liquid,  the  lake 
falls  down  in  the  shape  of  a  red  powder.  The  madder  must  be  treated  several  times 
with  IxHling  alum-liquor,  in  order  to  extract  the  whole  of  the  colouring-matter  soluble 
in  that  menstmum.  It  is  evident  that  these  lakes  contain  chiefly  putpurine  and  Jetj 
little  alixarine,  the  latter  being  hardly  soluble  in  alum-liquor.    See  Lua. 

Import*  Off  Madder. 


Uadder  .       .       . 
„       Boot 
„       Munjeet  . 
„       Qarsndne 

18t» 
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ComDtttoil 
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108,«26 

3,»2I 
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£ 

89,636 

821,733 

7,161 

202,872 

87,830 

136,498 

2,749 

42,196 

£ 

93,683 

889,338 

3,471 

276,177 

<0,70< 
180,626 

27',808 

£ 
246,070 
876,010 

220^8 

184,207 

109,862 

144 

48,818 

£ 

872,668 

271,981 

808 

286,026 

MAOSAKA  BVDi    A  name  applied  to  naphthaline  red. 

XKAOaVTA.  A  full  description  of  this  and  analogous  colours  will  be  found  under 
Akiuhx  Bbs.  We  extract  the  following  from  Mr.  Crookes's '  Handbook  of  Dyeing  and 
Calico-Printiog' : — 

'The  simplest  method  of  testing  a  commercial  sample  of  magenta  both  for  intensity 
and  for  punty  of  tone,  is  to  dissolve  a  known  weight  in  boiling  water  and  to  dye  with 
the  strained  decoction  a  known  weight  of  fine  white  woollen  yam  or  cloth.  By  thus 
comparing  different  samples,  their  respective  tinctorial  power  can  be  readily  ascer- 
tained, and  the  presence  of  tarty  matters,  unconverted  aniline,  &&,  may  be  detected 
by  the  flatness  and  brownish  cast  of  the  colour.  Sugar  is  sometimes  used  as  an  adul- 
terant. This  may  be  detected  by  treating  the  sample  with  concentrated  alcohol.  The 
magenta  dissolves  and  is  filtered  oS,  whilst  the  sugar  remains  behind  undissolved. 

'  The  following  method  ia  used  to  ascertain  whether  a  magenta  is  a  pure  salt  of 
rosanilino,  or  is  contaminated  with  mauvaniline,  violaniline,  chrysotoluidine,  &c.  The 
colour  is  dissolved  in  as  little  alcohol  as  possible,  the  solution  diluted  with  its  own 
bulk  of  water  or  rather  more,  and  a  drop  is  taken  np  by  means  of  a  glass  rod,  and 
applied  to  a  piece  of  white  blotting-paper.    If  more  tlian  one  colooring-matter  is 

S resent,  the  different  shades  will  diffuse  themselves  in  concentric  drcles,  and  may  be 
istinctly  seen.  This  method  is  still  more  applicable  to  the  aniline  inolets  and  blues, 
which  are  frequently  heterogeneous. 

'  Aniline  Crtnuon.— The  crude  magenta-cake,  without  any  purification,  is  sold  under 
this  name,  and  is  used  in  dyeing  certain  maroons,  browns,  clarets,  and  other  compound 
colours. 

*  The  colour  well  bruised  or  broken  up  into  powder,  is  placed  in  a  swtable  stoneware 
vessel  and  well  stirred  np  with  its  own  weight  of  hydrochloric  add.  Curing  this 
process  the  fumes  given  on  should  be  carefully  avoided.  After  the  colour  has  steeped 
for  a  short  time  in  the  add,  boiling  water  is  added  sufficient  to  dissolve  the  whole. 
The  solution  thus  obtained  is  carefully  strained,  and  is  then  ready  for  use.  To  correct 
the  addity  of  the  colour,  a  small  quantity  of  ammonia  is  added  to  the  dye-bath.  This 
preparation  will  in  many  cases  supersede  peachwood,  produdng  brighter  shades,  with 
loss  trouble,  and  at  a  lower  price.  They  are,  however,  more  fugitive.  Upon  wool 
and  silk,  aniline  crimson,  like  magenta,  is  a  substantive  colour.  Upon  vegetable 
fibres  it  requires  to  be  fixed  with  a  mordant — generally  a'per-salt  of  tin — and  an 
astringent.' 

XKAOZ&V.  A  vehicle  used  by  artists,  of  a  gelatinous  character.  Much  secresy 
prevails  as  to  the  manufacture  of  magilp.  It  appears  to  be  essentially  linseed-oil 
which  has  been  exposed  for  some  time  to  the  oxidising  influences  of  the  air,  mixed 
with  good  mastic  varnish. 

asAOZBTaST  is  an  old  chemical  term  to  designate  white  pulverulent  substances, 
Bj^ntaneonsly  predpitated  in  making  certain  metallic  solutions;  as  magisteiy  of 
bismuth. 

XAOXSTBA&i  in  the  language  of  the  Spanish  smelters  of  Mexico  and  South 
America,  is  the  roasted  and  pulverised  copper  pyrites,  which  is  added  Ui  the  ground 
wes  of  diver  in  their  torta,  or  amalgamation-magma  in  the  patio  process  for  the 
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purpose  of  deconipo(ing>  the  horn-rilrer  (chloride  of  silrer)  piecent.    For  an  account 
of  this  pTcx;es8  of  redaction,  see  Siltes. 

aiAOMA  is  the  generic  name  of  any  etude  mixture  of  mineral  or  organic  matters 
in  a  thin  pasty  state. 

Wf  AOTfftWlM  is  the  name  given  in  the  southern  departments  of  France  to  the 
proprietor  of  a  nursery  in  which  silkworms  are  reared  upon  the  great  scale,  or  to  the 
manager  of  the  establishment.  The  word  is  derived  from  magnam,  which  signifies 
siUcwdrms  in  the  language  of  the  country  people.     See  Siuc. 

MAfnrSSSA  (MtwUsie,  Ft.  ;  Bittererde,  Talkerde,  Oer.)  is  one  of  the  earths, 
first  proved  by  Sir  H.  I)avy  to  be  the  oxide  of  a  metal,  which  he  called  moffnenum. 
It  is  a  fins,  light,  white  powder,  without  taste  or  smell,  which  requires  5,160  parta 
of  cold  water,  and  no  less  than  36,000  parts  of  boiling  water,  for  its  solution.  Its 
specific  gravity  is  2'3.  It  is  fusible  only  by  the  heat  of  the  hydrosygen  blowpipe. 
A  natural  hydrate  exists  which  contains  8U  per  cent,  of  water.  Magnesia  changes 
the  purple  infusion  of  red  cabbage  to  a  bright  green.  It  attracts  carbonic  acid  from  the 
air,  but  much  more  slowly  than  quicklime.  It  consists  of  61'21  parte  of  metallic  basis  and 
38*79  of  oxygen ;  and  has,  thraeforo,  20  for  its  equivalent  upon  the  hydrogen  scale. 
Its  only  employment  in  the  arts  is  for  the  purification  of  fine  oil,  in  the  preparation  of 
Tarnish. 

Magnesia,  popularly  known  as  Calcined  Magnaia,  may  be  obtained  by  precipitation 
with  potash  or  soda  &om  its  sulphate,  commonly  called  £p8om  salt ;  but  it  is  usually 
procured  by  calcining  the  artificial  or  natural  carbonate.  There  is  a  heavy  calcined 
magnesia  prepared  by  burning  the  dense  carbonate.  Mr.  Lockyor  has  shown,  however, 
that  a  very  dense  and  pure  magnesia  could  be'  obtained  by  calcining  the  ordinary 
pure  carbonate  in  large  masses,  and  at  a  very  high  temperature. 

nKAOraSZAf  CAXBOVATB  OW  \  properly  speaking,  a  subcarbonate,  con'* 
listing  of  44*69  magnesia,  36*86  carbonic  acid,  and  19*46  water.  It  is  prepared  by 
adding  to  the  solution  of ,  the  sulphate,  or  the  chloride  (the  bittern  of  sea-salt  evapora- 
tion works),  a  solution  of  carbonate  of  soda,  or  of  carbonate  of  ammonia  distilled  team. 
bones  in  iron  cylinders.  Mr.  Hugh  Lee  Fattinson  introduced  the  manufacture  of  car- 
bonate of  magnesia  from  the  dolomite  rocks,  availing  himself  of  the  dif&rent  rates  of 
solubility  of  the  carbonates  of  lime  and  magnesia  in  water  saturated  with  carbonic 
acid.  (See  Dolomitx.)  The  subcarbonate,  or  magnesia  alia  of  the  apothecary,  has 
been  proposed  by  Mr.  S.  Davy  to  be  added  by  the  baker  to  damaged  flour,  to  counter- 
act its  acescency. 

MACnrUZA,  VATZVa  HTSSATB  or,  or  Brucite.  This  mineral  consists 
of  magnesia,  6897,  water,  31*03,  according  to  analyses  by  Bruce.  It  accompanies 
other  magneeian  minerals  in  serpentine  at  Swinaness  in  Unst,  one  of  the  Shetland 
Isles,  in  tiie  Ural  Mountains,  in  If  ranee,  and  opposite  to  New  York. 

KAOmUA,  UUCAXaB  OX*.  Compounds  of  this  character  are  abundant 
in  the  mineral  kingdom.  Meerschaum,  French  Chalk  or  Steatite,  Talc,  Serpentine, 
and  many  other  minerals  are  silicates  of  magnesia.    (See  these  articles.) 

MAfnraSZA,  SraVBAXa  ox*,  {Epsom  Salts,)  is  generally  made  by  acting 
upon  magnesian  limestone  with  somewhat  dilute  sulphuric  acid.  The  sulphate  of  lime 
precipitates,  while  the  sulphate  of  magnesia  remains  in  solution,  and  may  be  made  to 
crystallise  in  quadrangular  prisms,  by  suitable  evaporation  and  slow  cooling.  Where 
muriatic  acid  may  be  had  in  profusion  for  the  trouble  of  collecting  it,  as  in  the  soda- 
works  in  which  sea-salt  is  decomposed  by  sulphuric  acid,  the  magnesian  limestone 
should  be  flist  acted  upon  with  as  much  of  the  former  acid  as  will  dissolve  out  the  lime, 
and  then,  the  residuum  being  treated  with  the  latter  acid,  will  afford  a  sulphate  at  the 
cheapest  possible  rate ;  from  which  magnesia  and  all  its  other  preparations  may  be 
readily  made.  Or,  if  the  equivalent  quantity  of  calcined  magnesian  limestone  be  boiled 
for  some  time  in  bittern,  the  lime  of  the  former  will  displace  the  magnesia  from  the 
muriatic  acid  of  the  latter.  This  is  the  most  economical  process  for  manufactnring 
magnesia.    See  Solomitb. 

IK&onsXAJr  XdmSTOn.    See  Doiovm ;  LixmToiiB. 
'  MAOarBBXra.    Carbonate  of  Magnesia;  BhoTnb  Spar,    This  native  carbonate  of 
magnesia,  consisting  of  magnesia  47*6,  carbonic  acid  62*4,  is  found  with  serpentinA 
and  other  magnesian  rocks. 

MAOnsiVK.  The  metal  obtained  from  magnesia.  It  was  first  procured  by 
Bossy,  although  previously  shown  to  exist  by  Davy.  It  is  now  made  by  placing 
potassium  or  sodium  in  a  platinum  crucible,  covering  them  with  chloride  of  mag- 
nesium, fastening  down  the  cover  of  the  crucible,  and  exposing  it  to  the  heat  of  a 
spirit-lamp.  It  has  been  prepared  by  Bunsen  by  the  action  of  the  voltaic  current ; 
and  the  late  Dr.  Matthiessen  obtained  it  by  the  electrolysis  of  fused  chloride  of  mag- 
nesium. 

We  are  much  indebted  to  M.  Sonstadt  for  removing  the  obstacles  in  the  way  of 
Vol.  m.  N 
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obtaining  magnenum  on  the  large  scale  for  comm«icial  pnrposea,  The  process  par* 
sued  by  Sonstadt  is  that  of  Derille  and  Caron,  somewhat  modified.  Magnesium  may, 
however,  be  obtained  in  much  larger  quantity,  by  heating  a  mixture  of  600  grains 
of  chloride  of  magnesium,  100  grains  of  fused  chloride  of  sodium,  and  100  grains  of 
pulverised  fluoride  of  calcium,  with  100  grains  of  sodium,  to  bright  redness,  in  a 
covered  earthen  crucible.  The  magnesium  is  thentby  obtained  in  globules,  which 
are  afterwards  heated  nearly  to  whiteness  in  a  boat  of  compact  charcoal  placed  within 
an  inclined  tube  of  the  same  material,  through  which  a  stream  of  dry  hydrogen  is 
passed.  The  magnesium  then  volatilises  and  pondenses  in  the  upper  part  of  the  tube. 
Lastly,  it  is  re>melted  with  a  flux  composed  of  chloride  of  magnesium,  cliloride  of 
lodinm,  and  fluoride  of  calcium,  and  is  thus  obtained  in  large  globules.  It  still,  how- 
ever, usually  retains  portions  of  carbon,  silieium,  and  nitrogen,  ttam  which  it  may  be 
purified  by  careful  distillation  in  a  current  of  hydrogen. 

Hagnesium  is  an  easily  inflammable  metal ;  a  wire  of  considerable  thickness  can  be 
ignit«}  in  the  flame  of  a  candle,  and  the  light  evolved  by  the  combustion  is  of  great 
intensity.  It  has  been  ascertained  that  a  wire  of  0'297  millimeter  diameter  will 
give  as  much  light  as  74  stearine  candles  of  five  to  the  pound.  The  powerfully 
actinic  character  of  the  light  has  been  demonstrated  by  Mr.  Brothers,  of  Manchester, 
and  Mr.  Sydney  Smith,  both  of  whom  have  produced  good  pictures  by  its  use. 

The  metal  is  neither  ductile  nor  very  malleable.  It  cannot  be  drawn,  but,  by 
employing  a  method  devised  by  Dr.  Matthiessen,  it  can  be  forced  in  a  softened  state 
through  a  small  opening  in  an  iron  cylinder,  and  thus  strands  of  wire  of  consider- 
able length  can  be  formed.  The  wire  has  been  found  to  bum  more  steadily  when 
three  or  four  strands  are  twisted  into  a  rope ;  and  a  simple  clockwork  arrangement 
will  deliver  such  a  rope  to  a  spirit-  or  oil-lamp,  in  the  flame  of  which  it  may  be 
burned. 

AUoi/t  of  Magnesium. — Dr.  T.  L.  Fhipson  has  paid  some  attention  to  these.  In 
a  communication  to  the  Chemical  Society,  he  says : — 

'  I  have  examined  only  a  few  alloys  of  magnesium.  Unlike  zinc,  magnesium  will 
not  unite  with  mercury  at  the  ordinary  temperature  of  the  air.  With  tin  8S  parts, 
and  magnesium  16  parts,  I  formed  a  very  curious  alloy  of  a  beautiful  lavender  colour, 
very  hard  and  brittle,  easily  pulverised,  and  decomposing  water  with  considerable 
rapidity  at  ordinary  temperatures.  If  the  air  has  access  during  the  formation  of  this 
alloy  the  mixture  takes  flre ;  and  if  the  crucible  be  then  suddenly  withdrawn  Irom 
the  lamp  the  flame  disap^ieais,  but  a  vivid  phosphorescence  ensues,  and  the  nnfused 
mass  remains  highly  luminoiiB  for  a  conmderable  time.  A  white  powdery  mass, 
containing  stannic  acid  and  magnesia,  is  the  result.  (With  platinum,  according  to 
M.  Sonstadt,  magnesium  forms  a  fnsible  alloy;  so  that  platinum  crucibles  can  be 
easily  perforated  by  heating  magnesium  in  them.)  Sodium  and  potassium  unite  with 
magnesium  and  form  very  malleable  alloys,  which  decompose  water  at  the  ordinary 
temperature.  It  is  probable  that  an  alloy  of  copper  and  magnesium,  which  I  have 
not  yet  obtained,  would  dilbr  from  brass,  not  only  in  lightness,  but  by  decomposing 
water  at  the  usual  temperature  with  more  or  less  rapidity.' 

Photochemical  Tower  of  the  Magnenum  flame. — To  Professors  Bunsen  and  Boscoe 
we  are  especially  indebted  for  an  examination  of  this  qnestioD.  Their  exporimenti) 
showed  that  a  buming-sur&ce  of  magnesium-wire  whidi,  seen  from  a  point  at  the 
sea's  level,  has  an  apparent  magnitude  equal  to  that  of  the  sun,  effects  on  that  point 
the  same  chemical  action  as  the  sun  would  do  when  shining  from.a  cloudless  sky  at 
a  height  of  9°  £8'  above  the  horizon.  On  comparing  the  diemical  with  the  visible 
brightness  of  these  two  sources  of  light,  it  was  found  that  the  brightness  of  the  snn's 
disc,  as  measured  by  the  eye  when  the  sun's  zenith  distance  was  67°  22",  is  621'7 
times  as  great  as  that  of  the  burning  magnesium-wire ;  whilst,  at  the  same  zenith 
distance,  uie  chemical  brightness  of  the  sun  is  only  36-6  times  as  great.  Hence  the 
value  of  this  light  as  a  sooice  of  the  chemically-active  rays  for  photographic  purposes 
becomes  apparent 

Professors  Bunsen  and  Boscoe  say  in  their  memoir :  '  The  steady  and  equable  light 
evolved  by  magnesium-wire  burning  in  the  air,  and  the  immense  chemical  action 
thus  produced,  render  this  source  of  light  valuable  as  a  simpler  means  of  obtaining  a 
given  amount  of  illumination  expressed  in  our  terms  of  measurement  of  light.  .  . 
The  combustion  of  magnesium  constitutes  so  definite  and  simple  a  source  of  light 
for  the  purpose  of  photochemical  measurement  that  the  wide  distribution  of  this 
metal  becomes  desirable.  The  application  of  this  metal  as  a  source  of  light  may 
even  become  of  technical  importance.  A  burning  magnesium-wire  of  the  thickness 
of  0'297  millimeter  evolves,  according  to  a  measurement  we  have  made,  as  much 
light  as  seventy-four  stearine  candles,  of  which  five  go  to  a  pound.  If  this  light 
lasted  one  minute,  0'987  meter  of  wire,  weighing  0'1204  grain,  would  bo  burnt.  In 
order  to  produce  a  light  equal  to  seventy-four  candles  burning  for  ten  bourt' 
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Thereby  about  20  lb«.  of  Btearine  is  consumed,  72*2  grains  of  magnesium  vonld 
ho  required.  The  magnesium-wire  can  be  easily  prepared  by  farcing  out  the  metal 
fh>m  a  heated  steel  press,  liaTing  a  fine  opening  at  bottom ;  this  irire  might  be 
rolled  up  in  coils  on  a  spindle,  \rhich  would  be  made  to  Tevolve  by  clockwork,  and 
thus  the  eud  of  the  wire,  guided  by  (wssing  through  a  grooTe,  or  between  rollers, 
could  be  continually  pushed  forward  into  a  gas-  or  spirit-lamp  flame,  in  wliich  it 
would  bum.' 

In  the  reports  of  Mr.  Brothers'  experiments  upon  the  magnesium-light,  he  says, 
'  The  result  of  an  experiment  I  have  just  tried  is,  that  in  fifty  seconds,  with  the 
magnesium-light,  I  hare  obtained  a  good  negative  copy  of  an  engraving,  the  copy 
being  made  in  a  darkened  room.  Another  copy  was  mode  in  the  usual  way  by  day- 
light, and  in  fifty  seconds  the  result  was  about  equal  to  the  negative  taken  by  the 
artificial  light.  The  sun  was  shining,  but  there  was  a  good  deal  of  fog  in  the  atmor 
sphere.' 

Moffnetium-Lampa  have  been  invented  and  manufiuitnred  by  f .  W.  Hart,  London^ 
for  photochemical  and  other  purposes.  This  invention  includes  the  use  of  springs 
and  wheels  for  self-acting  propulsion  and  revolving  of  the  ignited  magnesium  at  the 
same  time,  thereby  avoiding  a  drooping  light,  which  for  optical  illumination  is  a 
great  desideratum.  These  lamps  are  only  made  to  order,  as  their  mechanism  is  con- 
sidered unnecessary  for  ordinary  purposes,  the  action  of  the  simplified  lamp  being  as 
follows : — 

Hand-Lamp,  for  ribbon  or  one  or  mote  wires — if  more  than  one  wire,  they  should 
be  twisted  firmly  together.  Place  the 

end  in  the  clip  on  the  inside  of  the  "^'' 

flange  of  the  reel  &  (fig.  1422);  ap- 
ply a  slight  pressure  to  the  reel  by 
turning  the  tension-screw  t  ;  then 
wind  Uie  magnesium  on  by  turning 
the  flange  with  the  finger  and 
thumb ;  in  the  more  highly-finished 
lamps  the  winch,  b,  screws  on  the 
S{nndle  of  iC  for  winding  on  quantities 
very  regnlar.  The  loose  end  is  then 
passed  through  ths  guide  and  feed- 
ing-rollers at  F.  Sufficient  tension 
having  been  applied  by  the  screw- 
head,  T,  the  wire  remains  with- 
out uncoiling.  For  iws,  release  the 
tenmon,  and  turn  the  winch,  n, 
towards  the  reel,  A.  In  ths  self- 
acting  propelling-lamps  above  men- 
tioned, a  governor  requires  personal 
adjustment  to  the  rate  of  burning — 
in  the  simplified  iand4a3i^  .the 
winch,  B,  is  moved  at  the  desired 
rate,  which  saves  a  considerable  ex- 
pense for  common  purposes.  The  wire  should  be  ignited  in  the  smokeless  part  of  a 
flame,  and  a  tpirit-lamp  U  recommended.    See  Watts's  '  Dictionary  of  Chemistry,' 

BCAOnX.  A  b^  of  steel,  which,  being  imbued  with  a  peculiar  condition  of 
electrical  force,  is  possessed  of  polarity.  The  magnet  has  a  special  employment  in 
the  mariner's  compass,  as  from  the  undeviating  way  in  which — unless  strong  dis- 
turbing causes  are  in  operation — ^it  points  north  and  south.  The  magnet  is  nsed  also 
in  snrveying-instruments.  The  use  of  iron  in  ship-building  has  led  to  a  ven  careful 
examination  of  the  influence  of  iron  on  the  ship's  compasses.  The  late  Dr.  Scoresby, 
Professor  Airy,  and  some  others,  have  been  peculiarly  distinguished  in  this  important 
inquiry,  and  to  their  memoirs  on  the  subject  the  reader  is  referred.  Magnetic 
machines  have  been  constructed  for  developing  electricity,  and  employed  for  the  de* 
position  of  metals.    See  Electbo-Metaixurot. 

lUMMVl'IC  VntTTBS.  One  of  the  native  sulphides  of  iron.  Its  chemical 
composition  is  usually  sulphur  40'16,  iron  £9*85.  Its  power  of  attracting  the  mag- 
netic needle  is  probably  due  to  the  peculiar  condition  m  which  the  iron  exists.  It 
is  distinguished  ttom  uie  common  pyrites  (Mundio)  by  its  inferior  hardness  and  its 
bronze  colour.    See  Ptbttbs. 

XK&OranSlf.  A  peculiar  condition  of  electrical  force.  .The  phenomena  of 
magnetism  which  are  rendered  in  any  way  available  in  the  arts  are  detailed  in 
special  articles;  as  Elsctbo-Tblbqbapht,  &e.  &c.  All  bodies  must  now  be  re- 
lauded  as  existing  in  one  of  two  known  conditions  of  magnetism.    It  is  understood 
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that  magnetism  is  manifested  as  a  polar  font,  as  in  a  liar  of  iton.  Erwy  one  is 
familiar  with  the  fact  that  a  polarised  bar,  if  free  to  move,  places  iteelf  in  a  cer- 
tain direction,  which  we  call  north  and  south.  Besides  iron,  nickel  and  two  or  throe 
other  metals  possess  this  property.  Bismuth,  silver,  glass,  wood,  and  nearly  all 
other  substances  exhibit  magnetic  force  of  a  different  order,  which  is  manifested  in 
all  these  bodies  by  their  placing  themselves  at  right-angles  to  a  magnet,  or  to  the 
line  of  magnetic  force.  This  condition  has  received  the  name  of  I>ia-Haqii£iism, 
iciieh  aee. 

MACnmrxxa.  Oi^dnlated  iron,  or  magnetic  iron  ore.  One  of  the  richest  and 
most  important  ores  of  iron.    See  Ibok. 

MAOWBT,  arATXVa.    See  LoAssTOMB  and  Ibok. 

TTft»»T-*'*-  The  fruit  of  this  shrub  afibrds  a  violet  dye,  as  well  as  a  fermented 
liquor  lilce  KirachtBatser.    It  is  a  species  of  cherry,  cultivated  in  our  gardens. 

aKAXOCUUTT.  The  wood  of  a  tree  {Swietenia  Mahagoni),  which  is  a  native 
of  the  West  Indies.    This  wood  appears  to  have  been  first  brought  to  England  in 

1724. 

SrtxisB.  mahogany  is  imported  from  Cuba,  St  Domingo,  the  Spanish  Main,  and 
several  of  the  West  India  Islands,  in  logs  about  26  inches  square,  and  10  feet  long. 
Its  general  character  is  well  known  &om  its  extensive  use  in  cabinet-work. 

Honduras  mahogany  is  generally  lighter  than  the  Spanish,  and  more  open  and 
irregular  in  its  grain.  This  is  imported  in  large  logs,  many  of  4  feet  square  and  18 
feet  in  length.  Flanks  are  sometimes  obtained  of  7  feet  in  width.  According  to  Mr. 
Chief-Justice  Temple,  '  the  cutting  commences  in  the  month  of  August.  In  April  or 
May,  in  which  months  the  ground  has  become  perfectly  hard  from  the  continued  dry 
weather,  the  wood  is  carried  upon  trucks  drawn  by  bullocks  to  the  water  side ;  and 
about  the  middle  of  June,  when  the  rivets  are  swollen  by  the  floods,  the  logs  are 
floated  down  about  10  miles  from  the  months  of  the  different  rivers,  where  they  are 
confined  by  a  heavy  boom  drawn  across  the  stream.  Here  the  owners  select  their  re- 
spective logs,  form  them  into  rafts,  and  so  float  them  down  to  the  sea.  The  mahogany 
is  always  trucked  in  the  middle  of  the  night,  the  cattle  not  being  able  to  perform 
such  laborious  work  during  the  heat  of  the  day.  It  is  a  picturesque  and  striking 
scene — this  midnight  trucking.  The  lowing  of  the  oxen,  the  crealdng  of  the  wheels, 
the  shrill  cries  of  the  men,  tlie  resounding  crack  of  their  whips,  and  the  red  glare  of 
their  pine  torches  in  the  midst  of  the  dense  dark  forest,  produce  an  eSSenA  approaching 
to  sublimity, 

'  An  impresaon  has  latterly  existed  that  almost  all  the  mahogany  in  British  Hon- 
duras has  been  cut  This,  however,  is  a  mistake.  There  is  sufficient  wood  in  the 
country,  both  on  granted  and  ungianted  land,  to  supply  the  European  as  well  as  the 
American  markets  for  many  years  to  come.  A  considerable  quantity  of  mahogany  has 
been,  within  the  last  few  years,  cut  in  the  state  of  Honduras  and  on  the  Mosquito 
shore ;  but  the  mahogany-works  in  the  former  country  have  been  almost  entirely 
abandoned,  partly  on  account  of  the  wood,  which  is  accessible,  being  nearly  all  cut, 
and  portly  on  account  of  the  extra  freight  and  insurance  which  are  required  when 
vessels  are  loaded  on  that  coast.  From  the  Mosquito  shore  very  few  cargoes  have 
been  lately  sent,  for  the  wood  which  grows  there,  although  it  is  very  large,  is  of 
inferior  quality.  The  mahogany-tree  requires  a  rich  dry  soil.  The  best  mahogany  is 
fbund  to  the  north  of  the  river  of  Belize.  In  consecjuence  of  the  nature  of  the  soil  in 
that  district  in  which  there  is  a  great  quantity  of  limestone,  the  mahogany  is  longer 
coming  to  maturity,  but  when  fully  grown,  it  is  of  a  harder  and  firmer  texture  than 
that  which  is  found  in  the  southern  portion  of  the  settlement  There  is  no  wood 
more  durable  than  mahogany,  and  none  that  is  so  generally  useful.  It  is  stated  in  a 
little  book  called  the  "Mahogany-Tree"  that  furniture  is  being  made,  in  the  royal 
dockyards,  out  of  the  beautiful  mahogany  found  in  breaking  up  the  old  line-of-battle 
ship  the  Gihrttttar,  which  was  built  in  Havana  100  years  ago.  The  English  and 
Prench  Governments  purchase  yearly  a  large  amount  of  mahogany  for  their  dockyards. 
During  the  last  year  tne  British  Government  required  12,000  tons,  paying  102. 17<.  6d. 
per  ton.  The  French  government  took  3,000  tons  at  the  same  price.  The  royal 
yacht  is  built  principally  of  Honduras  mahogany.  Private  ship-builders  ore,  however, 
reluctant  to  make  use  of  mahogany  for  their  vessels,  as  liloyd's  Committee  exclude  all 
ships  of  12  years'  standing  in  which  the  floors,  f\ittocks,  top-timber,  keelson,  stem  and 
stem-poet  transoms,  kni^theads,  hawse-timbers,  apron,  and  dead  wood,  are  made  of 
mahogany. 

'Mahogany  vessels  of  10  years'  standing  they  admit,  but  even  these,  I  am  informed, 
it  is  their  intention  very  shortly  to  exclude.  The  reason  which  they  ajwign  is,  that 
mahogany  differs  very  much  in  quality,  and  it  is  impossible  to  know  when  a  ship  is 
built  of  good  or  bad  wood.  But  this  difference  in  quality  depends  entirely  upon  the 
Strict  in  which  it  has  grown.    If  they  restricted  the  ship-builders  to  the  northern 
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■wood,  tbeT  might  admit  reaaels  of  12  years'  stondiiig  iritlioiit  say  risk.  In'ths  year 
1846  the  Hondnias  merchants  presented  a  memorial  to  Umrd's  Committee,  playing 
for  a  remoral  of  the  existing  limitations  to  the  general  me  M  mahogany  in  the  build- 
ing of  vessels  of  the  highest  class.  Attached  to  this  memorial  vera  nomerous  cer- 
ti&ates  from  persons  -well  qualified  to  give  an  opinion  on  the  sabject,  speaking  in  the 
highest  terms  of  mahogany  for  ship-bnildiog.  Captain  K  Chappel,  iLn.,  Secretary  of 
the  Boyal  Hail  Steam  Packet  Company,  says  he  "  nasseen  the  Qihraltar,  80-gnn  ship, 
which  was  broken  up  at  Pembroke.  TIaa  thip  it  tntvrdy  of  mahogamf  ;  captured  of 
the  Spaniards  in  1780  ;  all  her  timbtrs  tound  at  whm  put  into  ker.  Tables  for  the 
Navy  made  of  the  timbers  of  the  Gibraltar.  The  steamer  Forth,  built  hj  Mr.  Menses 
of  Leith,  has  as  much  mahogany  put  into  her  as  could  be  obtained.  The  use  of  ma- 
hogany ought  to  be  the  rule,  and  not  the  exception.*  The  qualities  of  mahogany, 
which  render  it  peculiarly  fitted  for  ship-building,  are  its  lightness  and  buoyancy,  its 
freedom  from  diy-rot,  and  its  non-liability  to  shrink  or  warp.  The  price  of  mahogany 
varies  according  to  the  size,  figure,  and  quality  of  the  wood.  One  tree  from  the 
northern  districts,  which  was  cut  into  three  logs,  sold  for  1,800/.,  or  10«.  per  super- 
ficial foot  of  1  incii ;  southern  wood  of  small  size  and  inferior  quality  .has  been  sold  at 
S^.  per  foot.  The  present  prices  in  Loudon  for  small-sized  plain  mahogany  are  from 
6^.  to  ed.fer  foot;  for  hu^sized  plain,  from  7d.  to  lOd. ;  and  for  large,  of  good 
quality  and  figured,  from  9(2.  to  1«.  6d. 

'  The  yearly  average  quantity  of  mahogany  exported  from  Honduras  during  thr 
last  ten  years  is  about  8,000,000  feet,  equal  to  20,000  tons,  or  200,000  tons  in  the 
whole  ten  years,  requiring  160,000  trees.' 

Afbican  mahogany  {Swietmia  tenegaletuia),  fr«m  Gambia,  has  been  used  of  late 
years  for  eurriera  tables,  mangles,  &c.,  and  may  be  used  for  turning.  It  is  denied 
by  some  authors  to  be  a  8viit«ma ;  but,  if  not  so,  it  is  a  very  dosely-alliod 
genus. 

There  are  two  or  three  varieties  of  the  Swiefenia  in  the  i^t  Indies  which  ar» 
ornamental  woods,  but  not  mahogany. 

The  importance  of  this  wood  will  be  teen  from  the  following  statement  of  the 
Imporit  of  mahogany  in  1868-70,  and  1872: — 
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A  genus  of  monocotyledonous  plants  belonging  to  the  natural  order 
Graminete — the  grasses.  There  are  only  two  species  known,  and  these  both  belong  to 
America.  TheZeamayi  is  the  Indian  corn  or  common  maize ;  and  the  Zta  caragua, 
the  Chilian  maize  or  Valparaiso  com.  Both  these  varieties  are  largely  cultivated  as 
articles  of  food. 

lUjro&ICA,  known  also  as  Faenza  and  Bafibelle  ware.  A  term  for  soft  enamelled 
pottery,  first  introduced  into  Italy  from  Majorca  about  the  twelfth  century,  and  which 
was  the  ■mock,  of  the  Moors. 

The  distinguishing  points  of  the  so-called  majolica  ore  coarseness  of  warp,  and  an 
opaque  white  enamel  containing  binoxide  of  tin,  and  decorated  in  colours.  A  large 
class  nscribed,  althon^  possibly  on  insufficient  grounds,  to  Yalentis,  is  characterised 
by  elaborate  conformity  of  pattern,  flushed  with  metallic  lustre,  on  a  greyish-whits 
ground. 

Of  the  positively  Italian  wares,  though  they  were  so  greatly  in  request  that  most  of 
the  cities  of  the  Bomagna  instituted  manufiictories  of  them,  but  little  can  be  asoer- 
uined  prior  to  the  sixteenth  century. 

The  towns  most  celebrated  after  a.s.  1500  for  their  artistic  productions  are  Fesaro, 
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Onbio,  Aseanio,  Bolagda,  Gtacastellana,  Ferrara,  Furli,  Fjrnlioa,  Flsa,  Perngia, 
Bimibi,  Sienna,  and  Spello;  and  the  first  is  considered  the  earliest  site  of  a  mann- 
factory  in  Italy,  notmthatanding  the  attempts  of  the  ingenious  Eugene  Fiot  in 
iaTOnr  of  Derata.  So  early  as  1509  Ouidobolato  della  Korere,  duke  of  Urbino, 
granted  a  patent  to  Jacques  Lan&anco  of  Fea<in>,  for  '  the  application  of  gold  to 
Ui«  Italian  faience,'  by  which  is  probably  intended  that  lustre  of  a  golden  colour 
which  so  brilliantly  sheds  its  prismatic  hue  on  the  fictile  performances  of  this  period. 
The  next  in  antiquity  is  Onbio,  which  boasted,  in  Qioigio  Andriolio,  of  one  of  the 
most  &mou8  masters  in  his  art.  In  ISll,  and  subsequently,  he,  improTing  on  the 
inTention  of  Lanfranco,  gare  to  his  wares  a  mby  splendour,  restricted  to  his 
works  alone ;  for  the  artist  and  his  secret  died  together.  His  works  ate  usually 
inscribed  at  the  back  M°-  Q°-  (Maestro  Qioigio),  which  title  ho  assumed  on  his 
ennoblement  At  Onbio,  also,  Gioigio's  son  Vincent  is  said  to  hare  labomed  in  tbe 
same  department. 

It  was,  however,  during  a  period  extending  from  1620  to  1560  that  these  wares 
attained  perfection.  The  claaiical  designs  of  Baffiielle,  of  Giulio  Romano,  and  of 
Marc  Antonio,  were  adopted  and  correctly  developed ;  the  most  graceful  figure-com- 
positions, selected  from  the  Grecian  and  Roman  mythologies,  were  surrounded  by 
borders  c^  imaginative  arabesques.  The  colours,  less  brilliant  than  before,  were  now 
more  harmoniously  combined,  while  the  glaze  became  more  transparent,  and  mora 
evenly  applied  then  ever.  Plates,  dishes,  vases,  cisterns,  fountains,  now  came  into 
bain^  in  full  magnificence,  while  gobleta,  salt-cellars,  and  other  appendages  to  the  table' 
receive  the  same  careful  ornamentation  with  works  of  greater  pretension  but  less 
ntility. 

At  Peaaro,  in  1642,  flourished  Geronimo,  and  in  1650,  Mathien,  when  large 
dishes  were  first  made,  having  a  profusion  of  ornaments  executed  in  relief.  With 
these  artists  successfully  competed  Terenzio,  son  of  Mathieu ;  Bnttista  Franco,  a 
skilful  designer,  entrusted  with  the  direction  of  the  works ;  Taddeo  Zuecaro  and  the 
two  Roffiielles — one  Ciarla,  the  other  dell  CoUe— both  for  a  long  time  confounded  with ' 
the  immortal  Sanz:o.  There,  too,  woriced  the  brothers  Flaminio,  and  Orazdo  Fontann, 
of  Urbino,  on  the  dinner  service  which  Guidobardo  caused  to  be  made  for  Charles  V. 
and  Philip  II.  Orazzio  also  worked  at  Castel  Durante  and  Florence,  as  did  the 
Chevalier  Piccolpesso,  a  talented  painter,  and  the  author  of  a  work  on  pottery. 
Kivalling  also  the  above  in  fame,  were  Guido  Selvaggio  of  Faenz.i,  Francisco  Xante  da 
Bovigio,  who  was  a  support  of  the  manufactory  at  Urbino,  Frederico  Brandini,  and 
Guido  Duiantino.  The  works  of  Luca  della  Bobbla  gave  much  celebrity  to  the  ware, 
owing  to  the  brilliancy  of  bis  colours,  the  modelled  relief  of  his  designs,  and  the 
hardness  of  his  enamel.  The  Dukes  of  Urbino  patronized  the  art  for  nearly 
two  hundred  years ;  and  the  prodnotions  they  iuued  ar«  generally  knoWn  as  lUffitelle 
ware. 

For  an  historical  account  of  maiolica,  see  Mr.  Drary  Fortnum's  elaborate  '  Descrip- 
tive  Catalogue  of  the  Majolica  in  the  South  Kensington  Museum,'  1873. 

MAZUlCKXra,  or  mountaia  green,  is  native  carbonate  of  copper  of  a  beautiful 
green  colour,  with  variegated  radiations  and  zones ;  spec,  gr.iv,  8'6 ;  it  scratches  calc- 
spar,  bat  not  fluor-spar ;  by  calcination  it  affords  water  and  turns  black.  Its  solution 
in  the  adds  deposits  copper  upon  a  plate  of  iron  plunged  into  it.  Its  consists  of  car- 
bonic acid,  18*6;  protoxide  of  copper,  722;  water,  9'3. 

It  is  found  in  great  quantities  and  of  a  remarkably  fine  character,  in  tbe  copper 
mines  of  the  Ural  mountains,  and  is  in  Russia  manufactured  "into  various  kinds  of 
furniture  and  highly  ornamental  articles.  A  very  fine  malachite  has  been  obtained 
ttom  the  Burra-Burra  mines  in  South  Australia.  It  is  found  to  exist  in  large  quantities 
in  Oential  Africa.    See  Copfbb. 

MAZJkTBS  are  saline  compounds  of  the  bases  with  malic  acid. 

maiiB  WMBMm  Laatna  (Aspidixtm)  FUuc-mu.  This  fern  grows  in  all  parts  of 
Europe  and  most  parts  of  Amenca,  between  New  York  and  Virginia,  Its  root  (rnizome) 
has  been  used  for  tanning.  The  best  root  is  about  6  inches  long  and  an  inch  brood ; 
externally  it  is  of  a  brown  colour,  int«mall^  vellowish  or  reddish  white,  with  a  pecu- 
liar but  not  very  strong  odour,  and  a  sweetisn  bitter-astringent  taste.  Morrin  states 
that  the  root  contains  volatile  oil,  fatty  matter,  gallic  acid,  acetic  acid,  tannin,  nncrystal- 
lizable  sugar,  starch,  ligneons  matter,  and  gelatinifoim  matter.  The  root  is  collected 
in  May  and  September. 

'  WAUO  ACZB.  (Joide  >na/t}il«,  Fr. ;  Atpfeltiure,  Ger.)  This  acid  exists  in  the 
juices  of  many  fruits  and  plants  alone,  or  associated  with  the  citric,  tartaric,  and 
oxalic  adds ;  and  occasionally  combined  with  potash  or  lime.  Unripe  apples,  sloes, 
barberries,  the  berries  of  the  mountain-ash,  elder  berries,  currants,  gooseberries, 
Btrawbenies,  laspbeiries,   bilberries,   brambleberries,  whortleberries,  cherries,  and 
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ananas,  afibrd  malic   acid;   th«  honse-leek  and  pnnlane  contain   tha  malate  of 
lime. 

The  acid  may  be  obtained  most  conTeniently  from  tbe  joiee  of  the  berries  of  the 
monntain-ash  or  barberries.  This  must  be  clarified,  by  mixing  it  with  white-of-ef|g, 
and  heating  the  mixture  to  ebullition;  then  filtering,  digesting  the  clear  liquor  with 
carbonate  of  lead,  till  it  becomes  neutral ;  and  evaporating  the  saline  solution,  till 
crystals  of  malate  of  lead  be  obtained.  These  are  to  be  washed  with  cold  water,  and 
purified  by  re-crystallization.  On  dissolving  the  white  salt  in  water,  and  passing  a 
stream  of  sulphuretted  hydrogen  through  the  solntion,  the  lead  will  bo  all  separatoa  in 
the  form  of  a  sulphide,  and  the  liquor,  after  filtration  and  evaporation,  will  yield  yellow 
granular  crystal^  or  cauliflower  concretions,  of  malic  acid,  which  may  be  blanched  by 
le-dissolntion  and  digestion  with  bone-black,  and  re^rystallization. 

Halic  acid  has  no  smell,  but  a  very  sour  taste,  deliquesces  by  absorption  of  moisture 
from  the  air,  is  soluble  in  alcohol,  fuses  at  ldO°  Fahr.,  is  decomposed  at  a  heat  of 
348°,  and  affords  by  distillation  a  peculiar  acid,  the  pyromalic  It  consists,  in  100 
parts,  of  41-47  carbon,  of  3'51  hydrogen,  and  S6-02  oxygen  ;  having  nearly  the  same 
composition  as  citric  add.  A  crude  malic  add  might  be  economically  extracted  from 
the  frnit  of  the  mountain-ash,  applicable  to  many  purposes ;  but  it  has  not  hitherto 
been  manu&ctured  on  the  great  s^e. 

W * *-»•*  »  »TT.¥»i'w  IB  the  property  belon;ong  to  certain  metals  of  being  extended 
under  the  hammer  by  beating,  or  under  the  roller.  Gold  is  a  remarluble  example  of 
a  malleable  metal. 

SOV.    See  Ibon. 

A  local  name  for  the  sandstones  of  Sussex  and  Surrey,  called 
alsoJJre-stone.  It  belongs  to  the  Upper  Greensand  formation.  This  Afo/m  forms  the 
soil  which  produces  the  greater  part  of  the  hops  for  which  these  counties  are  cele- 
brated.   See  SAin>8rroNE. 

BUXTBAa  B(<t(me^{n<M«ti#,  or  mineral  pitch.  It  dissolves  in  alcohol,  as  also 
in  naphtha,  and  oil  of  turpentine.    It  seems  to  be  inspissated  petroleum. 

BKAX/rar(k  The  process  by  which  barley  or  other  grain  is  prepared  by  germina- 
tion  under  artificial  conditions,  for  the  purpose  of  brewing.  The  changes  produced  in 
its  constituents,  and  the  requisite  properties  of  good  malt,  having  been  already  given 
in  the  article  Bass,  we  now  proceed  to  describe  the  requisites  of  a  malt-house,  and 
the  mode  of  operation. 

The  necessary  apparatus  for  the  production  of  malt  is  extremely  simple:,  that  is  to 
say,  first,  a  cistern  or  vessel  for  steeping  the  grain ;  secondly,  a  floor  on  which  it  may 
be  thinly  spread  and  allowed  to  germinate ;  and,  lastly,  a  kiln  or  stove  in  which  the 
aewly-formed  malt  may  be  dried.  These  need  not  be  of  any  spedfic  size,  neither  is 
any  spedal  position,  or  arrangement  needed;  but  in  this  country,  from  the  large 
amount  of  duty  levied  on  this  manu&ctnre,  fiscal  regulations  interfere  with,  and  in- 
flnence  the  whole  arrangement. 

The  regulations  as  to  the  mannfacture  of  malt  are  embodied  in  the  acts  7  &  8  Geo.  4. 
c.  62,  and  11  Geo.  4.  c.  17.  The  former  act  is  an  admirable  spedmen  of  legislative 
injustice ;  the  latter  was  intended  to  ameliorate  the  provisions  of  its  predecessor,  and 
does,  in  a  degree,  effect  that  object.  The  first  contains  no  less  than  83  clauses  ;  and 
the  regulations  in  it  are  enforc^  by  106  penalties,  amounting  in  the  aggregate  to  the 
incredible  sum  of  16,000A  How  much  of  this  is  negatived  by  the  subsequent  act 
it  is  not  very  easy  to  determine,  though,  as  far  as  it  goes,  the  effect  of  No.  2  is  to 
stultify  the  regulations  of  No.  1.  The  cistern  or  steeping  vessel  must  be  of  a  determinate 
form  and  construction ;  it  must  have  been  approved  of  by  a  supervising  ofScer ;  its 
cubical  contents  must  have  been  very  accurately  ascertained  by  actual  admeasurement, 
and  it  must  be  placed  in  such  a  situation  that  ue  o£Scer  gauging  it  may  have  suffident 
light,  and  a  clear  open  space  of  48  inches,  at  the  least,  above  every  part  of  such  dstem, 
for  the  purpose  of  iiicilitating  the  process  of  gauging ;  and,  lastly,  if  such  light  be  an 
impossibility,  firom  local  obstades,  the  maltster  must  enter  into  an  engagement  to 
keep,  at  his  own  expense,  lamps  or  candles  burning,  for  the  convenience  of  .the 
officer.  From  what  we  have  now  said,  as  well  as  fiom  the  notorionsly  uncertain 
character  of  grain,  it  might  naturally  be  inferred  that  the  process  of  steeping  would 
be  left  entirely  to  the  judgment  of  the  maltster,  who  would  determine  acconling  to  his 
experience,  and  the  nature  of  the  resulting  phenomena,  when  the  grain  had  been 
steeped  long  enoup;h  in  the  water,  and  when  it  had  not.  The.  law,  however,  allows 
him  no  such  privilege ;  whether  Uie  grain  be  old  or  dry,  or  new  and  moist,  is  all 
one, — '  maltsters  are  required  to  keep  their  corn  or  grain  covered  with  water  for  the 
full  space  of  40  hours,  under  the  penalty  of  100/.'  Nor  will  any  change  occurring  in 
the  appearance  of  the  grain,  and  seeming  to  require  its  immediate  removal,  justify  or 
excuM  the  maltster  in  so  doing,  unless  indeed  he  shall  have  anticipated  tiie  occnnence 
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by  giving  notice  of  his  intention  to  do  so  in  his  oii(^nal  notice  '  to  vet' — which  must 
date  24  nonrs  preTioiis  to  commencing  that  operation, — and  to  give  the  day  and  hour 
of  the  day  for  beginning  the  Bleep,— all  nnder  the  usual  penalty  of  lOOJ!,  Nor  may  he 
'  begin  to  wet  at  any  other  time  than  between  the  hoan  of  eight  in  the  morning  and 
two  in  the  afternoon,'  under  a  penalty  of  100^,  nor  may  he  take  corn  or  grain  from  any 
cistern  at  any  other  time  than  between  the  hours  of  seven  in  the  morning  and  foor  in 
the  afternoon.  To  empty  com  or  grain  out  of  any  cistern,  until  the  expiration  of 
ninety-isix  hours  from  tae  time  of  ^e  last  preceding  emptying  of  any  cistern  in  tha 
establishment,  inrolres  a  penalty  of  300/. ;  and  the  same  infliction  occurs,  '  if  the  com 
or  grain  be  not  emptied  out  of  all  such  cisterns  at  one  and  the  same  time,  or  within 
three  hours  after  the  clearing  of  the  first  cistern  was  commenced.' 
'  Maltsters  are  not  to  mix,  either  on  the  floor  or  kiln,  any  com  or  grain  of  one  wetting 
with  corn  or  grain  of  another  wetting,  under  a  penalty  of  1002,  What  is  termed  the 
couch,  or  place  in  which  the  grain,  after  being  steeped,  u  laid  together  for  the  purpose 
of  germination,  is  a  supplementary  apparatus  of  excise  ingenuity,  and  no  way  neces- 
sary to  the  success  of  the  malting  process.  Here  the  grain,  after  having  been  gauged 
in  the  steep,  is  again  to  be  gauged  with  great  care;  and  if  the  maltster  ^ould  tread  or 
compress  the  couch,  so  as  to  diminish  its  bulk,  a  penalty  of  1002.  is  imposed,  though  it 
is  obvious  that  a  power  of  loosening  or  compressing  this  couch  according  to  its  tempe- 
rature would  greatiy  improve  the  formation  of  malt.  However,  '  all  com  or  gnuK 
emptied  into  the  conch-fiame  is  to  be  laid  flat  and  level  by  the  maltster,  and  so  kept 
24  hours  at  the  least,'  and  similarly  the  floors  are  all  to  be  placed  level  on  pain  of 
1002.  fine,  so  that  any  experimental  essay  at  imurovement  is  very  likely  to  end  in  the 
Conrt  of  Exchequer.  Again,  it  frequentiy  happens,  or  rather  we  should  say,  it 
generally  happens,  that  too  little  water  is  abaorbra  by  the  grain  daring  the  operation 
vX  steeping ;  the  conseqnence  of  which  is,  that  after  being  removed  from  the  couch  to 
the  floor,  the  grain  desiccates,  and,  ceasing  to  germinate,  speedily  evolves  a  sickly 
odour,  and  becomes  mouldy, — the  incipient  radicles  at  the  same  time  drying  and 
shrinking  up  for  want  of  moisture ;  in  fact,  the  grain  withers  and  perishes  from  the 
Qfiect  of  drought.  This  condition  is  very  frequent  about  the  third  and  fourth  day  from 
the  couch,  and  is  easily  and  effectually  put  a  stop  to  by  the  application  of  a  littis 
water.  But  now  comes  a  rather  awkiiard  dilemma  for  the  maltster :  if  the  grain  con- 
tinne  on  the  floor  without  being  sprinkled,  it  is  greatiy  damaged  or  altogether  spoilt; 
if  water  be  sprinkled  upon  it  to  restore  vitality,  the  law  says  that  '  com  or  grain, 
making  into  malt,  mtist  not  be  wetted  or  sprinkled  with  water  before  the  expiration 
of  12  days,  or  288  hours,  after  the  same  shall  have  been  taken  from  or  out  of  the 
dstem,  under  a  penalty  of  2002.'  Where,  however,  the  steep  has  lasted  for  the  full 
period  of  60  hours,  and  where,  consequently,  the  want  of  water  is  less  likely  to  be 
felt,  the  maltster  may  sprinkle  at  the  end  of  six  days,  or  144  hours ;  but  in  no  case  less 
than  this, — though,  as  we  have  stated,  the  great  urgency  for  the  sprinkling  process 
occurs  generally  on  tJie  third  day ;  and  it  is  an  undeniable  fact,  that,  in  spite  of  the 
heavy  risk  incurred,  maltsters  do  almost  invariably  sprinkle  their  floors  at  about  this 
period,  and  are  thus  driven  to  tiie  necessity  of  trusting  in  the  good  faith  and  dis- 
cretion of  some  workman,  to  the  ii^ury  of  both  parties.  But  the  discriminating  power 
confided  to  excise  officers  in  these  matters  is  incredible.  '  Whenever  there  shall  be  rea- 
son to  suspect,  from  the  appearance  of  the  grain  on  the  floor,  that  it  has  been  illegally 
wetted  or  sprinkled,  the  of&cer  must  give  immediate  notice  to  the  maltster,  or  his 
servant,  of  snch  suspicion,  and  make  a  memorandum  thereof,  'upon  the  specimen- 
paper,  and  in  the  memorandum-book,  mentioning  whether  anything,  and  what,  was 
stated  by  such  maltster  or  any  peraon  on  his  behalf,"  &c,  Nay,  the  views  of  the  officer 
are  ordered  to  be  put  on  record,  as  to  an  immense  number  of  fortuitous  circumstances, 
all  of  which,  of  course,  received  an  unfavourable  signification  :  for  instance,  '  how  the 
kiln  was  loaded,  and  whether  fed  by  a  brisk  or  slow  fire  ? — whether  the  house  seemed 
in  a  state  for  running  or  wetting,  or  committing  any  other  and  what  fraud  ? — what  the 
trader  says,  and  what  character  he  beara  in  his  concerns  with  the  revenue?' — and 
80  on,  in  the  most  arbitrary  spirit.  Indeed,  the  officer  is  specially  instructed  to  make 
sudden  and  unexpected  returns  or  visits,  at  unusual  periods,  so  as  to  discover  any 
suspicious  indications.  Again,  of  the  three  separate  gauges  of  malt  which  he  may 
take,  whether  in  the  cistern,  in  the  conch,  or  on  the  floor,  the  officer  must  select  the 
largest  for  charging  duty  upon.  Thus,  if  in  the  cistern  he  finds  78^  bushels  indicated, 
in  the  couch  subsequenUy  814  indicated,  and  on  the  floor  83^,  then  the  latter  is 
preferred  ;  and  so  with  regard  to  the  highest  wherever  found, — the  order  being  that 
*  when  the  dstem  or  conch  gauge  is  equal  to  or  exceeds  the  floor  gauge,  then  the  best 
cistern  or  couch  gauge  will  be  the  charge  ;  but  if  that  be  less  than  tiie  floor  gauge,  then 
the  floorgauge  will  be  the  charge.'  Any  accident  or  loss  arising  after  the  cistern  gauge 
is  therefore  thrown  wholly  on  the  maltster,  who,  far  from  being  able  to  employ  his 
ingenuity  in  the  improvement  of  his  business  processes,  finds  himself  more  than  fully 
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MOnpitd  in  a  perpetnal  e£Ebrt  to  protect  his  interests  froni  fiscal  n^nlations  cobceiTed 
in  a  mo6t  boetile  spirit.  The  cnielessness  and  ignorance  of  common  vorkmen  may 
at  any  moment  snbject  the  most  honest  maltster  in  the  kingdom,  not  merely  to 
cbaiges  of  dishonesty,  but  even  to  pennl  inflictions ;  which  have  ceased  to  carry 
moral  degradation  with  them,  only  becanse  of  the  popular  belief  of  their  ii^nstice. 
It  wonld  be  impossible,  nor  is  it  requisite,  to  follow  out  or  recapitulate  the  in- 
numerable annoyances  to  which  the  manufacturer  of  malt  is  sulgected  at  present : 
we  hare  thus  briefly  noted  down  a  few,  in  order  that  the  admirers  of  Bavarian  and 
other  foreign  beers  may  take  into  account  the  Tery  different  state  of  the  malt  manu- 
facture in  ibib  coontry,  as  compared  with  that  bronght  about  by  an  unrestricted 
liberty  to  use  or  apply  any  means  which  the  nature  of  the  grain,  the  condition  of 
the  atmosphere,  or  other  accidental  circumstances,  may  require  during  the  process  of 
germination. 

Having  thus  seen  the  restrictiMis  imposed  by  the  l^slatnre,  we  need  only  indicat* 
that  the  capacities  of  the  cistern,  the  couch,  and  the  kiln  should  be  adapted  to  contain 
respectively  the  whole  quantity  of  barley  or  malt  made  at  one  steeping,  and  this 
should  again  have  reference  to  the  space  allotted  to  the  floor,  which  should  allow  of 
(kt  least  three  steepings  to  be  worked  on  it  without  interference  in  their  different  stages 
of  growth  and  withering. 

The  process  of  malting  consists  of  three  successive  operations:  the  steeping;  the 
couching,  sweating,  flooring;  and  the  kiln-drying. 

It  oiton  happens  from  various  reasons  that  the  importance  of  extreme  care  in  the 
selection  of  barley  for  malting  is  overlooked,  but  the  injurious  consequences  re- 
sulting from  such  a  laxity  are  so  great  that  they  cannot  be  too  strongly  impressed 
upon  the  attention  of  the  party  entrusted  with  Uiis  duty.  All  barleys  that  have 
been  weathered  in  the  field,  or  have  got  mow-burnt  or  musty  in  the  stack,  should  be 
rigidly  r^ected;  they  are  so  easily  detected  that  there  is  no  room  for  accidental 
oversight.  Weathered  barley  has  a  dull  and  often  a  dirty  appearance,  quite  dis- 
tinct &om  tiie  bright  shotty  character  of  good  samples,  and  frequently  a  sprouted 
com  or  two  may  be  seen  amongst  them,  but  the  last  is  the  least  evil  of  the  three, 
as  the  sprouted  corns  may  to  some  extent  be  removed  by  carefully  swimming  the 
barley  (at  the  time  the  cistern  is  charged)  and  floating  off  the  lighter  grains.  But 
with  mow-bumt  and  musty  barley  the  grain  has  suffered  so  much  that  a  sound 
wort  out  of  malt  made  from  mow-bnmt  barley  cannot  be  obtained.  This  evil  arises 
chiefly  from  the  barley  having  been  stacked  in  an  insufficiently  dry  state;  snbse. 
quenUy  it  has  become  overheated  and  its  gemtinating  principle  destroyed ;  there  '« 
no  remedy,  it  cannot  be  reclaimed,  it  is  spoilt  for  malting  purposes,  more  or  less 
aooording  to  the  circumstances  immediately  attending  it.  It  may  be  detected  by 
a  peculiarly  &int,  sickly  smell,  perhaps  the  word  '  stink'  more  nearly  describes  it; 
in  addition  to  that,  it  may  be  at  once  suspected  if  some  of  the  grains  have  a  dis- 
colouration varying  from  red  to  black  at  the  radicle  end  ;  such  grains  when  thrown 
into  the  couch  after  steeping  will  often  exhibit  a  brownish-red  appearance  from  end  to 
end ;  if  broken  they  will  display  a  red-tinted  kernel  and  show  an  unmistakeable  rotten- 
ness ;  on  the  floor  they  will  impart  that  odour  of  rotten  apples,  so  disheartening  to 
the  careful  maltster,  especially  if  he  be  brewer  also ;  and  after  being  dried  on  the 
kiln,  a  minute  examination  of  them  will  disclose  a  kernel  of  a  yellowish  and  some- 
times a  brownish  tinge,  which  otherwise  ought  to  be  perfectly  white  and  flowery. 
Beer  brewed  from  such  malt  is  liable  to  ferment  with  uncontrollable  violence,  and 
will  soon  turn  sourish,  bad,  oi  stinking,  according  to  the  degree  of  ii^uiy  the  barley 
hassufibred. 

Husty  barley  of  course  can  easily  be  detected  by  QA  smell,  and  a  slight  a{>pearance 
of  mould  may  generally  be  detected  upon  the  ends  and  belly  of  the  grain  ;  if  it  is  very 
slight  indeed  it  need  not  condemn  an  otherwise  good  sample,  but  if  it  arises  from  being 
overheated  in  the  hold  of  a  vessel  it  should  not  be  malted.  Broken  and  bruised  corns, 
and  corns  crushed  by  the  feet  or  shovel  upon  the  withering  floor,  have  precisely  the 
same  eSect  and  result  as  mow-bumt  barley ;  for  this  reason,  therefore,  the  thrashing- 
machines  now  in  such  general  use  have  need  of  great  improvement,  as  they  break  the 
corns  to  a  fearful  extent,  the  more  so  when  the  season  has  been  exceptionally  dry,  and 
the  finest  and  boldest  corns  suffer  most. 

Another  nn&vourable  symptom  is  when  the  beaid  has  not  been  entirely  removed, 
some  of  the  corns  retaining  portions  of  it  attached ;  this  is  an  indication  that  the 
mellowing  in  the  stack  has  been  imperfect  when  the  grain  was  thrashed,  the  beard 
haa  therefore  remained  tough,  and  the  operation  has  been  unable  therefore  to  detach 
them  :  it  is  generally  attendant  on  weathered  grain. 

The  Mailing. — It  is  a  good  plan  as  a  rule  to  have  all  barley  shot  into  its  binn  as 
soon  as  possible,  and  there  alloved  to  remain  till  it  is  wanted  for  malting;  the 
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mellowiog  is  ihereby  iomevhat  encouraged,  espedally  so  if  tlie  wason  has  been  K 
rmy  dry  one,  for  the  barley  is  likely  to  be  intxactable ;  it  is  adrissble  then  to  let  it 
remain  in  heap  for  some  -weeks  -with  that  pnrposa. 

But  if  on  putting  the  hand  into  the  sacks  the  feeling  of  sharpness  and  briskness  is 
wanting,  too  mnch  moisture  may  b«  suspected :  it  should  then  remain  in  dir  sacks, 
or,  if  thought  requisite,  should  be  dried  with  a  slow  fire  upon  the  Idln  and  turned 
frequently,  after  which  it  should  be  tborongbly  oteled,  aiM  thrown  into  heap  to 
mellow. 

Whenerw  practicable,  samples  differing  from  each  other  should  never  be  mixed  be- 
fore malting,  but  when  unavoidable  only  such  barleys  sliould  be  mixed  as  are  of  the 
same  weight  per  imperial  bushel,  the  same  in  character  and  condition,  and  from 
similar  districts,  otherwise  there  will  be  a  harassing  irregularity  upon  the  floor.  And 
DOW  before  commencing  operations,  perhaps  a  word  or  two  about  the  amount  of  work 
a  man  should  do  would  not  be  out  of  place. 

'  Previons  to  the  operation  of  steeping,  it  will  be  found  most  profitable  that  the 
barley  ■  should  be  very  tborongbly  cleansed :  all  dirt,  earth,  stones,  light  grains, 
and  small  ones,  should  be  carefully  screened  and  swam  out  of  it  (for  it  is  a 
waste  to  pay  duty  and  wages  tot  such  thinss,  and  what  is  of  more  consequence, 
they  tend  to  injure  the  quality  of  the  malt  miile  on  the  floors),  and  the  steep  com- 
mences. 

It  is  a  good  arrangement  to  have  at  the  overflow-end  of  the  cistern  a  sieve  or  wire 
trough  placed  a  few  inches  below  the  overflow  on  the  outside  of  the  cistern,  so  that 
the  surplus  water  shall  easily  float  away  the  light  grains  Anm  the  surface  as  they 
rise ;  there  they  will  collect,  and  may  eventually  be  taken  away,  dried  on  the  kiln,  and 
used  for  feeding  purposes.  The  draining  ability  of  the  cistern  should  be  as  ample  and 
expeditions  as  possible,  and  Ua  water-snpply  should  be  equally  good ;  some  maltsters 
with  commendable  prudence  provide  a  sort  of  shower-bath  arrangement  over  their 
dstems  in  place  of  ue  water-tap. 

The  steeping  is  performed  in  large  cisterns  made  of  wood  or  stone,  which  being 
fllled  with  clear  water  up  to  a  certain  height,  a  quantity  of  barley  is  shot  into  them, 
and  well  stirred  about  with  rakes. 

The  good  grain  is  heavy  and  subsides ;  the  lighter  grains,  which  float  on  the  surface, 
are  the  damaged  ones,  and  should  be  skimmed  off,  for  they  would  ii\jure  the  quality  of 
tlie  malt  and  the  flavour  of  the  beer  made  with  it.  They  seldom  amount  to  more  than 
2  per  cent. 

More  barley  is  successively  emptied  into  the  steep-cistern,  till  the  water  stands  only 
a  few  inches,  about  flve,  above  its  surface ;  when  this  is  levelled  very  carefully,  and 
every  light  seed  is  removed. 

'  The  steep  lasts  from  40  to  84  hours,  according  to  thu  circumstances  of  the  season, 
condition,  and  weight  per  imperial  bnshel ;  new  barley  lequiriog  a  longer  period  than 
old,  and  big  requiring  much  less  time  than  barley. 

In  England  it  is  the  common  practice,  in  order  to  escape  as  mnch  as  possible  the 
excise  duty,  to  allow  the  barley  as  a  rule  only  50  hours,  but  this  is  not  sufficient  for 
heavy  or  strong  barleys :  60,  72,  or  even  84  hours  will  bo  found  much  more  advan- 
tageous to  the  sacchariflc  and  friable  qualities  of  the  malt  produced,  and  where  the 
maltster  is  also  the  brewer  it  will  well  repay  him  the  little  extra  excise  duty  he  may 
pay  on  account  of  it,  and  the  loss  by  solution  in  the  steep-water  will  be  found  alto- 
gether inconsiderable.  The  ^Vfnnich  maltsters  nsually  allow  96  hours,  and  take  for 
their  criterion  that  the  pip  shall  have  swollen  almost  to  bursting,  before  the  steeping 
is  considered  snflkient. 

During  this  steep,  carbonic  add  is  evolved  from  the  grains,  and  combines  with 
the  water,  which  at  the  same  time  acquires  a  yellowish  tinge  and  a  strawy  smell, 
firom  dissolving  some  of  tlie  extractive  matter  of  the  barley  husks.  The  grain  im- 
bibes about  one-half  of  its  weight  of  water  and  increases  in  size  by, about  one-fifth. 
By  losing  this  extract  the  husk  becomes  about  one-seventieth  lighter  in  weight,  and 
paler  in  colour. 

The  duration  of  the  steep  depends  in  some  measure  upon  the  temperature  and 
state  of  humidity  of  the  atmosphere,  and  the  temperature  and  constitution  of  the 
water,  and  is  the  shorter  the  warmer  the  season. 

The  water  most  sttitable  for  malting  purposes  is  most  certainly  fresh  spring-water 
ftom  deep  sources,  at  the  temperature  of  about  62°  Fahr. ;  this  is  generally  obtainable 
in  England  ;  surface-water  is  not  estimable,  first,  bn  acconnt  of  its  variable  tempera- 
ture, secondly,  because  it  contains  a  variable  amount  of  organic  matter,  and  thirdly, 
because  its  solvent  power  is  greater ;  whereas  the  salts  of  lime  held  in  solution  by 
nearly  all  spring-waters  have  a  very  beneficial  effect  upon  the  barley,  as  to  some 
extent  they  neutralise  the  acid  tendency,  and  must  or  mould. 

Steeping  has  foi  its  object>  to  expand  the  fiuina  of  the  barley  with  humidity,  and 
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Sms  prepare  the  seed  for  germinatioo,  in  the  same  tray  as  the  moisture  of  the  earth 
prepares  for  the  growth  of  the  radicle  and  plumnia  in  the  seed.  Too  long  continuance 
in  the  steep  is  injnrions;  becanse  it  prevents  the  germination  at  the  proper  time,  and 
thereby  euiansts  a  portion  of  the  vogetatire  power:  it  causes  also  an  abstrac- 
tion of  saccharine  matter  by  the  water.  The  maceration  or  steep  is  known  to  be 
complete  when  the  skin  of  the  barley  has  lost  all  wrinkle  or  curl,  can  be  easily 
transfixed  with  a  needle,  and  is  swollen  to  its  fullest  size.  The  following  is  reckoned 
a  good  test: — If  a  barleycorn,  when  pressed  between  the  thumb  and  fingers,  continues 
entire  in  its  husk,  it  is  not  sufficiently  steeped ;  but  if  it  sheds  its  flour  on  t^e  fingers, 
it  is  ready. 

When  the  substance  exudes  in  the  form  of  a  milky  juice,  the  steep  has  been  too 
long  continued,  and  the  oarley  is  spoiled  for  germination. 

Unhealthy,  damaged,  and  mutilated  corns,  frequently  become  pasty  in  the  cistern, 
long  before  the  sound  portion  of  the  charge  has  been  steeped  enough,  and  this  the 
sooner,  in  proportion  to  the  amount  of  injury  the  grain  hns  suffered.  All  such 
grains  are  apt  to  become  very  damaging  upon  the  withering  floor,  and  to  avoid  this, 
and  increase  the  profits  as  much  as  possible,  it  is  a  rule  with  some  maltsters  that  the 
more  indifferent  a  sample  of  barley  is,  the  less  steep  must  be  given  to  it ;  he  must 
force  the  aerospire  on,  by  thick  and  warm  floors,  that  it  may  be  put  on  the  kiln  as 
quickly  as  possible,  after  it  is  wetted ;  by  this  means,  the  sample  saves  its  appearance 
veiy  considerably;  but  although  the  decomposing  corns  do  not  stink  and  mould 
quite  so  soon  when  tlius  worked,  as  they  would  if  treated  otherwise,  thqir  mischievous 
tenden<^  is  not  at  all  diminished ;  for,  by  the  short  steep  allowed,  the  sound  corns 
are  thrown  on  the  floor  in  an  intractable  state,  and  by  the  thick  flooring  and  conse- 
quent heat  at  which  they  are  subsequently  worked,  tendencies  to  lactous  fermentation 
and  mould  are  greatly  encouraged,  flrst  in  the  unsound  corns,  and  then  by  contact 
through  the  whole  floor. 

In  warm  weather  it  sometimes  happens  that  the  water  becomes  acescent  before  the 
grain  is  thoroughly  swelled.  This  accident,  which  is  manifest  to  the  taste  and  smell, 
must  be  immediately  obviated  by  drawing  ofT  the  foul  water  through  the  tap  at  the 
bottom  of  the  cistern,  and  replacing  it  with  fresh  cold  water.  It  does  no  harm  to 
renew  it  two  or  three  times  at  one  steep. 

J%e  CbucA.*— The  water  being  drawn  off,  and  occasionally  a  fresh  qtiantity  passed 
thsough  to  wash  away  any  slimy  matter  which  may  have  been  generated  in  warm 
weather,  the  barley  is  now  laid  on  the  couch-floor  of  stone  flags  in  square  heaps,  tnra 
12'to  16  inches  high,  and  left  in  that  position  for  twenty-four  hours. 

At  this  period,  the  bulk  of  the  grain  being  at  the  greatest,  it  is  usually  gauged  by 
the  revenue  officers,  and  the  quantity  then  found  multiplied  by  the  decimal  '815  is 
that  on  which  the  duty  is  generally  charged. 

After  a  few  hoars,  moisture  leaves  the  surface  of  the  barley  so  completely,  that  it 
imparts  no  dampness  to  the  hands ;  but,  in  from  fifteen  to  thirty  hours,  sooner  or 
later,  according  to  the  drcumstancea  at  the  time  of  the  season,  quality  of  barley, 
and  efficiency  or  otherwise  of  the  steep,  it  becomes  warm,  the  temperature  rises 
fh>m  7°  to  10°  above  that  of  the  atmosphere,  while  an  agreeable,  fruity  smell  is 
evolved;  if  the  hand  is  thrust  into  the  grain  as  it  lies  in  the  coiich,  it  not  only 
feels  warm,  but  it  is  bedewed  with  moisture.  At  this  sweating  stage,  the  fibrils  of 
the  radicles  make  an  appearance  at  the  bass  of  every  grain,  in  the  form  of  a  white 
elevation. 

After  remaining  in  the  couch  twenty-four  hours,  the  time  insisted  upon  by  excise 
regnlation,  the  conch  is  broken,  that  is,  the  planks  composing  the  front  of  it  are  re- 
moved, and  with  a  maltster's  wood  shovel,  the  grain  is  sprmd  out  to  the  depth  of 
from  6  to  10  inches  (according  as  required  by  the  before-mentioned  circumstance* ; 
and  be  it  remembered,  that  these  must  be  carefully  considered  at  every  stage  of  the 
working,  from  first  to  last).  Some  few  hours  after  the  radicles  have  begun  to  divide, 
the  plumula  may  be  discerned  at  the  same  point,  proceeding  beneath  the  husk,  to  the 
other  end  of  the  seed,  in  the  form  of  a  yellow  leafleL 

I%e  Fltxmng.—^With  this  last  operation,  '  the  flooring,'  may  be  said  to  have  com- 
menced, and  the  experience  and  judgment  of  the  maltster  are  now  called  into  requisi- 
tion, and  will  be  taxed  to  their  utmost  to  ensure  a  simultaneous  start  and  equal  degree 
of  germination  in  every  individual  grain  alike ;  he  must  not  forget  it  for  a  moment, 
but  carefally  watch  its  progress,  and  as  soon  as  the  grains  immediately  below  the 
surface  appear  glossy  wet  from  sweating,  the  fioor  must  be  turned  with  the  shorel, 
and  thinned  out  from  2  to  4  inches  in  thickness,  as  he  sees  it  desirable.  The  manner 
of  handling  the  shovel  is  a  matter  of  great  importance,  and  it  is  only  from  careful 
practice  that  the  required  proficiency  is  attained  ;  the  upper  stratum  of  the  fioor  is 
skimmed  off  and  iwed  over,  just  in  the  immediate  neighbourhood  of  the  workman. 
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step  by  steTr.  shorelful  by  shorelfiil ;  tlie  ondw  portion  is  then  well  cleaned  np,  flung- 
and  spread  irith  an  inward  turn  of  the  wrists,  as  the  arms  are  thrown  across  the 
front ;  by  this  motion,  the  grains  are  disposed  into  a  thin,  wide-spreading  shower, 
driren  through  the  air  and  fiklling  evenly  on  the  floor,  at  a  considerable  distance  from 
where  they  were  taken  up  by  t£e  shovel,  and  by  the  operation  are  separated  and 
cooled ;  should  any  faint  smell  have  been  attained,  it  will  afterwards  be  fOund  to  hare 
passed  off  in  a  very  great  measure. 

Thus  the  workman  advances,  proceeding  across  and  recrossing  the  floor,  taking 
alternately,  first  the  upper  stratum,  and  then  the  lower  one  at  every  step,  throwing 
it  out  the  further,  the  more  cooling  or  '  check '  he  purposes  to  g^ve  to  it,  and  also 
regulating  its  area  accordingly.  Sometimes  it  requires  turning  over,  and  lightening 
up,  without  being  subjected  to  the  cooling  consequent  upon  the  nse  of  the  shovel ;  and 
for  this  purpose  the  workman  uses  what  is  called  the  '  rake.'  This  is  an  iron  blade, 
about  30  inches  long  and  perhaps  2  inches  broad,  fixed  at  each  end  by  holders,  to  a 
massive  wood  head,  to  which  is  attached  a  strong  wood  shaft,  with  a  cross-head 
handle.  This  blade  is  dragged  along  the  floor,  passing  under  the  barley,  tnming  the 
bottom  to  the  top  and  lightening  it  up  considerably ;  bnt  when  turning  only  is  re- 
quired, he  uses  what  is  called  the  *  plough ; '  this  is  a  long-handled  tool,  in  shape 
very  much  resembling  the  scull  of  a  boat,  and  in  using  it  is  made  to  pass  through  the 
grain,  precisely  as  a  scull  is  made  to  do  in  the  water.  The  young  floors  will  generally 
require  some  sort  of  tendance  every  three  or  four  hours ;  this  must  be  judged  now  by 
the  appearance  of  the  radicle  as  a  principal  indicator ;  when  it  is  particularly  white 
and  Tigorons,  the  floor  requires  a  'turn,'  that  is,  the  shovel  preceded  by  the  rake;  if 
it  requires  nursing,  and  it  is  thought  that  a  turn  would  check  it  too  much,  the  rak» 
alone  is  nsed ;  but  if  it  requires  a  gentle  turn  over  and  careftil  nursing,  then  the 
plongh  alone  is  nsed ;  and  thus  these  are  employed,  either  alone,  in  turn  or  combined, 
in  any  way  the  workman  may  deem  it  dearable ;  but  always  before  leaving  bis  house, 
for  the  night,  he  must  thoroughly  disentangle  the  corns,  the  one  from  the  other,  give 
the  floors  a  good  tnming  and  spreading,  thin  them  out,  and  lay  them  light.  In  the 
old  floors  it  will  most  likely  be  necessary  to  use  all  three  tools  about  them ;  first  the 
plough,  and  then  the  rake,^  till  they  are  well  disentangled  and  light,  then  with  the 
shovel,  thin  out,  turn,  spread,  and  cool  them. 

With  the  young  floors,  perhaps,  only  the  plongh  and  the  lake  may  be  required, 
as  it  sometimes  happens  that  nniring  is  neoeasaty,  owing  to  the  coldness  of  the 
weather. 

It  will  sometimes  occur,  most  commonly  fixim  an  insufficient  steep,  that  the  radicles 
will  sho%  signs  of  withering  prematurely ;  and  if  the  circumstance  was  to  remain  un- 
heeded, the  floor  would  die  long  before  the  germination  had  wrought  the  desired 
change  in  the  constitution  of  the  barley ;  the  withering  radicles  would  drop  off  even 
with  the  most  careful  handling,  and  then  the  grain  would  have  to  depend  on  those 
that  remained  to  it  for  the  support  it  needed  to  complete  the  change.  To  render  the 
necessary  help,  at  this  time,  recourse  is  had  to  'sprinkling,'  that  is,  water  is  ad- 
ministered to  it  from  a  4-gallon  watering-can,  with  a  rose,  in  the  proportion  as  a  rule 
of  about  one  can  to  the  quarter  (8  bowels) ;  under  some  circumstances  a  floor  will 
take  nearly  double  that  quantity,  as  in  the  case  of  the  heavy  Scotch  barleys,  with 
only  60  hours'  steep,  but  with  light  free  barleys,  perhaps  only  half  the  quantity,  the 
less  the  better  in  all  cases,  where  quality  is  of  more  consequence  than  appearance ;  for 
the  object  being  to  supply  a  stimulant  to  the  '  fainting '  and  perhaps  wounded  grain, 
the  acroepire  is  forced  up  as  it  were,  tmder  the  husk  of  the  hide-bound  grain ;  no  good, 
or  at  any  rate  very  little  good,  is  done  by  the  process,  to  really  benefit  the  constitution 
of  the  grain ;  the  application  is  too  superficial,  and  where  the  quality  of  the  saccharine 
constituent  is  the  consideration,  it  cannot  stand  in  competition  with  the  properly 
administered  steep.  But  for  the  sake  of  overroeasure  or  overweight,  and  it  must  be 
admitted  a  saving  in  appearance,  it  is  adopted  by  the  malting-trade  generally,  as  a 
matter  of  routine.    It  is  administered  as  follows : — 

On  tlie  fourth  or  fifth  day  after  the  grain  is  thrown  firom  the  cistern,  the  radicles 
will  have  attained  the  length  of  nearly  a  quarter  of  an  inch ;  the  floor  has  then  given 
to  it  about  half  a  can-full  of  water  to  the  8  bushels ;  it  is  then  well  ploughed,  raked 
and  turned,  so  as  to  wet  every  grain  possible,  and  then  worked  in  the  usual  course. 
Next  day,  the  remainder  of  the  dose  is  given,  or  if  much  water  is  thought  necessary, 
it  is  given  two  doses  the  second  day,  one  in  the  morning  and  the  other  in  the  after> 
noon,  and  perhaps  another  dose  next  morning ;  the  operation,  of  course,  necessitates 
plenty  of  room,  so  it  is  usual  to  arrange  for  the  main  sprinkling  on  the  day  that  the 
old  floors  are  loaded  on  tlie  kilns.  If  floors  are  closely  observed  abont  this  time,  it 
will  be  seen,  that  mould  mostly  appears  immediately  after  the  sprinkling ;  tlien  it  is 
that  the  mischievous  effects  of  rotting,  mutilated,  and  broken  corns  are  most  apparent, 
and  with  each  hour  the  disease  spreiads  from  com  to  corn,  till  sometimes,  before  the 
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floor  can  be  got  ready  far  the  kiln,  the  whole  of  the  floor  is  literally  impregnated  with 
it,  a  kind  of  bine  bloom  is  to  be  perceived  upon  it,  and  it  may  oren  affect  the  atmo- 
i-phere  abore  it,  plainly  sho-wing  that  monld  in  the  form  of  dust  is  present,  ready  to 
fill  on  eTemhing ;  gome  of  it  may  be  made  to  disappear,  after  diying  and  screen- 
ing the  taialt ;  but  the  taste  is  permanently  attached  to  the  malt,  and  follows  it  through 
the  remainder  of  its  existence,  even  after  it  has  changed  its  state ;  not  that  mould 
can  be  always  detected  in  the  beer  made  from  such  malt,  for  unless  it  is  very  bad 
indeed,  it  can  be  overpowered  by  the  hop ;  but  there  is  a  perceptible  deficiency  in 
that  fine,  clean  flaronr,  which  is  the  porfectioD  of  a  glass  of  good  beer,  its  place 
being  nsnrped  by  a  flaTour  coarse  ana  tangey,  and  tending  to  acidity,  the  more  so 
in  proportion  as  the  disease  has  nvaged  the  malt ;  for  let  it  not  be  forgotten,  that 
mould  and  acidity  always  go  hand-in-hand.  Therefore,  where  it  is  found  necessary 
to  malt  an  indifferent  sample  of  barley,  it  is  much  the  wiser  plan  to  treat  it  with  a 
sufficient  steep,  and  MroA  it  as  cool  as  possible  upon  the  floors,  giving  it  plenty  of 
time ;  for  heats  approaching-  60°,  and  especially  between  60°  and  70°  encourage  disease 
in  barley  on  the  floors,  jnst  as  it  does  also  upon  an  unsound  wort  in  the  fermenting 
tin ;  such  malts  should  always  be  set  apart  to  be  brewed  by  themselves  for  a  quick 
consumption. 

If  the  heat  on  the  floor  should  by  any  chance  rise  to  temperatures  between  70°  and 
75°,  it  is  almost  a  certainty  that  much  of  the  saccharine  constituent  will  have  changed 
into  the  lactic  state.  It  is  sometimes  asserted  that  sprinkled  malt  will  yield  more 
gravity  per  quarter  than  unsprinliled  malt  will  do :  the  extra  gravity  is  caused  by  an 
excess  of  the  albuminous  constituent  present  in  the  wort,  and  this  is  but  an  increase 
of  trouble,  disappointment,  and  loss  to  tlie  brewer ;  but  the  difference  between  sprinkled 
and  unsprinkled  barley  is  perceived  at  once  by  the  taste,  being  in  favour  of  the  latter, 
from  the  superior  sweetness  in  the  month,  and  it  far  exceeds  the  former  in  the 
brightening  and  keeping  ability  of  iu  product,  and  in  the  general  excellence  of  the 
beer.  The  attentive  reader  will  perhaps  ere  this  hare  surmised  from  the  mention  of 
the  old  floor,  the  young  floor,  ana  the  floor  to  be  sprinkled,  that  there  must  generally 
be  three  steeps  upon  the  floor  at  the  same  time,  and  under  very  exceptional  circum- 
stances there  may  even  be  four  floors,  exclusive  of  those  on  the  kiln,  and  in  either  the 
cistern  or  the  couch.  This  of  course  necessitates  plenty  of  area  in  the  withering  floor ; 
there  should  be  allowed  28  square  yards  at  least  to  the  quarter  of  barley  steeped. 
Therefore  for  one  man-kiln,  15  quarters  being  steeped  every  four  days  nearly,  the 
withering-floor  area  sbould.be  15  x  28  yards— 420  yards,  including  the  couch-frame; 
alwat  30  feet  in  width  is  a  nice  arrangement  for  a  kiln  of  this  size,  and  is  even  a  con- 
Tenient  width  for  any  sized  kiln,  for  where  the  floors  are  much  wider,  the  sides  and 
middle  work  vary  unevenly,  and  cause  an  amount  of  labour  that  is  likely  to  be  the 
cause  somewhat  of  neglect ;  forty  feet  should  be  the  extreme  limit  for  a  kiln  of  the 
largest  size ;  of  course  the  wider  the  floor  is  the  less  throwing  forward  it  requires,  and 
this  is  a  consideration  ;  the  height  of  the  place  should  be  about  six  foet  under  the 
beams,  which  should  be  underdrawn  ;  the  windows  should  be  glazed  with  blue  glass, 
and  the  ventilation  and  temperature  of  the  place  should  be  under  complete  control. 
At  times  the  grain  on  the  floors  will  suffer  mutilation  and  crushing  by  the  feet ;  the 
excise  officer  must  trample  upon  it,  for  the  purpose  of  ganging,  but  it  is  quite  unneces- 
sary that  any  one  else  should.  Some,  to  relieve  the  floor  firom  injury  by  the  tread,  have 
moveable  gangways  suspended  from  the  beams  above,  or  supported  f^m  the  walls,  so 
that  the  workmen  can  pass  from  floor  to  floor  the  whole  length  of  the  house  without 
treading  on  the  grain. 

The  system  of  working  upon  the  floors  is  of  such  extreme  importance  to  brewers, 
that  it  is  necessary  that  we  should  give  very  special  attention  to  the  considera- 
tion of  the  several  points  of  guidance,  which  experience  has  established  as  incontro- 
vertible. 

The  first  and  most  essential  of  these,  is  the  selection  and  cleansing  of  the  barley, 
and  this  has  already  been  treated  in  detail  in  an  early  part  of  the  present  article ;  the 
next  is  the  class  and  temperature  of  the  water,  and  this  has  also  been  treated  upon, 
and  we  must  now  consider  the  rule  that  must  be  adopted  to  produce  a  malt  that  shall 
have  the  least  amount  of  the  albuminous  constituent  in  its  composition  along  with  the 
greatest  amount  of  good  sound  sacchamm  as  free  as  possible  from  acid  tendency,  and 
perfectly  fine  from  mould. 

In  the  first  place,  in  order  to  make  good  soqnd  malt  from  carefUIly-selected  barley, 
the  efficient  steep  is  of  paramount  importance ;  then  the  cooler  it  is  worked  upon  the 
floors,  and  the  longer  it  can  be  mode  to  take  in  growing  the  acrospire  right  up  to  the 
opposite  end  of  the  grain,  the  better  will  be  the  saccharific  excellence  of  the  malt. 
The  heat  of  the  floors  should  never  be  allowed  to  attain  60°  Fahr.,  and  it  should  be 
kept  on  the  floors  &om  twelve  to  fifteen  days,  including  couching. 

There  is  no  danger  of  mould  if  the  tuning  is  properly  attended  to,  and  no  mone 
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•piinUing  allowed  than  is  absolately  necettary  to  keep  the  germination  alire;  in 
■eason-made  malt,  sprinkling  is  but  very  seldom  required,  but  an  exceptional  warmth 
or  dryness  of  the  atmosphere  may  make  it  at  times  a  necessity. 

If  the  rootlets  or  radicles  appear  languid,  shrivelled,  and  of  a  dull  yellowish  tint, 
lay  the  6oor  a  little  thicker;  it  may  be  that  the  barley  is  more  intractable  tlisn  was 
supposed  at  first ;  and  if  in  the  course  of  two  or  three  hoars  its  appearance  is  not 
materially  improved,  then  administer  the  sprinkling,  abont  a  good  third  of  a  can-full 
to  the  quarter  (i.e.  8  bushels),  well  plough,  rake,  turn,  and  thin  out ;  but  let  it  carefully 
be  borne  in  mind  that  whatever  is  done  in  the  way  of  increasing  or  decreasing  the 
vigour  of  the  germination  must  be  done  most  gradoally,  or  the  radicles  will  be  liable 
to  break  ofi^  therefore  leaving  the  grain  maimed,  and  less  able  to  attain  the  desired 
result,  and  as  a  consequence  the  quality  of  the  malt  will  bfi  impaired.  On  the  other 
hand,  if  the  rootlets  appear  robust  and  vigorous,  the  floor  must  be  well  turned  and 
thinned  out,  or  the  middle  of  the  floor  will  become  the  wanner,  and  an  uneven  germi- 
nation will  result ;  when  a  floor  has  been  allowed  to  remain  too  long  unturned,  it  may 
easily  be  perceived  from  the  &int  smell  that  attends  it,  and  also  it  may  be  observed 
that  the  main  or  centre  radicle  is  of  unusual  length  and  strength  in  comparison  with 
its  mates ;  great  care  must  then  be  exercised,  for  to  be  checked  too  rapidly  would 
certainly  cause  them  to  break  oS|  and  prove  as  injury ;  this  must  particularly  be 
attended  to  in  the  young  floors.  If  all  has  gone  on  as  it  should  have  done,  when  tlie 
grain  has  spent  the  moisture  absorbed  in  the  steep,  the  acrospirs  will  have  attained 
about  three-fourths  the  length  of  the  grain,  and  the  culm  (rootlets)  somewhere  about 
half  an  inch  in  ordinary  English  barley,  but  more  than  that  in  the  strong  Yorkshire 
barleys,  and  more  still  in  the  heavy  Scotch  ;  this  excitation  will  occupy  from  perhaps 
nine  to  twelve  days,  according  to  the  circumstances,  of  the  kind  of  barley,  and  state 
of  the  atmosphere,  and  tjie  culm  will  then  begin  to  grow  languid,  &de,  and  wither, 
and  of  course  will  cease  to  develope  any  more ;  the  acroepire  too  will  remain  almost 
stationary,  though  not  quite  so,  for  germination  is  not  extinct,  but  only  retarded. 
The  floor  must  now  be  laid  thicker,  very  gradually,  frequently  disentangled  and 
turned,  but  kept  just  warm  enough  to  cause  most  of  the  remaining  moisture  to 
pass  away  from  the  grain  till  when  taken  up  in  the  hand  it  feels  light  and  dry, 
and  when  the  kernel  is  forced  out  from  the  husk  with  the  thumb-nail,  it  should  rub 
abroad  between  the  thumb  and  forefinger  easily  and  smooth ;  this  process  is  called 
the  '  mellowing,'  and  occupies  from  two  and  a  half  to  four  days;  it  is  then  ready  for 
the  kiln. 

Tie  Kiin-Floor. — ^The  meowed  floor  is  then  loaded  into  baskets,  craned  up  to  the 
Idln-floor,  upset  in  regular  heaps  over  it,  and  when  all  the  charge  is  in,  it  should 
immediately  be  griped  over  and  levelled.  In  area  the  kiln-floor  shoiUd  allow  at  least 
three  square  yMds  to  every  quarter  of  barley  steeped,  thus  for  a  15-quarter  cistern, 
the  area  for  the  kiln-floor  should  be  at  least  45  square  yards,  this  will  allow  the  barley 
to  lie  from  7  to  9  inches  thick  upon  the  kiln,  and  that  thickness  is  a  medium  between 
extremes.  In  England  coke  is  most  commonly  used  for  the  kiln-fires,  and  there  should 
be  from  IS  to  25  feet  below  the  centre  of  the  kiln-floor;  the  greater  the  height  the 
better  the  draught. 

-  Immediately  above  tlie  fire-place,  and  supported' at  the  four  comers,  a  disperser  is 
placed  £K>m  6  to  9  feet  above  the  fire-bars,  according  to  the  strength  o£  the  draught  and 
character  of  malt  it  is  intended  should  be  made  usually ;  it  is  well  to  have  all  the 
draught-course,  both  above  and  below  the  malt,  under  perfect  control,  so  as  to  at  all 
times  cause  the  stream  of  heated  air  passing  from  the  fire  to  disperse  itself  to  thp 
extreme  limits  of  the  kiln-floor ;  but  irith  aU  the  aid  that  art  and  experience  can  give, 
nothing  can  relieve  the  workman  from  that  careful  watching  and  regulating  of  the 
fires,  t£at  is  the  real  secret  of  success  in  the  flnishing  of  malt.  The  '  old  floor '  being 
now  '  loaded '  on  the  kiln  and  griped  over,  the  fire  is  placed  and  regulated  so  that  the 
.heat  shall  accumulate  in  the  space  under  the  floor-tiles,  and  fill  it  to  the  remotest 
ooroer  with  a  temperature  of  about  90°,  which  must  be  the  same  throughout  the  whole 
area  of  the  floor,  no  one  place  being  hotter  tbntt  another,  or  the  finishing  will  be 
freckled  and  uneven :  the  advantage  of  having  a  good  height  over  the  spreader  will  be 
now  seen,  by  reason  of  its  allowing  a  better  opportunity  for  the  thorough  mixture  and 
.attemperating  of  the  atmosphere  and  also  decreasing  the  liability  to  a  hot-air  current 
through  any  particular  portion  of  the  floor. 

In  a  short  time  the  heat  may  be  increased  three  or  four  degrees,  but  the  floor 
should  not  be  molested  till  all  apparent  moisture  or  steam  has  been  driven  from 
it;  this  will  take  about  12  hours,  when  it  may  be  griped  over,  again  turning  the  top 
to  the  bottom  ;  flres  damped  up  and  left  for  the  night;  next  morning  the  floor  must 
.be  griped  again,  and  turned  with  the  shovel,  the  fires  may  be  broken  up,  and  the 
heat  increased  3  or  4  degrees  more,  and  the  floor  must  be  turned  3  or  4  times  with 
the  shovel,  and  by  the  following  morning  it  will  most  likely  be  dry ;  the  finish 
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aiiut  then  be  given,  Uiat  is,  the  paiticolar  ooloox  and  flayour  required  most  nov  be 
attained. 

For  pale  malt,  the  heat  should  not  exceed  120°. 

For  the  amber  colours,  heats  ranging  from  120°  to  160°,  according  to  the  colour 
desired. 

For  brown  malt  for  porter-breiring,  oak  sticks  are  blazed  on  the  fire,  and  the  heat 
raised  to  180°  or  abore;  the  floor  must  not  be  laid  more  than  an  inoh  thick,  and  be 
kept  constantly  on  the  moTe  by  turning ;  it  is  therefore  a  very  hot  and  laborious 
process.  In  flnishing  for  the  pale  and  amber  malts,  it  is  better  to  subject  the  floors 
to  a  low  and  long-eontinned  heat,  rather  than  a  high  and  sharp  one,  for  the  culm 
colours  much  sooner  than  the  body  of  the  grain,  owing  to  its  slightness  in  substance, 
and  the  workman  is  often  deceived  by  this  circumstance ;  for  pale  malts,  say  100°  or 
a  little  above  ;  for  amber,  about  126°  or  so. 

When  the  malt  has  attained  the  colour  required,  it  is  immediately  heaped  in  the 
middle  of  the  kiln-fioor,  and  the  fires  allowed  to  die  down ;  in  about  two  or  three  hours 
after,  the  kiln  is  '  teemed,'  that  is,  the  malt  is  taken  off  and  stored  in  its  bin :  it  is 
decidedly  the  best  plan  to  let  this  be  done  while  the  malt  is  in  a  good  hot  state,  for 
it  will  keep  right  all  the  longer,  and  the  culm  should  go  with  it  to  aid  in  keeping 
out  the  atmosphere ;  but  although  malt  should  be  kept  in  the  store-bin  as  dry  as 
possible,  it  is  not  thought  a  good  plan  to  use  it  for  brewing  purposes  until  it  has  got 
quite  cold  in  the  heap,  or  it  will  prove  somewhat  intractable  in  the  mash-tun,  and  the 
beer  from  it  will  not  work  kindly  in  the  fermenting-tun,  and  prove  somewhat  difficult 
to  fire. 

Boring  the  kiln-drying,  the  roots  and  acrosplre  of  the  barley  become  brittle,  and 
fall  off;  ,and  are  separated  by  a  wire-sieve  whose  meshes  are  too  small  to  allow  the 
malt  itsdf  to  pass  tbrongh. 

A  quantity  of  good  barley  which  weighs  100  pounds,  being  judiciously  malted,  will 
weigh,  after  drying  and  sifting,  80  pounds.  Since  the  raw  grain,  dried  by  itself  at 
the  same  temperature  as  the  malt,  would  lose  12  per  cent,  of  its  weight  in  water,  the 
malt  process  dissipates  ont  of  these  remaining  88  pounds,  only  8  pounds,  or  8  per  cent, 
of  the  raw  barley.    This  loss  consists  of— 

1|  per  cent,  dissolved  out  in  the  steep  water, 
8        „       dissipated  in  the  kiln, 
3        „        by  the  removal  of  the  fibrils, 
0.^       „        of  waste. 

The  balk  of  good  malt  exceeds  that  of  the  barley  fiwm  \rhich  it  was  made  by  about 
6  or  9  per  cent 

VUUbT  JCZXJr.  (Dam,  Qer.)  The  requisite  conditions  of  a  good  malt  kilA 
are,  that  the  temperature  should  be  under  perfect  control ;  the  malt  not  exposed  too 
near  the  direct  action  of  the  fire ;  and  the  vapour  from  the  heated  grain  rapidly 
carried  off. 

Figt.  U28,  1424,  1425,  1428  exhibit  the  construction  of  a  well-contrived  malt  kiln. 
■Fig.  1428  is  the  ground  plan ;  Jig.  1424  is  the  vertical  section ;  and  Jig».  1^25  and  1426, 
a  horizontal  and  vertical  section  in  the  line  of  the  malt-plates.    The  same  letters 


1424 


1423 


denote  the  same  yarts  in  each  of  the  figures.  A  cast-iron  cupola-shaped  oven  is  sup- 
ported in  the  middle  upon  a  -wall  of  brickwork  four  feet  high ;  and  beneath  it  are 
the  grate  and  its  ash-pit.  The  smoke  passes  off  through  two  equidistant  pipes  into 
the  chimney.    The  oven  is  surrounded  vith  four  pillars,  on  whose  top  a  stone  lintejl 
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is  laid :  a  ia  the  grate,  9  inches  below  the  sole  of  the  oven  6 ;  e«ce  are  the  four  nine- 
inch  strong  pillars  of  brickwork  which  bear  the  lintel  m ;  ddddxn  strong  nine- 
inch  pillars,  which  support  the  girder  and  joists  upon  which  perfiirated  plates  repose  ; 
e  denotes  a  vaulted  arch  on  each  of  tlie  four  sides  of  the  oren  ;  /is  the  space  between 
the  kiln  and  the  side  arch,  into  which  a  workman  may  enter  to  inspect  and  clean  tlio 
kiln ;  g  g,  the  walls  on  either  side  of  the  kiln,  upon  which  the  arches  rest ;  h,  the  spnco 
for  the  ashes  to  fall ;  k,  the  fire-door  of  the  kiln  ;  1 1,  junction-pieces  to  connect  the 
pipes  rr  with  the  kiln;  the  mode  of  attaching  them  is  shown  in  Jig.  1425.  These 
smoke-pipes  lie  about  three  feet  under  the  iron  plates,  and  at  the  same  distance  <rom 
the  side  walls ;  they  are  supported  upon  iron  props,  which  are  made  fast  to  the  arches. 
la  Jig.  1424,  u  shows  their  section ;  at  <  s,  Jig.  1426,  they  enter  the  chimney,  which  is 
provided  with  two  register  or  damper  plates,  to  regulate  the  draught  tiirough  the 

1426 


inpes.  These  registers  are  represented  hjtt,fy.  1426,  which  shows  a  pnpendicular 
section  of  the  chimney,  m.  Jig.  1 424,  is  the  lintel,  which  causes  the  hdhted  air  to  spread 
laterally,  instead  of  ascending  in  one  mass  in  the  middle,  and  prevents  any  com- 
bustible particles  from  falling  upon  the  iron  cupola,  n  n  are  the  main  girders  of  iron 
for  the  iron  beams  oo,  upon  which  the  perforated  plates;)  lie;  q,fig-  1424,  is  the 
rapoor-pipe  in  the  middle  of  the  loof,  which  allows  the  steam  of  the  drying  malt  to 
escape.    The  kiln  may  be  heated  either  with  coal  or  wood. 

The  size  of  this  kiln  is  about  20  feet  square ;  but  it  may  be  made  proportionally 
either  smaller  or  greater.  The  perforated  floor  should  be  large  enough  to  receive  the 
contents  of  one  steep  or  conch. 

The  perforated  plate  might  be  oonTenienUy  heated  by  steam-pipes,  laid  zigzag, 
or  in  parallel  lines  under  it;  or  a  wire-gauze  web  might  be  stretched  opon  such 
pipes.  The  wooden  joists  of  a  common  floor  would  answer  perfectly  to  support 
this  steam-range,  and  the  heat  of  the  pipes  would  cause  an  abundant  circulatiou 
of  air.  For  cLrying  the  pale  malt  of  the  ale-hrewer,  this  plan  is  particularly  well 
adapted. 

1427 


The  improved  malt  kiln  of  Fistorin  is  represented.  Jig.  1 427,  in  a  top  view ;  Jig.  1 428, 
in  a  longitudinal  view  and  section ;  and;^.  1429,  in  tiansrerse  section,    o,  a,  ore  two 
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jaadzangalar  amoke-fluee,  oonstrneted  of  flre-tiles,  or  flie-stonea,  and  corered  with 
iron  plates,  over  which  a  pent-hooiie  roof  ii  laid ;  the  whole  bound  by  the  cross  pieces 
b  (figs.  1428,  1429).  These  flnea  are  bniltabore  a  grating  00,  which  commences  at  e'; 
in  front  of  </  there  is  a  bridge  of  briclcs.  Instead  of  sudi  a  brick  flue  coTcred  with 
plates,  iron  pipes  may  be  used,  covered  with  semi-cylindrical  tiles,  to  prevent  the 
malt  that  may  happen  to  fall  &om  being  burned,  d  d,  are  the  breast  walls  of  the  kiln, 
3  feet  high,  fumisned  with  two  apertures  shut  with  iron  doors,  through  which  the 
malt  that  drops  down  may  be  removed  from  time  to  time.  <  is  a  beam  of  wood  lying 
on  the  breast  wall,  against  which  the  hurdles  are  laid  down  slantingly  towards  the 
back  wall  of  the  kiln ;  //are  two  vertical  flues  left  in  the  substance  of  the  walls, 
through  which  the  hot  air,  discharged  by  open  pipes  laid  in  a  subjacent  fnrnace,  rises 
into  the  space  between  the  pent-house  roof  and  the  iron  plates,  and  is  thence  allowed 
to  issue  through  apertures  in  the  sides,  g  is  the  discbarge-flue  in  the  back  wall  of  the 
kiln  for  the  air  now  saturated  with  moisture ;  A  is  a  smoke-pipe,  from  which  the 
smoke  passes  into  the  anterior  flue  a,  provided  with  a  side-plate  for  modifying  the 
draoght ;  the  smoke  thence  flows  off  through  a  flue,  fltted  also  with  a  damper-plate, 
into  the  chimney  i.  A:  is  a  smoke-pipe  of  a  subsidiary  fire,  in  case  no  smoke  should 
pass  through  h.  The  iron  pipes  are  11  inches  in  diameter ;  the  air-flnes/  5  inches, 
and  the  smoke-pipe  A,  10  inches  square ;  the  brick  flues  10  inches  wide,  and  the  nsnal 
height  of  bricks. 

^e  following  is  an  account  of  the  total  number  of  bushels  of  malt  made  in  the 
United  Kingdom  &om  1861  to  1870,  distinguishing  such  as  wero  charged  with  duty 
&om  such  Bs  were  free  of  duty,  exported  on  drawback  or  free  of  duty,  and  the  quan- 
tities retained  for  home  consumption : — 

Tit  Qutattitie*  of  Malt  charged  with  iiUie*  of  Excite  in  the  United  Kingdom,  qumtiiiet 
ttported  on  draabaett,  and  returned  for  home  conimmption. 


Tears 

Cbaraedwtth 

Freeol 

duty' 

Exported  on 
drawback  or 
free  of  duty" 

Retained 

tcr  home 

consmnpUoa 

Buhels 

Bnabds 

Bostaels 

Bushels 

1861      . 

44,141,422 

3,793,192 

1,284,614 

46,660,100 

1862     . 

41,118,172 

4,060,883 

1,499,447 

43,688,608 

1863     . 

46,260,842 

4,679,820 

1,876,856 

49,072,816 

1864     . 

48,544,125 

4,837,742 

1,684,889 

61,796,998 

1866     . 

46,190,374 

522,828 

1,641,685 

43,548,689 

1866     . 

46,082,397 

661,423 

1,687,344 

44,295,063 

1867     . 

43,608,671 

459,660 

1,385,577 

42,222,904 

1868     . 

44,387,269 

452,830 

1,330,664 

43,056,595 

1869     . 

45,361,518 

484.907 

1,537,147 

43,814,371 

1870'  . 

47,005,803 

402,466 

1,462,226 

46,603,577 

The  petals  of  the  plant  known  as  Mlhaa  roua,  belonging  to  the 

natural  order  Mahacete,  contain  a  peculiar  colonring-matter,  soluble  in  watn  and 
alcohol,  but  insoluble  in  ether.  '  The  aqueous  solutions  of  the  petals,  li»ed  previously 
&om  the  calyx  and  stamens,  exhibit  a  violet-red  colour,  which  is  turned  crimson  by 
Uie  addition  of  adds  and  green  by  alkalis.  The  alcoholic  tincture  of  the  leaves  is 
purplish-red,  and  leaves  on  evaporation  a  deep  red  residue,  free  from  nitrogenous 
matter.  Cotton  mordanted  with  iron  is  turned  blue  or  bluish-black  by  an  aqueous 
infusion  of  the  petals.  With  an  aluminous  mordant  a  violet-blue,  and  with  tin 
mordants  a  bluish-violet  is  produced.  "Woollen  fabrics,  previously  mordanted  with 
bichloride  of  tin,  assume  a  deep  violet,  and  when  mordanted  with  iron  a  bluish-black 
or  grey ;  if  mordanted  with  antimonio-aeid  salts,  a  bluish-violet  is  obtained ;  silk 
mordanted  with  tin  salts  takes  a  violet 

*  For  calico-printing  purposes  the  alcoholic  extract  suits  better  than  the  aqueous 
infusion.  The  colours  produced  are  faster  than  those  yielded  by  logwood,  but  they  do 
not  stand  clearing  with  soap. 

*  The  colouring  matter  is  yet,  and  was  formerly  far  more  so,  in  great  request  for 
the  artificial  colouration  of  wines.  Latterly  it  has  come  into  use  as  a  dye-ware,  and 
is  chiefly  so  applied  in  Oermany  and  more  particularly  in  Bavaria.' 

aKAMMXB.    A  tree  growing  in  Honduras.    lu  dried  leaves  aro  very  powerfully 

'  Inelodlag  tbe  eitimaied  qnaotity  med  In  beer  exported. 

■  On  the  Uth  of  Angiat  18S<,  malt  was  made  free  of  duty  for  distillery  potpogea  and  (or  exporta- 
tion, and  tpbrib)  were  allowed  to  be  diatOIed  free  of  dnty  (or  exportatioo. 

*  TlM  Board  of  Utde  has  sot  pabUsbed  any  later  letnm. 
Voum.  O 
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naicotio;  the  bark  is,  hoTceTer,  stated  to  possess  some  tonie  propertiet.  The  floweis 
of  the  tree  are  used  in  flaTouring  a  Hqueuir  made  in  some  parts  of  the  West  Indies, 
called  crime  dea  orMa. — Temple. 

■UUVOBBSTHR  TMULOiW.  A  name  by  which  naphthaline  yellov  is  known 
in  commerce. 

VUUKGtLatMMXi.    A  large  tree  of  a  very  poisonons  character,  growing  in  Soath 
America,  and  in  some  parts  of  the  West  Indies.    The  wood  is  of  a  yellow-brown 
coloor,  beautifully  clonded,  and  yery  close  and  hard.    It  is  sometimes  used  instead 
of  mahogany.    This  tree  is  the  Hippomane  maneindla,  one  of  the  iSbpAor&iacta 
MAjimoOA.    Cassaya  starch.    See  Stanch. 

■UUV-onronra.  {Machine  cSAaeensum,  £V. ;  Fahrkunet,  Oer.)  The  name 
given  to  a  machine  by  which  the  men  working  in  deep  metallrferoos  mines  are 
enabled  to  descend  or  ascend  withont  mnch  fatigue.  The  labour  of  climbing  &om 
the  bottom  of  the  deep  mines  of  the  Hartz  and  of  Cornwall  has  long  been  known  to 
produce  an  injurious  efibct  upon  the  men.  It  has  therefore  long  been  deemed  of  the 
utmost  importance  to  devise  some  means  by  which  relief  might  be  afibrded. 

It  was  not  till  1833  that  the  circumstance  of  two  water-wheels  having  been  thrown 
oat  of  work  by  the  opening  of  the  deep  Oeorge  adit  in  the  Harts  mines  suggested 
the  idea  of  employing  the  pump-rods  ibr  aiding  the  ascent  of  the  miners,  and  in  such 
manner  that  every  man  should ,  as  on  the  simple  ladder  plan,  depend  on  himself 
alone  for  his  safety ;  the  ascent  to  be  effected  by  means  of  the  water-wheels'  power. 
There  was  snfBcient  room  in  the  shaft,  which  was  perpendicular,  and  an  experiment  of 
100  fathoms  was  set  in  operation.  The  rods  were  entirely  of  wood,  of  a  very  simple 
and  solid  construction.  The  spars  were  cut  4x6,  and  joggled  into  each  other  one 
inch,  and  bolted  together,  so  that  the  whole  was  7x6;  at  the  joints  iron  plates  20 
inches  long  were  put  on  and  screwed  together,  so  as  to  render  the  whole  equally 
strong;  tearing  asunder,  as  long  as  the  timber  remains  sound,  being  nearly  impossible. 
The  whole  length  was  then  divided  into  22  stages,  and  from  the  top  downwards,  on 
alternate  sides  for  each  stage,  the  steps  were  fastened,  at  distances  of  4  feet,  by  iron 
rests.  In  like  manner,  hand-holds  were  fastened  at  convenient  distances.  Between 
the  two  rods  ordinary  ladders  were  placed  against  one  side  of  the  shaft,  for  the  sake 
of  safety  should  anyone  become  confused,  or  should  the  machinery  from  any  acci- 
dent stand  stilL  On  a  given  signal,  the  machine  was  set  iA  motion  by  the  man 
at  the  engine,  who  regulates  the  supply  of  water  according  to  the  number  of  men 
on  at  a  time.  This  number  was  not  allowed  to  exceed  20  men  for  this  machine  (ex- 
cept in  cases  of  necessity)  although  of  sufficient  strength  to  support  a  mnch  greater 
number. 

The  perpendicular  rods  were  supported  at  every  stage  by  rollers,  which  were  always 
placed  where  there  is  no  step.  They  were  of  fir,  10  inches  long,  12  inches  in  diameter, 
and  a  cast-iron  flange  of  I|  inch  fastened  to  them  at  each  end,  to  prevent  the  rods 
slipping  off;  at  five  different  points  it  was  so  arranged  that  the  rods  could  not 
fall  farther  than  to  the  next  stage,  or  at  the  utmost  48  inches,  that  being  the 
length  of  stroke.  The  ascent  on  the  machine  requires  no  description ;  the  miners, 
after  the  second  trial,  felt  familiar  with  it,  nor  was  there  any  more  danger  than  if 
they  were  on  the  ordinary  ladder.  This  machine,  or  poteer-ladder,  was  calculated  to 
ease  the  toil  of  ascent ;  but  it  has  also  been  used  in  descending,  when  of  course  it 
lequires  little  or  no  water  to  sot  it  in  motion ;  and  in  cases  of  want  of  water,  the 
descending  miners  might  bring  up  the  men  who  had  finished  their  shift,  the  water- 
wheel  only  regulating  the  motion  and  overcoming  friction  and  other  prejudicial 
resistances.  This  first  machine  surpassed  expectation  ;  short  as  the  length  of  ascent 
was,  many  invalids  of  the  district  found  new  sonrcos  of  employment,  and  the  descent 
by  this  was  used  by  many,  especially  during  winter,  who  could  reach  far-removed 
mines  by  underground  communication.  Gradually  the  most  prejudiced  were  at- 
tracted to  the  machine,  and  it  is  received  as  a  blessing.  Thoroughly  convinced  of 
the  excellence  of  the  contrivance,  200  fathoms  of  the  340  fathoms  of  Buke  Qcorge 
William  shaft,  from  grass  downwards,  were  in  1888  provided  with  a  power-ladder 
similar  in  construction  to  the  above  described,  with  this  difference  only,  that  this 
being  on  the  vein  which  falls  at  an  angle  of  70°,  only  certain  distances  of  5,  8,  12 
fathoms  are  taken  on  the  machine,  and  intermediate  of  6  to  10  fathoms  on  the  usnal 
laddars,  which  divides  the  strain  on  the  machine,  provides  against  catching  colds, 
and  in  some  degree  against  the  danger  of  falling.  Thns  one  of  the  deepest  shafts 
was  rendered  easy  of  ascent,  more  than  half  the  depth  being  fnmished  with  power  for 
raising  the  miners. 

In  1836  another  machine  was  completed  in  the  Schreibfeder  Schacht.  Here  the 
machine-rods  must  also  serve  as  pump-rods  in  time  of  fiood,  and  therefore  the  notion 
of  making  the  rods  of  iron  wire,  thrown  out  by  Albert,  could  not  be  brought  to  bear, 
but  a  combination  of  timber  and  iron  wire  was  adopted.    The  rods  were, of  the  best 
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fp&n  joggled,  as  in  the  former  cases ;  but  in  tke  two  grooyes  run  in  theia  there  were  let 
in  tvo  iron- wire  ropes  of  12  wires  each.  The  two  spars  were  screwed  tight  upon  the 
topes,  which  were  steeped  in  prepared  tar.  Thus  the  ropes  formed  a  core  to  the 
wooden  rods,  which  in  thamselrea  wore  sufficiently  strong  for  the  strain,  but  the  ropes 
were  a  protection,  should  the  wood  decay,  against  any  misfortune,  while  the  wood 
gave  sufficient  stifihess  to  the  i^pe-rod.  These  rods  were  not  above  half  the  weight 
of  the  former  per  iJEithom. 

It  was  Tery  fairly  objected  to  this  constructioii,  that  it  wa«  uneertain  what  strain 
came  on  tiw  wood,  what  on  the  iron,  «nd  that  damage  on  the  iron  wire  could  not  be 
obserred.  124  fathoms  of  the  266  were  provided  with  a  power-ladder  of  this  coo- 
stmction.  The  ascent,  on  it  is  not  continuous,  but  alternating,  aa  In  the  Dvke  George 
William  shaft,  so  that  of  U3f  fathoms,  124^  are  by  the  machine,  19}  on  the  fixed 
ladders. 

These  being  accomplished,  several  ezperimonts  were  begun  in  1836  to  endeavour 
to  arrive  at  a  construction  of  rod,  at  once  lighter  and  mechanically  more  perfect. 
First,  a  wir»-rope  ladder,  as  it  ware,  laid  along  planks  as  a  continuous  bearing,  and 
having  here  and  there  rollers,  so  attached  as  to  keep  the  rope  down  on  the  planks, 
was  tried.  Steps  and  hand-holds  were  made  iaat  to  the  rope,  so  that  no  iigury 
resulted  to  the  rope.  The  necessary  stiffness  was  wanting,  the  small  rollers  were 
josufBcient,  and  the  planks  were  very  rapidly  worn.  Second,  a  wire  rod,  as  it  were, 
of  fbor  ropes  in  a  square,  nine  wires  in  a  lope,  with  inch  boards  on  one  side  running 
on  fixed  rollers.  The  four  ropes  made  a  parallelogram  of  6  and  7  inches,  between 
which  hand-kolda  and  steps  were  fastened.  The  boards  were  protected  by  iron 
&iction-pieces,  where  they  ran  on  the  rollers;  ten  fathoms  weighed  429  lbs.,  and 
cost  about  one  hundred  thalers.  The  only  objection  to  this  was,  that  the  four  ropes 
eonld  not  be  depended  npon  as  being  equally  strained.  Third,  Albert's  proposal  to 
have  two  ropes  of  the  wue  parallel  to  each  other,  2-inoh  and  10-inch  deals  to  be 
attached  to  Uie  back  of  th^,  without  any  other  connection :  to  let  these  run  as 
usual  on  rollers,  and  fastening  the  steps  and  hand-holds  to  the  ropes.  It  was  tried 
in  Duke  6eoige  William's  shaft,  and  found  the  most  noiseless  and  easiest  in  go,  and 
on  the  whole,  most  perfectly  fulfilling  the  required  conditions.  This  construction,  with 
some  modifii»tions  by  M.  Jordan,  was  finally  determined  upon,  and  has  since  been 
carried  out  in  the  Sunson  shaft,  in  Andreasberg,  346  fathoms  deep,  and  now  to  be 
particularly  described. 

In  this  case  there  was  the  advantage  and  disadvantage  of  having  to  provide 
everything  for  the  express  purpose  of  the  ascending  machine.  A.  new  wheel-room 
had  to  be  executed,  new  watercourses  to  be  driven,  new  wheels  to  be  built ; — an 
advantage,  so  far  as  the  whole  was  perfectly  adapted  to  the  end  in  view ;  a  disadvantage, 
inasmuch  as  the  expense  was  very  greatly  increased.  The  fact,  however,  proves 
the  importance  attached  to  the  means  of  facilitating  the  miner's  operations.  Any 
farther  mention  of  the  arrangements  for  the  necessary  power,  than  that  the  mover  is 
water  and  the  machine  an  ordinary  water-wheel,  over-shot,  42  feet  in  diameter,  4 
feet  on  the  breast,  making  from  two  to  two  and  a  half  revolutions  per  minute,  is  un- 
necessary. The  letting-on  of  the  water  is  regulated  from  the  top  of  the  shaft,  where 
there  is  a  miniature  machine  moved  by  rods  and  gear,  connected  with  the  power- 
ladder,  indicating  exactly  the  relative  position  of  everything  below  ground.  A  system 
of  signals,  too,  has  been  adopted,  by  which  most  of  the  circumstances  occurring  in 
connection  with  the  working  of  the  ladder  can  be  immediately  made  known  above 
groond.  The  Spannachutte,  a  sluice  or  pen-trough  of  admirable  construction,  is  ap- 
plied to  this  wheel,  as  its  load  is  very  variable.  The  crank  is  3  x  6  feet  long,  of  cast 
iron,  and  is  attached  by  a  connecting  rod  with  framed  rods  that  work  the  crosses  at  the 
shaft  head  in  the  usual  manner. 

The  method  of  hanging  the  ladders  deserves  attention,  as  it  is  perfectly  successful 
and  very  simple.  In  the  history  of  the  machines  there  have  been  several  arrange- 
ments tried,  but  this  is  the  last  and  considered  the  best.  The  power-ladders  are 
hung  on  the  cross-head  of  a  knife-edge  by  two  iron  slings,  6x2  inches.  They  were  in 
this  ladder  first  hung  by  passing  the  ropes  round  a  segmental  frame,  but  the  friction 
of  the  knife-edge  iralnced  a  continual  bending  of  the  rope ;  through  a  veiy  small  - 
angle,  it  is  true,  but  such,  that  under  its  effects  the  wires  gave  way  at  the  end  of  three 
months.  This  led  to  an  arrangement  by  which  the  ropes  are  bound  between 
timbers  bolted  and  screwed  together,  and  thus  the  wh<de  hung  to  the  things  above- 
mentioned. 

Perhaps  the  most  efficient  constmotioh  would  be  the  passipg  the  ropes  ronnd 
an  arohed  head,  as  was  the  connection  between  the  beam  of  the  steam-engine  and 
piston-rod  of  old,  only  passing  the  ropes  over  a  greater  segment  than  was  or  is 
CQStomaiy. 

The  ropes  at  the  top  consist  of  36  wires,  viz.,  three  ropes  of  12  wires  in  each  rope,  and 
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these  togetheT  cable  laid.  In  the  timbers,  grooves  are  cut  of  such  dimenrions  that 
the  screw  bolts  may  hare  the  efiect  of  so  pressing  the  timbers  together,  that  the 
ropes  are  held  in  place  by  the  friction  thns  induced.  The  length  of  those  timbers  is 
4}  fathoms  ;  this  great  length  is  a  consequence  of  local  circumstances. 

The  rope  diminishes  gradually,  viz.,  four  wires  less  for  each  60  iathoms  descent. 
The  estimate  of  the  strength  required  was  made  thus : — 

lbs. 

1.  The  weight  of  the  rope 6,600 

2.  Weight  of  steps  and  handles,  tm 2,200 

S.  Wdght  of  50  men .    7,600 

4.  185&thomsof  dealandSOfiathomsdide-bar        .       .    6,795 

22,095 

And  aaraming  that  the  double  rope  of  36  wires  would  bear,  at  the  utmost, 
2  X  36  X  1,100  lbe.-7O,20O  lbs.,  the  load  of  22,096  lbs.  would  be  28  per  cent,  of  the 
ultimate  strength. 

For  safety  in  case  of  the  accident  of  the  power-ladder  bieeking,  several  good 
arrangements  have  been  adopted,  so  that  any  serious  accident  is  not  likely  to 
occur,  should  even  a  side  of  the  power-ladder  give  way.  At  several  parts  of  the 
length,  the  two  sides  of  the  ladder  are  connected  together  by  a  very  strong  chain ; 
this  chain  passes  over  a  fixed  pulley ;  and  it  is  evident  that,  if  on  either  side  the  ladder 
were  to  break  above  this,  its  faU,  if  not  entirely  checked,  would  be  very  mooh 
broken  by  the  counterbalancing  weight  of  the  other  side,  acting  by  means  of  the 
chain. 

Again,  at  various  stages  there  are  wedge-shaped  blocks  attached  to  the  planks,  in 
whidi  are  fixed  the  friction  pieces,  and  Uiese  wedges  would  fall  into  wedge-shaped 
bearings,  that  are  secured  by  timbering  in  the  shaft,  and  so,  having  broken  at  any 
point  above  these,  the  fall  is  limited  to  7  feet  at  the  utmost. 

In  conclnsion,  it  may  be  mentioned  that  in  order  to  ascertain  the  exact  state  of  the 
wires,  several  pieces  of  the  rope  have  been  kept  exposed  in  different  parts  of  the  shaft; 
these  are  from  time  to  time  examined,  but  since  1837,  when  the  power-ladder  of 
iron  wire  was  erected  in  Andreasberg,  the  progress  has  been  so  very  slow,  that  little 
is  to  be  apprehended  from  the  effects  of  rust,  so  long  as  care  is  taken  to  keep  the 
ropes  properly  tarred. 

The  total  cost  of  one  side  was  607  Prussian  thalers,  and  therefore  the  total  cost 
of  power^lodder  was  1,214  thalers^  182^.  10«. 

The  mines  in  Cornwall  being  as  deep  as  those  in  the  Hartz,  it  became  a  question  of 
moment  to  adopt  some  machine  for  the  relief  of  the  miner  in  that  county.  Medical 
men  had  long  expressed  their  conviction  that  much  of  the  lung  disease  prevalent 
amongst  the  men  working  in  the  deep  mines  of  the  Qwennap  district  was  due  to  the 
violent  exertion  of  climbing  on  perpendicular  ladders  from  a  depth  varying  from  200 
to  upwards  of  300  fiithoms.  At  length  the  subject  was  taken  up  by  t^e  Boyal  Corn- 
wall Polytechnic  Society,  and  a  man-engine  was  introduced,  whidi  in  most  respects 
resembled  the  Gorman  power-ladders. 

The  following  is  a  short  account  of  the  principal  phases  of  its  introduction,  due 
entirely  to  the  ready  and  generous  initiative  taken  by  the  Polytechnic  Society : 

At  the  first  general  meeting  of  the  society  in  1884  Hr,  Charles  Fox  offered  three 
prizes  for  the  perfection  of  the  means  then  in  use  for  the  descent  and  the  ascen- 
sion of  miners.  The  first  project  was  that  of  Michael  Loam  the  engineer,  the  same 
who  afterwards  constructed  the  machine  at  Tresavean.  The  competition  remained 
open  for  many  years;  several  plans  were  produced,  and  the  prizes  awarded.  In 
1838  Mr.  Fox  offered  100/.  to  the  first  mine  that  would  make  a  trial  in  the  desired 
way ;  this  example  was  followed  by  other  individuals,  and  the  sum  of  580/.  was 
put  into  the  hands  of  a  committee,  who  were  charged  with  sending  circulars  to 
the  mines.  The  adventurers  of  Tresavean  accepted  the  proposed  conditions,  and  in 
January  1842,  two  rods  moving  alternately,  conducted  by  an  hydraulic  wheel,  were 
working  to  a  depth  of  26  fathoms.  The  steps  were  12  feet  distant  from  each  other, 
and  each  rod  moved  6  feet ;  so  that  the  men  changed  their  position  at  each  step. 
By  the  advice  of  Mr.  Loam,  it  was  decided  to  substitute  a  steam-engine  for  the  hy- 
draulic wheel,  so  that  the  motive  power  could  not  fail,  and  at  the  same  time  it  was 
judged  advisable  to  increase  the  stroke  of  the  rods  12  feet;  the  number  of  the  stepii 
and  the  distance  between  them  remaining  the  same,  so  that  the  men  had  only  to 
change  at  every  other  one,  and  the  same  number  of  miners  could  ascend  and  de«!cend 
at  once. 

On  October  25,  1842,  the  machine,  thus  modified,  had  attained  to  the  depth  of  140 
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ftthoms,  and  on  Jane  20, 1848,  it  'waa  finished ;  its  length  being  200  &thom8,  and 
the  mine  being  at  this  time  311  &thomB  deep  below  the  adit 

The  second  man-engine  was  constzucted  by  Hocking  and  Loam,  in  1845,  at  the 
Great  United  Mines  in  (}wennap.  The  temperatoro  was  120°  Fahr.  at  the  bottom  of 
the  mine,  and  it  -was  an  nigent  necessity  to  diminish  the  fatigue  of  the  miners  as 
mnch  as  possible.  They  contented  themselTes  with  cop3nng  the  plan  which  had  suc- 
ceeded so  well  at  Treyeaean,  only  making  some  slight  differences  in  detail. 

In  1861  the  late  Captain  Fuckey  and  Hr.  West,  an  engineer,  adopted  a  new  system 
for  the  Fowey  Consols  mine. 

A  single  rod,  furnished  with  stepsr  worked  in  the  shaft ;  a  series  of  platforms  are 
fixed  at  different  porta  of  the  shaft ;  these  hftve^  like  the  steps,  spaces  of  12  feet 
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between  them,  and  they  are  placed  on  a  lerel  corresponding  with  the  steps  at  the 
extremity  of  the  stroke  of  the  rod.  The  miner,  quitting  one  step,  waits  on  the  plat- 
form until  the  next  reaches  him.  This  man-engine  can  also  be  used  at  the  same 
time  by  miners  ascending  and  by  miners  descending.  The  stoppege  at  the  plat- 
form is  of  sufficient  length  for  one  man  to  pass  on  to  me  step  which  another  has  just 
abandoned. 

The  machine  with  a  single  rod  has  been  since  applied  by  Mr.  Hocking  to  Levant 
mine,  and  in  1854  to  that  of  Solcoath.  It  may  thus  be  considered  as  being  now  the 
most  used  in  Cornwall,  and  it  possesses  an  incontestable  superiority  over  machines 
with  two  rods. 

The  man-engines  in  the  Oomish  mines  are  so  much  alike  in  their  constmction,  that 
it  is  quite  unnecessary  to  describe  each  of  them.  Their  general  characters  will  bo 
understood  by  examining  the  accompanying  wooicnta,  Jigs.  1430  and  1431. 

At  Fowey  Consols  the  machine  is  worked  by  a  watei-wheel  of  about  SO  horse-power, 
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but  all  the  other  inatt-SBgineB  are  woTked  by  the  ordinary  Coraish  steam-engine,  that 
is,  with  a  cylinder  vertical  and  balanced ;  and  always  double-acting.  The  outer  end 
of  the  beam  of  the  machine  is  attached  by  a  sweep-rod  to  two  small  wheels  which  are 
situated  on  the  shaft ;  these  drive  two  larger  wheels,  so  that  the  engine  makes  several 
strokes  to  one  revolution  of  the  wheels.  In  some  of  the  mines  the  engine,  besides 
giving  motion  to  the  man-engine,  is  used  for  crushing  the  ores  and  performing 
other  work,  while  in  others  it  is  merely  employed  for  raising  and  lowering  the 
miners.  The  rods  are  generally  about  7  or  8  inches  Square,  sDghtly  decreasing  in 
size  as  they  descend.  When  there  are  two  rods  the  steps  axe  so  placed  that  there 
is  a  distance  of  about  6  inches  between  them  trhen  the  man  passes  from  one  to  the 
other.  The  weight  of  the  rod  is  counterbalanced  sometimes  by  levers  and  sometimes 
by  balance-bobs  attached  to  it  in  dififerent  levels.  The  greatest  object  gained  in  the 
use  of  levers  is  a  considerable  saving  in  expense,  both  in  the  materials  of  which 
they  are  made,  and  in  the  size  of  the  piece  of  ground  that  must  be  excavated  to 
receive  the  balance-bobs.  There  are  twelve  feet  of  space  between  the  step  on  the  rod, 
and  4  feet  above  each  step  are  round  bars  of  iron  fixed  vertically  into  the  rod,  to  serve 
as  hand-holds,  and  maintain  the  miner  in  his  position  on  the  step  with  perfect  safety. 
In  case  of  accident  happening  to  any  part  of  the  machinery,  there  are  catches  placed 
at  every  few  fathoms,  so  that  the  fall  cannot  be  great. 

The  man-engine  with  a  single  rod  is  generally  used  in  Cornwall,  because  it  possesses 
BO  many  advantages  over  that  with  two :  the  expense  of  erection  is  much  loss,  it 
enables  the  miner  to  mount  and  descend  in  as  short  a  space  of  time,  and  the  number 
who  can  do  so  per  minute  is  doubled  ;  the  work  performed  by  the  machine  is  also 
increased.  There  are  signals  connected  with  the  man-engine,  by  which  the  miner  can 
communicate  with  the  surface  from  every  platform. 

The  usual  speed  of  the  engine  is  15  strokes  per  minute,  by  which  each  rod  makes 
S  strokes  during  that  time.  Therefore,  the  rate  at  which  it  trav^  is  12  fathoms 
per  minute  ascending  and  descending :  this  speed  enables  a  miner  to  travel  in  24 
minutes  a  space  that  he  would  otherwise  take  60  minntea  to  perform.  In  case  of 
any  accident  happening  to  the  man-engine,  there  are  always  ladders  placed  by  the 
side  of  it ;  sometimes  they  only  go  &om  platform  to  platform ;  in  other  mines  there 
are  bars  nailed  on  the  rod,  so  that  the  miner  can  climb  on  them  until  he  regains  the 
principal  ladders. 

The  man-engine  possesses  almost  innumerable  adTantages  over  the  ladders ;  the 
P^eatest  is  the  immense  saving  of  fatigue  to  the  miner,  when  there  are  only  ladders 
in  a  mine,  he  sometimes  takes  an  hour  or  more  to  reach  the  place  where  he  is  working, 
and  then  only  with  immense  bodily  exertion  ;  on  a  man-engine  he  can  r6ach  the  same 
place  in  about  a  third  of  the  time,  and  as  free  from  fatigue  and  ready  for  hard  work 
as  when  he  started  from  the  snr&ce.  Even  those  who  have  never  been  in  a  mine 
cannot  but  appreciate  the  great  blessing  this  simple  invention  is  to  the  miners,  if 
they  have  only  seen  the  exhausted  state  m  which  they  reach  the  surface  after  having 
ascended  by  ladders  from  any  great  depth.  At  first  it  was  feared  the  man-engine 
might  be  dangerous,  that  the  speed  at  which  it  worked  would  not  nllow  time  for  the 
men  to  step  from  one  platform  to  another,  but  after  one  or  two  trials  it  was  found  that 
no  fears  need  be  entertained  on  that  account,  and  it  was  pronounced  by  the  miners  as 
perfectly  safe  as  ladders. 

In  184S  M.  Warocqui  constructed  similar  machines  in  Belgium.  These  have  been 
described  in  the  Revue  Scientific  et  Induatridle,  under  the  several  denominations 
of  'Fahrkunst,'  'Man-Engine,'  *  Warocquiire,'  'Machine  d' Ascension,'  and  'Echelles 
Mobiles.'  The  first  application  was  made,  as  we  have  already  said,  by  M.  Warocqnd 
at  the  pit  of  St.  Nicholas,  belonging  to  the  colliery  of  Mariemont,  to  a  dcptli  of  220 
m&tres — about  240  yards.  A  full  account  of  these  machines  will  be  found  in  the 
Jnnaltt  de*  Travaux  publics,  tome  v.,  p.  79,  by  M.  Delvaux  do  Fonife ;  in  the 
Traiti  d" Exploitation  by  M.  Combes ;  Notice  stcr  les  Appareils  dt  TranilaHon  des 
Mineurs  dam  les  PuUs,  by  M.  A.  De  Vaux  ;  also  in  the  Annates  des  Travaur  puNies 
de  Bdgique ;  and  by  M.  Moissenet  in  the  Annates  des  Mines. 

icAiroAirATas  i    VKm.-mKWkaaiA.Tma  i  cows'rs  rxiim.     Dr. 

Hofmann,  in  his  report  on  the  chemical  products  of  the  Exhibition  of  1862,  has  the 
following  excellent  remarks  on  soluble  saline  oxicUsing  disinfectants.  Of  this  variety 
of  oxidising  disinfectants  the  alkaline  manganatee  and  permanganates  are  the  best 
examples;  and  in  this  cursory  sketch,  attention  may  be  confined  to  these  as  types  of 
their  class. 

Alkaline  Manganates  and  Permanganates. — Chemists  hare  long  known  and  turned 
to  account,  in  laboratory  operations,  the  powerful  oxidising  action  of  the  salts  of 
permanganic  acid.  The  rapidity  and  deflniteness  of  their  action,  and  the  marked 
change  of  colour  by  which  their  loss  of  oxygen  is  attended,  renders  these  compounds 
invaluable  ns  instruments  of  analytical  researches.    And  the  same  properties,  coupled 
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with  their  perfectly  innoenons  character,  adapts  them  admirably  for  dimnfectiDg  pnx- 
poses.  Their  action  is  certainly  enperior  to  that  of  chloride  of  lime  and  allujiue 
hypochlorites ;  for  althongh  these  are  also  oxidising  disinfectants,  they  act  indirectly 
by  decomposing  water,  from  which  the  chlorine  takes  hydrogen  to  form  hydrochloric 
acid,  thus  liberating  oxygen  for  the  supply  of  the  putrefying  matter.  The  maoga- 
nates  and  permanganates,  on  the  contrary,  are  agents  of  direct  oxidation,  yielding 
up,  as  they  do,  pert  of  their  own  oxygen  to  the  combustible  elements  of  putrescible 
GtHnponnds.  The  manganates  thus  supply  one-fourth,  the  permanganates  no  less  than 
three  eighths,  of  the  oxygen  they  respectively  contain,  peroxide  of  manganese  being 
in  both  cases  precipitated,  and  the  alkaline  base  remaining  in  solution  in  the  form  of 
carbonate. 

T%tir  I^ffieaey  txa  Dmnfeetanit.—'Di.  Hoflnann  has  had  many  opportunities  of 
satisfying  himself  of  their  efficacy  as  disinfectants.  Waters  taken  from  stagnating 
ponds  highly  charged  with  organic  matter  in  a  state  of  most  actiTo  putrefeclion,  and 
emitting  the  most  repulsive  odour,  were  instantaneously  deodorised  by  a  compara- 
tively small  quantity  of  permanganate,  or  even  manganate  of  potassium  or  sooium. 
After  the  brown  precipitate  of  peroxide  of  manganese  had  been  allowed  to  subside, 
the  waters  examioed  \j  Dr.  Hofmaan  had  b^nme  perfectly  clear  and  colourless, 
having  permanently  lost  their  offensive  smell  and  taste.  The  taint  of  some  of  these 
waters  had  survived  the  action  of  even  very  considerable  quantities  of  the  usually- 
applied  metallic  salts.  Tlieir  deodorisation  by  chloride  of  lime  was  likewise  rapid 
and  permanent ;  but,  though  entirely  deprived  of  their  original  putrid  odour,  the 
dilonne-treated  waters  retained  a  faint,  peculiar  smell,  probably  due  to  the  chlorida 
of  nitrogen,  generated  by  the  action  of  free  chlorine  upon  their  ammoniacal  consti- 
tuents. 

For  fredng  river  or  other  waters  from  ammoniacal  impregnations,  the  disappear- 
ance of  the  colours  of  the  manganates  and  permanganates,  in  proportion  as  their 
oxidising  action  goes  on,  particnlarly  adapts  them.  By  the  fading  of  the  colour 
(emerald,  if  manganate  is  nsed ;  purple,  if  permanganate)  the  operator  can  follow 
the  process  of  oxidation,  and  graduate  his  additions  with  the  utmost  accnrscy.  By 
eareihl  manipulation  he  may  completely  free  the  water  from  or^nic  imparity,  intro- 
ducing into  It,  in  exchange,  only  a  mmute  quantity  of  an  alkaUne  carbonate.  This 
is  rarely  an  objectionable,  frequently  rather  a  serviceable,  addition  ;  especially  in  the 
case  of  hard  waters,  which  are  thus  softened. 

Their  minor  applicatiom. — The  innocuous  character  of  these  substances  has  already 
been  referred  to ;  and  it  is  not  the  least  valuable  of  their  properties.  It  permiU 
of  their  being  nsed  for  a  variety  of  purposes  to  which  disinfectants  have  hitherto 
been  almost  entirely  inapplicable.  Among  them  are  some  of  great  value,  snch  as 
disinfection  of  all  parts  of  the  living  animal  body  (deodorisation  of  the  breath,  dis- 
infection of  ulcers,  wounds,  &c.).  Scarcely  less  important  is  the  service  they  are 
capable  at  rendering  to  the  vegetable  csganism  when  suffering  from  blij^t  and 
similar  pernicious  influences,  diiey  may  also  be  advantageously  employed  for  the 
purification  of  tainted  provisions,  &c.  It  may  be  of  some  interest  to  the  ranokers  of 
tobacco  to  know  that  by  rinsing  out  the  mouth  with  a  dilute  solution  of  permanganate 
of  sodium  every  trace  of  the  odour  of  tobacco  is  almost  instantaneously  got  rid  ot 
Among  the  nnmerous  applications  of  minor  importance  which  Mr.  Gondy  suggests 
for  the  manganic  disinfectants  is  their  use  by  wine-tasters  for  refreshing  their  palates 
when  engaged  in  the  important  duties  of  their  profession.  They  are  also  said  to 
subdue  the  irritation  caused  by  the  bites  of  gnats  and  other  still  more  disagreeable 
insects. 

The  manganic  disinfectants  are  thns  seen  to  possess  a  combination  of  pxaperdet 
which  in  many  cases  may  render  their  application  preferable  to  that  of  the  hypo- 
dilorites,  TliesB  latter,  however,  have  the  superiority  as  atmospheric  disinfectants, 
on  account  of  their  exhalation  of  chlorine  gas,  in  a  more  or  less  dilute  state,  whm 
acted  on  by  acids,  or  acid  salts,  or  even  by  the  atmosphere  itself.  This  jjroperty  of 
chloride  of  lime  will  always  secure  it  a  field  of  application,  in  which  it  is  not  likely 
to  be  superseded  by  non-volatile  disinfectants  of  any  kind. 

7%eir  Manufacture. — It  only  now  remains  to  say  a  few  words  concerning  the  mann* 
&ctnre  of  the  alkaline  manganates  and  permanganates,  which  is  accomplished  by  B 
very  simple  and  easy  process. 

for  laboratory  purposes  the  potassic  permanganates  are  usually  preferred  to  the 
corresponding  sodic  compound,  on  account  of  the  superior  crystallising  properties  of 
the  former  salt,  and  the  facilities  thus  afforded  for  its  purification.  For  industrial 
purposes,  on  the  other  hand,  where  cheapness  is  fnr  more  important  than  perfect 
purity,  tho  manganate  and  permanganate  of  sodium  are  always  used.  Hr.  C!ondy 
mamtTactures  manganates  of  sodium  simply  by  mixing  caustic  soda  with  finely- 
divided  peroxide  of  manganese,  and  e^^osing  the  mixture  in  shallow  vessels,  for 
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48  hours,  to  a  dull  red  heat.  The  pioportiona  employed  by  Mr.Condv  aie  IJ- 
ton  of  Boda-ash,  caustified  in  the  usual  way,  to  7  crts.  of  peroxide  of  manga- 
nese. The  product  of  the  reactien  is  treated  with  a  sufficient  quantity  of  water  to 
convert  (partly,  at  all  erents)  the  manganate  into  permanganate  ;  and  the  solution  is 
evaporated  to  an  appropriate  state  of  concentration  <xr  to  dryness.  In  some  cases 
Hr.  Condy  transforms  the  manganate  into  the  permanganate  by  the  addition  of 
sulphuric  acid.  On  evaporating  the  solution  thus  formed,  crystals  of  sulphate  of 
sodium  separate ;  these  are  fished  out,  and  the  liquid  is  ultimately  boiled  down  to 
dryness.    See  DismFBCTiASTS. 

IMUJrOAirBBa  (£ng.  and  Fr. ;  Mangm,  BraumtannufUM,  6er.)  is  a  ^yish- 
white  metal,  of  a  fine-grained  fracture,  very  hard,  veiy  brittle,  with  considerable 
lustre,  of  specific  gravity  8-013,  and  requiring  for  fusion  an  extreme  heat  It 
should  be  kept  in  dosely-stoppered  bottles,  under  naphtha,  like  potassium,  because 
with  contact  of  air  it  speedily  gets  oxidised,  and  falls  into  powder.  It  decomposes 
water  slowly  at  common  temperatures,  and  rapidly  at  a  red  heat  Pure  oxide  of 
manganese  can  be  reduced  to  the  metallic  state  only  in  small  quantities,  by  mixing 
it  with  lamp-black  and  oil  into  a  dough,  and  exposing  the  mixture  to  the  intense  heat 
of  a  smith  s  forge,  in  a  luted  crucible ;  which  must  be  shaken  occasionally  to  favour 
the  agglomeration  of  the  particles  into  a  button.  Thus  procured,  it  contains,  however, 
a  little  carbon.  Some  improvements  in  the  reduction  of  manganese  have  recently 
been  effected  by  Mr.  Hugo  Tamm. 

Hanganese  is  supposed  to  perform  an  important  part  in  the  compound  of  iron, 
known  as  Spiegekiten,  which  is  now  so  largely  employed  in  the  mannfactore  of  the 
Bessemer  Steel.    See  SFtBa]ii.BiSBN  and  Stbeu 

MAJraAVBaa,  OXZS  or.  There  are  two  prindpal  ores  of  this  metal,  which 
occur  in  great  masses ;  the  peroxide,  and  the  hydrated  oxide ;  but  all  the  ores  of 
manganese  are  described  in  the  following  paragraphs : — 

Pj/Toltttite,  or  grey  manganese  ore,  has  a  metallic  lustre,  a  steel-grey  colour,  and 
afibrds  a  black  powder.  Specific  gravity  4'86.  iScratches  calc-spar.  It  effervesces 
briskly  with  borax  at  the  blowpipe,  in  consequence  of  the  disen^gement  of  oxygen 
gas.  This  is  the  most  common  ore  of  manganese,  and  a  very  valuable  one,  being  the 
substance  mostly  employed  in  the  manufacture  of  chloride  of  lime  and  of  fiint  glass. 
It  is  the  peroxide.  It  contains  manganese,  63'3 ;  oxygen,  S6-7.  Great  quantities 
are  found  near  Tavistock  in  Devonshire  and  Lannceston  in  ComwalL 

Bratmite  is  a  dark  brown  substance  of  glassy  metallic  lustre,  afibrding  a  brown 
powder.  Specific  gravity  4'8.  It  scratches  felspar,  but  is  scratched  by  quartz.  In- 
fusible at  the  blowpipe,  and  effervesces  but  slightly  when  fused  with  glass  of  borax. 
It  is  the  sesquioxide,  containing  manganeee,69'68  ;  oxygen,  30-32.  Itgives  out  at  a  red 
heat  only  3  per  cent  of  oxygen.  Haumtatmite  is  a  rarer  ore,  consisting  of  the  protoxide 
and  sesquioxide  of  manganese. 

Manganite  is  brownish-black  or  iron-black,  powder  brown,  with  somewhat  of  a 
metallic  lustre.  Specific  gravilnr  4-8.  Scratches  fluor-spar.  Affords  water  by  cal- 
cination in  a  glass  tube ;  infusible  at  the  blowpipe ;  and  effervesces  slightly  when 
fused  with  glass  of  borax.  It  consists  of  manganese,  62'68 ;  oxygen,  27*22 ;  water, 
10-10 ;  and  is  therefore  a  hydrated  sesquioxide. 

Mangane»e'blende,  or  sulphide  of  manganese,  has  a  metallic  aspect ;  is  black  or 
dark  steel-grey.  Specific  gravity  3-06.  Has  no  cleavage ;  cannot  be  cut  Infusible, 
but  a£R)rds,  after  being  roasted,  distinct  evidence  of  manganese  b^  giving  a  violet 
tinge  to  soida  at  the  blowpipe.  Soluble  in  nitric  acid  ;  solution  yields  a  white  pre- 
cipitate, with  the  ferrocyanide  of  potassium.  It  consists  of  sulphur,  37'00  ;  manga- 
nese, 62-10. 

Dialloffite;  Carbonate  of  Manganete.  Specific  gravity  8-4.  Affords  a  green  frit  by 
fusion  with  carbonate  of  soda ;  is  soluble,  with  some  effervescence,  in  nitiic  acid ; 
solution,  when  freed  £rom  iron  hy  succinate  of  ammonia,  gives  a  white  prodpitate, 
-with  ferrocyanide  of  potassium.  Qirbonic  acid,  38-20  ;  protoxide  of  manganese,  61-80. 
Shodonite,  or  Bvaroailicate  of  Manganae,  is  a  brownish-red-looking  substance, 
which  yields  a  yeUowish-brown  powder,  and  water  by  calcination ;  is  acted  on  by 
muriatic  acid,  bnt  affi>rds  no  chlorine.  It  consists  of  silica,  4£ ;  protoxide  of  manga- 
nese, 64'1. 

Wad,  or  B^  Ifanganeie,  is  the  old  English  name  of  the  hydrated  perosde  of 
manganese.  It  occtns  in  various  imitative  shapes,  in  froth-like  coatings  upon  other 
minerals,  as  also  massive.  Some  varieties  possess  imperfect  metallic  lustre.  The 
external  colour  is  a  dark  brown  of  various  shades,  and  similar  in  the  streak,  only 
shining.  It  is  opaqne,  very  sectile,  soils  and  writes.  Its  specific  gravity  is  about  3'7. 
Mixed  with  linspod-oil  into  a  dough,  black  wad  forms  a  mass  that  spontaneously  in- 
flames. The  localities  of  wad  are  particularly  Cornwall  and  Devonshire,  the  Harts, 
and  Piedmont  Wad  from  Devonshire  gave— oxide  of  manganese,  79*12 ;  oxygen,  8'82  ; 
•water.  1008. 
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The  mana&ctmrer  of  flint  glass  uses  s  small  proportion  of  the  black  manganese  ore, 
to  correct  the  green  tinge  -which  his  glass  is  apt  to  derive  from  the  iron  present  in  the 
sand  he  emplo/s.  To  him  it  is  of  great  consequence  to  get  a  native  manganese  con- 
taining as  Httle  iron  oxide  as  possible ;  since,  in  fact,  the  colour  or  limpidity  of  his 
product  Till  depend  altogether  upon  that  circumstance.    See  Glass. 

The  peroxide  of  manganese  is  used  also  in  the  formation  of  glass-pastes,  and  in 
making  the  black  enamel  of  pottery. 

The  restoration  of  manganese  to  the  state  of  peroxide,  for  the  chemical  arts  in 
which  it  is  so  extensively  consumed,  has  been  long  a  desideratum  in  manufac- 
tores. 

The  chief  use  of  'manganese'  (binoxide  of  manganese)  is  in  the  manuEscture  of 
chlorine  for  bleaching-powder.  The  spent  manganese  may  now  bo  regenerated  by 
Hr.  Walter  Weldon's  process.    See  CHLOBiMa. 

Sulphate  of  manganese  has  of  late  yean  been  introduced  into  calico-printing,  to 
give  a  chocolate  or  bronze  impression.  It  is  easily  formed  by  heating  the  black  oxide, 
mixed  with  a  little  ground  coal,  with  sulphuric  acid.    See  CAUCO-FitiKTiMa. 

For  some  of  the  other  uses  of  manganese  in  the  arts,  see  BuiACBixa  and  Chlobo^ 

MBTBT. 

_  for  a  simple  method  of  ascertaining  the  value  of  this  substance  in  the  produc- 
tion of  chlonne,  and  the  manufacture  of  the  chlorides  and  chlorates,  see  Chlobu* 

XBTBT. 

ImporU  of  manganese  in  1869-72,  and  1873: — 


Vrom  Holland       . 
„     Fortagal 
„     Spain     .       .       . 
„     Oreeoo  . 
„     other  parts    .       . 

Total       .       . 

1669 

1870 

187* 

1873            1 

Tta. 

8,793 
1»,44S 
27,««7 
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cnlnlM 

Tow 

Comjntxl 
nunlo* 

Too, 

rrmlTAlM 

Tool 

ralSratlM 

£ 

30,776 

i«^ 

6,TS3 

»,29« 

1S,«3« 

32,708 

t, 
38,703 
46,480 
6«,«4S 

ls',333 

8,400 
13,669 
I»,6«3 

1,'»78 

£ 
34,098 
76,060 
114,316 

8",673 

918 
6,493 
16,036 

860 
1,397 

£ 

4,689 
89,090 
93,047 

6,700 

9,467 

160,983 

tl,S17 

238.893 

154,0(9  1  88,934 

238,380 

26,777 

rOAirasa,  OSXBBS  or.    Hanganese  is  snseeptiUe  of  five  degreeb  -d 
oxygenation : — 

1.  The  Protoxide  may  be  obtained  from  a  solution  of  the  sulphate  by  precipitatiol. 
with  carbonate  of  potash,  and  expelling  the  carbonic  acid  from  the  washed  and  dried 
carbonate,  by  calcination  in  a  close  vessel  filled  with  hydrogen  gas,  taking  care  that 
no  air  have  access  during  the  cooling.  It  is  a  pale-green  powder,  which  slowly 
attracts  oxygen  from  the  air,  and  becomes  brown ;  on  which  account  it  should  be 
kept  in  glass  tubes  containing  hydrogen,  and  hermetically  sealed.  It  consists  of 
metal,  7767  ;  oxygen,  22'43.  It  forms,  with  24  per  cent,  of  water,  a  white  hydrate ; 
and  with  acidsi  saline  compounds,  which  are  white,  pink,  or  amethyst  coloured.  They 
have  a  bitter  acerb  taste,  and  afford  with  hydrogenated  sulphide  of  ammonia  a  flesh- 
red  precipitata,  but  with  caustic  alkalis  one  whidi  soon  turns  brown-red,  and  eventu- 
ally blacL 

2.  The  8aquiosid$  (f  Manganae  exists  native  in  the  mineral  called  Braunitt;  but 
it  may  be  procured  either  by  calcining  at  a  red  heat  the  proto-nitrate,  or  by  sponta- 
neous oxidisement  of  the  protoxide  in  the  air.  It  is  blade ;  when  finely  pulverised, 
dark  brown ;  and  is  convertible,  on  being  heated  in  acids,  into  protoxide,  with  disen- 
gagement oi  oxygen  gas.  It  consists  of  metal,  69-75 ;  oxygen,  80-26.  It  forms  witli 
10  per  cent,  of  water,  a  liver-brown  hydrate,  which  occurs  native  under  the  name  of 
MattganiU.  It  dissolves  readily  in  tartaric  and  dtric  acids,  but  in  few  othen.  This 
oxide  constitutes  a  bronze  ground  in  calico-printing. 

3.  Peroside  of  Manganeae,  or  Pyrolutite,  occurs  abtmdantly  in  nature.  It  gives  out 
oxygen  freely  when  heated,  and  becomes  an  oxidulated  dentoxide.  It  consists  of 
metal,  63-86 ;  oxygen,  86-64. 

4.  Manganic  Add  forms  green-coloured  salts,  but  has  not  hithscto  been  inaolated 
from  tile  bases.    It  consists  of  metal,  63'55 ;  oxygen,  46-46. 

6.  Ht/ptrmanganio  Acid  consists  of  metal,  40-70;  oxygen,  60-30.  See  Watts'* 
'  Dictionary  of  Chemistry.' 

MAVaXia.  (QUandre,  Fr. ;  Mangd,  Ger.)  This  is  a  well-known  machine  toe 
smoothing  linen  and  cotton  furniture.  As  usually  made,  it  consists  of  an  oblong, 
rectangular  wooden  chest,  filled  with  stones,  which  load  it  to  a  degree  of  pressure  that 
it  should  esercisa  npoa  the  two  cyliudeis  on  which  it  rests,  and  whidi,  by  rolling 
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backwards  and  forwards  ov«r  the  linen  spread  upon  a  jpolished  table  nndeniaatli, 
render  it  smooth  and  level.  The  moi-ing  wheel,  being  fumislied  with  teeth  upon  both 
surfaces  of  its  periphery,  and  having  a  notch  cut  out  at  one  part,  allows  a  pinion, 
uniformly  driven  in  one  direction,  to  act  alternately  upon  its  outside  and  inside,  so 
as  to  cause  the  reciprocating  motion  of  the  chest.  This  elegant  and  much-admired 
English  invention,  called  the  mangle- wheel,  has  been  introduced  with  great  advantage 
into  the  machinery  of  the  textile  manu&cbiies. 

Iti.  Warcup,  of  Bartford,  obtained  a  patent  several^  years  ago  for  a  mangle 
in  which  the  linen,  being  rolled  round  a  cylinder  revolving  in  stationaiy  bearings, 
is  pressed  downwards  by  heavy  weights  hung  upon  its  axes,  against  a  conred 
bed,  made  to  slide  to  and  £cd,  or  traverse  from  right  to  left,  and  left  to  right, 
alternately. 

Mr.  Hubie,  of  York,  patented  in  June  1832  another  form  of  mangle,  oonsisting 
of  three  rollers  placed  one  above  another  in  a  vertical  frame,  the  axle  of  the  upper 
roller  being  pressed  downwards  by  a  powerful  spring.  The  articles  intended  to 
be  smoothed  are  introduced  into  the  machine  by  passing  them  under  the  middle 
roller,  which  is  made  to  revolve  by  means  of  a  fly-wheel ;  the  pinion  upon  whose 
axis  works  in  a  large  toothed  wheel  fixed  in  the  shaft  of  the  same  roller.  The 
linen,  &c.  is  lapped,  as  usual,  in  protecting  cloths.    This  machine  is  merely  a  small 

CSIXSDMB. 

aUUramyva.  Several  tropical  trees  yield  woods  to  which  this  name  has 
been  applied.  Colonel  G.  A.  Lloyd  informs  ua,  that  'the  timbers  are  very  much 
valued  for  ship-building ;  and  a  large  quantity  comes  from  Crab  Island  and  Porto 
Rico.'    Host  of  the  mangroves  belong  to  the  Shieophoraeea. 

IUURX&&.    One  of  the  hemps,  derived  &om  the  Musa  textilis.    See  Ekmp. 

MAVXOC  is  the  Indian  name  of  the  nutritions  matter  of  the  shrub  Jatropha 
Manihot,  ttom  which  cassava  and  tapioca  are  made  in  the  West  Indies.    See  Cassava  ; 

TAflOCA. 

KAMWA  is  the  concrete  saccharine  juice  of  the  Fi-axinus  ortius,  a  tree  much 
cultivated  in  Sicily  and  Calabria.  It  is  now  little  nsed,  an^  that  only  in  medi- 
cine.       

BCAjnnnnMt  (MXS.  a  brass,  containbg  80  per  cent  of  copper  and  20  per 
cent  of  zinc. 

TKILKXrUM,  Under  the  auspices  of  the  British  Association,  ProfMsor  Uebig,  in  the 
year  1840,  first  promulgated  his  views  on  agriculture,  from  which  date  we  may  trace  a 
spirit  of  investigation  into  it,  such  as  had  not  previously  existed  in  this  country.  Among 
other  labourers  in  this  field,  we  must  state  that  Mr.  J.  B.  Lawes,  of  Kothamstead  in 
Hertfordshire,  was  occupied  several  years  prior  to  the  first  edition  of  Professor  Liebig's 
work,  in  investigating  the  action  of  different  chemical  combinations  when  applied  as 
manures  to  the  more  important  crops  of  the  &rm ;  and  having  ever  since  continued 
his  experimental  researches  with  all  the  lights  of  science  with  which  he  is  familiar, 
aided  t>y  Br.  J.  H.  Gilbert,  a  skilfiil  analytical  chemist,  be  has  been  able  to  arrive  at 
conclusions  of  greater  value  and  precision  than  the  merely  theoretical  determinations 
of  the  Gorman  Professor.  In  the  course  of  this  inquiry,  the  whole  tenor  of  the 
results  of  Messrs.  Lawes  and  Gilbert,  and  also  of  information  derived  from  intelligent 
figricoltural  friends,  upon  evenr  variety  of  land  in  Great  Britain,  has  forced  upon 
them  opinions  different  from  those  of  Profinsor  Ijebig,  on  some  important  point* ; 
and  more  especially,  in  relation  to  his  so-called  *  mineral  theory,'  which  is  embodied 
in  the  following  sentence,  to  be  found  at  page  211  of  the  third  edition  of  his  work  on 
Agricultural  Chemistry,  where  he  says  '  the  crops  on  a  field  diminish  or  increase 
in  exact  pn^rtion  to  the  diminution  or  increase  of  the  mineral  substances  conveyed 
to  it  iu  manure.' 

Of  the  vast  importance,  both  in  a  scientific  and  practical  point  of  view,  of  correct 
ideas  on  the  subject  here  at  issue,  a  judgment  may  be  formed  from  the  manner  in 
which  Liebig  himself  speaks  of  the  mineral  theory  in  this  edition  of  his  '  Letters  on 
Chemistry.'  Thus  he  says  of  the  agriculturists  of  England,  that  '  sooner  or  latter 
they  must  see  that  in  the  so-called  mineral  theory,  in  its  development  and  ultimate 
perfection,  lies  the  i«4iole  future  of  agriculture.'  Messrs  Lawes  and  Gilbert  published 
the  following  paper  in  replv  to  Liebig.  It  is  of  so  important  a  nnlnro  that,  acting 
on  the  advice  of  the  best  authority  in  uiis  country,  it  has  been  retained  : — 

'Looking  upon  the  subject  in  a  chemical  pant  of  view  only,  it  would  seem  that  an 
analysis  of  the  soil  upon  \riuch  crops  were  to  be  experimentally  grown,  as  well  as 
a  knowledge  of  the  composition  of  the  crop,  should  bo  the  first  points  ascertained,  with 
the  view  of  deciding  in  what  constituents  uic  soil  was  deficient ;  and,  at  the  commence- 
ment of  our  more  systematic  course  of  field  experiments,  the  importance  of  those  points 
was  carefully  considered.  When  wo  reflect,  however,  that  an  acre  of  soil  six  inches 
deep  may  be  computed  to  weigh  about  1,344,000  lbs.  (though  the  roots  of  plants  take  a 
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mnch  wider  lance  than  this),  and  taking  the  one  eonstitnent  of  ammonia  or  nitrogen  as 
an  illnstration,  Uint  in  adding  to  this  quantity  of  soil  a  quantity  of  ammoniacal  salt,  con- 
taining 100  lbs.  of  ammonia,  which  would  be  an  unusually  heavy  and  very  effective 
dressing,  wn  shotild  only  increase  the  percentage  of  ammonia  in  the  soil  by  00007,  it 
is  evident  that  onr  methods  of  analysis  would  be  (^nite  incompetent  to  appreciate  the 
difference  between  the  soil  before  and  after  the  application, — that  is  to  say,  in  its  state 
of  exhanstion,  and  of  highly  productive  condition,  so  far  as  that  constituent  is  con- 
cerned ;  and,  from  onr  luiowledge  of  the  effects  of  this  substance  on  wheat,  we  may 
confidently  assert  that  the  quantity  of  it  supposed  above  would  have  given  a  produce 
at  least  double  that  of  the  unmannred  land.  The  same  kind  of  argument  might,  indeed, 
be  adopted  in  reference  to  the  more  important  of  those  constituents  of  a  soil  which  are 
found  in  the  ashes  of  tiie  plant  grown  upon  it,  and  we  determined,  therefore,  to  seek 
eur  results  in  another  manner.  Indeed,  the  imperfection  of  our  knowledge  of  the  pro- 
doetive  quality  of  a  soil,  as  derived  from  its  porcenta^  composition,  has  been  amply 
proved  by  the  results  of  analysis  which  have  been  pnblished  during  the  last  ten  years ; 
and  in  corroboration,  we  need  only  refer  to  the  opinions  of  Frofewor  Magnus  on  this 
subject,  who,  in  his  capacity  of  chemist  to  the  '  Landes-Oekonomie  EoUegium '  of 
Prussia,  has  pnblished  the  recruit  of  many  analyses  of  soils.  The  truth  is,  that  little  is 
as  yet  known  of  what  a  soil  either  is,  or  onght  to  be,  in  a  chemical  point  of  view ;  but 
wiien  we  call  to  mind  the  investigations  of  Professor  Mulder  in  relation  to  the  oiganie 
acids  found  in  soils,  and  of  Mr.  Way  and  otjiers  as  to  the  chemical  and  physical  pio- 
poties  of  soils  in  relation  to  the  atmosphere  and  to  saline  substances  exposed  to 
their  action  in  solution,  we  may  at  least  anticipate  for  chemistry  that  she  will  en 
long  throw  important  light  on  this  interesting  but  intricate  subject. 

■  In  OUT  field  experiments,  then,  we  have  been  satisfied  with  preserving  specimens  of 
the  soils  which  were  to  be  the  subjects  of  them,  and  have  sought  to  ascertain  their  de- 
ficiency, in  regard  to  the  production  of  diffiirent  crops,  by  means  which  we  conceive  to 
be  not  only  far  more  manageable,  but  in  every  Way  more  condnsi  ve  and  satisfiictory  in 
their  resnlt  To  illustrate :  What  is  termed  a  rotation  of  crops  is  at  least  of  such 
nniversality  in  the  farming  of  Great  Britain,  that  any  investigation  in  relation  to  the 
agricnltnre  of  that  connttr  may  safely  be  giwinded  on  the  supposition  of  its  adoption. 
I^t  us,  then,  direct  attention  for  a  moment  to  some  of  the  chief  features  of  rotations. 
What  is  called  a  ctmne  of  rotation  is  the  period  of  yean  which  includes  the  circle  of 
all  the  different  crops  grown  in  that  rotation  or  alternation.  The  crops  which  thos 
succeed  each  other,  and  constitute  a  rotation,  may  be  two,  three,  four,  or  more,  varying 
with  the  nature  of  the  soil  and  the  judgment  of  the  farmer ;  bnt  whatever  course  be 
adopted,  no  individual  crop — wheat,  for  example — is  grown  immediately  succeeding 
one  of  the  same  description,  bnt  it  is  sown  again  only  after  some  other  crops  have 
been  grown,  and  at  such  a  period  of  the  rotation,  indeed,  as  by  experience  it  is  known 
that  the  soil  will,  by  direct  manure  or  other  means,  have  recovered  its  capability  of 
producing  a  profitable  quantity  of  the  crop  in  question. 

•On  carefully  considering  these  mtabhshed  and  well-known  facts  of  agricnltore, 
it  appeared  to  us  that,  by  taking  soils  either  at  the  end  of  the  rotation,  or  at  least  at 
that  period  of  it  when  in  the  ordinary  course  of  fanning  farmyard  manure  would  be 
added  before  any  further  crop  would  be  grown,  we  should  then  have  the  soils  in  what 
may  be  termed  a  normid,  or,  perhaps  better  still,  a  practioaUy  and  agrieiUiuraUy 
exhausted,  state. 

'  Kow,  if  it  is  found,  in  the  experience  of  the  fiurmer,  that  land  of  any  given  qua- 
litnr,  with  which  he  is  well  acquainted  will  not,  when  in  this  condition  (^  practical 
exhimstion,  yield  the  quantity  he  usually  obtains' from  it  of  any  particular  crop,  bnt 
that  after  applying  farmyard  manure  it  will  do  so,  it  is  evident  that  if  we  supply  to 
Afferent  plots  of  Ms  exhauiied  land  the  oonstituents  of  fiirmyard  manure  both  indi- 
vidnally  and  combined,  and  if  by  the  side  of  these  plots  we  also  grow  the  crc^  boA 
without  manure  of  any  kind  and  with  farmyard  manure,  we  shall,  in  the  comparative 
results  obtained,  have  a  f^  more  satisfactory  solution  of  the  question  as  to  what  con- 
stitnents  were,  in  this  ordinary  course  of  agricnltnre  most  in  defect  in  respect  to  the 
{goportion  of  the  porticolai  crop  experimented  upon,  than  any  analysis  of  the  soil 
could  have  given  ns.  In  other  words,  we  should  nave  before  ns  very  good  ground 
for  deciding  to  which  of  the  constituents  of  the  farmyard  manure  the  increased  pro- 
dnce  was  mainly  due  on  the  plot  provided  with  it,  in  the  case  of  the  particular  aopt : 
not  so,  however,  unless  the  soil  had  been  so  far  exhausted  b^  previous  cropping  as  to 
be  considered  pnutiaMf  unfit  for  the  growth  of  the  crop  without  manure.  We  lay 
particular  stress  on  this  point,  because  we  believe  that  the  vast  discrepancy  in  the 
results  of  comparative  trials  with  different  manures,  by  different  experiments,  arises 
more  firom  irregularity  in  what  may  be  called  the  floating  capital  of  the  soil,  than  from 
irregularities  in  the  original  character  of  the  soil  itself,  or  from  any  other  cause, 
imVwn  we  include  the  frequent  &ulty  methods  of  application. 
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'  It  is,  then,  hy  this  atfniheite  lather  than  by  the  analytic  method  that  ire  have  sought 
OUT  lesnlts :  and  in  the  canning  out  of  our  object  wo  hare  taken  wheat  as  the  type  of 
the  oereal  crops,  tumipt  as  uie^pe  of  the  root  crops,  and  btans  as  the  representative  of 
the  leguminous  com  crop  most  frequently  entering  into  rotation  ;  and  having  selected 
for  each  of  these  a  field  which,  agriculturally  considered,  was  exhausted,  we  have  grown 
the  same  description  of  crop  upon  the  same  land,  year  after  year,  with  different  chemical 
manures,  and  in  each  case  with  one  plot  or  more  continuously  unmanui«d,  and  one 
supplied  every  year  with  a  &ir  quantity  of  farmyard  manure.  In  this  way  14  acres 
have  been  devoted  to  the  continuous  growth  of  waeat  since  1813,  8  acres  to  continuous 
growth  of  <umtps  from  the  same  date,  and  6  to  6  acres  to  that  of  le^minoui  com  crops 
since  1 847>  And  of  field  experiments,  beside  these,  which  amount  in  each  year  to  from 
30  to  40  on  wheat,  upwards  of  90  on  turnips,  and  20  to  30  on  beans,  others  have  been 
made,  viz.  some  on  the  growth  of  clover,  and  some  in  relation  to  the  chemical  circum- 
stances involved  in  an  actual  course  of  rotation,  comprising  turnips,  hariey,  clover,  and 
wheat,  grown  in  the  order  in  which  they  are  here  stated, 

•  It  may  be  stated,  too,  that  in  addition  to  these  experiments  on  wheat,  and  the  other 
crops  usually  grown  upon  the  farm,  as  above  referred  to,  we  have  for  several  years  been 
much  occupied  also  with  the  subject  of  the  feeding  of  animals,  viz.  bullocks,  sheep,  and 
pigs ;  as  well  as  in  investigating  the  functional  actions  of  the  growing  plant  in  retation 
to  the  soil  and  atmosphere ;  and  in  connection  with  each  of  these  subjects  much  Isbo- 
ntOTj  labour  has  constantly  been  in  progress. 

'  Ttie  scope  and  object  of  onr  investigation  has  been  therefore  to  examine  in  the  field, 
the  feeding-shed,  and  the  laboratory,  into  the  chemical  circumstances  connected  with 
the  a^cnlturo  of  Great  Britain  in  its  four  main  features ;  namely — 

'First,  the  production  of  the  cereal  grain  crops;  secondly,  that  of  root  crops ;  thirdly, 
that  of  the  leguminons  com  and  fodder  crop  ;  and,  fourthly  and  lastly,  that  of  tiie  con- 
Bomption  of  food  on  the  farm,  for  its  double  produce  of  meat  and  manure. 

■  So  much  then  for  the  rationale  and  general  plan  of  the  experiments  themselves, 
and  ve  now  propose  to  call  attention  to  some  of  the  results  which  they  have  afforded  us, 

'It  is  to  field  experiments  on  wheat  that  we  shall  chiefly  confine  our  attention  on 
this  occasion ;  for  wheat,  which  constitutes  the  principal  food  of  our  population,  is 
with  the  farmer  the  most  important  crop  in  his  rotation,  all  others  being  considered 
more  or  less  subservient  to  it ;  and  it  is,  too,  in  reference  to  the  production  of  this 
crop  in  agricultural  quantity  that  the  mineral  theory  of  Baron  Liebig  is  perhaps 
more  prominently  at  fiiult  than  in  that  of  any  other.  It  is  true,  that  in  the  case  of 
vegetation  in  a  native  soil  manured  by  art,  the  mineral  coniititnents  of  the  plants  being 
furnished  &om  the  soil,  the  atmosphere  is  found  to  be  a  sufficient  source  of  tho 
nitrogen  and  carbon  ;  and  it  is  the  supposition  that  those  circumstances  of  natural 
v^eiation  apply  equally  to  the  various  crops  when  grown  under  cultivation  that  has 
led  Baron  laebig  to  suggest  that,  if  by  artificial  means  we  accumulate  within  the  soil 
itself  a  sufficiently  liberal  supply  of  those  constituents  found  in  the  ashes  of  the  plant, 
essentially  soil  constituents,  we  shall  by  this  means  be  able  in  all  cases  to  increase 
thereby  the  assimilation  of  the  vegetable  or  atmospheric  constituents  in  a  degree 
Eofflcient  for  agricultural  purposes.  But  agriculture  ia  itself  an  artificial  process ; 
and  it  will  be  fonnd  that,  as  regards  the  production  of  wheat  more  especially,  it  is  only 
by  the  accumulation  within  the  soil  itself  of  nitrogen  naturaUy  derived  fiom  the  atmo- 
sphere, rather  than  of  the  peculiarly  soil  constituents,  that  our  crops  of  it  can  be 
increased.  Mineral  substances  will,  indeed,  materially  develope  the  accumulation  of 
vegetable  or  atmospheric  constituents  when  applied  to  tome  of  the  crops  of  rotation ; 
twL  it  is  thus  chiefly  that  these  crops  become  subservient  to  the  growth  of  the  cereal 
grains ;  but  even  in  these  cases  it  is  not  the  constituents,  as  found  coUectiveb/  in  the 
ashes  of  the  plants  to  be  grovm,  that  are  the  most  efficient  in  this  respect ;  nor  can  the 
demand  which  we  flnd  thus  made  for  the  production  of  crops  in  af/ricultural  miantitff 
be  accounted  for  by  the  mere  idea  of  supplying  the  actual  conststnents  of  the  crop. 
It  would  seem,  therefore,  that  we  can  only  arrive  at  correct  ideas  in  agriculture  by  a 
close  examination  of  the  actual  circumstances  of  growth  of  each  particular  crop  when 
grown  under  cnltivation.  We  now  turn  to  the  consideration  of  onr  experiments  upon 
this  subject.  It  has  been  said  that  all  the  experimental  flelds  were  selected  when  they 
were  in  a  state  of  agricultural  exhaustion.  The  wheat  fields,  however,  after  having 
been  manured  in  the  usnal  way  for  turnips  at  the  commencement  of  the  previous 
rotation,  had  then  grown  barley,  peas,  wheat,  and  oats,  without  any  further  manuring ; 
so  that  when  taken  for  experiment  in  1844,  it  was,  as  a  grain-producer,  considerably 
more  exhausted  than  would  cndinarily  be  the  case.  It  was,  therefore,  in  a  most  favour- 
able condition  for  the  purposes  of  our  experiments. 

'  In  tho  first  experimental  season,  the  field  of  1 4  acres  was  divided  into  sbont  20  plots, 
and  it  was  by  uie  nwieral  theory  that  we  were  mainly  guided  in  the  selection  of 
manures :  mineral  manures  were  therefore  employed  in  the  majority  of  cases,   Jmmoniit, 
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on  tbd  other  luuicl,  boing  then  considered  of  legg  importance,  was  used  in  a  few 
instances  only,  and  in  these  in  very  insignificant  quantities.  Bape-cake,  as  being  a  weU> 
recognised  manure,  and  calculated  to  supply,  besides  some  minerals  and  nitrogen,  a 
certain  quantity  of  carbonaceous  substance  in  which  both  com  and  straw  so  much 
abound,  was  also  added  to  one  or  two  of  the  plots. 


Tabu  L—Saroat  1814. 

Summary. 

DasoiptisD  U  tbe  msngres 

Dreoedcom 
per  acre, 
in  boibels 
and  pecks 

Tout 

com 

perscie, 

Inlta. 

Straw 

MrKsre, 

Inlte. 

Plot    3.  Unmanured         ..... 
„       2.  14  tons  of  farmyard  manure 
„       4.  The  ashes  of  14  tons  of  farm  manure   . 
„       8.  Minimum  podnce  of  9  plots,  with  ar- " 
tificial  mineral  manures     .    -    . 
Superphosphate  of  lime,  350  lbs. 
Phosphate  of  potass,  364  lbs. 
„     15.  Maximum  produce  of  9  plots  with  ar- 
tificial mineral  manures     . 

Saperpboephate  of  limo,  350  lbs. 
Phosphate  of  magnesia,  18S  lbs. 

„           potass,  150  lbs. 
Silicateof  potass,  112  lbs.     . 
Mean  of  the  9  plots  with  artificial  mineral  ma- 
nures   .        .     _ 

Mean  of  3  plots  with  mineral  manures,  and  65 

lbs.  aadi  of  sulphate  of  ammonia   . 
Uean  of  2  plots  with  mineral  manures,  and  ISO 

lbs.  and  130  lbs.  of  rape-cake  respectirely 
Plot  18.  With  complex  mineral  manure,  66  lbs.  of 
sulphate  of  ammonia,  and  160  lbs.  of  rape-cake 

boib.  pecks 
16     0 
22     0 
16     0 

16     1 

•     17    3J 

16    3} 

21  0 
18    1} 

22  Z\ 

Ita. 

928 

1276 

888 

980 

1096 

1009 
1276 
1078 
1368 

lU. 
1120 
1476 
1104 

1160 

1240 

1155 
1423 
1201 
1768 

'  The  indications  of  the  table  are  seen  to  be  most  conclusiTe,  as  showi  ng  what  was  the 
character  of  the  exhaustion  which  Iiad  been  induced  by  the  previous  heavy  cropping, 
and  what  therefore,  should  be  the  peculiar  nature  of  the  supuy  in  a  rational  system  of 
manuring.  If  the  exhaustion  had  been  connected  with  a  deficienqr  of  mineral  con- 
stitnents,  we  might  reasonably  have  expected  that  by  some  one  at  least  of  the  nine 
mineral  conditions, — supposing  in  some  cases  an  abundance  of  every  mineral  con- 
nituent  which  the  plant  could  require, — this  deficiency  would  have  been  made  up ;  but 
it  was  not  so. 

'  Thus,  taking  the  column  of  bushels  per  acre  as  given  in  this  summary  as  our  guide, 
it  will  be  seen  that  whilst  we  liave  without  manure  only  1 6  bushels  of  dressed  com,  we 
have  by  farmyard  manure  22  bushels.  The  ashea  of  farmyard  manure  give,  however, 
no  increase  whatever  over  the  unmanured  plot.  Again,  out  of  the  9  plots  supplied  with 
artificial  mineral  manures,  we  have  in  no  case  an  increase  of  two  bushels  by  this  means  ; 
tbe  produce  of  the  average  of  the  9  being  not  quite  1 7  bushels.  On  the  other  hand,  we 
see  Uiat  the  addition  to  some  of  these  purely  mineral  manures  of  65  lbs.  of  sulphate  of 
ammonia — a  very  small  dressing  of  that  substance,  and  containing  only  about  1 4  lbs.  of 
ammonia— has  given  us  an  average  produce  of  21  bushels.  An  insignificant  addition  of 
rape-cake  too,  to  manures  otherwise  inefiectiTe,  has  given  us  about  18)  bushels ;  and 
wlien,  as  in  plot  18,  we  have  added  to  the  inefficient  mineral  manures  65  lbs.  of  am- 
moniacal  salts,  and  a  littie  rape-cake  also,  we  have  a  produce  greater  than  by  the  14  tons 
of  farmyard  manure. 

'  The  quantities  of  rape-cake  used  were  small,  and  the  increase  attributable  to  it  also 
.small,  but  it  nevertheless  was  much  what  we  should  expect  when  compared  with  that 
from  the  ammoniacal  salts,  if,  as  we  believe  is  the  case,  the  effect  of  rape-cake  on  grmn- 
croja  is  due  to  the  nitrogen  it  contains. 

'  Indeed,  the  coincidence  in  the  slight  or  non-effect  throughout  the  mineral  series  on 
the  one  hand,  and  of  the  marked  and  nearly  uniform  result  of  the  nitrogenous  supply 
on  the  other,  was  most  striking  in  the  first  year's  experimental  produce,  and  such  as  to 
lead  us  to  give  to  nitrogenous  manures  in  the  second  season  oren  greater  prominence 
than  we  had  done  to  minerals  in  the  previous  one.  This  is,  in  some  respects,  perhaps, 
40  b«  iegi«tted,  as  had  we  kejpt  a  series  of  plots  foi  some  years  continnonsfy  imder 
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minerals  alone,  the  evidence,  thongh  at  present  suffioienUjr  conclnsire,  voald  have 
cairied  vitb  it  eomewhot  more  of  syttematio  proof. 

'  In  Table  II.  we  bare  given  a  few  resulu  selected  trom  th06a  obtained  at  the  harvest 
of  1845,  the  second  of  the  experimental  series.  By  the  table  it  would  seem  that  we  liare, 
at  the  harvest  of  1815,  a  produce  of  rather  more  than  23  bushels  without  manure  of  any 
kind,  instead  of  only  16  as  in  1841 ;  and  in  like  manner  the  farmyard  manure  gives 
82  bttsbeU  in  1845,  and  only  22  in  1844. 

Tabu  Il..—Barvest  1845,    SeUeted,  Setultt, 


Peaorlptlon  and  qiunHtlei  ot  tbe  manoras  per  acre 


Section  1. 
Plot  3.  No  manure    ...... 

„    2.  14  tons  of  furmyard  manure  . 

Section  2. 

„     6a,  No  manure 

„  6b.  Top-dressed  with  252  lbs.  of  carbonate 
of  ammonia  (dissolved)  at  3  times, 
during  the  spring     .        .        ,        . 

Section  8. 

„  r  Sulphate  of  ammonia,  168  lbs.  "I  top-dressed 
"t  Muriate  of  ammonia,  168  lbs./    at  once 

. .  ?  Sulphate  of  ammonia,  1 68  lbs.  1  top-dressed 
"  *'''\  Muriate  of  ammonia,  168  lbs.  J  at  4  times 


Droned  oom 
per  acre, 
inbiubals 
and  pecks 


bosh,  pecks 
23     03 
32 


23    2i 

26    3} 


I   33 


8* 


Total 

oom 

per  acre. 

In  lbs. 


1441 
1067 


1431 
1732 

2181 
1980 


Straw 
peraore, 
iulbt. 


lt«k 
2712 
3915 


2684 
3599 

4058 
4266 


'  We  assume,  tlien,  23  bushels  or  thereabouts  to  be  tbe  standard  produce  of  the  soil 
and  season,  without  manure,  during  this  second  experimental  year ;  and  as  part  of  plot 
5  (previously  manured  with  superphosphate  of  lime),  and  which  is  now  also  without 
manure,  gives  rather  more  than  22^  bushels  of  dressed  com,  the  correctness  oi  the 
result  of  plot  3,  the  permanently  unmanured  plot,  is  thereby  fully  confirmed. 

'  This  plot  No.  5,  previously  two  thirds  of  an  acre,  was,  in  this  second  year,  divided 
into  two  equal  portions :  one  of  diese  ('  plot  5a')  being,  as  just  said,  unmanured,  and 
the  other  ('  plot  6b')  having  supplied  to  it  in  solution,  by  top-dressings  during  the 
spring,  the  mediomal  oarbonaU  ^ammonia,  at  the  rate  of  250  lbs.  per  acre ;  and  it  is 
seen  that  we  have,  by  this  pure  but  highly  volatile  ammoniacal  salt  alone,  the  produce 
raised  from  22^  bushels  to  very  nearly  27  bushels ! 

'  Ci  the  next  section  of  the  Table  are  given  the  results  of  plots  9  and  1 0,  the  former 
of  which  had  in  the  previous  year  been  manured  by  superphosphate  of  lime  and  a 
small  quantity  of  snlpbate  of  ammonia,  and  the  latter  by  superphosphate  of  lime  and 
silicate  of  potass.  To  each  of  these  plots  1^  cwt.  of  sulphate  and  1}  cwt.  of  muriate 
of  ammonia  were  now  supplied.  Upon  plot  9  the  whole  of  the  manure  was  top-dressed, 
at  tme»,  early  in  the  ^ring  ;  but  on  plot  10  the  salts  were  put  on  at  four  successive 
periods.  The  jaoduce  obtained  by  these  salts  of  ammonia  alone  is  83  bushels  and  three- 
eighths,  when  sown  all  at  once,  and  nearly  32  bushels  when  sown  at  four  different  times 
— quantities  which  amount  to  about  10  bushels  per  acre  more  than  was  obtained  with- 
out manure.  In  the  cose  of  No.  0,  indeed,  the  produce  exceeds  by  1^  bushel  that  given 
by  farmyard  manure,  and  in  that  of  No.  12  it  is  all  but  identical  with  it.  And  if  we 
take  tbe  weights  of  total  corn,  instead  of  tbe  meoMre  at  the  dressed  com,  to  which  latter 
we  chiefly  refer,  merely  as  a  standard  more  conventionally  understood,  No.  10  by 
ammonia  only,  has  given  both  more  corn  and  more  straw  than  the  farmyard  manure, 
with  all  its  minerals  and  carbonaceous  substance. 

'  Let  us  see  whether  this  almost  spedfie  effect  of  nitn^n,  in  rostoiing,  for  the 
leproduction  of  com,  a  com-ezhansted  soil,  is  borne  out  by  tJie  results  of  succeeding 
years. 

'  We  should  have  onutted  all  reference  to  the  results  obtuned  with  the  wheat  manure 
of  Professor  Liebig,  bnt  Uiat  whilst  fully  admitting  the  &ilnre  of  the  manure — the 
ccmpasition  of  which,  to  use  his  own  words  when  oonunenting  upon  it,  '  could  be 
no  secret,  since  every  plant  showed  by  its  ashes  the  due  proportion  of  the  consti- 
tuents essential  to  its  growth ' — he  implied  that  the  failure  was  due  to  a  yet  imperfect 
knowledge  of  the  mechanical  form  and  chemical  qualities  required  to  be  given  to 
the  neoewary  constituents  in  order  to  fit  them  for  theii  reception  and  nutritive 
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action  on  the  plant,  isther  tban  to  8B7  fUloe^  ]n  the  tbeoiy  irhloh  would  recommend 
to  practical  agricnlturo  the  supply  by  artifloial  meani  of  the  constituents  of  the  asbe* 
of  plants  as  manorea. 
'  The  following  Table  gives  onr  selection  of  the  results  of  the  third  season,  1846  :— 

TAmjiia..—Sarveitlii«.    SeltoUd  BetnUt. 


SeacripUooi  sod  qiumtttiM  of  tbe  nuuiniet  per  acre 


SresMdoom 
per  acre, 
to  buahelB 
and  peak! 


Total 

com 

per  acre, 

Inlbb 


Straw 

per  acre, 

tnltH. 


Section  1. 
Plot  3.  No  manure   ... 
„    2.  14  tons  of  farmyard  manure 


Section  2. 

lOi.  No  manure 

lOa.  Sulphate  of  ammonia,  224  lbs.  . 

Section  3. 

6a}.  Ash  of  3  loads  of  wheat-straw    . 

So*.  Ash  of  3  loads  of  wheat-straw,  and 
top-dressed  ^th  224  lbs.  of  sulphate 
of  ammonia 

Section  4. 

60.  Liebig's  wheat-manure,  448  lbs.  . 

5a.  Liebig's  wheat-manure,  448  lbs.,  with 
112  lbs.  each  of  sulphate  and  muriate 
ofanmtonia 


Imab.  pecks 
17    3| 
27    0} 


17    2} 
27    It 


19  0( 

27  0 

20  \\ 
20  0} 


Iba. 
1207 
1826 


1216 
1850 


1400 
1067 


Iba. 
1513 
2454 


1465 
2244 


1641 
2300 
1676 
2571 


'  At  this  third  experimental  harrest  we  have  on  the  continuously  unmanured  plot, 
namely.  No,  3,  not  quite  18  bushels  of  dressed  com,  as  the  normal  produce  of  the 
season;  and  by  its  side  we  have  on  plot  lOi— comprising  one  half  of  the  plot  10 
of  the  previous  years  and  so  highly  manured  by  ammoniacal  salts  in  1845,  but 
now  unmanured, — rather  more  £an  17|  bushels.  The  near  approach,  again,  to 
identity  of  result  from  the  two  unmanured  plots,  at  once  gives  confidence  in  the 
accuracy  of  the  experiments,  and  shows  us  how  ei&ctnally  the  preceding  crop  had, 
in  a  practical  point  of  view,  reduced  the  plots,  previously  so  differently  circanutauced 
both  as  to  manure  and  produce,  to  something  like  an  uniform  standard  as  regards 
their  grain-producing  qualities.  We  take  tills  opportunity  of  particularly  calling  atten- 
tion  to  these  coincidences  in  the  amount  of  produce  in  the  two  unmanured  plots  of  the 
different  years,  because  it  had  been  objected  against  our  experiments,  as  already 
published,  that  confirmation  was  wanting  as  to  the  natural  yield  of  soil  and  season. 

'  Plot  2  has,  as  before,  14  tons  of  farmyard  manure,  and  the  produce  is  27^  bushels, 
or  between  9  and  10  bushels  more  than  without  manure  of  any  kind. 

<  On  plot  10a,  which  in  the  previous  year  gave  with  ammoniacal  salts  alone  a  produce 
equal  to  that  of  the  farmyard  manure,  we  have  again  a  similar  result :  for  2  cwts.  of 
sulphate  of  ammonia  has  now  given  1860  lbs.  of  total  corn,  instead  of  1826  lbs.,  which 
is  Uie  produce  on  plot  2.  The  straw  of  the  latter  is,  however,  slightiy  heavier  than 
that  by  the  ammoniacal  salt. 

<  Af^n,  plot  5a,  which  was  In  the  previous  season  immanured,  was  now  subdivided ; 
on  one  h^  of  it  (namely,  5a')  we  have  the  ashes  of  wheat-straw  alone,  by  which  there 
is  an  increase  of  rather  more  than  1  bushel  per  acre  of  dressed  com ;  on  the  other 
half  (5<i')  we  have,  besides  the  straw-ashes,  2  cwts.  of  sulphate  of  ammonia  put  on 
as  a  top-dressing ;  8  cwts.  of  sulphate  of  ammonia  have,  in  this  case,  only  increased 
the  prodnce  beyond  that  of  5a'  by  7}  bushels  of  corn  and  768  lbs.  of  stiaw,  instead  of 
by  Of  bushel)  of  com  and  789  lbs.  of  straw,  which  was  the  increase  obtained  by  the 
same  amount  of  ammoniacal  salt  on  10a,  as  compared  with  lOi.  It  will  be  observed, 
however,  that  in  the  former  case  the  ammoniacal  salts  were  top-dressed,  but  in  the 
latter  they  were  drilled  at  the  time  of  sowing  the  seed ;  and  it  will  be  remembered  that 
in  1846  the  result  was  better  as  to  com  on  plot  9,  where  the  salts  were  sown  earlier 
than  on  plot  10,  where  the  top-dressing  extended  far  into  the  spring.  We  have  had 
several  direct  instances  of  this  kind  in  our  experience,  and  we  would  give  it  as  a 
suggestion,  in  most  cases  applioable,  that  manures  for  wheat,  and  especially  ammo- 
niacal ones,  should  be  applied  before  or  at  the  time  the  seed  is  sown ; .  for,  although 
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the  api«Mnt  loznrianoe  of  the  crop  is  greater,  and  the  produce  of  strav  really  heavier, 
bj  ipring  rather  than  autumn  sewings  of  FeruTian  gnano  and  other  anunoniacal 
manures,  yet  we  believe  that  that  of  the  com  will  not  be  increased  in  an  eqniralont 
degree.  Indeed,  the  suocess  of  the  crop  undoubtedly  depends  rery  materially  on  the 
prc^ess  of  the  underground  growth  during  the  winter  months;  and  this  again,  other 
things  being  equal,  upon  the  qtuintity  of  available  nitrogenous  constituents  vithin  the 
soil,  without  a  liberal  provision  of  which,  the  range  of  the  fibrous  feeders  of  the  plants 
will  not  be  such  as  to  take  up  the  minerals  which  the  soil  is  competent  to  supply,  and 
in  such  quantity  as  vill  be  required  during  the  after-progress  of  the  plant  for  its 
healthy  and  favourable  growth. 

'  The  next  result  to  be  noticed  is  that  obtained  on  plot  6,  now  also  divided  into  two 
equal  portions,  designated  respectively  6a  and  6i.  Plot  No.  6  had  for  the  crop  of  1844 
superpnosphate  of  lime  and  the  phosphate  of  magnesia  mannre,  and  for  that  of  1845 
superphosphate  of  lime,  rape-cake,  and  a'mmoiiiacal  salts.  For  this  the  third  experi- 
mental season,  it  was  devoted  to  the  tridl  of  the  wheat-manure  manufactured  under 
the  sanction  of  Professor  Liebig,  and  patented  in  this  country. 

'  Upon  plot  6a,  4  cwts.  per  acre  of  the  patent  wheat-manure  were  used,  which  gave 
20}  btishels,  or  rather  more  than  two  bushels  'beyoiid  the  produce  of  the  unmanured 
plot ;  but  as  the  manure  contained,  besides  the  minerals  peculiar  to  it,  some  nitrogenous 
compounds,  giving  off  a  very  perceptible  odour  of  ammonia,  some,  at  least,  of  the  in- 
crease would  be  due  to  that  substance.  On  plot  6b,  however,  the  further  addition  of 
1  cwt.  each  of  sulphate  and  muriate  of  ammonia  to  this  so-called  '  mineral  manure' 
gives  a  produce  of  29j^  bushels.  In  other  words,  the  addition  of  ammoniacal  salt  to 
Liebig's  mineral  manure  has  increased  the  produce  by  very  nearly  9  bushels  per  acre 
beyond  that  of  the  mineral  manure  alode,  while  the  increase  obtained  over  the  un- 
manured plot  by  14  tons  of  farmyard  manure  was  only  9^  bushels. 

'  If,  then,  the  "  mechanical  form  and  chemical  qualities  "  of  the  so-called  "  mineral 
manure"  were  at  fault,  the  sulphate  of  ammonia  has,  at  least,  compensated  for  the 
defect ;  and  even  supposing  a  mineral  manure,  founded  on  a  knowledge  of  the  compo- 
sition of  the  ashes  of  the  plant,  bo  still  the  great  desideratum,  the  farmer  may  rest 
contented,  meanwhile,  that  he  has  in  ammonia,  supplied  to  him  by  Peruvian  guano, 
by  ammoniacal  salts,  and  by  other  sources,  so  good  a  substitute. 

■  It  surely  is  needless  to  attempt  further  to  justify,  by  the  results  of  individual 
years,  our  assertion,  that  in  practical  agriculture  nitrogenous  manures  are  peculiarly 
adapted  to  the  growth  of  wheat.  We  shall  therefore  conclude  this  part  of  our  subject 
by  directing  attention  to  the  history  of  a  few  of  the  plots  throughout  the  entire  series 
of  years,  as  compared  with  that  of  the  unmanured  plot  during  the  same  period. 

'  In  support  <a  the  view  that  leguminous  plants  do  possess  a  superior  power  of 
reliance  upon  the  atmosphere  for  uieir  nitrogen,  and,  indeed,  that  it  is  to  this  pro- 
perty that  they  materially  owe  their  efBcacy  in  rotation  with  grain,  we  may  refer 
to  the  admirable  investigations  into  the  chemistry  of  agriculture  of  M.  Boussingault. 
His  experiments,  however,  have  not  received  the  attention  which  they  merit  from  the 
agriculturists  of  this  country ;  probably  on  account  of  the  small  amounts  of  produce 
\niich  he  obtained.  Bnt  it  must  be  remembered  that  his  investigation  had  for  its  object 
to  explain  the  practices  of  agriculture  as  he  found  them  in  his  own  locality,  before 
attemptiiig  to  deviat«  from  its  established  rules,  M.  Boussingault  states  the  rotation 
usually  adopted  at  Bechelbronn,  and  throughout  the  greater  part  of  Alsace,  to  be  as 
foUoyn:— 

"Potatoes  or  beet-root;"       "'Wheat;''       "Clover;"       " 'Wheat ;" 

and  that  the  average  of  wheat  so  obtained  is,  after  potatoes  19}  bushels,  after  beet-root 
17  bushels,  and  after  clover  24  bushels.  ITow  we  find  by  reference  to  his  table  that  the 
first  crop  of  wheat,  grain,  and  straw  removed  17  lbs.  of  phosphoric  acid  and  24  lbs.  of 
potash  and  soda ;  uie  following  clover  crop,  18  Ibe.  of  phosphoric  acid  and  77  lbs.  of 
potash  and  soda ;  and  after  this  removal  of  alkalis  and  phosphates  by  the  clover, 
a  latyer  crop  of  wheat  is  obtained.  Surely  it  would  seem  impossible  to  reconcile  this 
resuU  with  a  theory  which  supposes  the  produce  of  wheat  to  rise  and  &U  with  the 
quantity  of  minerals  available  within  the  soil.  If,  however,  we  admit  that  the  first 
crop  of  wheat  could  not  take  up  the  mineral  matters  existing  in  the  soil  for  want  of 
nitrogenous  supply,  and  that  the  clover  crop,  not  being  so  dependent  upon  supplitd 
nitrogen,  was  able  to  take  up  the  minerals  required  for  its  growth,  and  that  it  more- 
over left  in  the  soil  sufficient  ammonia  or  its  equivalent  of  nitrogen  in  some  form,  to 
give  the  increaged  cropof  wheat,  we  have  a  much  more  consistent  and  probable  solu- 
tion of  the  results.  There  is  little  doubt  that  M.  Boussingault  could  have  increased 
his  produce  of  wheat  by  means  of  ammoniacal  salts :  whether  he  could  have  done  so 
economically  is  another  question,  depending  of  course  upon  the  relative  prices  of  grain 
and  ammonia. 
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'  The  strikiag  efl^t  of  phosphoric  add  upon  the  growth  of  the  tDmip,  indeed,  is  s 
tact  so  well  known  to  eveiy  intelligent  agriculturist  in  Great  Britain,  that  it  would 
seem  quite  superfluous  to  attempt  to  illustrate  it  by  any  direct  experiments  of  our 
own.  HoweTer,  as  Professor  Liebig  has  again,  in  the  recent  edition  of  his  '  Letters,' 
expressed  an  opinion  entirely  inconsistent  with  such  a  result,  we  will  refer  to  one  or 
two  of  the  results  obtained  in  our  experimental  tumip-Seld,  which  bear  on  the  opinion 
he  has  reiterated  as  follows  :—thns,  speaking  of  the  exhaustion  of  phosphate  of  lime 
and  alkaline  phosphates  by  the  sale  of  flour,  cattle,  &c.,  he  says :— "  It  is  certain  tliiit 
this  incessant  removal  of  the  phosphates  must  tend  to  exhaust  the  land  and  diminish 
its  capability  of  producing  grain.  The  fields  of  Great  Britain  are  in  a  state  of  pro- 
gressiye  exhaustion  from  this  cause,  as  is  proved  by  the  rapid  extension  of  the  cultiva- 
tion of  turnips  and  mangold-wurzel,  plants  which  contain  the  least  amount  of  the 
phosphates,  and  tkebbtore  beqttibk  the  ^kaixust  dvunm  fob  tkbib  devbuip- 
MKKT."  Now  we  do  not  hesitate  to  say  that,  however  small  the  quantity  of  phosphates 
contained  in  the  turnip,  the  successful  cultivation  of  it  is  more  dependent  upon  a  lai^ 
supply  of  phosphoric  acid  in  the  manure  than  that  of  any  other  crop. 

'In  the  following  Table,  then,  is  given  the  amount  of  bulb,  from  1848  to  1860. 

First,  the  continuously  unmannred  plot : — 

Seooodly,  that  with  a  large  amount  of  the  superphosphate  of  lime  alone  each  year ;  and 
Thirdly,  that  with  a  very  liberal  supply  of  potash,  with  some  soda  and  magn^ia  also 
in  addition  to  superphosphate  of  lime. 


Teus 

Plot  oontjnuoaaly 
wimannnMl 

Plot  with 
Baperptaospbate  of  Ume 

Plot  with 

Boperpbosplute  of  lime 

udmlnid  alkalis 

alone  every  year 

tons  owts.     qrs.       Itv. 

tons     owts.    qn.      Iba. 

tons     owts.    qis,      lbs. 

1843 

4        3        3        2 

12         3         2         8 

11       17         2         0 

1844 

2        4        10 

7       14         3         0 

6       13         2         0 

1845 

0      13        2      24 

12      13        3       12 

12      12        2        8 

1846 

•••                                ••• 

1       18        0        0 

8      10        1       20 

1847 

•••                                ••• 

6      11         0        1 

5      16        0        0 

1848 

•••                                ••• 

10      U        0        8 

0      14        2        0 

1840 

•  e. 

3      15        0        0 

3      13        2        8 

1850 

•••                                          Xfl 

11        0        0        0 

9        7        1       12 

Totals  . 

... 

65      16        1         1 

62        5        1      20 

Heans  . 

... 

8        4        2        4 

7       15.      2      20 

'It  is  seen,  then,  that  in  the  third  season,  viz.  1845,  the  produce  of  the  unmanured 
plot  is  reduced  to  a  few  hundredweights,  and  since  that  period  the  size  of  the  bulbs  had 
been  such  that  they  had  not  been  considered  worth  weighing.  On  the  other  hand,  on 
the  plot  with  mperphonphate  of  Ume  alone  for  eight  successire  years,  we  have  an  aver- 
age produce  of  about  Sltons  of  bulb !  varying  however  exceedingly  year  by  year,  ac- 
cording to  the  season.  We  see,  too,  that  by  the  addition  to  superphosphate  of  lime  of 
a  large  quantity  of  the  alkalis,  much  greater  than  could  be  taken  cff  in  the  crop,  the 
average  produce  is  not  so  great  by  nearly  half  a  ton  as  by  the  superphosphate  of  lime 
alone.  It  must  be  admitted  that  this  extraordinary  efiect  of  superphosphate  of  lime 
cannot  be  accounted  for  by  the  idea  of  merely  supplying  in  it  the  actual  constituents 
of  the  crop,  bnt  that  it  is  due  to  some  special  agency  in  developing  the  assimilative 
processes  o^the  plant.  The  opinion  is  favoured  by  the  fact  that  in  tae  case  where  the 
superphosphate  of  lime  is  at  once  neutralised  by  alkalis  artificially  supplied,  the  efficacy 
of  the  manure  would  seem  to  be  thereby  reduced.  And,  from  this  again,  wo  would 
gather  that  the  effect  of  the  phosphoric  acid,  as  such,  cannot  be  due  merely  to  the 
Uberadon  within  the  soil  of  its  alkalis,  or  we  should  suppose  that  the  artificial  sup- 
ply of  these  would  at  least  have  been  attended  with  some  increase  of  produce.  But 
diis  is  not  the  case,  notwithstanding  that  by  means  of  superphosphate  of  lime  alone 
there  has  been  taken  from  the  land  more  of  the  alkalis  in  which  the  ash  of  the  turnip 
so  peculiarly  abounds,  than  would  have  been  lost  to  it  in  a  century  under  the  ordinary 
course  of  rotation  and  home  manuring !  Collateral  experiments  also  clearly  prove  the 
importance  of  a  liberal  supply  of  organic  substance  rich  in  carbon — which  always  con- 
tains a  considerable  quantity  of  nitrogen  also — if  we  would  in  practical  agriculture 
increase  the  yield  much  beyond  the  amount  which  can  be  obtained  by  mineral  manures 
alone,  and  those  conditions  being  fulfilled,  the  direct  supply  of  nitrogen,  on  the  other 
hand,  is  bv  no  means  so  generally  essential.  -  And  it  is  where  we  have  provided  a  liberal 
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niroly  of  eonsdtuents  for  organic  formations,  in  addition  to  tlie  mineral  manureB,  that 
we  nave  found  the  use  of  alkalis  sot  to  be  -without  e£&ct. 

'  But  it  is  at  any  rate  certain  that  phosphoric  add,  though  it  forms  so  small  a  pro- 
portion of  the  ash  of  the  turnip,  has  a  very  striking  effect  oa  its  growth  when  applied 
a*  manure ;  and  it  is  equally  certain  that  the  extended  cultivation  of  root  crops  in 
Great  Britain  cannot  be  due  to  the  defidenoy  of  this  substance  for  the  growth  of 
com,  and  to  the  less  dependence  upon  it  of  the  root  crops,  as  supposed  by  Baion  Liebig. 

'  These  curious  and  interesting  facts  in  relation  to  the  growth  of  turnips,  as  well  as 
those  which  have  been  given  in  reference  to  wheat  and  to  the  leguminous  crops,  are  suffi- 
dent  to  prove  how  impossible  it  is  to  form  correct  opinions  on  agricultural  chemisti^ 
without  the  guidance  of  direct  experiment  in  the  field.  And  we  are  convinced  that  if 
Baton  Liebig  had  watched  the  experiments  -which  we  have  had  in  progress  during  the 
last  Mgbt  years,  he  -would  long  a^  have  arrived  at  oondusions  in  the  main  agredng 
with  those  to  wliich  we  have  been  irresistibly  led. 

•So  much,  then,  for  the  results  of  experiments  in  the  field,  and  for  the  considerations 
In  relation  to  the  functional  actions  of  plants,  as  bearing  upon  the  character  of  the 
manure  required  for  their  growth  in  a  course  of  practical  agriculture.  Let  us  now 
consider  for  a  few  moments  what  really  are  the  main  and  characteristic  features  of 
practical  agriculture,  as  most  generally  followed  in  this  country. 

'  Let  OS  suppose  t^tthe  rotation  adopted  is  that  of  Turnips,  Barley,  Clover,  Wheat : 
that  the  tnmipa  and  clover  are  consumed  upon  the  farm  by  stock,  and  that  the  meat 
thus  prodnced,  40  bnshels  of  barley,  and  30  bushels  of  wheat,  are  all  the  exports  fixnh 
the  £um ;  the  manure  from,  the  consumed  turnips  and  clover,  and  the  straw,  both  of 
barl^  and  of  wheat,  being  retained  on  the  farm.  We  liave  in  this  case,  by  the  sale  of 
grain,  a  loss  of  minerals  to  each  acre  of  the  farm  of  only  20  to  24  lbs.  of  potass 
and  soda,  and  26  to  30  lbs.  of  phosphoric  add,  in  the  centre  of  the  rotation,  or  an 
average  of  5  to  6  lbs.  of  potass  and  soda,  and  6^  to  7^  lbs.  of  phosphoric  acid  per 
acre  per  annum.  In  the  sale  of  the  animals  there  would  of  course  bo  an  additional 
loss  of  phosphoric  acid,  though  especially  if  no  breeding-stock  were  kept,  this  would  be 
even  much  less  considerable  than  in  that  of  the  grain ;  and  the  amount  of  the  alkalis 
thns  sent  off  the  farm  would,  according  to  direct  experiments  of  our  own  upon  calves, 
bullocks,  lambs,  sheep,  and  pigs,  probably  be  only  about  one-fourth  that  of  the  phos- 
phoric add.  It  has,  however,  long  been  dedded  in  practical  agriculture  that  phos- 
pliorio  add  may  be  advantageously  provided  in  the  purchase  of  bones  or  other  phospha- 
tic  manures,  though  in  practice  these  are  not  found  applicable  as  a  direct  manure  for 
the  wheat  crop ;  and  as  we  have  already  said,  even  when  employed  for  the  turnip,  its 
efficacy  is  not  to  be  accounted  for  merely  as  supplying  a  suffidency  of  that  substance  to 
be  stored  up  in  the  crop. 

'In  condudon,  then :  if -.the  theory  of -Baron  Liebig  simply  implies  that  the  grow- 
ing plant  must  have  within  its  reach  a  snffidency  of  the  mineral  constituents  of  which 
it  13  to  be  built  up,  -we  fully  and  entirely  assent  to  so  evident  a  truism ;  but  if,  on  the 
other  hand,  he  would  have  it  understood  that  it  is  of  the  mineral  constituents,  as 
would  be  coUeciivdy  found  in  the  ashes  of  the  exported  produce,  that  our  soils  are  defi- 
cient relatively  to  other  constituents,  and  that,  in  the  present  condition  of  agriculture 
in  Great  Britain,  "we  cannot  increase  the  fertility  of  our  fields  by  a  supply  of  nitro- 
genised  products,  or  by  salts  of  ammonia  alone,  but  rather  that  their  ja\xiuce  increases 
or  diminishes,  in  a  direct  ratio,  with  the  supply  of  mineral  elements  capable  of  assimi- 
lation," we  do  not  hesitate  to  say  that  every  fact  with  which  we  are  acquainted,  in 
relation  to  this  point,  is  un&vourable  to  such  a  view.  We  have  before  stated,  how- 
ever, that,  if  a  cheap  source  of  ammonia  were  at  command,  the  available  mineral  con- 
stituents might  ID  theiT  turn  become  exhausted  by  its  excessive  use.' 

WUtMVWM,  AXTZnOZr&X.  AgriculturfJ -writers  usually  divide  manures  into 
two  dasses,  natural  and  artificial. 

The  first  division  includes  &rmyard  manure,  liquid  manure,  and  the  various  com- 
posts that  are  occasionally  made  by  &rmers  from  excrementitious  matters,  earth, 
lime,  and  all  sorts  of  refhse  matters  found  or  produced  on  the  farm. 

In  the  second  division  we  find  guano,  bone-dust,  nitrate  of  soda,  sulphate  of 
ammonia ;  also  the  waste  of  slaughter-houses,  night-soil,  the  refuse  of  glue-makers, 
wool  -waste,  and  other  refuse  materials  of  certain  factories;  and  Hke-irise  super- 
phosphate of  lime,  blood  manure,  and  a  great  variety  of  saline  mixtures,  which  are 
now  extensively  manu&ctnred  in  manure  works,  for  the  purpose  of  supplying 
farmers  -with  spedal  chemical  fertilisers,  such  as  wheat-,  barley-,  oat-,  potato-,  flax- 
manure,  &c  The  term  artificial  manure  thus  includes  a  great  -variety  of  diffi'rent 
materials,  and  is  frequently  applied  to  products  which,  like  guano,  are  in  point  of  fact 
much  more  natural  than  f&rmyard  manure,  in  the  successful  preparation  of  which  a 
certain  amount  of  skill  is  required  on  the  part  of  the  farmer.  The  evident  anomaly 
of  conaidsring  gtisno,  bones,  blood,  and  nitrate  of  soda  (Chili  saltpetre)  as  artiSdal 
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msDUTM,  has  led  some  sgricnltuial  writers  to  describe  them  nnder  natural  maDOies. 
Again,  (Aheis  apply  the  term  artificial  only  to  compound  saline  manuring  mixtures, 
taii  as  wheat-  and  grass-manures,  or  to  manures  the  preparation  of  which  necessitates 
a  certain  acquaintance  with  chemical  principles  and  the  use  of  chemical  agents.  All 
this  confusion  can  be  aroided  entirely,  if  manures,  instead  of  being  divided  into 
natural  and  artificial,  were  separated  into  home-made  manures,  that  is,  manures  pro- 
duced from  the  natural  resources  of  the  &rm,  and  into  imported  manures,  that  is, 
fertilisers  which  are  introduced  on  the  farm  from  foreign  sources. 

The  term  'artificial,'  more  appropriately,  is  given  to  all  simple  or  compoimd 
fertilisers  in  the  production  of  which  human  art  has  been  instrumental.  In  this  signi- 
fication we  shall  use  the  term  '  artificial  manure.' 

Kot  many  years  ago  farmyard  manure  was  universally  considered  the  only  efficient 
fertiliser  to  restore  the  ferdlity  of  land,  impaired  by  a  succession  of  crops,  llecent 
agricultural  experience,  however,  has  shown  that,  in  a  great  measure,  artificial 
manures  may  be  employed  with  advantage  instead  of  yard  manure,  nay,  that  in  several 
respects  artificial  manures  are  preferable  to  ordinary  dung.  Indeed,  the  present 
advanced  state  of  British  agriculture  is  intimately  connected  with  the  success  with 
which  artificial  manures  have  been  introduced  into  the  ordinaiy  routine  on  the  farm. 

The  variety  of  artificials  in  present  use  amongst  English  farmers  is  very  great. 
Some,  like  well  prepared  samples  of  superphosphate,  are  unquestionably  manures 
distinguished  for  nigh  fertilising  properties ;  others  are  less  efficacious,  or  of  a  doubt- 
ful character ;  and  not  a  few  Imdly  repay  the  cost  of  carriage  beyond  a  distance  of  10 
miles.  The  &ct  that  in  almost  every  market-town  artificitd  manures  are  sold,  which, 
if  not  altogether  worthless,  offer,  to  say  the  least,  no  pro^table  investment  to  the 
occupier  of  land,  shows  pbiinly  that  the  principles  which  ought  to  r^ulate  the  manu- 
facture of  artificial  manures  are  not  so  generally  understood  as  it  is  desirable  they 
should  be.  In  comparison  with  other  branches  of  industrial  art,  the  manufacture  of 
manures  is  comparatively  simple,  and  involves  no  very  expensive  machinery  beyond 
steam-power  for  the  pulverisation  of  the  raw  materials  ;  nor  does  it  necessitate  exten- 
sive practical  experience,  or  the  possession  of  a  large  stock  of  chemical  knowledge,  on 
the  part  of  the  manufacturer.  The  limits  of  this  article  preclude  the  detailed  de- 
scription of  all  the  artificial  manures  that  find  th^  way  at  present  into  the  manure 
market ;  nor  does  it  appear  to  us  necessary  to  mention  in  detail  the  various  propor- 
tions in  which  the  numerous  refuse  materials  used  by  manurs-malcerB  may  be  blended 
together  into  efficacious  fertilisers ;  for  a  manufacturer  who  is  thoroughlv  acquainted 
with  the  nature  of  artificial  manures,  and  the  legitimate  nses  to  whi(£  they  ought  to 
be  applied,  wiU  find  litUe  or  no  difficulty  when  working  up  into  artificial  manures  the 
raw  materials  or  refuse  matters  for  the  acquirement  of  which  a  particular  locality 
may  o£br  peculiar  advantages.  A  right  conception  of  the  relative  commercial  and 
agricultural  value  of  the  diffbrent  constituents  that  enter  into  the  composition  of 
manures  is  the  chief  desideratum  for  the  manufacturer  of  artificial  manure.  We 
therefor*  propose  to  ref^r,  in  the  following  pages,  briefly  to  the  more  important  prin- 
ciples which  ought  to  be  kept  steadily  in  view  in  establishments  erected  for  tiio  supply 
of  artificial  fertilisers. 

The  high  esteem  in  which  good  fiirmyard  mannre  is  held  by  practical  man,  its  nni- 
formly  boieflcial  effisct  upon  almost  every  kind  of  crop,  and  the  economical  advantages 
with  which  it  is  usually  applied  to  the  land,  have  induced  many  to  regard  farmyard 
manure  as  the  model  which  the  mano&cturer  of  artificial  manure  should  endeavour 
to  imitate.  But  this  proposition  is  wrong  in  principle,  as  will  bo  shown  presently, 
and  its  adoption  in  manure-works  has  led  to  disappointment  and  ruin.  It  would  be 
foreign  to  our  object  to  give  in  this  place  a  full  account  of  the  peculiar  merits  that 
belong  to  yard  mannre,  and  to  compare  them  with  those  exhibited  by  artificial 
manures.  Each  has  its  peculiar  merits  and  disadvantages,  upon  which  we  need  not 
dwell  in  this  article.  It  will  help  us,  however,  in  properly  compreheu'ling  what  is 
really  required  in  a  good  artificial  manure,  if  we  inquire  briefiy  into  the  composition 
of  good  yard  mannre.  We  therefore  subjoin  an  analysis,  mads  some  time  ago  by 
Dr.  Voelcker,  of  well-rotted  farmyard  mannre  (see  next  page) : — 

Farmyard  manure  contains  all  the  constituents  which  our  cultivated  crops  require 
to  come  to  perfection,  and  is  suited  for  every  description  of  agricultural  produce.  As 
&r  as  the  inorganic  fertilising  substances  are  concerned,  we  find  in  farmyard  mannre 
potash,  soda,  lime,  magnesia,  oxide  of  iron,  phosphoric  acid,  sulphuric  add,  hydro- 
chbric  and  carbonic  acid ;  in  short,  all  the  minerals  that  are  found  in  the  ashes  of 
agricultural  crops. 

Of  organic  fertilising  snbstances,  we  find  in  farmyard  mannre  some  which  are 
readily  soluble  in  water,  and  containing  a  large  portion  of  nitrogen ;  and  othera 
insoluble  in  water,  and  containing,  comparatively  speaking,  a  sm^  proportion  of 
mtrogen.     The  former  readily  yield  ammonia,  the  latter  principally  give  rise  to 
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the  fonnation  of  hnmic  adds,  and  similar  organic  compounds.  These  organic  acids 
constitate  the  miztore  of  organic  matters,  which  in  practice  pass  under  the  name  of 
humus. 

CompotitioH  of  Farnuftard  SotUd  Dung  {Eanei,  Cowl,  and  figi),  »»  100  parts. 

Water 76-42 

Soluble  organic  matter ' 8'71 

Soluble  inorganic  matter  (ash): — 

Soluble  silica •2M 

Phosphate  of  lime ■882 

Ijme ,        .    'in 

Hagneeia -047 

Potash •446 

Soda '028 

Chloride  of  sodium -087 

Sulphuric  add •068 

CarDonic  add  and  loss -IW 

1-47 

Insoluble  organic  matter* 12*82 

Insoluble  inorganic  matter  (ash) : — 

Soluble  silica 1-424 

Insoluble  silica 1-010 

Oxides  of  iron  and  alumina,  -with  phosphates        .    -947 

Containing  phosphoric  add (-274) 

Equal  to  bone-earth* (-673) 

lime 1-667 

Magnesia -091 

Potash -046 

Soda -038 

Sulphuric  add -063 

Carbonic  add  and  loss 1-296 

6-58 

10000 

Faimyud  naaqw  thns  is  •  perfect  manure,  for  ezperienee  and  analysis  alike 
show  that  it  contains  all  the  fertilising  constituents  required  by  plants,  in  states  of 
combination  wUcb  appear  to  be  especially  favourable  to  the  loxnnant  growth  (£  our 
crops. 

On  most  &iins  the  supply  of  common  yard  manure  is  inadequate  to  meet  the  de- 
mands of  the  modem  system  of  high  furming.  Hence  the  endeaTour  of  enterprising 
men  to  supply  this  defldency  by  converting  various  refuse  materials  into  substitntes 
for  farmyud  manure.  Artificial  manure  likely  to  approach  &rmyaid  manure  in 
didr  action  should  contain  all  the  elements  in  the  latter,  and  in  a  state  of  combina- 
tion, in  which  they  are  ndther  too  soluble  nor  too  insoluble ;  for  it  is  evident  that  a 
plant  can  grow  luxuriantly,  and  eome  to  perfect  maturity  only  when  all  the  elements 
necessary  for  its  existence  are  presented  to  it  in  a  state  in  which  they  can  be  assimi- 
lated by  the  plant 

But  the  question  arises.  Is  it  dedrable  to  prodooe  by  art  perfect  substitutes  for 
common  dung  ?    We  think  not,  for  the  following  reasons : — 

In  the  first  place,  well-rotted  dung  contains  in  round  numbers  two-thirds  of  its 
wdght  of  water,  and  only  one-third  of  its  weight  of  dry  matter.  A  large  bulk  there- 
fore contains,  comparatively  speaking,  but  a  small  proportion  of  fertilising-matters. 
In  every  3  tons  of  manure  we  have  to  pay  carriage  for  2  tons  of  water ;  and  it  may 
be  safely  assested  that  no  manure,  however  efficadous  it  may  be  in  a  dry  condition, 
will  be  found  an  economic  substitute  for  farmyard  manure,  if  it  cannot  be  produced  in 
a  much  drier  condition  than  common  yard  manure. 

Again,  several  of  the  constituents  which  greatly  preponderate  in  farmyard  manure 
are  present  in  most  soils  in  abundant  quantities ;  tiiey  need  not,  therefore,  be  supplied 
to  the  land  in  the  form  of  manure ;  or,  should  they  be  wanting  in  the  soil,  they  can 
be  readily  obtained  almost  everywheie  at  a  cheap  rate.    If,  therefore,  these  inezpen- 

■  OoDtelntng  nitrogen       ........     -3*7 

Bqoal  to  •mmonia  .       .  .■....•« 

•  Oontalaincnltnaan -SM 

Bonsl  to  smnMNiu •       .       •  'VJi 

Vhols  miDnre  containing  uDBtonla  In  free  state .      .      .  •OM 

„  „  fonnoCsilts  ,  -067 
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rivo  and  mon  'widdy  distributed  sofeitaiicss  are  dispensed  irith  in  compounding  a 
manme,  and  those  are  selected  which  occur  in  soils  ody  in  minute  quantities,  a  very 
Talnabla  and  efficadous  fertiliser  Is  obtained,  vhich  possesses  the  great  adrantaga  of 
containing  in  a  small  bulk  all  the  essential  fertilising  sobstancee  of  a  large  masi  of 
home-made  dung. 

That  the  e£&ct  vhich  every  description  of  manure  is  capable  of  producing  depends 
on  its  composition  is  self-evident ;  and  as  the  different  constituents  which  ^neially 
enter  into  the  composition  of  manures  produce  different  effects  upon  vegetation,  it  is 
of  primary  importance  to  the  manufacturer  of  mannre  that  he  should  be  acquainted 
with  the  special  mode  of  action  of  each  fertilising  constituent. 

We  shall  thei«fore  mdce  some  observations  on  the  practical  effects,  and  the 
comparative  valuei  of  the  various  constituents  that  enter  into  the  composition  of 
manures. 

To  guard  against  misapprehension,  we  would  observe  that,  in  one  sense,  all  the 
fertilising-Bgents  -are  alike  valuable ;  for  they  are  all  indispensable  for  the  healthy 
condition  of  our  cultivated  crops,  and  consequently  the  absence  of  one  is  attended 
with  serious  consequences,  though  all  others  may  be  present  in  abundance.  Thus 
the  deficiency  of  Imie  in  tiie  land  is  attended  with  as  much  iqjury  to  the  plant 
as  that  of  phosphoric  acid.  In  this  sense  lime  is  as  valuable  as  phosphoric  acid ; 
but  inasmuch  as  lime  is  generally  found  in  most  soils  in  abundant  quantities,  or, 
if  deficieut,  can  be  applied  to  the  land  economically  in  the  form  of  slaked  lime, 
marl,  shell-sand,  &c.,  its  presence  in  an  artificial  manure  is  by  no  means  a  recommen- 
dation to  it. 

The  principal  conatitnents  of  manures  are  ;— 

I.  Nitrogen  (in  the  shape  of  ammonia,  nitric  add,  and  nitrogenised 

Xnic  matters), 
ric  add  (bone-earth  and  solnble  phosphates). 

3.  Potash  (carbonate  and  silicate  of  potash). 

4.  Soda  (common  salt). 

5.  Lime  and  magnesia  (carbonate  and  sulphate  of  lime  and  magneda). 

6.  Soluble  silica. 

7.  Humus-forming  organic  matters  (vegetable  remains  of  all  kinds). 

8.  Sulphuric  add  (sulphate  of  lime). 

9.  Chlorine  (common  salt). 

10.  Oxide  of  iron,  alumina,  silica  (clay,  eaitb,  and  sand). 

We  have  here  mentioned  these  constituents  in  the  order  which  expresses  their  com- 
parative commercial  value. 

1.  Hitrogeti. — This  element  may  be  incorporated  with  artifldal  manures  in  the 
shape  of  ammoniacal  salts  or  nitrates,  or  nitrogenised  organic  matters. 

The  cheapest  ammoniacal  salt  is  sulphate  of  ammonia ;  the  cheapest  nitrate  is  Chili 
saltpetre,  or  nitrate  of  soda ;  hence  solphate  of  ammonia  and  nitrate  of  soda  are  exdu- 
si  vely  employed  by  mannre  manufacturers  for  the  preparation  of  nitrogenised  manures, 
when  no  organic  rafuse-matters  containing  nitrogen,  such  as  horn-shavings,  bone-dost, 
woollen  rags,  blood,  glne-refHise,  &c.,  are  available. 

Nitrcgen  in  any  of  these  forms  exeidses  a  most  powerful  action  in  manure,  espe- 
cially when  applied  to  plants  at  an  early  stage  of  their  growth ;  at  a  later  period  of 
development  the  application  of  ammoniacal  salts  or  nitrate  of  soda  appears  much 
loss  effective,  and  sometimes  even  nseless.  For  this  reason  nitrogenised  manur«s, 
such  as  guano,  soot,  specially-pepared  wheat-manures,  &c.,  ought  to  be  applied 
either  in  antumn  or  in  spring,  immediatdy  after  the  young  blade  has  made  its  ap- 
pearance above  ground. 

Ammoniacal  salts,  nitrate  of  soda,  and  decomposed  nitrogenised  organic  matters, 
have  a  most  marked  effect  upon  the  leaves  of  plants ;  they  induce  a  rapid  and 
luxuriant  development  of  leaves,  and  may  therefore  be  called  leaf-produdng  or 
forcing  manures.  Grass,  wheat,  oats,  and  other  cereals,  when  grown  upon  soiU 
containing  abundance  of  available  mineral  elements,  are  strikingly  benefited  by  a 
nitrogenised  mannre ;  but,  on  account  of  their  spedal  action,  they  ought  to  be  used 
with  caution  in  the  case  of  corn-crops,  and  always  more  sparingly  on  light  than 
on  heavy  land;  otherwise,  fine  straw,  but  little  and  an  inferior  sample  of  grain, 
will  be  obtained. 

As  a  general  rule,  ammoniacal  salts  or  nitrate  of  soda  should  not  be  used  by 
&nners  in  a  concentrated  state,  and  excejptionally  only.  However  nselol.  sulphate 
of  ammonia  or  nitrate  of  soda  may  be  in  a  particular  case,  it  ought  to  be  re- 
membered that  generally  such  manures  produce  benefidal  effects  only  in  conjunc- 
tion witii  mineral  mattms.  If,  therefore,  a  proper  amount  of  available  mineral 
•ubstances  does  not  exist  in  the  soil,  it  has  to  be  supplied  in  the  manure.    AjU' 
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moniacal  salts,  nitrate  of  soda,  animal  matters,  &c.,  are  therefore  almost  almtys 
blended  together  with  phosphatei^  common  salt,  gypsum,  ftc.,  hj  mano&etnrezs  of 
manures. 

Whilst  we  thus  ftilly  recognise  the  importance  of  the  presence  of  ammonia,  am- 
moniacal  salts,  nitrates,  or  animal  matters  famishing  ammonia  on  decomposition  in 
manmres,  especially  in  mannres  for  white  crops,  we  cannot  agree  with  thoee  who 
estimate  the  entire  value  of  manoring-snbstances  by  the  proportion  of  nitrogen  Triiich 
they  contain. 

]&  a  purely  commercial  sense,  nitrogen  in  the  shape  of  ammonia  or  nitric  add,  or 
animal  nitn^nised  matters,  is  the  most  valuable  fertilising  constituent,  for  it  fetches 
a  higher  price  in  the  market  than  any  other  manuring  constitoent. 

2.  Phoiphorie  Acid. — Kezt  in  importance  follows  phosphorie  add.  This  add  exists 
largely  in  the  grain  of  wheat,  oats,  barley,  in  leguminous  seeds,  likewise  in  turnips, 
mangolds,  carrots,  in  clover,  meadow-hay,  and,  in  short,  in  every  kind  of  agricultural 
produce.  Whether  we  ^;row,  therefore,  a  cereal  crop  or  a  fitllow  crop,  there  must  be 
phosphoric  acid  in  sufficient  quantity  in  the  soil,  or  u  insuffident  it  must  be  added  to 
the  land  in  the  shape  of  manure. 

The  proportion  ra  phosphoric  add  in  even  good  soils  is  very  small,  and  as  the  agri- 
cultural produce  in  almost  every  case  removes  &om  the  soil  more  of  phosphoric  add 
than  of  any  other  soil-constituent,  the  want  of  available  phosphoric  add  makes  itself 
known  very  soon.  This  is  espedally  the  case  with  quick-growing  crops,  such  as 
turnips,  mangolds,  &c  The  whole  period  of  vegetation  of  these  green  crops  extends 
only  over  4  or  5  months,  and  the  fibrous  roots  of  these  crops  are  unable  to  penetrate, 
like  wheat,  the  soil  to  any  considerable  depth.  For  these  reasons,  phosphoric  add  in 
some  form  or  other  has  to  be  abundantly  supplied  to  root-crops ;  and  experience 
has  shown  that  no  description  of  fertilising  matter  benefits  roots  so  much  as  super- 
phosphate and  similar  manures,  which  contain  phosphate  of  lime  in  a  state  in  which 
It  is  readily  assimilated  by  plants. 

In  artificial  manures  phosphoric  add  commonly  occurs  in  the  shape  of  bone-dust, 
boiled  bones,  bone-shavings  (reftise  of  knife-handle  makers,  turners  of  iroiy,  bntton- 
makeiB,  &c.),  or  in  the  state  of  biphosphate  of  lime,  purposely  manufactured  from 
bone  materials  or  from  phospbatic  minerals.  • 

The  phosphate  of  lime  which  occurs  in  fresh  bones,  practically  speaking,  is  insolnble 
in  water.  In  water  charged  with  carbonic  add,  and  still  more  so  in  water  containing 
some  ammonia,  it  is  more  soluble  than  in  pure  water.  On  fermenting  bone-dust  in 
heaps  it  becomes  a  much  more  effective  manure.  Such  fermented  bone-dust  is  added 
with  much  benefit  to  general  artificial  manures. 

All  really  good  artifidal  mannres  should  contain  a  fair  proportion  of  phosphate — 
say  from  25  to  40  per  cent.,  according  to  the  uses  for  whidi  the  manore  is  intended. 
Generally  speaking,  manures  for  turnips,  and  root-crops  in  general,  should  be  rich  in 
phosphates  espedally  soluble  phosphates  (biphosphate  of  lime) ;  such  manures  need 
not  contain  mora  than  1  to  1^  per  cent,  of  ammonia,  and,  when  used  on  land  in  a 
tolerably  good  agricultural  condition,  ammonia  can  be  altogether  omitted  in  the 
manuro  without  foar  of  deteriorating  the  efficacy  of  the  manure. 

3.  Potash Salts  of  potash  unquestionably  are  valuable  fertilising  constituents,  for 

potash  enters  largely  into  the  oompomtion  of  the  ashes  of  all  crops.  Boot-crops  es- 
pedally require  much  potash  ;  hence  these  crops  are  much  benefited  by  wxxid-ashes, 
burnt  clay,  liquid  mannn,  and  other  fertilisers  containing  much  potash. 

The  commercial  resources  of  potash  are  limited,  and  salts  of  potash  have  generally 
been  far  too  expensive  to  be  employed  largely  in  the  manufacture  of  artifidal  manures. 
Fortunately  potash  exists  abundantly  in  most  soils  containing  a  £ur  proportion  of  day. 
Its  want  in  artifidal  manures  therofore  is  not  perceived,  at  least  not  in  the  same 
degree  in  which  the  defidenc^  of  phosphates  in  a  manure  would  be  felt  Of  late  years 
however  valuable  deposits  of  potash-salts  have  been  discovered  at  Stassfiirt  in  Prussian 
Saxony,  and  have  been  extensively  employed  for  various  industrial  purposes,  induding 
the  preparation  of  manures. 

4.  Soda. — Salts  of  soda  are  much  less  efficadous  fertilising  matters  than  salts  of 
potash.  There  are  few  soils  which  do  not  contain  naturally  enough  soda,  in  one 
form  or  the  other,  to  satisfy  the  wants  of  the  etOfB  which  are  raised  upon  them. 
However,  common  salt  is  largely  employed  in  the  mann&ctnre  of  artifidal  manures ; 
if  it  does  no  good,  it  certainly  does  no  harm ;  and  in  this  country  it  is  one  of  the 
cheapest  diluents  which  can  be  employed  for  redudng  the  expenses  of  concentrated 
fertiusing  nuxtures  to  a  price  at  which  they  can  be  sold  to  farmers.  In  continental 
districts  common  salt  proves  more  efficadous  as  a  manure  than  in  England,  where  the 
neighbonihood  of  the  sea  povides  the  majority  of  soils  with  plenty  of  salt,  which 
by  the  winds  is  carried  laadwuda  with  the  spray  of  the  sea  to  very  considerable  dis- 
lances. 
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Salt,  howerer,  «T«a  in  England,  it  nseflilly  applied  to  mangolds,  and  enten 
largely  into  the  compoation  of  moet  artificial  mannres  expressly  prepared  for  this  crop. 

5.  1mm  and  Magnttia. — All  plants  require  lime  and  magnesia  in  smalleror  larger 

Snantities.  Hany  soils  contain  lime  in  superabnndance ;  in  others  it  is  deficient.  _  To 
lie  latter  soils  it  mnst  be  added.  This  can  be  done  by  lime-compost,  by  slaked  lime, 
by  marl,  shell-sand,  or  gypsnm.  All  these  calcareons  manures  are  cheap  almost 
ererywhere,  for  lime  and  magnesia  are  among  the  most  widely  distributed,  and  most 
abundant  mineral  substances. 

The  addition  of  chalk,  marl,  and  eren  gypsum,  to  artificial  manures,  should  there- 
fore be  aToided  as  much  as  possible. 

At  the  best,  carbonate  and  sulphate  of  lime  in  artiflcial  manoies  must  be  regarded 
as  diluents. 

6.  SduUt  Silica. — The  attifldal  supply  of  soluble  silica  to  the  land,  as  far  as  our 
present  experience  goes,  has  done  no  good  'whatever  to  cereals,  the  straw  of  which 
soluble  silica  is  supposed  to  strengthen. 

In  the  absence  of  reliable  practical  exptiriments  with  soluble  silica,  we  cannot 
venture  to  recommend  the  use  of  silicate  of  soda  or  soluble  silica  to  manure-raanufoc- 
turers. 

7.  Organic  stAttanen;  Eumtu. — The  importance  of  organic  matters  free  from 
nitrogen,  as  fertilising  agents,  is  very  trifiinp;.  Formerly  the  value  of  a  manure  was 
estimated  by  the  amount  of  organic  matter  it  contained,  and  little  or  no  difference 
wns  made  whether  the  organic  matter  conteined  nitrogen  or  not.  Under  good  culti- 
vation, the  organic  matter  in  the  soil  re^larly  increases  from  year  to  year ;  there 
exists  therefore  no  necessity  of  supplying  it  in  the  shape  of  manure. 

In  artiflcial  mannres  we  should  certainly  exclude  all  substances  that  merely  add  to 
the  bulk,  without  enhancing  the  real  fertilising  value  of  the  manure.  Feat,  saw-dutt, 
and  similar  organic  matters,  &o.,  are  nseful  to  the  manuie-maker  only  as  diluente 
and  abeorbente  of  moisture, 

8.  Sulphuric  acid  is  another  eonstitaent  of  manure,  which  possesses  little  value. 
In  artifiaal  manures  solphurie  acid  chiefly  occurs  as  gypsum. 

9.  Chlorine. — ^Eziste  in  manures  prindpally  as  salt. 

10.  Oxidto/Iron,  MuTitina,  SUiea. — These  constituents  exist  sometimes  in  manures 
in  the  diape  <rf  burnt-day,  earth,  brick-dust,  and  sand. 

It  is  hardly  necessary  to  ttmaA.  that  good  artiflcial  mannres  shoold  contain  as 
little  as  possible  of  these  matters. 

It  will  appear  from  the  preceding  observations,  that  nitrogen  in  the  shajw  of  am- 
moniacal  salts,  nitric  add  or  decomposed  animal  matters,  and  phosphoric  acid  are  the 
most  valuable  fertilising  constituents. 

The  manufacturers  of  artificial  manure  should  therefore  endeavour: 

1.  To  produce  manures  containing  as  little  water  as  possible. 

2.  To  incorporate  as  much  of  nitrogenised  organic  matters,  or  ammoniaeal  salts,  or 
nitrates  and  phosphates,  in  general- manuring  mixtures,  as  is  possible  at  the  price  at 
which  artificial  manures  are  usually  sold. 

8.  To  avoid  as  much  as  possible  gypsum,  salt,  peat-mould,  chalk,  and  other  sub- 
stances  that  chiefly  add  to  the  bulk,  without  increasing  the  efficacy,  of  the  manures. 

He  should  also  endeavour  to  produce  uniform  finely-pulverised  artides,  that  run 
readily  through  the  manure  drill. 

It  likewise  devolves  on  the  manufacturer  of  manures  to  render  more  effective, 
that  is  to  say,  more  rapid  and  energetic  in  their  action,  refuse  materials  which  may 
remain  inactive  in  the  soil  for  years  before  they  entei  into  decomposition,  and  to 
reduce  by  chemical  means  into  a  more  convenient  state  for  assimilation,  raw  materials, 
which  like  ooprolites,  apatite,  &c.,  produce  little  or  no  benefidal  efieds  upon  vegete- 
tion,  even  wlien  added  to  the  land  in  a  finely-powdered  condition. 

At  the  present  time,  two  classes  of  artificial  manures  maybe  distangnished :  I, 
general  manures,  i^.  mannres  which  profess  to  suit  equally  well  every  kind  of  agri- 
cultural produce ;  and  2,  spedal  manures,  i.e.  manures  specially  prepored  for  a  par- 
ticular crop  only. 

The  requirements  of  different  crops,  or  perhaps,  more  correctly  speaking,  the  con- 
ditions that  regulate  the  assimilation  of  food,  vary  so  much,  liliat  we  doubt  the 
policy  of  manure-makers  to  prepare  general  artiflcial  manures.  At  the  same  time,  we 
doubt  the  necessity  of  preparing  artiflcial  manures  for  every  description  of  crop. 
Spedal  manures  are  extremdy  nsefiil  to  farmers,  if  they  are  prepared  by  intelligent 
manufacturers,  who  possess  suffident  chemical  kno\^edge  to  take  advantage  of 
every  immovement  that  is  made  in  manufacturing  chemistry,  and  at  the  same  time 
Icnow  suffident  of  agriculture  to  understand  what  is  really  wanted  io  a  soil.  In  other 
words,  except  a  manufacturer  is  a  good  practical  chemist  and  a  tolerably  gpod  farmer, 
he  will  not  be  able  properly  to  adapt  the  composition  of  special  fertilisers  to  th« 
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nature  of  the  soil,  and  the  pecnliar  mode  of  treatmeat  which  the  land  has  receired 
on  the  part  of  the  &nner. 

HOTrerer,  nearly  all  special  artificial  mannrea,  generally  speaking,  may  be  arranged 
nnaor  two  heads.  They  are  either:  1.  Nitrogenised  Manures,  or,  2.  Phosphatic 
Manures.  The  first  may  be  used  with  almost  equal  advantage  for  wheat,  barley,  oats, 
for  lye,  and  on  good  land  likewise  for  grass.  The  second  are  cuiefly  used  for  root-crops. 

Nitrogenised  artificial  manures  frequently  are  notliingmore  than  guano,  diluted  with 
gypsum,  salt,  peat-mould,  earth,  &c.  In  fact,  guano  is  the  cheapest  ammoniocal 
manure;  for  which  reason  it  is  so  largely  employed  for  cmnpounding  low-prited 
wheat-manures,  grass-manures,  &c.  &c. 

Good  manures  for  cereals  may  be  made  by  blending  together  fine  bone-dust,  or 
bone^nst  dissolred  in  sulphunc  acid,  sulphate  of  ammonia,  salt,  and  gypsum. 
These  manures  will  bo  the  better  the  more  sulphate  of  ammonia  they  contain.  In 
1873  we  imported  70,065  tons  of  bones  of  animals  and  fish  for  this  purpose. 

Turnip-manures,  and  artificial  manures  for  root-crops  in  genera^  consist  prin- 
cipally of  dissolred  bones,  or  dissolved  coprolites  and  other  mineral  phosphates. 
They  are,  in  &ct,  superphosphates  of  various  degrees  of  concentration.  The  more 
soluble  phosphate  a  root-manure  contains,  the  better  is  it  adapted  to  the  purpose  for 
which  it  is  used. 

Most  samples  of  superphosphate  contain  little  or  no  ammonia,  or  nitrogenised 
organic  matters. 

Blood-manure  is  a  superphosphate,  in  the  preparation  of  which  some  blood  is  used. 

In  preparing  superphospnate  £rom  bones,  it  is  essential  that  they  should  be  reduced 
to  fine  dust.  This  is  moistened  with  about  ^  its  weight  of  water,  after  which  another 
third  to  one  half  of  brown  sulphuric  acid  is  added.  The  pasty  mass  is  allowed  to 
cool,  in  the  mixing  vessel,  or  when  large  quantities  are  prepared,  the  semi-liquid 
mass  in  the  mixer  is  run  out  still  hot,  fresh  quantities  of  bone-dust,  water,  and«acid 
are  put  in  the  mixer,  and  after  6  or  10  minutes  the  contents  allowed  to  run  out,  and  a 
fresh  quantity  prepared  as  before.  The  successive  mixings  are  all  kept  together  in  one 
heap  for  1  or  2  months ;  the  heap  is  then  turned  over,  and  if  necessaiy,  the  partially- 
dissolved  bones  are  passed  through  a  riddle. 

In  a  similar  manner,  coprolites,  bone-ash,  apatite  and  other  phosphatic  minerals  are 
treated  with  add.  It  ought  to  be  observed,  however,  that  the  quantity  of  brown  sul- 
phuric acid  necessary  for  dissolving  coprolites  must  be  at  least  ^ths  of  the  weight  of 
coprolite  powder,  for  coprolites  contain  much  carbonate  of  lime,  which  neutralises  sul- 
phuric acid.  Even  76  per  cent,  of  brown  acid  are  not  always  sufficient  to  dissolve  com- 
pletely coprolite  powder,  and  as  the  proportion  of  carbonate  of  lime  in  coprolites  and 
phosphatic  minerals  varies  considerably,  it  cannot  be  stated  definitely  what  amount  of 
oil  of  vitriol  should  be  used  in  every  case.  The  safest  plan,  therefore,  for  the  manu- 
facturer is,  to  ascertain  from  time  to  time  whether  the  proportion  of  acid  which  he 
has  used  has  converted  nearly  the  whole  of  the  insoluble  phosphates  in  coprolites  into 
soluble  phosphates,  and  if  necessary  to  add  more  acid.  In  the  case  of  bone-dust,  it 
does  not  matter  if  the  whole  of  the  bone-earth  is  not  rendered  soluble ;  bones  even  par- 
tially acted  upon  by  oil  of  vitriol,  become  sufficiently  soluble  in  the  soil  to  prove  effi- 
cacious for  the  turnip  crop.  But  the  case  is  different,  if  mineral  phosphates,  such  as 
apatite  or  coprolite  powder,  are  employed  in  the  manufacture  of  superphosphate.  In- 
soluble phosphates  in  the  shape  of  coprolite  powder  are  not  worth  anything  in  an  arti- 
ficial manure,  for  they  are  too  insoluble  to  be  taken  up  by  the  turnip  crop.  It  is 
therefore  essential  to  employ  a  quantity  of  acid,  which  is  amply  sufficient  to  convert 
the  whole  of  the  insoluble  phosphate  of  lime  in  coprolites  into  soluble,  or  biphosphate 
of  lime. — A.  V.    See  Apatite;  Cofboltibs;  Phosfhatss. 

We  exported,  in  1873,  artificial  manures  to  the  value  of  671,550/. 

MAP&a,  or  Mane.  (EfabU,  Fr. ;  Ahom,  6er.)  Acer  campettre,  the  English 
or  field  maple.  The  wood  of  this  tree  is  compact  and  finely  veined;  it  is  used  in 
France  and  other  parts  of  the  Continent  for  furniture,  and  it  makes  excellent  charcoal. 

Acer  flatanoidee.  The  Norway  maple.  This  wood  is  soft,  but  being  finely  grained 
is  capable  of  receiving  a  good  polish,  and  looks  well. 

Acer  peeudo-flatanus.  Sycamore,  great  maple,  or  false  plane.  The  wood  is  of  a 
compact  grain,  and  does  not  warp  or  become  worm-eaten. 

Acer  eaceharum.  Sugar  maple.  This  tree  is  extensively  cultivated  in  America 
for  the  su(^r  which  is  extracted  from  it.  The  wood  is  frequently  used  for  furniture, 
having  a  silky  lustre  when  polished. 

Acer  ttriatwm.  Sbiped  barked  maple.  This  tree  is  grown  in  America,  and  as 
the  wood  is  finely  grained  and  white,  it  is  much  used  as  a  snbstitnta  for  holly  by 
furnitore-makerg. 

The  Bnssian  maple  is  thought  to  be  the  wood  of  a  biieh-tree.  It  differs  in  many 
respects  firom  the  American  nwple,  but  is  sometimes  used  as  a  substitute  for  it. 
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The  lnid's>ey«  JOWU  is  the  American  variety,  the  best  being  obtained  £rom  Prince 
Edward's  Island.    The  mottled  maple  is  a  commoner  variety. 

MftBBliMi  This  title  embraces  snch  of ,  the  primary,  transition,  and  purer  com- 
pact limestones  of  the  secondary  formation,  as  may  be  quarried  in  solid  blocks  without 
fissures,  and  are  susceptible  of  a  fine  polished  surfece.  The  finer  the  vrhite,  the  mora 
beantifally  variegated  the  colours  of  the  stone,  the  more  valuable,  cattrii  panbua,  is 
the  marble.    Its  general  characters  are  the  following : — 

Harble  effervesces  with  acids ;  a0brds  quicklime  by  calcination ;  has  a  conchoidal 
scaly  &9Cture ;  is  translucent  only  on  the  very  edges ;  is  easily  scratched  by  the  knife ; 
has  a  spec  grav.  of  27  ;  admits  of  being  sawn  into  slabs ;  and  receives  a  brilliant 
polish.  Thdse  qualities  occur  united  in  only  three  princioal  varieties  of  limestone : 
1,  in  the  saccharoid  limestone,  so  called  from  its  fine  granular  texture  resembling  that 
of  loaf-sugar,  and  which  constitutes  modem  statuary  marble,  like  that  of  Canara ; 
3,  in  the  foliated  limestone,  consisting  of  a  multitude  of  small  facets  formed  of  little 
crystalline  plates  applied  to  one  another  in  every  possible  direction,  constituting  the 
antique  statuary  marble,  like  that  of  Faros ;  3,  in  many  of  the  Devonian  and  Carboni- 
ferous, or  encrinitic  limestones,  which  occur  below  the  coal  formation. 

The  saccharoid  and  lamellar,  or  statuary  marbles,  belong  entirely  to  metamorphic 
districts.  The  greater  part  of  the  close-grained  coloured  marbles  belong  also  to  the 
same  geological  localities ;  and  become  so  rare  in  the  more  recent  limestone  forma- 
tions, that  immense  tracts  of  these  occur  without  a  single  bed  sufficiently  entire 
and  compact  to  constitute  a  workable  marble.  The  limestone  lying  between  the 
Qreat  Oolite  and  the  Combrash  of  the  lower  oolite,  and  which  is  called  'Forest 
marble '  in  England,  being  susceptible  of  a  tolerable  polish,  and  variegated  with  im- 
bedded shells,  has  sometimes  been  worked  into  ornamental  slabs  in  Oxfordshire, 
where  it  occurs  in  the  neighbourhood  of  Wychwood  forest ;  but  this  case  can  hardly 
be  considered  as  an  exception  to  the  general  rule.  Even  higher  in  the  geological 
series,  marbles  may  occasionally  be  worked ;  thus  the  Furbeck  and  Wealuen  scries 
yield  shelly  bands  of  freshwater  limestone,  which,  under  the  names  of  Furbeck  marble, 
Sussex  marble,  &c.,  have  been  largely  used  for  the  clustered  shafts  in  OoUiic  archi- 
tecture. 

To  constitute  a  profitable  marble-quarry,  there  must  be  a  large  extent  of  homogeneous 
limestone,  and  a  facility  of  transporting  the  blocks  after  they  are  dug.  On  examining 
these  natural  advantages  of  the  beds  of  Carrara  marble,  we  may  readily  understand 
how  the  statuary  marbles  discovered  in  the  Fyrenees,  Savoy,  Corsica,  &c  have  never 
been  able  to  come  into  competition  with  it  in  the  market.  In  fact,  the  two  sides  of 
the  valley  of  Carrara  may  be  regarded  as  mountains  of  statuary  marble  of  the  finest 
quality. 

The  various  tints  of  ornamental  marbles  generally  prooeed  from  oxides  of  iron ;  but 
the  blue  and  green  tints  are  sometimes  caused  by  minute  particles  of  hornblende,  as 
in  the  slate-blue  variety  called  Turchino,  and  in  some  green  marbles  of  Germany. 
The  black  marbles  are  coloured  by  carbon,  mixed  occasionally  with  sulphur  and 
bitumen  ;  when  they  constitute  '  stinkstone.' 

Brard  divides  marbles,  according  to  their  localities,  into  classes,  each  of  which  eon- 
tains  eight  subdivisions : — 

1.  Uni-coloured  marbles ;  including  only  the  white  and  the  black. 

2.  Variegated  marbles ;  diose  with  irregular  spots  or  veins. 

3.  Madreporic  marbles,  presenting  animal  remains  in  the  shape  of  white  or  gtey 
spots,  with  regularly  disposed  dots  and  stars  in  the  centre. 

4.  Shell  marbles ;  with  only  a  few  shells  interspersed  in  the  calcareous  base. 
6.  LumachoUa  marbles,  entirely  composed  of  shells. 

6.  Cipolin  marbles,  containing  veins  of  greenish  tale. 

7.  Breccia  marbles,  formed  of  a  number  of  angular  fragments  of  different  marbles, 
united  by  a  common  cement. 

8.  Fndding-stone  marbles ;  aconglomerateofrsnnded  pieces. 

Aniupu  matHet. — The  most  remarkable  of  these  are  the  following  i—iViritfn 
marUe,  called  I^fdttUu  by  the  ancients,  because  its  quarries  were  worked  by  lamps; 
it  has  a  yellowish-white  colour,  and  a  texture  composed  of  fine  crystalline  facets,  lying 
in  all  directions.  The  celebrated  Amndelian  marbles  at  Oxford  consist  of  Parian 
marble,  as  does  also  the  Hedicean  Venus.  Pentelic  marble,  from  Hount  Penteles,  newf 
Athens,  resembles  the  Pari'Ui :  but  is  somewhat  denser  and  finer  grained,  with  occa- 
sional greenish  zones  produced  by  greenish  talc,  whence  it  is  called  by  the  Italians 
C'ipiltno  ttaiuario.  The  Parthenon,  Propylseum,  the  Hijmodromo,  and  other  principal 
monamems  uf  Athens,  were  of  Fentelic  marble  ;  of  which  fine  spedmens  may  be  seen 
amotpg  the  Elgin  collection,  in  the  British  Museum,  Marmo  Greeo,  or  Greek  white 
marble,  is  of  a  very  lively  snow-white  colour,  rather  harder  than  the  preceding,  and 
naceptible  of  a  very  fine  polish,    it  was  obtained  from  several  isbu^  of  the  Aichi- 
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?elago,  as  Scio,  Ssmo8,  Lesbos,  &&  TramlueetU  white  tnarile,Matfitoitafu»iootiii» 
talians,  is  reiy  much  like  the  Parian,  only  not  so  opaque.  Colnmns  and  altars  of 
this  marble  exist  in  Venice,  and  several  towns  of  Lombardy ;  bnt  the  quarries  are 
quite  unkno-wn.  Flexible  white  marble,  of  which  fire  or  six  tables  are  preserved  in 
the  house  of  Prince  Borghese,  at  Borne.  The  White  marble  of  Luni,  on  the  coast  of 
Tuscany,  -was  preferred  by  the  Greek  sculptors  to  both  the  Parian  and  Pentelic. 
White  marble  of  Carrara,  between  Spezzia  and  Lucca,  is  of  a  fine  white  colour,  but 
often  traversed  by  grey  veins,  so  that  it  is  difficult  to  procure  moderately  large  pieces 
free  from  them.  It  is  not  so  apt  to  turn  yellow  as  the  Parian  marble.  This  quarry 
was  worked  by  the  ancients,  having  been  opened  in  the  time  of  Julius  Ctesar.  Many 
antique  statues  remain  of  this  marble.  Its  two  principal  quarries  at  the  present  day 
are  those  of  Pianello  and  Polvaax).  In  the  centre  of  its  block  very  bmpid  rock 
crystals  are  sometimes  found,  which  are  called  'Carrara  diamonds.'  As  the  finest 
qualities  aire  becoming  oxcessirely  rare,  it  has  risen  in  price  to  about  3  guineas  the 
cubic  foot.  The  White  marble  of  Mount  Hymettus,  in  Greece,  was  not  of  a  very  pure 
white,  but  inclined  a  little  to  grey.  The  statue  of  Meleager,  in  the  Frendi  Museum, 
Is  of  this  marble. 

Black  antique  marble,  the  Hero  antico  of  the  Italians.  This  is  more  intensely  black 
than  any  of  our  modem  marbles ;  it  is  extremely  scarce,  occurring  only  in  sculptured 
pieces.  The  red  antique  marble,  Emptum  of  the  ancients,  and  Bosso  antico  of  the 
Italians,  is  a  beautiful  marble  of  a  deep  blood-red  colour,  interspersed  with  white  veins 
and  with  very  minute  white  dots,  as  if  strewed  over  with  grains  of  sand.  There  is  in 
the  Grimani  Palace  at  Venice  a  colossal  statue  of  Marcus  Agrippa  in  roeio  OTiiieo, 
which  was  formerly  preserved  in  the  Pantheon  at  Kome.  Green  antique  marble,  verdt 
antico,  is  a  kind  of  breccia,  whose  paste  is  a  mixture  of  talc  and  limestone,  while  the 
dark  green  fragments  consist  of  serpentine.  Very  beautiful  spedmens  of  it  are 
preserved  at  Parma.  The  best  quality  has  a  grass-green  paste,  with  black  spots  of 
noble  serpentine,  but  is  never  mingled  with  Ki.  spots.  Red  tpotted  green  antique 
marble  has  a  dark  green  ground  marked  with  small  red  and  black  spots,  with  fing- 
ments  of  entrochi  changed  into  white  marble.  It  is  known  only  in  small  tablets. 
Ijtek  marble ;  a  rare  variety  of  that  colour  of  which  there  is  a  table  in  the  Mint  at 
Paris.  Marmo  verde  pagliocco  is  of  a  yellowish-green  colour,  and  is  found  only  in 
the  ruins  of  ancient  Borne.  Cervelai  marble,  of  a  deep  red,  with  numerous  grey  and 
white  veins,  is  said  to  be  found  in  Africa,  and  highly  esteemed  in  commerce.  Ydlow 
antique  marble,  giallo  antico  of  the  Itilians ;  colour  of  the  yolk  of  an  egg,  either  uniform 
or  marked  with  black  or  deep  yellow  rings.  It  is  rare,  but  may  be  replaced  by  Sienna 
marble.  Bed  and  white  antique  marbles,  found  only  among  the  ruins  of  ancient  Bome. 
Grand  antique,  a  breccia  marble,  containing  shells,  consists  of  large  fragments  of  a 
black  marble,  traversed  by  reins  or  lines  of  a  shining  white.  There  are  four  columns 
of  it  in  the  Museum  at  Paris.  Antique  Cipolino  marble :  Cipolin  is  a  name  given  to 
all  such  marbles  as  have  greenish  zones  produced  by  green  talc ;  their  frapture  is 
granular  and  shining,  and  displays  here  and  there  plates  of  talc.  Purple  antique 
breccia  marble  is  very  variable  in  the  colour  and  size  of  its  roots.  Antique  African 
breccia  has  a  black  giotmd,  variegated  with  large  fragments  of  a  greyish-white,  deep 
red,  or  purplish  wine  colour ;  and  is  one  of  the  most  beautiful  marbles.  Roie-coloured 
antique  breccia  marble  is  very  scarce,  occurring  only  in  small  tablets.  There  are 
various  other  kinds  of  ancient  breccia,  which  it  would  be  tedioiu  to  particularise. 

Modem  Marblee. — 1.  British.  Black  marble  is  found  at  Ashford,  Matlock, 
and  Bonsaldale  in  Derbyshire ;  and  in  the  south  part  of  Devonshire.  The  variegated 
marbles  of  Devonshire  are  generally  reddish,  brownish,  and  greyish,  variously  veined 
with  white  and  yellow,  or  the  colours  are  often  intimately  blended ;  the  marbles  from 
Torbay  and  Babbacombo  display  a  great  variety  in  the  mixture  of  their  colours ;  the 
Plymouth  marble  is  either  ash-colouied  with  black  veins,  or  blackish-grey  and  white 
shaded  with  black  veins ;  the  cliffs  near  Marychuich  exhibit  marble  quarries  not  only 
of  great  extent,  but  of  superior  beauty  to  any  other  in  Devonshire,  being  either  of  a 
dove-coloured  ground  with  reddish-purple  and  yellow  veins,  or  of  a  black  ground 
mottled  with  purplish  globules.  The  green  marble  of  Anglesea  is  not  unlike  the 
verde  antiat ;  its  colours  being  greenish-black,  leek-green,  and  sometimes  dull  purplish 
irregularly  blended  with  white.  The  white  part  is  lunestone,  the  green  shades  proceed 
from  serpentine  and  asbestos.  There  are  several  fine  varieties  of  marble  in  Derby- 
shire ;  tlie  mottled-grey  in  the  neighbonrfaood  of  Moneyash,  the  light-grey  being 
rendered  extremely  beautiful  by  the  number  of  purple  vems  which  s^ead  upon  its 
polished  surface  in  elegant  irregular  branches ;  bnt  its  chief  ornament  is  the  multitude 
of  entrochi  with  which  this  limestone  marble  abounds.  Much  of  the  transition  and 
carboniferous  limestone  of  Wales  and  Westmoreland  is  capable  of  being  worked  up 
into  agreeable  dark  marbles. 

In  Scotland  a  fine  variety  of  irhite  marble  is  fonnd  in  beds  st  As^t  in  Snther- 


Digitized  by 


Google 


MAEBLE  219 

landshire.  A  beautiful  ash-grey  marble,  of  a  very  nnifoxm  grain,  and  rasceptible  of 
a  fine  polish,  occnn  on  the  north  side  of  the  ferry  of  Ballachulish  in  Invemessshire. 
One  of  the  most  beantiful  varieties  is  that  from  the  hill  of  Belephetrich  in  Tiree,  one 
of  the  Hebrides.  Its  colours  are  pale  blood-red,  light  flesh-red,  and  reddish-white, 
with  dark-green  particles  of  hornblende,  or  rather  sahlite,  difi\ised  through  the 
general  base.  The  compact  marble  of  lona  is  of  a  fine  grain,  a  dull-white  colour, 
somewhat  resembling  pure  compact  felspar.  It  is  said  by  Bonmon  to  consist  of  an 
intimate  mixture  of  tremolite  and  carbonate  of  lime,  sometimes  with  yellowish  or 
greenish-yellow  spots.  The  carboniferous  limestone  of  many  of  the  coal-basins  in 
the  Lowlands  of  Scotland  may  be  worked  into  a  tolerably  good  marble  for  cbimney- 
jneees. 

In  IraUuid  the  Kilkenny  marble  is  the  one  best  known,  haring  a  black  ground  more 
or  less  Taried  with  white  marks  produced  by  fossils.  The  spar  which  occn^nes 
the  place  of  the  shells  sometimes  assumes  a  greenish-yellow  colour.  An  exceedingly 
fine  black  marble  has  also  been  raised  at  Crayleath  in  the  county  of  Down.  At 
Lonthlougher,  in  the  county  of  Tipperary,  a  fine  pnrplo  marble  is  found.  The  conn^ 
of  Kerry  affords  seraral  variegated  marbles  not  unlike  the  Kilkenny ;  and  a  fine  red- 
dish marble  is  quarried  in  the  county  Cork.  A  serpentinous  limestone  in  Connemara 
forms  a  prettily  variegated  green  marble  known  as  '  Irish  green.' 

France  possesses  a  great  many  marble  quarries,  whidh  have  been  described  by 
Brard,  and  of  which  a  copious  extract  is  g^ven  under  the  article  Garble,  Uses's 
Ci/tdopadia. 

The  tenitory  of  Genoa  fhmishes  several  beautifbl  varieties,  of  marble,  the  most 
remarkable  of  which  is  the  polsevera  di  Genoa,  called  in  French  the  tert  iEgyifte 
and  vert  dt  mtr.  It  is  a  mixture  of  granular  limestone  with  a  talcose  and  serpentine 
substance  disposed  in  veins;  and  it  is  sometimes  mixed  with  a  reddish  body.  This 
marble  was  formerly  much  employed  in  Italy,  France,  and  England,  for  chimney- 
pieces,  but  its  sombre  appearance  has  put  it  out  of  fashion.  Among  the  Qenoese 
marbles  we  may  notice  the  highly-esteemed  variety  called  portor,  on  account  of  the 
brilliant  yeUow  veins  in  a  deep  black  ground.  The  most  beautiful  kind  comes  from 
Porto  Venese ;  and  Louis  XIV.  caused  a  great  deal  of  it  to  be  worked  up  for  the 
decoration  of  Versailles.    It  costs  now  2/.  per  cubic  foot. 

Corsica  possesses  a  good  statnary  marble,  of  a  fine  dcse  grain,  and  pure  milky- 
whiteness,  quarried  at  toiofrio ;  it  will  bear  comparison  with  that  of  Carnura :  also  a 
grey  marble  (bardiglio),  a  cipolin,  and  some  other  varieties.  The  island  of  Elba  has 
immense  quarries  of  a  white  marble  with  blackish-green  veins. 

Among  the  innumerable  varieties  of  Italian  marbles,  the  following  deserve  especial 
notice: — 

The  rovigio,  a  white  marble  found  at  Fadna.  The  white  marble  of  St.  Jnlien,  at 
Pisa,  of  wmch  the  cathedral  and  celebrated  slanting  tower  are  built.  The  Bianeone 
marble,  white  with  a  tinge  of  grey,  quarried  at  Magurega  for  altars  and  tombs. 
Near  Mereozza  a  white  marble  with  grey  veins  is  found,  with  which  the  cathedral 
of  Milan  is  built.  The  black  marble  of  Bergamo  is  called  paragone,  from  its  black 
colour,  like  touchstone ;  it  has  a  pure,  intense  tint,  and  is  susceptible  of  a  fine  polish. 
The  pure  black  marble  of  Como  is  also  much  esteemed.  The  poleenuo  of  Pistoya  is 
a  black  marble  sprinkled  with  dots ;  and  the  beantiful  white  marble  with  bUu^  spots, 
fimn  the  Logo  Masgioie,  has  been  employed  for  decorating  the  interior  of  many 
churches  in  the  Milanese.  The  Margorre  marble,  found  in  seraral  ports  of  the 
Milanese,  is  bluish  veined  with  brown,  and  composes  part  of  the  dome  of  the  cathe- 
dral of  Milan.  The  green  marble  of  Florence  owes  its  colour  to  a  copious  admixture 
of  serpentine.  Another  green  marble,  called  vgrdi  di  Prado,  occurs  in  Tuscany,  near 
the  little  town  of  Prado.  It  is  marked  with  spots  of  a  deeper  green  than  the  rest, 
passing  even  into  blackish-blue.  The  beautiftil  Sienna  marble,  or  brocateUo  di  Siena, 
has  a  yellow  colonr  like  the  yolk  of  an  egg,  which  is  disposed  in  large  irregular  spots, 
surrouadecHrith  veins  of  bluish-red,  passing  sometimes  into  purple.  At  Montarenti, 
two  leagues  from  Sienna,  another  yellow  marble  is  met  with,  which  is  traversed  by 
black  and  purplish-black  veins.  The  Brema  marble  is  yellow,  with  white  spots. 
The  mandebtto  of  the  Italians  is  a  light-red  marble  with  yellowish-white  spots,  found 
at  Li^geaaiia,  in  the  Veronese.  The  red  marble  of  Verona  is  of  a  red  rather  in- 
clining to  yellow  or  hyacinth ;  a  second  variety,  of  a  dark  red,  composes  the  vast 
amphitheatre  of  Verona.  Another  marble  is  found  near  Verona,  with  large  white 
spots  in  a  reddish  and  greenish  paste :  very  fine  columns  have  been  made  of  it.  The 
oecMo  dipcctxmt  is  an  Italian  shell-inarble,  in  which  the  shells  forms  large  orbicular 
spots,  red,  white,  and  blmdl.  A  madreporic  marble,  known  under  the  name  of  pietra 
ttdiaria,  much  employed  in  Italy,  is  entirely  composed  of  star  madrepores,  converted 
into  a  grey-and-miite  substance,  and  is  susceptible  of  an  excellent  polish.  The 
Tillage  of  Bretonico,  in  the  Veronese,  ftamishes  a  splendid  breccia  marble^  composed 
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of  yellow,  Bteel-^y,  and  rose-colonred  spots.  Hist  of  Bsigamo  consisti  of  black  and 
grey  fragments  m  a  greenish  cement  Florence  marble,  called  also  rain  and  land- 
scape marble,  is  an  indurated  calcareoos  marl. 

Sicily  abonnds  in  marbles,  the  most  raluable  of  Trhich  is  tliat  called  by  the  English 
stone-cutten  Sicilian  jasper ;  it  is  rod,  with  large  stripes  like  ribands,  white,  red,  and 
sometimes  green,  which  run  zigzag  with  pretty  acuta  angles. 

Of  Cutting  and  PoliaMng  Marble. — The  marble-saw  is  a  thin  plate  of  soft  iron, 
continnally  supplied  during  its  sawing-motion  with  water  and  the  sharpest  sand. 
Tho  sawing  of  moderate  pieces  is  performed  by  hand,  but  that  of  large  slabs  is  most 
economically  done  by  a  proper  mill. 

The  first  substance  used  in  the  polishing  process  is  the  sharpest  sand,  with  which 
the  marble  must  be  worked  till  the  surface  becomes  perfecUy  flat.  ■  Then  a  second, 
and  even  a  third  sand  of  increasing  fineness  is  to  be  applied.  The  next  substance 
is  emeiy  of  progressive  degrees  of  fineness,  after  which  tripoli  is  employed ;  and  the 
last  polish  IS  given  with  tin-putty.  (See  Pdttt-Powdkk.)  The  body  with  which 
the  sand  is  rubbed  into  the  marble  is  usually  a  plate  of  iron ;  but  for  the  subsequent 
process,  a  plate  of  lead  is  used  with  fine  sand  and  emery.  The  polishing-mbbers  are 
coarse  linen  cloths,  or  begging,  wedged  tight  into  an  iron  planing-tooL  In  every  step 
of  the  operation  a  constant  trickling  supply  of  water  is  required. 

MAXCASXTB,  or  whits  iron  pyrites,  is  of  a  pale  bronze-yellow,  or  iron-grey 
colour,  with  a  metidlic  lustre.  It  is  a  bisulphide  of  iron,  composed  of  iron  46'7,  snl- 
phur  63-3.    Specific  gravity  4-678  to  4847. 

The  mineral  was  formerly  much  used  for  various  ornaments,  as  shoe-  and  knee- 
buckles,  pins,  bracelets,  setting  of  watch-cases,  fee. ;  and,  although  the  taste  for  it 
has  considerably  declined  now,  probably  owing  in  some  degree  to  its  abundance, 
immense  quantities  are  still  cut  and  manu&ctuied  at  Oeneva  and  in  the  French  Jura. 

The  marcasite  of  commerce  is  generally  small,  rarely  attaining  the  size  of  a  stone 
of  two  carats.  It  takes  a  good  polish,  and  is  cut  in  &oet8  like  rose-diamonds.  In 
this  state  it  possesses  all  the  bright  blue  of  polished  steel,  without  the  tendency  of 
the  latter  to  become  oxidised  by  eniosure  to  the  action  of  the  atmosphere.  It  is  prin- 
cipally procured  from  Germany  and  the  Jura. — H.  W.  B.    See  PYsmis. 

BKAXCAiSITa.    Bismuth  was  formerly  so  called.    See  BiamrrK. 

KAJtOAXATau  are  saline  compounds  of  margaric  add  with  the  bases. 

acoJUIAJtZC  AOZB  (Margarine)  is  one  of  the  acid  fats  produced  by  saponify- 
ing tallow  with  alkaline  matter,  and  decomposing  the  soap  with  dilute  acid.  The 
term  margarie  signifies  pearly-looking. 

The  physical  properties  of  the  margaric  and  stearic  acids  are  very  similar ;  the  chief 
difference  is  that  the  former  is  more  fusible,  melting  at  140°  Fahr.  The  readiest  mode 
of  obtaining  pure  margaric  add  is  to  dissolve  olive-oil  soap  in  water,  to  ponr  into  the 
solution  a  solution  of  neutral  acetate  of  lead,  to  wash  and  dry  the  predpitate,  and  then 
to  remove  its  oleate  of  lead  by  ether,  which  does  not  affect  its  margarate  of  lead.  The 
residuum  being  decomposed  by  boiling-hot  muriatic  add,  affiirds  margarie  add.  When 
heated  in  a  retort  this  add  boils.  It  is  insoluble  in  water,  very  soluble  in  alcohol  and 
ether ;  it  reddens  litmus-paper,  and  decomposes,  with  the  aid  of  heat,  the  carbonates 
of  soda  and  potash. 

.  Margaric  acid  is  obtained  most  easily  by  the  distillation  of  stearic  acid.  The 
humidity  at  the  beginning  of  the  process  must  be  expelled  by  a  smart  heat,  otherwise 
explosive  ebullitions  are  apt  to  occur.  Whenever  the  ebullition  becomes  nniform,  the 
fire  is  to  be  moderated.    See  Oiu. 

TirnKfirA.  A  name  given  to  madder  after  it  has  undergone  a  pecnliar  treatment. 
See  Ciookes's  '  Handbook  of  Dyeing.' 

VUkXOKM  ACZ9>  Hydrochloric  add  was  formerly  so  called  because  it  conld 
be  obtained  from  sea-water.    See  Htdbochixibic  Acid  and  Mubiatio  Acid. 

WrOKTW  KBTAXb  A  name  for  Wetterstedt's  alloy,  which  was  introduced  as 
a  sheathing  for  ships.  It  consisted  of  load  94'4,  antimony  4-8,  and  mercury  1-3.  It 
was  said  not  to  be  attacked  by  sea-water,  and  to  remain  free  from  vegetable  or  animal 
growth. 

WABIOT  tua/t.    See  Salt. 

MABTOXAHK.  The  Origanwn,  mqforana,  one  of  the  Labiata,  is  used  as  an 
aromatic  herb,  and  yields  oU  ofmatyoram  on  distillation, 

WKIBfc  (Mame,  Fr. ;  Mergel,  Qer.)  is  a  mixed  earthy  substance,  consisting  of 
carbonate  of  lime,  clay,  and  siliceous  sand,  in  very  variable  proportions ;  it  is 
sometimes  compact,  sometimes  pulverulent  According  to  the  predominance  of 
one  or  other  of  these  ingredients,  marls  are  distributed  into  calcareous,  clayey,  and 
sandy. 

BUUtKSTOWa.  One  of  the  members  of  the  Lias  formation.  The  Cleveland 
iron  ore  occurs  in  th«  marlstone,  or  middle  lias.    See  Lias. 
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A  variety  of  blende,  in  \rhich  part  of  tha  boo  is  lepUoed, 

■ometimee  by  iron,  and  eometioiee  by  codminm.  It  i«  fonnd  at  Harmato  in  Po- 
payan. 

WUMOOm.  A  pecnliar  deep-ied  colonr  prodnoed,  according  to  Orookes  ('  Hand- 
book of  Dyeing ')  in  the  following  manner : — 

Boil  20  lbs.  of  cudbear,  or  26  lbs.  of  orchil,  and  i  ounces  of  magenta  crystals,  for 
ten  minntes.  Ck>ol  the  dye  to  1TS°  Fahr. ;  enter  the  wool ;  increase  the  temperatnre 
to  212°;  remoTe,  rinse,  and  diy. 

MA3UHI&.    A  vegetable  fibre  from  the  Sanuvitra  ZtyUmica.    See  Fibbb8. 

M*'^11"™"*'^  is  a  peculiar  kind  of  cabinet-work,  in  which  the  sur&oe  of  wood 
is  ornamented  with  inlaid  pieces  of  varioos  colours  and  forms.  The  marguettwr 
pnts  gold,  silver,  copper,  tortoise-shell,  mother-of-pearl,  ivory,  horn,  &&,  nndet  con- 
tribuDon.  These  substances,  being  reduced  to  lamina  of  viopet  thinness,  are  cut 
ont  into  the  desired  form  by  punches,  which  produce  the  fall  pattern  or  mould,  and 
the  empty  one,  which  enclosed  it ;  and  both  serve  their  separate  purposes.  A 
mosaic  wood-work  was  mnch  practised  in  Italy  in  the  fifteenth  centu^  wliieh  very 
much  resembled  marquetry.  It  was  called  Tarsia  ( TbrnoAtnt,  Ital.).  The  art  was 
cultivated  to  the  greatest  extent  in  the  Venetian  territories,  and  was  much  employed 
in  dseorating  the  choirs  of  churches,  the  backs  of  seats,  and  the  panels  of  doors.  In 
Urs.  Merrifleld's  'Ancient  Practice  of  Painting'  it  is  well  described.  See  Tabsu; 
Pabqttbtbt. 

MftUf'-l*-**  Light  carbnretted  hydrogen.  This  gas  is  the  fire-damp  of  the 
coal-miner.    See  Fikb-dakf  Imsicatob  ;  Vbhtiiatiok. 

■  — ^^^^  XOaaMtAXT.  {Statica  Carolinians.)  This  plant  is  found  along  the 
sea-coast  in  marshy  situations  from  Maine  to  Florida.  The  root  has  been  used  for 
tanning.    According  to  Professor  Parrish,  it  contains  12  per  cent,  of  tannin. 

JKAXTXAX.    Belonging  to  iron ;  fixim  Mars,  the  old  name  of  this  metal. 

IKAXTZVS-TaXAO'Wr.    A  name  sometimes  applied  to  naphthaline  yellow. 

SUWSIOOT.    Yellow  oxide  of  lead.    The  old  name  of  litharge.    See  LrrHABOB. 

MASTIO  (ibig.  and  Fr. ;  MaUix,  Ger.)  is  a  resin  produced  by  making  inci- 
sions in  the  PitUuia  ItiUisctu,  a  tree  cultivated  in  the  Levant,  and  chiefly  in  the 
island  of  Chios.  It  comes  to  us  in  yellow,  brittle,  transparent,  rounded  tears ;  which 
sdten  between  the  teeth,  with  bitterish  taste  and  aromatic  smell,  and  a  specific 
gravity  of  07*1.  Mastic  consists  of  two  resins ;_  one  soluble  in  dilute  alcohol  Its 
solution  in  spirit  of  wine  constitutes  a  good  varnish.  It  dissolves  also  in  turpentine. 
See  Vajbkish. 

;xic  OBMBWT.    A  mixture  of  lime,  sand,  litharge^  and  linseed-oiL 
See  LnciFEB  Matckbs. 
is  a  bottle  with  a  thin,  egg-shaped  bottom,  mnch  used  for  digestions 
in  chemical  researches. 

X&XTS  is  a  crude  black  copper,  reduced,  but  not  refined,  from  sulphur  and  other 
heterogeneous  substances.    A  matte  is  simply  a  regulus,  or  fbsed  sulphide. 

MAWa,  or  Ptrkin't  VuM.  The  earuest  aniline  colonr  introduced  into  com- 
merce has  lost  much  of  its  importance.  Kunge  had  previously  called  attention  to 
the  violet  coloration  produced  on  treating  aniline  with  chromic  acid  or  the  hypo- 
chlorites. In  Augnst  1866  Mr.  PeiUn  patented  his  process  for  the  production  of  a 
violet  colouring-matter  from  aniline.    See  AmxiNE-ViouiT. 

Among  the  vety  large  number  of  new  methods  proposed  for  the  manufacture  of 
this  dye,  especially  after  the  spring  of  the  year  1859,  we  may  notice  the  following : — 

Messrs.  Depouilly  and  Sontb's  method,  patented  in  June  1860,  consisted  in  adding 
to  a  salt  of  aniline  a  solution  of  chloride  of  lime,  which  yielded  a  purple  insoluble 
precipitate.  This  was  repeatedly  washed  in  slightly-acidulated  water,  dissolved  in 
concentrated  snlphnric  acid,  and  re-prcdpitated  by  the  addition  of  an  exceessof  water. 
It  was  then  simply  necessary  to  wash  the  precipitate  thoroughly,  in  order  to  render  it 
fit  for  nse  if  dissolved  in  alcohol  or  methylated  spirit  The  chloride  of  lime  process 
gives  a  more  abundant  yield  than  the  bichromate  method,  but  the  tone  of  the  violets 
obtained  is  redder  and  less  pure.  We  may  here  mention  that  Mr.  W.  H.  Perkm  has 
lately  succeeded  in  obtaining  the  product  of  Bunge's  experiment  in  the  solid  condition. 
He  finds  that  it  dissolves  in  alcohol,  forming  a  solution  of  a  nearly  pure  blue  colour, 
which  is  changed  to  a  brownish-red  by  tho  action  of  caustic  alkali ;  it  therefore  difiers 
essentially  from  the  mauve ;  an  alcoholic  solution  of  which,  if  treated  with  caustic 
alkali,  passes  from  purple  to  violet  Tho  blue  product  whidi  the  author  proposes  to 
call  '  Bunge's  blue,'  undergoes  a  very  remarkable  change  when  subjected  to  the  action 
of  heat  It  is  rapidly  converted  into  a  purple  colouring-matter,  which  is  found  to  lie 
the  true  mauve.  Indeed,  Bunge's  bine  is  so  prone  to  change  into  the  more  stable 
manve,  that  its  composition  cannot  be  satisfactorily  determin^ 

Mr.  Eay,  in  January  1860,  took  out  a  patent  i<3c  producing  purple-aniline— most 
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absurdly  called  '  barmaline ' — ^by  adding  to  sulphate  of  aniline  peroxide  of  manganese, 
and  heating  this  mixture  to  100-'  Fahr.,  \rhen  the  'harmaline  so  produced  remained 
in  solution,  and  -was  separated  from  an  insoluble  deposit.  The  dissolved  colour  was 
precipitated  by  adding  to  the  solution  ammonia  in  sufficient  quantity  to  neutralise  the 
acid,  after  vhich  the  insoluble  colour  was  washed,  dried,  and  dissolved  in  methylated 
alcohol. 

In  January  1860  Mr.  Grerille  Williams  patented  the  use  of  permanganate  of 
potassa  as  a  means  of  oxidising  aniline  and  producing  purples  and  other  colours. 

At  about  the  same  time  Dr.  D.  Price  took  out  a  patent  for  acting  on  sulphate  of 
aniline  by  means  of  the  peroxide  of  lead. 

In  1860  Dale  and  Caro  patented  the  use  of  chloride  of  copper,  in  the  proportion  of 
six  equivalents  to  one  of  a  neutral  salt  of  aniline.  In  place  of  chloride  of  copper,  a 
mixture  of  sulphato  of  copper  and  common  salt  may  be  used  in  equivalent  proportions. 
The  quantity  of  water  necessary  to  dissolve  the  mixture  is  added,  and  tne  whole  is 
then  boiled  till  a  precipitate  appears,  which  contains  the  colouring-matter.  At  the 
expiration  of  three  or  four  hours  the  process  is  completed.  The  precipitate  is  collected 
on  a  filter,  and  washed  with  a  solution  of  soda  or  carbonate  (»  soda  so  long  as  the 
washings  contain  chlorides.  The  residue  is  then  extracted  witii  boiling  water,  so 
long  as  anything  dissolves.  The  solutions  thus  obtained  are  filtered,  and  precipiteted 
with  a  small  quantity  of  soda  or  carbonate  of  soda.  The  colour  thus  obtained  is  ready 
for  use.  The  matter  insoluble  in  boiling  water  still  contains  a  violet,  which  may  be 
extracted  by  treatment  with  boiling  dilute  alcohol  in  a  displacement^ppaiatos. 

On  January  12,  1861,  another  interesting  process  to  obtain  aniline-purple  was 
patented  by  M.  A.  Girard.  Pure  aniline-red  (known  as  magenta)  is  mixed  with  an 
equal  weight  of  aniline,  and  the  mixture  heated  for  several  hours  to  339°  Fahr.,  when 
the  mass  is  changed  to  a  fine  purple  colour,  requiring  only  to  be  mixed  with  water 
and  hydrochldric  acid  to  remove  any  aniline  or  red  dye  in  excess,  leaving  the  purple 
insoluble ;  but,  on  being  well  washed  with  water,  this  becomes  soluble  in  alcohol, 
acetic  acid,  wood-naphtha,  and  boiling  water  slightly  acidulated  with  acetic  add. 

The  French  call  this — VioUt  Impirial.    See  Ahiuns. 

MAZaAOa.     The  French  name  for  a  process  identical  with  our  Befinery. 

KMASOVir-OU  is  bog-iron  ore.    See  Ibon. 

BOULamiBS,  'WSIOKTS,  and  COHrS.    See  Weights  Ain>  ICaisuBSS. 

BmATS,  PBBUntvas.  The  interest  which  has  of  late  attached  to  the 
subject  of  such  meate  warranto  us  in  bringing  under  examination  the  principles  and 
practice  on  which  this  importent  branch  of  industry  is  based.  The  art  iteelf  is  of 
modern  invention,  and  dif^  in  every  respect  from  the  old  or  common  modes  of  pre- 
serving animal  food.  These,  as  is  well  known,  depend  upon  the  use  of  culinary  salt, 
saltpetre,  sugar,  or  similar  substances. 

Oar  remarks  will  not  apply  solely  to  raw  or  uncooked  meats ;  bnt  the  practical 
bearing  of  meat-preserving  really  points  to  those  which  are,  more  or  less,  cooked  or 
preserved. 

The  first  successful  attempt  at  the  preservation  of  unsalted  meats  is  of  French  origin, 
and  due  to  the  inventive  skill  of  M.  Appert.  This  gentleman,  so  long  ago  as  the  year 
1810,  received  from  the  Board  of  Arts  and  Mannfactures  of  Paris  the  sum  of  12,000 
francs  for  his  discovery  of  a  mode  of  preserving  animal  and  vegeteble  substences ; 
the  results  of  which  had  been  then  amply  attested  by  a  prolonged  experience  in  the 
French  navy.  Shortly  after  this  period  Appert  induced  a  Mr.  Dm«nt  to  visit  London, 
for  the  purpose  of  taUng  out  a  patent;  and  this  was  accordingly  done  towards  the 
end  of  the  year  1811.  In  this  patent,  however,  the  claims  were  ridicnlonslywide ;  so 
much  so,  that  the  patent-right  was  subsequently  infringed  with  impunity.  The  claims 
included  all  kinds  of  fruit,  meat,  and  vegeteblra,  when  subjected  to  the  action  of  heat 
in  closed  vessels,  more  or  less  fireed  from  air.  As,  however,  the  Society  of  Arte  in 
London  had  presented  in  1807  a  premium  to  a  Mr.  J.  Suddington,  for  'a  method  of 
preserving  fruit  without  sugar  for  house  or  sea  stores ' — which  method  is  exactly 
the  same  as  that  of  M.  Appert — the  validity  of  Durant's  patent  was  at  once  called 
in  question.  Nevertheless,  so  satisfactory  were  the  resulte  when  applied  to  animal 
food,  or  mixed  provisions,  that  the  patent  was  eventually  purchased  trom  Durant 
by  Messrs.  Donkin,  Hall,  and  Gamble ;  and  the  firm,  thus  esteblished,  became  at  once 
the  sole  manufiu^turers  of  preserved  meate  in  this  country.  The  process  of  Appert 
was,  however,  extremely  defective  in  a  manufacturing  point  of  view.  Nothing  but 
glass  bottles  were  to  be  used  for  containing  the  meate,  and  M.  Appert  remarks  :  *  I 
choose  glass  for  this  purpose,  as  being  the  most  impenetrable  to  air,  and  have  not 
ventured  to  make  any  experiment  with  a'  vessel  made  of  any  other  substance.'  Of 
course  the  fragility  of  this  material,  and  the  great  difficulty  of  hermetically  sealing 
the  bottles  with  corks,  threw  impedimente  in  the  way  of  the  process  as  a  commercial 
undertaking.    Nor  was  it  until  sifter  a  long  series  of  experimente  that  Messrs,  Don- 
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Un,  All,  and  Gamble  wero  able  to  oTercome  the  pimai;  difflonllaM  of  tiiit  ukTentaon, 
and  produce  provisions  snccecsfully  preserved  in  tin-plate  vessels. 

Tne  process  of  Appert  ceitainly  does  not  depend  upon  the  exclusion  of  oxygen 
firam  the  provisions  he  preserved,  nor  is  this  principle  included  in  the  improved  process 
still  practised  by  the  firm  of  Gamble.  Appert  seems  to  have  had  a  doubt  as  to  the 
sufficien(7  of  the  oxygen  theory,  for  be  tells  us  that,  '  fire  has  a  peculiar  property,  not 
only  of  (jianging  the  combination  of  the  constituent  parts  of  vegetable  and  animal  pro- 
ductions, but  al«>  of  retarding,  for  many  years  at  least,  if  not  of  destroying  altogether, 
the  natural  tendency  of  these  same  products  to  decompoeition.'  And  this  opinion  is  con- 
firmed from  many  startling  facts,  vrhich  cannot  be  reconciled  to  the  supposition  that 
oxygen  is  the  sole  or  even  pnndpal  agent  of  decompoeition.  Thus  milk,  vnich  has  been 
meroly  scalded,  vill  keep  much  longer  £tom  the  effects  of  this  process,  even  though  freely 
exposed  to,  or  purposely  impregnated  with,  oxygen  gas.  Now  the  method  of  Appert,  as 
improved  by  Gamble,  is  to  render  the  albumen  of  the  meat  or  the  vegetable  insoluble, 
and  therefore  scarcely  if  at  all,  susceptible  of  the  action  of  atmospheric  oxygen.  By 
this  means  the  total  exclusion  of  air  &om  the  tin  cases  is  rendered  unnecessary,  for 
even  if  a  small  quantity  of  air  remain  in  the  case,  it  will  exert  no  more  influence 
than  hamens  to  a  piece  of  coagulated  albumen,  or  hard  boiled  white-of-egg,  which, 
as  is  well  known,  may  be  exp<»ed  to  the  air  for  years  without  sensible  alteration, 
though  in  its  uncoagulated  state  it  immediately  putrefies.  It  appears,  therefore, 
that  the  essential  characteristics  of  Gamble's  process  may  be  i^erred  not  to  the 
exclusion  of  air,  but  to  the  thorough  coagulation  of  the  albumen.  The  heat  employed 
also  destroys  all  organic  germs  that  may  be  present,  and  thus  prevents  their  develop- 
ment. In  this  process,  tiie  meat,  mora  or  less  cooked,  is  placed,  with  a  quantity  of 
gravy,  in  a  tin  vessel,  capable  of  being  hermetically  sealed  with  solder ;  it  is  tiien 
heated,  for  some  time,  in  a  bath  of  mnriate  of  lime,  and  the  aperturo  neatly  soldered 
up.  After  this  it  is  again  exposed  to  the  action  of  the  heated  bath  for  a  period,  which 
varies  with  the  size  and  nature  of  the  contents  of  the  vessels ;  and  to  prove  that  this 
latter  operation  is  really  the  most  important  of  the  whole,  it  sometimes  happens  that 
cases  which  have  begun  to  decompose  are  c^)ened,  resoldered,  and  again  submitted  to  the 
rauriate-of-lime  bath,  with  the  most  perfect  success,  as  regards  the  ultimate  result. 

Although  by  no  means  free  from  occasional  &ilures  and  certainly  requiring  im- 
provement, the  system  of  Gamble  has  in  practice  worked  well ;  and  provisions  have 
been  kept  in  this  way,  for  a  long  period  of  years,  without  the  slightest  alteration 
in  their  particular  qualities. 

Mr.  Goldner,  some  few  years  ago,  adopted  the  idea  originally  concaved  by  Sir 
Humphry  Davy,  of  enclosing  cooked  provisions  in  a  complete  vacuum.  For  this 
purpose  the  provisions,  slightly  cooked  on  the  sur&ce,  were  enclosed  in  canisters, 
similar  to  those  of  Gamble,  but  stronger,  and  provided  with  a  small  opening  in  the 
cover.  At  this  moment  a  slight  condensation  was  effected  by  the  application  of  a 
cold  and  damp  rag  or  sponge,  and  simultaneously  with  this  the  small  opening  was 
soldered  up.  In  theory,  nothing  could  seem  better  adapted  to  insure  success ;  but, 
the  practical  working  of  the  invention  afforded  anything  but  a  satisfactory  result.  Nor 
is  there  much  diflScnlty  in  conceiving  how  this  may  arise,  as  in  the  first  place  the  ap- 
plication of  a  sudden  heat  to  non-conducting  materials,  is  almost  certain  to  give  rise 
to  that  peculiar  condition  by  whidi  the  interior  of  the  meat  will  be  as  thoroughly 
protected  from  the  effect  of  heat  as  if  no  heat  wen  applied.  Hence,  even  though 
steam  in  abundance  may  issue  from  the  small  opening  in  the  cover,  this  is  no  proof 
that  the  meat  in  the  centre  of  the  vessel  is  even  wanned;  and  still  less  does  it 
warjent  the  supposition  that  the  soluble  albumen  is  thoroughly  coagulated;  and 
without  which,  as  we  have  stated,  preservation  is  scarcely  possible. 

Bedwoodi  Proeett. — ^This  process,  invented  by  Professor  Bedwood,  consists  in 
the  immersion  of  fresh  meat  in  melted  paraffin,  at  a  temperature  of  240°  Fabr. 
(115°  Centigrade),  for  a  sufficient  time  to  •efiect  a  concentration  of  the  juices  of  the 
meat  and  the  complete  expulsion  of  air ;  after  which  the  meat,  in  its  condensed  state, 
is  covered  with  an  exteriial  coating  of  paraffin,  by  which  air  is  excluded  and  de- 
composition prevented. 

The  concentration  of  the  juices  may  thus  be  carried  to  any  required  extent.  If 
the  meat  is  to  be  kept  in  hot  climates  its  weight  should  be  reduced  b^  evaporation  to 
about  one-half,  in  which  state  it  will  contain  all  the  nutriment  of  twice  its  weight  of 
fresh  meat,  the  portion  driven  off  by  evaporation  consisting  only  of  water.  Thus 
prepared  it  will  be  fully  cooked  (by  the  heat  applied  in  the  process),  and  it  may  be 
eaten  without  farther  preparation,  but  it  will  also  be  ^plicable  for  the  preparation 
of  a  variety  of  made-dishes,  including  stews,  hashes,  soups,  gravies,  etc.  For  cold 
climates  a  leas  amount  of  heating  and  concentration  will  suffice,  so  that  the  meat 
may  retain  its  original  jtticy  condition,  and,  when  further  cooked,  present  tbo 
appearance,  and  possess  all  the  characters,  of  frvsb  unpreserved  meat. 
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The  paraffin  tued  in  the  proeess  is  a  perfectly  innocnou*  gubstanee;  it  is  entirely 
free  from  taste  and  smell,  and  is  not  subject  to  change  from  keeping.  It  may  be 
remored  from  the  sur&ce  of  the  meat  by  putting  the  latter  into  a  vessel  containing 
boiling  trator,  when  the  paraffin  as  it  mdts  will  rise  to  the  surface  of  the  water,  and 
may  be  taken  off  in  a  solid  cake  when  cold,  while,  at  the  same  time,  the  meat  will 
become  softened  and  prepared  for  cooking  in  any  suitable  way. 

Messrs.  Gillon  stated  from  long  experience  that  if  the  meat  could  be  kept  in  a  hot 
room  at  a  temperature  of  about  100°  Fahr.,  for  eight  or  ten  days  without  change,  it 
would  keep  for  lengtliened  periods  in  any  dimate,  and  they  are  accustomed  to  sub- 
mit their  preserved  provisions  to  this  method  of  testing  before  sending  them  out. 
It  was  found,  however,  that  although  meat  preserved  by  Prof.  Redwood's  process 
would  keep  for  a  year  or  more  in  the  temperate  zone,  it  soon  became  tainted  in  tropical 
regions. 

Mr.  Bichard  Jones,  in  the  Society  of  Arts' '  Joomal'  fbr  January  20,  1871,  describes 
a  process  carried  out  by  him.  He  states  that  the  tins  are  filled  with  the  raw  material 
and  placed  in  a  bath,  either  of  boiling  water  or  of  chloride  of  calcium.  Before  being 
immersed  in  the  liquid,  they  are  attached,  by  means  of  a  tabe  soldered  to  the  cover, 
and  joined  tc  a  trap  communicating  with  a  vacuum  chamber.  On  the  tins  being 
attached  and  the  top  opened,  all  the  air  &om  the  tins  is  drawn  into  it.  They  are  then 
immersed  in  the  liquid  at  a  low  temperature,  which  is  gradually  raised,  if  chloride  of 
calcium  is  used,  to  270°  Fahr.,  and  the  meat  is  exposed  to  this  heat  for  a  period  varying 
from  one  to  two  hours. 

Numerous  other  processes  have  been  employed,  most  of  them  partaking  in  some 
respects  of  the  characters  of  one  or  the  other  of  those  described.  It  cannot,  however, 
be  said  that  any  of  them  have  been  entirely  sucoesafiil.  The  chemical  processes  in  all 
cases  impart  some  peculiar  flavour  to  the  meat ;  and  the  meat  preserved  by  cooking 
or  partially  cooking  it  in  tins,  was  not  palatable,  being  in  more  cases  soddened  in  the 
process.  The  preeerration  of  fish  and  v^^tables  has  been  carried  out  far  mora 
efficiently. 

BtSBA&S.  A  piece  of  metal,  usually  of  gold,  silver,  or  bronze,  impressed  as 
coins  are,  but  not  intended  to  serve  the  same  purposes  as  coins.  They  are  made  to 
Celebrate  some  great  event  in  the  history  of  a  people,  or  to  perpetuate  the  memory  of 
some  one  who  has  in  some  way  rendered  himself  illnstrious,  or  they  may  be  for  the 
purpose  of  giving  distinction  to  men.  The  ancients,  who  produced  many  excellent 
examples  of  the  medalist's  artistic  skill,  struck  their  medals  with  a  hammer ;  the 
modems  now  use  the  coinage  press.  Upon  the  medals  produced  in  modem  times  the 
highest  art  has  been  bestowed,  and  some  of  them  are  very  beautiful.  The  late 
Mr.  Wyon,  of  the  Royal  Mint,  produced  during  his  life-time  many  medals,  which 
may  be  regarded  as  superior  examples  of  the  medalist's  art.  Mbdalets  are  imaU 
medals,  often  used  in  Catholic  countries,  impressed  with  figures  of  the  saints. 
Hbdai,uons  were  a  larger  kind  of  medals,  stmck  as  gifts  by  the  Boman  emperors. 
The  process  of  preparing  a  medal  is  as  follows : — 

A  medal  die  is  first  formed ;  steel  of  an  uniform  texture  and  kind  being  selected, 
it  is  forged,  softened  by  annealing,  and  the  fiice  and  cheek  for  the  collar  tamed. 
The  design  approved  of,  the  die-sinker  proceeds  to  cut  away  those  parts  of  tiie 
greatest  depth  by  means  of  small  chisels :  the  more  minnte  details  are  taken  out 
by  gravers,  chisel-edged,  and  gouged  steel  tools  fitted  into  wood  handles  very 
short,  and  to  fit  the  palm  of  the  hand.  As  the  work  proceeds,  proofis  are  taken  in 
wax  ;  when  defective  in  form,  the  cutting  is  corrected,  and  when  deficient  in  relief,  it  is 
sunk  deeper.  It  will  of  course  be  borne  in  mind  that,  what  will  be  relievo  in  the  medal 
is  intaglio  in  the  die.  The  inscription  is  introduced  by  means  of  small  letter-punches, 
Thon  follows  the  hardening  of  the  die,  a  stage  of  the  business  the  most  critical,  as  a 
defect  in  the  steel  will  at  once  be  made  apparent  thereby,  and  the  labour  of  months 
rendered  useless  in  a  few  minutes.  If  the  die  endures  this,  it  has  only  another  test, 
viz.,  the  making  of  a  '  hnb,'  or  copy  of  the  die  in  steel,  and  used  for  the  correction 
of  the  duplicate  copies  of  the  die.  The  danger  in  this  case  arises  from  the  want  of 
uniformity  of  hardness.  If  irregular,  one  portion  of  the  die  must  suffer,  and  become 
valueless. 

Medal-making  or  stamping  is  thus  carried  on : — The  press  consists  of  a  large  and 
close-threaded  screw,  to  the  top  of  which  a  large  wheel  is  attached  horizontally.  The 
bed  of  the  press  is  fitted  with  screws  to  secure  the  die  in  its  place  ;  when  this  is  done 
the  collar  which  gives  the  thickness  of  the  medal  is  fitted  on,  the  die  forming  the 
reverse  of  the  medal  is  attached  to  the  screw,  and  a  blank  (a  piece  of  metal  cut  out  to 
form  the  medal)  is  then  introduced.  Motion  is  imparted  to  the  wheel,  which  operates 
on  the  screw :  a  blow  is  given,  and  if  the  impression  is  soft  and  shallow,  a  medal  is 
prodnoed ;  but  if  deep,  repeated  blows  are  given  to  bring  the  impresmon  up.  When 
bronge  or  silver  is  the  material  in  which  the  medal  is  to  be  produced,  as  many  as  20 
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ot  even  30  bloifs  ore  necessary.    The  medal  is  then  taken  out  of  the  press,  the  edg» 
turned,  and  the  operation  is  complete. 

By  '  collar  die,'  is  meant  that  portion  which  gives  the  thickness  to  the  med&l  or  coin 
to  he  struck.  All  medal-dies  are  of  three  parts,  viz.,  the  reverse,  obverse,  and  collar. 
The  smaller  class  of  dies  are  cut  in  steel  entirely,  the  larger  kinds  for  brass  foandty 
and  other  purposes  are  'laid'  or  covered  with  steel  on  a  foundation  of  iron.  When 
indentations  occur,  the  die  is  what  is  called  'fullered 'or  hollowed,  and  the  steel 
follows  the  same  in  a  parallel  thickness.    See  Morr. 

MaaXSAV.    The  Butch  commercial  name  for  Madder-root.    See  Uaddkb. 

BSaaxaCHAIIBK  (Qer. ;  Sea-frvth,  Eng. ;  EeuiM  dt  Her,  Sfagnisie  carbonaiie 
tUiciJht,  Fr.)  is  a  white  mineral,  of  a  somewhat  earttnr  appearance,  always  soit,  but 
dry  to  the  touch,  and  adhering  to  the  tongue.  Specific  gravity,  0-8  to  I-O;  when 
moist,  nearly  2'0;  affbrds  wat^r  by  calcination;  ibises  with  difficulty  before  the 
blowpipe  into  a  white  enamel ;  and  is  acted  upon  by  adds.  It  consieta,  when  pore, 
of  silica,  60-9 ;  magnesia,  26-1 ;  water,  12-0.  An  analysis  by  Berthier  gave,  silica  60, 
magnesia  26,  water  25.  It  occurs  in  veins  or  kidney-shaped  nodules,  among  rocks  - 
of  serpentine,  chiefly  at  Eiltschik  in  Asia  Minor ;  also  in  the  island  of  Negropont, 
Eskibi-shir  in  Anatolia,  Bnusa  at  tha  foot  of  Mount  Olympus,  at  Baldissero  in 
Piedmont,  && 

When  first  dug  np,  it  is  soft,  and  lathers  like  soap ;  on  which  account,  and  from 
its  absorbing  grease,  it  is  used  by  the  Tartars  in  washing  their  linen.  The  well- 
known  Turkey  tobacco-pipes  are  carved  from  it.  The  bowls  of  the  pipes,  when 
imported  into  Germany,  are  prepared  for  sale  by  soaking  them  first  in  tallow,  then  in 
wax,  and  finally  by  poUshing  them  with  shave-^rass. 

'  The  most  extensive  deposits  of  meerschaum  in  Asia  Minor  (we  learn  from  the  iWy- 
teehnUcha  Centralblatt),  is  a  short  way  S.E.  &om  the  town  of  Eskischehr,  tha  ancient 
Dorylea,  the  population  of  which,  about  12,000  Armenians  and  Turks,  is  mostly 
engaged  in  the  working  and  sale  of  it.  It  is  brought  &om  the  galleries  of  pits  8  to  1& 
mitres  in  depth.  In  one  pit  there  will  be  40  to  SO  miners ;  and  these,  forming  a  society, 
share  the  profits  from  the  mineral.  The  size  of  the  stones,  which  are  generally  very 
irregular,  varies  from  that  of  a  nut,  to  a  cubic  foot  or  more.  The  mineral,  fresh  irom 
the  ground  is  covered  about  a  finger  thick  with  red  oily  earth,  and  is  so  soft  that  one 
can  cut  it  with  a  knife.  Its  preparation  is  slow  and  troublesome.  After  removal  of 
the  earth,  it  is  dried  5  to  6  days  in  the  sun  or  8  to  10  in  a  hot  chamber,  then  it  is 
cleaned  again  and  polished  with  wax.  Then  the  different  kinds,  of  which  there  are 
ten,  are  sorted  and  carefully  packed  with  wool  in  boxes.  By  cleaning  and  drying,  the 
stones  lose  about  two-thirjs  of  their  weight  and  volume.  The  largest  quantities  are 
sent  to  Austria  (Vienna)  and  Germany,  and  the  annual  export  is  about  8,000  to  10,000 
boxes,  representing  a  value  of  1,200,000  florins.  The  Turkish  Government  impose  a 
tax  of  12^  per  cent,  at  the  place  of  extraction  of  the  raw  material,  and  a  further  tax 
of  12^  per  cent,  on  the  sale. 

mxJUaXflB.  CHIT'  (C*H*jr*).  An  alkali  produced  from  melam  under  the 
influence  of  boiling  potash.  It  is  isomeric  with  eyanamide  from  which  it  may  be 
produced  by  the  action  of  heat.  Melam  is  obtained  by  the  distillation  of  sulphocya- 
nate  of  ammonia. 

axuiilTB.    (Eng.  and  Fr. ;  SbnffftleUt,  Oer.)    See  Ho>-KTEToiCK. 

HTBtiTiITXO  AOni,  which  is  associated  with  alumina  in  the  preceding  mineral, 
crystallises  in  small  colourless  needles,  is  without  smell,  of  a  strongly  acid  taste,  per- 
manent in  the  air,  soluble  in  water  and  alcohol,  as  also  in  boiling  hot  concentrated 
fulphnrie  add,  bat  is  decomposed  by  hot  nitric  acid,  and  consists  of  50-21  carbon  and 
49*79  o^gen.  It  is  carbonised  at  a  red  heat,  without  the  production  of  any  inflam- 
mable m.    See  Watts's  *  Dictionary  of  Chemistry.' 

m&KOn  (Syn.  SftUane)  is  a  compound  of  Carbon  and  nitrogen,  discovered 
by  M.  Liebig,  by  heating  bi-sulpho-cyanide  of  mercury.  The  meUone  remains  at  the 
bottom  of  the  retort  under  the  form  of  a  yellow  powder.  See'WVttta'B  'Dictionary 
of  Chemistry.' 

mMVrattt  P0TS>  or  CrudbUt.  The  best  crucibles  are  formed  fVom  a 
pure  fire-clay,  mixed  with  finely-ground  cement  of  old  crucibles  and  a  portion  of 
black  lead  or  graphite.  Some  pounded  coke  may  be  mixed  with  the  plumbago.  The 
clay  should  be  prepared  in  a  similar  way  as  for  making  pottery  ware ;  the  vessels, 
after  being  formed,  must  be  slowly  dried,  and  then  properly  baked  in  the  kiln.  Cra- 
dbles  fbrmed  of  a  mixture  of  8  parts  in  bulk  of  Stourbridge  clay  and  cement,  5  of 
coke,  and  4  of  graphite,  have  been  found  to  stand  20  meltings  of  76  pounds  of  iron 
each,  in  the  Boyal  Berlin  Foundry.  Such  crucibles  resisted  the  greatest  possible 
heat  that  could  be  produced,  in  which  even  wrought  iron  was  melted,  equal  to  150° 
or  166°  Wedgwood ;  and  bore  sudden  cooling  without  cracking. 

Another  compontion  for  brass-founding  crucibles  is  the  following :— i  Stourbridge 
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clay ;  i  bnraed-clay  eement ;  ^^ooke-powder ;  ^  pipeclay.  The  paiity  mass  must  be 
compressed  in  mornds.  The  Hessian  crucibles  nom  Oreat  Almerode  and  Epterode 
are  made  from  a  fire-clay  which  contains  a  little  iron,  but  no  lime ;  it  is  incorporated 
with  siliceous  sand.  The  dough  is  compressed  in  a  mould,  dried  and  strongly  kilned. 
They  stand  saline  and  leaden  fluxes  in  assaying  operationB  rery  well;  are  rather 
porous  on  account  of  the  coarseness  of  the  sand,  but  are  thereby  less  apt  to  crack 
from  sudden  heating  or  cooling.  They  melt  under  the  fusing-point  of  bar-iron. 
Beaufay  in  Paris  has  lately  succeeded  in  makins  a  tolerable  imitation  of  the  Hessian 
crucibles  with  a  fire-clay  found  near  Namur  in  the  Ardennes. 

Berthier  has  published   the  following  elaborate  analyses  of   several   kinds  of 
cmciblea: — 


EnglUh 

St-Ettenne 

Glaai- 

Bohemian 

Glasi- 

Silica  . 

Hearian 

Btanbqr 

for  cast 
■teol 

foroaat 
•tael 

pots  at 
Nemonn 

gUM- 

pote 

potsot 
Cmuot 

70-9 

64-6 

687 

6fi3 

67-4 

680 

680 

24-8 

88-4 

20-7 

26-0 

820 

290 

280 

Oxide  of  iron 

3-8 

10 

4-0 

72 

0-8 

2-2 

20 

Hagnesia    . 

tiaoe 

•  ■• 

trace 

trace 

0-6 

trace 

Water. 

••• 

•  •• 

IDS' 

... 

... 

... 

10 

Wuiznr  states  the  composition  <^  the  sand  and  clay  in  the  Hessian  crucibles 
as  follows : — 

Clay  ;  silica  10-1 ;  alumina  65'4 ;  oxides  of  iron  and  manganese  1-2 ;  lime  0*3 ;  water  28 
Sand;    „    96-6;        „        2-1 ;        „  „  16;    „    0-8 

The  composition  of  some  of  the  best  yarieties  of  fire-clay,  as  deduced  i^m  the 
analyses  of  Serthier  and  Salretat,  is  given  in  the  following  table : — 


Dried  at  112* 

Qraat  AlmeiDde  He*. 
Biaa  cmolb]e.clay 

Beaiifa;'B 
Department 
o(  Ardennes 

Brierley  HUl,  near 
Btonrtirldge 

BcUerdorf, 

near 

Paasan 

Berthier 

BolTetat) 

BertUer 

BertUer 

fialvetat 

SalTctat 

Hygrometric  water 
Combined  water  . 
SiUca  . 
Alumina 
Oxide  of  iron 
Xjime  .        .        . 
Magnesia     . 
Alkalis 

46-6 

84-9 

8-0 

0-48 

1400 

47-60 

84-87 

1-24 

0-60 

1-00 

trace 

19-0 

520 

270 

2-0 

10-3 

63-7 

20-7 

4-0 

17-'84 

45-25 

28-77 

7-72 

0-47 

■  •• 

0-50 

16-50 

45-79 

2810 

6-65 

200 

Quoted/rom  Knapp'i '  Tiehnology.' 

Mr.  0.  Cowper  has  analysed  the  clays  used  at  Birmingham  for  glass-pots.    His  re- 
sults were  as  follow : — 


Silica  .... 
Alumina      ... 
Oxide  of  iron 
Carbonate  cf  lime 

magnesia. 
Water. 

Total       .       . 

Intbedi7«tete 

In  the  ordinary  atate 

BeriiStonrbrldge 
pot  day 

Clay  from 

Uonmouth 

BestStoortnUge 
pot  day 

Clay  from 
Uonmonth 

70-6 

25-0 

2-0 

1-6 

trace 

••• 

80-1 

17-9 

1-0 

1-0 

63-8 

23-3 

1-8 

1-8 
trace 
10-0 

758 

16-8 

1-0 

0-9 

e'o 

100-0 

100-0 

100-0 

100-0 

Blaek4ead  crucibles  ore  made  of  two  parts  of  graphite  and  one  of  fire-day,  mixed 
with  water  into  a  paste,  pressed  in  moulds,  and  well  dried,  but  not  baked  bard  in  the 

■  This  onoible  had  been  analysed  before  being  baked  In  the  Ub 
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kfln.  They  bear*  higher  heat  than  the  Heasian  crndbles,  ae  \rell  aa  Budden  changee  of 
tempetatnra ;  hare  a  smooth  eoifooe,  and  are  therefore  preferred  by  thomelters  of  gold 
and  silrer.    Thie  compound  forma  excellent  small  or  portable  furnaces. 

The  emcibles  £rom  Pasiaa  or  Ipser  are  made  firam  one  part  plasdo  day  flrom 
Schildorf,  and  from  two  to  three  parts  of  an  impure  graphite,  irnieh,  according  to 
Bcartbier's  analysis,  consists  of— 

Carbon  .........  84 

Silica 41 

Alumina 15 

Oxide  of  iron 8 

Magnesia,  vater 2 

100 
Beithier  has  examined  the  emcibles  of  difbrent  districts ;  his  results  are  as  folloir : — 


Cmdhles  ftom  Qtob  Almerode 

Paris       .... 

„            SaTeignies  (Beau&y's)      . 

„            England  (for  Bteel)   . 

„            St  Etienna  (for  steel) 
Glass  pots  from  Nemonn 

„             Bohemia 

BtUoa 

Oxide  of 
Iron 

ICagneda 

70-9 
64-6 
72-8 
710 
66-2 
67-4 
680 

24-8 
84-4 
19-6 
230 
260 
32-0 
29-0 

8-8 
10 
8-9 
4-0 
7-2 
0-8 
2-2 

o-'i 

JSx.  Anstey  describes  his  patent  process  for  making  crucibles  as  follows : — Take 
tvo  parts  of  flne-ground  raw  Stourbridge  clay,  and  one  part  of  the  hardest  gas-coke, 
previoualy  pulrerised,  and  sifted  through  a  sieve  of  one-eighth  of  an  inch  mesh  (if  the 
coke  is  ground  too  fine,  the  pots  are  very  apt  to  crack).  Mix  the  ingredients  together 
with  the  proper  quantity  of  water,  and  tread  the  mass  well.  The  pot  is  moulded  by 
hand  upon  a  wooden  block,  supported  on  a  spindle  which  turns  in  a  hole  in  the  bench ; 
there  is  a  gauge  to  regulate  the  thickness  of  tiie  melting  pot,  and  acap  of  linen  or  cotton 
placed  wet  upon  the  core  before  the  clay  is  applied,  to  prevent  the  clay  from  sticking 
partially  to  uie  core,  in  the  taking-off;  the  cap  adheres  to  the  pot  only  while  wet,  and 
may  be  removed  without  trouble  or  hazard  when  dry.  He  employs  a  wooden  bat  to 
assist  in  moulding  the  pot ;  when  moulded,  it  is  carelUly  dried  at  a  gentle  heat.  A 
pot  dried  as  above,  when  -wanted  for  use,  is  first  warmed  by  the  fire-side,  and  is  then 
Laid  in  the  Aimace  with  the  mouth  downwards  (the  red  cokes  being  previously 
damped  -with  cold  ones  in  order  to  lessen  the  heat) ;  more  coke  is  then  thrown  in  till 
the  pot  is  covered,  and  it  is  now  brought  gradually  to  a  red  heat  The  pot  is  next 
turned  and  fixed  in  a  proper  position  in  the  sur&ce,  without  being  allowed  to  cool, 
and  is  then  charged  -with  cold  iron,  so  that  the  metal,  when  melted,  shall  have  its  sur- 
face a  little  below  the  mouth  of  the  pot.  The  iron  is  melted  in  about  an  hour  and  a 
half^  and  no  flux  or  addition  of  any  kind  is  made  use  of.  A  pot  will  last  for  fourteen 
or  even  eighteen  successive  meltings,  provided  it  is  not  allowed  to  cool  in  the  intervals ; 
but  if  it  is  cool,  will  probably  crack.  Hess  pots,  it  is  said,  can  bear  a  greater  heat 
than  others  inthout  softening,  and  will,  consequently,  deliver  the  metal  in  a  more  fluid 
state  tlian  the  beet  Birmingliam  pots  will. 

The  Cornish  crucible  has  been  long  known,  and  valued  for  all  assaying  purposes. 
They  are  prepared  in  large  quantities  for  the  ordinary  assays  made  in  the  coun^,  and 
are  exported  in  considerable  numbers.  The  base  of  these  crucibles  is  the  Poole  and 
Stourbridge  clay,  which  is  mixed  -with  a  certain  proportion  of  sand  obtained  from 
St  Agnes,  and  ground  pots. 

Br.  Percy  lias  &vonred  us  with  his  analysis  of  tlie  Cornish  crudble : — 

Siliea 72-29 

AluBuna 2fi-82 

Peroxide  of  iron 1-07 

lime 0*38 

Magnesia    •       .               .....  trace 

Potadi. 1-14 

mrAOOAJnTB.  An  ore  of  titanium,  found  in  the  bed  of  a  rivulet  which  flows 
into  the  valley  of  Menaccan  in  ComwalL 

aontOintT,  m  Qmckrilver.  This  metal  is  distinguished  by  its  fluidity  at  com- 
mon temperatniea;  its  specific  gravity- 13-6 ;  its  silver-blue  lustre ;  and  its  extreme 
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mobility.  A  cold  of  39°  below  zero  of  EeJueslieit,  or  —Mf  Cent,  is  nqwied  for  itt 
congelation,  in  which  state  ita  density  is  increased  in  the  proportion  of  10  to  9,  or  it 
becomes  of  specific  gravity  IS'O.  At  a  temperature  of  <i62°  F.it  boils  and  distils  off  in 
an  elastic  vapour  of  specific  gravity  6*976,  which,  being  condensed  by  cold,  forms  puri- 
rifled  mercnry. 

Mercniy  combines  with  great  readiness  with  gold,  silver,  tine,  tin,  and  bismuth, 
forming,  in  certain  proportions,  fluid  solution  of  tiieae  metals.  Snch  mercurial  alloys 
are  called  amalgarm.-  This  property  is  extensively  employed  in  many  arts ;  as  in  ex- 
tracting gold  and  silver  from  their  ores ;  in  gilding,  plating,  making  loolung-glasses, 
&C.  (See  Amau>au.)  Humboldt  estimates  at  ie,UUU  qdntals.  of  100  lbs.  each, 
the  quantity  of  mercury  annually  employed  in  the  treatment  of  the  ores  of  the  mines 
of  New  Spain ;  three-fourths  of  which  came  &om  European  mines. 

The  mercurial  ores  belong  principally  to  the  following  four  species : — 

1.  Ngtive  fuicknlver. — It  occurs  in  most  of  the  mines  of  the  other  mercurial  ores, 
in  the  form  of  small  drops  attached  to  the  rocks,  or  lodged  in  the  crevices  of  other  ores. 

2.  Native  silver  amalgam. — It  has  a  silrer-white  colour,  and  is  more  or  less  soft, 
according  to  the  proportion  which  the  mercury  bears  to  the  silver.  Its  density  is 
sometimes  so  high  as  14.  A  moderate  heat  dissipates  the  mercury,  and  leaves  the 
silver.  Klaproth  states  its  constituents  at  silver  86,  and  mercury  64,  in  100 ;  but 
Cordier  makes  them  to  be,  27i  silver  and  72i  mercury.  It  occurs  crystallised  in 
the  cubic  system.  It  has  been  found  in  the  territory  of  Deux-Ponts  ;  at  Rosenau  and 
Niderstana,  in  Hungary,  in  a  canton  of  Tyrol,  at  Sala  in  Sweden,  at  Kolyvan  in 
Siberia,  and  at  Allemont  in  Dauphiny ;  in  small  quantity  at  Almoden  in  Spain,  and  at 
Idria  in  Camiola.  In  the  rich  silver  mines  of  Arqueros,  near  Coquimbo,  diis  mineral 
occurs,  having  the  composition,  silver  86-49,  mercury  18-51.  This  is  the  arguerite  of 
Domeyko.  By  the  chemical  union  of  the  mercury  with  the  silver,  the  amalgam,  which 
should  by  calculation  have  a  specific  gravity  of  only  12-5,  acquires  that  of  14'11. 

See  AXALQAK ;   AsarEBITE. 

3.  Sulphide  of  Mercury,  commonly  called  Cinnabar,  is  a  red  mineral  of  various 
shades;  burning  at  the  blowpipe  with  a  blue  flame,  volatilising  entirely  with  the  smell 
of  burning  sulphur,  and  giving  a  quicksilver  coating  to  a  plate  of  copper  held  in  the 
fumes.  Even  the  powder  of  cinnabar  rubbed  on  copper  whitens  it.  Its  density  varies 
tiom  6-9  to  10-2.  It  becomes  negatively  electrical  by  friction.  Analysed  by  Klaproth, 
it  was  found  to  consist  of  mercury  84-5,  sulphtir  1475.  Its  composition,  viewed  as  a 
bisulphuret  of  mercury,  is,  mercury  86-2,  sulphur  I3'8.  Its  chioT  localities  are  Idria, 
in  Cuniola ;  Almaden,  in  Spain ;  and  New  Almaden,  in  California.  It  is  found  also 
at  Wolfstein,  in  Bhenish  Bavaria ;  in  Saxony,  in  the  Hartz ;  in  Carinthia,  Styria, 
Bohemia,  Hungary,  and  Tuscany  ;  in  the  Ural  and  Altai ;  in  China,  Japan,  Queensland, 
Hexico,  and  Peru.    See  CnmABAB. 

A  bituminous  sulphide  of  mercury  appears  to  be  the  base  of  the  great  exploration  of 
Idria ;  it  is  of  a  dark  liver-red  hue,  and  of  a  slaty  texture,  with  straight  or  twisted 
plates.  It  exists  in  large  masses  io  the  bituminous  schists  of  Idria.  H.  Berard 
mentions  also  the  locality  of  Miinster-Appel,  in  the  duchy  of  Deux-Ponts,  where  the 
ore  includes  impressions  of  fishes,  curiously  spotted  with  cinnabar. 

The  compact  variety  of  Idria  ore  seems  very  complex  in  composition,  according 
to  the  following  analysis  of  Klaproth: — ^Mercury,  81-8;  sulphur,  13-75;  carbon,  2-3; 
silica,  0-65 ;  alumina,  0'6S ;  oxide  of  iron,  0-20 ;  copper,  0*02 ;  water,  0-78 ;  in  100 
parts.  M.  Berard  mentions  another  variety  from  the  Palatinate,  which  yields  a  large 
quantity  of  bitumen  by  distillation ;  and  it  was  present  in  all  the  specimens  of  these 
ores  analysed  by  Dr.  Ure  for  the  Ckrman  Hines  Company.  At  Iiuia  and  Almaden 
the  sulphides  are  extremely  rich  in  mercury. 

4.  dkloride  ef  mercury,  or  Native  Calomd,  commonly  called  Sim-mercury.  This 
mineral,  which  is  very  rare,  occurs  in  very  small  crystals  of  a  pearl-grey  or  greenish- 
grey  odour,  or  in  small  nipples  which  stud,  like  crystals,  the  cavities,  fissures, 
or  geodes  among  the  ferruginous  gangues  of  the  other  ores  of  morcury.  It  is  brittle, 
and  entirely  volatile  at  the  blowpipe ;  characters  which  distinguish  it  from  horn 
silver.    See  Caiximel. 

Ores  of  mercury  are  found  in  rocks  of  almost  every  geological  age.  At  Almaden, 
in  Spain,  they  occur  in  deposits  at  the  contact  of  Silurian  slates  -with  a  metamorphic 
rock  locally  called  JrayUaca.  At  Bipa,  in  Tuscany,  the  veins  traverse  mica-slate. 
The  deposits  at  Denx-Fonts,  or  Zweibiiicken,  in  the  Palatinate,  are  said  to  be  in  red 
sandstones  of  Permian  age,  and  -in  the  eeehetein,  or  magnosian  limestone.  At  Idria, 
in  Camiola,  the  ores  are  disseminated  through  shales  and  black  compact  limestones 
of  the  Jurassic  period;  and  at  New  Almaden,  in  California,  the  rocks  ccntaining  the 
cinnabar  belong  to  the  Cretaceous  period.  Cinnabar  is  now  in  course  of  formation  in 
some  of  the  siliceous  deposits  thrown  down  from  the  hot  springs  of  California  and 
Nevada. 
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Th«  great  mines  of  Idria  is  Fiinli,  in  the  oonntjr  of  Goritz,  were  discorered  in 
1497,  and  the  principal  ore  mined  there  is  the  bitnminoas  cinnabar .  The  workings 
of  this  mine  have  been  pushed  beyond  the  depth  of  280  yards.  The  product  in  quidc- 
silrer  night  easily  amount  annually  to  6,000  metrical  quintals  =  600  tons  British ;  but, 
in  Older  to  uphold  the  price  of  the  metal,  the  Austrian  Ooremment  has  restricted  the 
production  to  160  tons.  The  memorable  fire  of  1803  was  most  disastrous  to  these 
ininee.  It  was  extinguished  only  by  drowning  all  the  underground  workings.  The 
sublimed  mercury  in  this  catastrophe  occasioned  diseases  and  nervous  tremblings  to 
more  than  900  persons  in  the  neighbourhood. 

The  mines  of  Almaden  according  to  Pliny  supplied  the  Oreeks  with  red  cinnabar  700 
years  before  the  Christian  era ;  and  Borne,  in  his  time,  annually  received  700,000 
pounds  from  the  same  mines.  Since  1827,  the  Almaden  mines  have  produced  22,000 
cwts,  of  mercury  every  year,  with  a  corps  of  700  miners  and  200  smelters ;  and, 
indeed,  the  veins  are  so  extremely  rich,  that  though  they  have  been  worked  pretty 
constantly  during  so  many  centuries,  the  mines  have  hardly  reached  the  depth  <n 
330  yards,  or  something  less  than  1,000  feet.  The  lode  actually  under  exploration 
is  ficom  14  to  16  yards  thick,  and  it  becomes  thicker  still  at  the  crossing  of  the  veins. 
The  ores  yield  in  their  smiting  works  only  10  per  cent,  upon  an  average ;  but  there 
is  no  doubt,  that  nearly  one-half  of  the  quicksilver  is  lost,  and  dispersed  in  the  air,  to 
the  great  injury  of  the  workmen's  health,  in  consequence  of  the  barbarons  apparatus 
of  aludels  employed  in  its  sublimation ;  an  apparatus  which  has  remained  without 
any  material  change  for  the  better  since  the  days  of  the  Moorish  dominion  in  Spain. 
M.  Le  Flay,  who  published,  in  the  Annala  dea  Miaa,  his  Itinirttire  to  Almaden,  says, 
that  the  mercurial  contents  of  the  ores  are  rwtablemtnt  plus  ilcviei  than  the  product. 

These  veins  extend  all  the  way  from  the  town  of  Cnillon  to  Almadenejos.  Upon 
the  borders  of  the  streamlet  Balde  Alogues,  a  black  slate  is  also  mined  which  is  abun- 
dantly impregnated  with  metallic  mercury. 

These  celebrated  mines,  near  to  which  lis  those  of  la*  Cttebat  and  of  Ahnaden^ot, 
after  having  been  the  property  of  the  religious  knights  of  Cdatrava,  who  had  assisted 
in  enelling  the  Moors,  were  &rmed  off  to  the  celebrated  Fugger  merchants  of 
Augsburg;  and  afterwards  explored  on  account  of  the  government,  from  the  data 
of  1646.  Their  produce  was,  till  ver^  lately,  entirely  appropriated  to  the  treatment 
of  the  gold  and  silver  ores  of  the  ITew  World. 

The  mines  of  the  Palatinate,  situated  on  the  left  bank  of  the  Bhine,  though  they 
do  not  approach  in  richness  and  importance  to  those  of  Idria  and  Almaden,  merit, 
however,  aU  the  attention  of  the  government  that  &rms  them  out.  They  are  nu- 
merous, and  varied  in  geological  position.  Those  of  Drey-Konigszug,  at  Fotzberg, 
near  Knssel,  deserve  particular  notice.  The  workings  have  reached  a  depth  of  more 
than  220  yards ;  the  ore  being  a  sandstone  strongly  impregnated  with  sulphuret 
of  mercury.    The  produce  of  these  mines  is  estimated  at  about  30  tons  per  annum. 

There  are  also  in  Hungary,  Bohemia,  and  several  other  parts  of  Germany,  some 
inconsiderable  mines  of  mercury,  the  total  produce  of  which  is  valued  at  about  80  or 
40  tons  on  an  average  of  several  years. 

The  mines  of  Hnancavelica,  in  Pern,  are  the  more  interesting,  as  their  products  are 
directly  employed  in  treating  the  ores  of  gold  and  silver  which  abound  in  that  portion 
of  America.  These  qnicksilTer  mines  have  been  explored  since.  1670,  the  actual  pro- 
dace  of  the  explorations  being,  according  to  Helms,  about  the  beginning  of  this 
century,  from  170  to  180  tons  per  annum. 

In  1782  recourse  was  had  by  the  South  American  miners  to  the  mercoiy  extracted 
in  the  province  of  Tun-nan,  in  China. 

The  mercurial  mines  of  California  are  thus  described  by  Dr.  Tobin : — 

'  That  part  of  California  where  I  have  been  residing,  and  that  which  I  have  just 
vimted,  consists  of  three  long  ranges  of  trap  mountains,  with  two  wide  valleys  dividing 
them,  the  valley  of  the  San  Joaquin,  and  the  valley  of  Santa  Clara.  Kear  this  last 
place  are  the  quicksilver  mines  of  New  Almaden,  where  I  have  been  working.  The 
matrix  of  the  cinnabar  ore  is  the  same  trap  of  which  the  mountain  ranges  are  com 
posed,  and  as  yet  only  one  great  deposit  of  this  ore  has  been  found,  though  traeet 
of  quicksilver  ores  have  been  discovered  in  other  places.  The  ores  are  composed 
solely  of  sulphuret  of  mercury  (averaging  36  per  cent.),  red  oxide  of  iron,  and  silica ; 
and,  had  the  mine  been  properly  worked  from  the  commencement,  almost  any  quan- 
tity of  ore  might  be  extracted ;  it  now,  however,  more  resembles  a  gpgantic  rabbit- 
warren  than  a  mine.  Its  greatest  depth  is  about  ISO  feet,  and  the  weekly  extraction 
of  ores  varies  from  100  to  160  tons.  16  cylinders  are  at  work,  producing  1,400  to 
1,600  lbs.  daily. 

Mr.  Bussell  Bartlett,  the  United  States  Commissioner  on  the  Mexican  and  United 
States  Boundary  Question,  who  visited  California  in  1853,  states  that  the  quantity  of 
Vilcksilvcr  produced  annnaUy  at  New  Almaden,  exceeds  1,000,000  lbs.    During  the 
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year  1868  the  total  ezporta  from  San  Francisco  amounted  to  1,350,000  lbs.,  valued  at 
683,189  dollars.  All  this,  tof^^er  vitE  the  large  amount  used  in  California,  was  the 
product  of  the  New  Almaden  mine  in  the  Santa  Clara  county,  13  miles  from  the  town 
of  San  Jo«^  which  is  64  miles  from  the  city  of  San  Fraudsco.  The  woiUng  of  the 
mine  was  beg:un  in  the  year  1840-7  by  an  English  company,  but  for  some  reasons 
was  not  profitable ;  in  1849-60  it  fell  into  American  hands. 

The  analysis  compared  with  that  of  the  Old  Almaden  ore  furnished  the  following 
results  to  Hr.  Beal^  (*  Quarterly  Journal  of  Chemical  Society,'  vol.  iv.)  :— 

Kew  Almaden  Old  Almaden 

Mercury 60-90  87-79 

Sulphur 11-29  16-22 

Iron 1-28  10-86 

Lime 1-40  36'12  silica  and  alumina. 

Alumina 0*61  — 

Hagnesia 0-49  — 

Silica 14-41  — 

Loss -67  '61 


100-00  100-00 

IVodiieUon  qf  QuieitUver  m  CaUfonua. 


New  Almaden  Mine 
New  Idria  Mine 
Bedington  Mine 
Sundry  other  mines . 

Total 

18«8 

18M 

1870 

lOTl 

187J 

1S71 

25,600 

12,300 

8,700 

2,100 

flasks 

17,000 

10,460 

6,000 

1,160 

flasks 

14,000 

10,000 

4,646 

1.000 

flasks 
18,763 
9,227 
2,128 
1.768 

flasks 

17,763 
8.697 
2,466 
1,60.0 

flasks 
12,000 
7.600 
4,200 
4,800 

48,700 

83,600 

29,646 

31,881 

80,306 

28,600 

MflaUurgy  of  Qukkiilver. — The  metallurgic  treatment  of  the  qnickailrer  ores  is 
tolerably  simple.  In  general,  when  the  sulpnnret  of  mercnir,  the  most  common  ore, 
has  been  pulverised,  and  sometimes  washed,  it  is  inttoduoed  into  retorts  of  cast  iron, 
sheet  iron,  or  even  stoneware,  in  miztnre  with  an  equal  weight  of  quicklime.  These 
retorts  are  arranged  in  various  ways. 

Prior  to  the  17th  century,  the  method  called  per  deteuuum  was  the  only  one  in  use 
for  distilling  mercury ;  and  it  was  effected  by  means  of  two  earthen  pots  a(^'nsted 
over  each  ot£er.  The  upper  pot,  filled  with  ore,  and  closed  at  the  top,  was  covered 
over  with  burning  fuel ;  and  the  mercurial  vapours  expelled  by  the  heat,  passed  down 
through  small  holes  at  the  bottom  of  the  pot,  to  be  condensed  in  another  vessel  placed 
below.  However  convenient  this  apparatus  might  be,  on  aooonnt  of  the  facility  of 
transporting  it,  wherever  the  ore  was  found,  its  inefficiency  and  the  losses  it  occa- 
sioned were  eventually  recognised.  Hence,  before  1635,  some  smelting  works  of 
the  Palatinate,  had  given  up  the  method  ^  deaemtam,  which  was,  however,  still 
retained  in  Idria ;  and  they  substituted  for  it  the  furnaces  called  galleriei.  At  first 
earthenware  retorts  were  employed  in  these  furnaces ;  but  they  were  soon  succeeded 
by  iron  retorts.  In  the  Palatinate  this  mode  of  operating  is  still  in  use.  At  Idria, 
in  the  year  1760,  a  great  distillatory  apparatus  was  established  for  the  treatment 
of  the  mercurial  ores,  in  imitation  of  those  which  previously  existed  at  Almaden, 
in  Spain,  and  called  aluM-fitmacet.  But,  since  1794,  these  aludels  have  been 
suppressed,  and  new  distillatory  apparatus  have  been  constructed  at  Idria,  remark- 
able only  for  their  magnitude ;  exceeding,  in  this  respect,  every  other  metallnigie 
erection. 

There  exist,  therefore,  three  kinds  of  ajnnratns  for  the 
distillation  of  mercury:  1,  the  ftaiaca  (»lled  a  gdUery; 
2,  the  furnace  with  (dvddt;  and  8,  the  large  apparatue 
of  Idria.  Vfe  shall  deaeribe  each  of  these  briefly,  in  sac- 
cession. 

1.  Furnace  caUed  Gallery  qf  the  Palaiinai». — The  con* 
'.^  struction  of  this  furnace  is  disposed  so  as  to  contain  four 
ranges,  aa',b  b',  of  large  retorts,  styled  cucurbits,  of  cast 
,'  iron,  in  which  the  ore  of  mercury  is  subjected  to  distilla- 

tion. This  arrangement  is  shown  in  fig.  1482,  which 
presents  a  vertical  section  in  the  line  ai  of  tiie  ground  plan,  fig.  1438.  In  the 
ground  plan,  the  loof  ««,  of  the  furnace  (fig.  1432)  is  supposed  to  be  lifted  oC^ 
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in  Older  to  show  the  dJBuoaition  of  the  fonr  langea  of  encsibits  upon-  the  grata 

'/i  Jy*-  1432,  1484,  which  receiTes  the  pit-coal  employed  as  fueL     Under  this 

grate  extends  an  ash-pit.     d, 

fig.    1434,   -which   exhibits  an  **** 

eleyation  of  the  ftmiace,  points 

oat  this  ash-pit,  as  veil  as  one 

of  the  two  doors  e,  by  which 

the  fael  is  thrown  upon  the 

grate  e  f.      Openings  ee  (Jig. 

1432)  are  left  over  the  top  arch 

of  the    furnace,   whereby   the 

dranght  of  air  may  receive  a 

soitable  direction.     The  grate  of  the  fireplace  extends 

over  the  whole  length  of  Sie  furnace,  yi^.  1433,  from  the 

door  e  to  the  door  /,  situated  at  the  opposite  extremity. 

The  furnace  called  gaUeiy  includes  commonly  30  cucurbits, 

and  in  some  establishments  even  52.    Into  each  are  intzo- 

duced  from  56  to  70  pounds  of  ore,  and  15  to  18  pounds 

of  quicklime,  a  mixture  which  fills  no  mora  than  two-thirds 

of  the  cucurbit ;  to  the  neck  a  stoneware  receiver  is  adapted, 

containing  water  to  half  its  height;     The  fire,  at  first 

moderate,  is  eventually  pushed,  tiU  the  cucurbits  are  red  hot.    The  operation  beinsr 

concluded,  the  contents  of  the  receivers  are  poured  out  into  a  wooden'  bowl  placed 

npon  a  plank  above  a  bucket ;  the  quicksilver  falls  to  the  bottom  of  the  bowl,  and  the 

water  draws  over  the  hlaek  menvry,  for  so  the  substance  that  coats  the  inside  of  the 

receivers  is  called.    This  is  considered  to  be  a  mixture  of  sulphide  and  oxide  of 

mercury.    The  Hack  merctay,  taken  out  of  the  tub  and  dried,  is  distilled  anew  with 

excess  of  lime :  after  which  the  residuum  in  the  retorts  is  thrown  away  as  useless. 

2.  Ahidel-furnacu  of  AlTnaden.—Fig».  1435  to  1438  represent  the  great  furnaces 
with  alndela  in  use  at  Almaden,  and 
anciently  in  Idria;  for  between  the 
two  estabUshments  there  was  in  fact 
little  difierence  before  the  year  1794. 
Fig:  1435  and  1438  present  two 
vertical  sections ;  figi.  1436  and  1437 
are  two  ^ns  of  two  similar  fur- 
naces, coqoined  in  one  body  of  brick- 
work. In  the  four  figures  the  follow- 
ing objects  are  to  be  remarked:  a 
door  0,  by  which  the  wood  is  intro- 
duced into  the  fire-place  b.  This  is 
perforated  with  holes  for  the  passage 
of  air;  the  ash-pit  c,  is  seen  bensa^. 
An  upper  chamber  d,  coatains  the 
mercurial  ores  distributed  upon  open 
arches,  which  form  the  perfotsted 
sole  of  this  chamber.  Immediately 
over  these  arches,  there  are  piled  up 
in  a  dome  form,  large  blocks  of  a 
limestone,  very  poor  in  quicksilver 
ore ;  above  these  are  laid  blocks  of  a 
smaller  size,  llien  ores  of  rather- in- 
fgrior  quality,  and  stamped  ores  mixed 
with  richer  minerals.  Lastly,  the 
whole  is  covered  up  with  soft  bricks. 
formed  of  clay  kneaded  with  ScUieh, 
and  with  small  pieces  of  sulphide  of  mercury.  Six  ranges  of  aludels  or  stoneware 
tubes//,  of  a  pear  shape,  luted  together  with  clay,  are  mounted  in  front  of  each  of 
the  two  furnaces  on  a  double  sloping  terrace,  having  in  its  lowest  middle  line  two 
gutters  t,  e,  a  little  inclined  towards  the  intermediate  wall  ffi.  In  each  range  tha 
alndel placed  at  the  line  tmv,Jja.  1436,  that  is  to  say  at  the  lowest  point,:^,  fi^t.  1435, 
1438, 18  pierced  with  a  hole.  Thereby  the  mercury  which  had  been  volatilised  in  d, 
if  it  be  already  condensed  by  the  cooling  in  the  series  of  aludels  fg,  may  pass  into 
the'  corresponding  gutter,  next  into  the  hole  m,  fig.  1436,  and  after  that  into  the 
wooden  pipes  h  li/,fig.  1435,  which  conduct  it  across  the  masonry  of  the  terrace  into 
cisterns  filled  wiUi  water ;  see  q,  fig.  1437,  which  is  the  plan  oifiq.  1438. 

The  portion  of  mercury  not  condensed  in  the  range  of  aludels, /y,  which  is  the  most 
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consideraUe,  goes  in  the  state  of  vapour  into  a  chamber  k ;  but  in  passing  nnder  a 
partition  /  /,  a  certain  portion  is  deposited  in  a  cistern  «',  filled  with  vater.    ^e  greater 

1437 
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part  of  the  vaponrs  diffused  in  the  chamber  ^  is  thereby  condensed,  and  the  mercurjr 
falls  dom  upon  the  two  inclined  planes  which  form  its  bottom.    What  may  still  exist 


as  vapour  passes  into  annpper  chamber  X-'bya  small  chimney  n.  On  one  of  the  sides 
of  this  chamber  there  is  a  shutter  which  may  be  opened  at  pleasure  from  below  up- 
wards, and  beneath  this  shutter  there  is  a  gutter  into  which  a  notable  quantity  of 
mercury  collects.  Much  of  it  is  also  found  condensed  in  the  aludels.  These  facts 
prove  that  this  process  has  inconveniences,  which  have  been  tried  to  be  remedied  by 
the  more  extensive  but  rather  unchemical  grand  apparatus  of  Idria. 

SetaiU  of  the  Mudel  Ajtparatus. — 26  aludels  are  set  in  each  of  the  12  ranges,  seen  in 
figt.  1437, 1438,  constituting  300  pear-shaped  stoneware  vessels,  open  at  both  ends,  being 
merely  thrust  into  one  another,  and  luted  with  loam,  a,  is  the  door  of  the  fira-place ; 
c,  the  perforated  arches  upon  which  the  ore  is  piled  in  the  chamber  e,  through  the 
door  d,  and  an  orifice  at  top ;  the  latter  being  closed  during  the  distillation  ;  f/are 
vents  for  conducting  the  mercurial  vapours  into  two  chambers  t,  separated  by  a  tri- 
angular body  of  masonry  m«;  A  is  the  smoke-chimney  of  the  fire-place;  oo  are  the 
ranges  of  aludels,  in  connection  with  the  chamber  t,  which  are  laid  slantingly  towards 
the  gutter  ;,  upon  the  double  inclined  plane  terrace,  and  terminate  in  the  chamber  A  a ; 
this  being  surmounted  by  two  chimneys  t.  The  mercury  is  collected  in  these  aludels 
and  in  the  basins  at  ;  and  p,  Jig.  1437-  r  is  a  thin  stone  partition  set  up  between  the 
two  principal  walls  of  each  of  the  furnaces.  «  is  the  stair  of  the  aludel  terrace, 
leading  to  the  platform  which  surmounts  the  furnace ;  £  is  a  gutter  for  conducting 
away  the  rains  which  may  &11  upon  the  buildings,./!^.  1438. 

3.  Great  Apparatus  of  Idria. — Before  entering  into  detuls  of  this  laboiatoiy,  it  will 
not  be  useless  to  state  the  metallorgic  classification  of  the  ores  treated  in  it :  1.  The 
ores  in  largo  blocks,  fragments,  or  shivers,  whose  size  varies  from  a  cubic  foot  to  Uiat 
of  a  nut    2.  The  smaller  ores,  from  the  size  of  a  nut  to  that  of  grains  of  dnst. 

The  first  class  of  large  ores  comprises  three  subdivisions,  namely :  a,  blocks  of 
metalliferous  rocks,  which  is  the  most  abundant  and  poorest  species  of  ore,  aSbrd- 
ing  only  1  per  cent,  of  mercury ;  b,  the  massive  sulphide  of  mercury,  the  richest  and 
rarest  ore,  yielding  80  per  cent,  when  it  is  picked ;  c,  the  fragments  or  splinters 
proceeding  from  the  breaking  and  sorting,  and  which  vary  in  value  from  1  to  40  per 
cent. 

The  second  class  of  small  ores  comprises:  d,  the  fragments  or  shivers  extracted  from 
the  mine  in  the  state  of  little  pieces,  affording  from  10  to  12  per  cent. ;  e,  the  kernels 
of  ore  separated  on  the  sieve,  yielding  32  per  cent. ;  /,  the  sands  and  paste  called 
tcUieh,  obtained  in  the  treatment  of  the  poorest  ores,  by  means  of  the  stamps  and 
washing  tables  ;  100  parts  of  this  achlich  give  at  least  8  of  quicksilver. 

The  general  aspect  of  the  apparatus  is  indicated  by  fyt,  1439, 1440, 1441,  sod  1442. 
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In  these  three  figures  the  followiog  objects 
1439  ■ 


t^.  1441  i^resentsthe  exterior,  but  only  one  half,  which  is  enough,  as  it  resembles 
euctly  the  other,  which  ia  not  shown, 
may  be  distinguished  :  fgt.  1439, 
1440,  a,  door  of  the  fire-place;  b, 
the  fkimaee  in  which  beech-wood  is 
bnmed  mixed  with  a  little  fir- wood ; 
c,  door  of  the  ash-pit,  extended  be- 
neath ;  d,  a  space  in  which  the  ores 
are  deposited  upon  the  seven  arches, 
1  to  7,  as  indicated  in  fys.  1439 
and  1442 ;  e  e  brick  tnnnels,  by  which 
the  smoke  of  the  fuel  and  the  Ta- 
pours  of  mercury  pass,  on  the  one  side,  into  snccessire  chambers/jl;. 

fg  hijkl  are  passages  which  permit  the  circulation  of  the  vapours  from  the  furnace 
<ibcd,Xo  the  chimneys  2  2.  Figi.  1439  and  1440  exhibit  clearly  the  distribution  of 
these  openings  on  each  side  of  Uie  same  furnace,  and  in  c»ch  half  of  the  apparatus, 
which  m  doable,  as  fig.  1440  shows;  the  spaces  without  letters  being  in  every  respect 
similar  to  \b.t  spaces  mentioned  below.    Fig.  1440  is  doable  the  scale  of  ^.  1439. 


1442 


nitl,fig.  1440,  are  basins  of  reception,  distributed  before  the  doors  of  eachof  the 
chambers/*/ if.  The  condensed  mercury  which  fiows  out  of  the  chambers  is  con- 
veyed thiUier.  n »'  is  a  trench  into  which  the  mercury,  after  being  lifted  into  the 
basics  m,  is  poured,  so  that  it  may  run  towards  a  common  chamber  o,  in  the  slopinjg 
direction  indicated  by  the  arrows,  o  leads  to  the  chamber  v^ere  the  mercury  is 
received  into  a  porphyry  trough ;  out  of  which  it  is  laded  and  packed  up  in  portions  of 
60  or  100  lbs,  in  sheep-skins  prepared  with  alum. 
fjf,  fig.  1430,  are  vaulted  arches,  throueh  which  a 
dieulation  may  go  on  round  the  furnace  ah c d,  on  the 
gioand  leveL  qqaxe  the  vaults  of  the  upper  stories. 
**  f't  fig.  1 44 1 ,  vaults  which  permit  access  to  the  tunnels 
/«",J!y.  1442. 

««'  and  tt,fig.  1441,  are  the  doors  of  the  chambers 
Jk  and  fV,     These  openings  are  shut  daring  the 
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distillation  by  wooden  doors  fisced  with  iron,  and  luted  with  a  mortar  of  clay  and 
lime,  u  u'  is  the  door  of  the  vaults  1  to  7  of  the  furnace  represented  in  fig.  1439. 
These  openings  are  hermetically  shut,  like  the  preceding,  v  v.fig.  1439,  are  superior 
openings  of  the  chambers,  closed  during  the  operation  by  luted  plugs ;  they  are 
opened  afterwords  to  facilitate  the  cooling  of  the  apparatus,  and  to  collect  the 
mercurial  soot  xj/x,  fig.  1 442,  ore  floors  which  correspond  to  the  doors  u »',  of  the 
vaults  1  to  7,  fig.  1441.  These  floors  are  reached  by  Etairs  set  up  in  the  different 
parts  of  the  buUding  which  contains  the  whole  apparatus. 
On  tlM  lower  arches  tiie  largest  blocks  of  metalliferous  rock  are  laid,  over  theM 
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the  leas  bulky  fragments  are  aimnged,  which  are  eovand  iritli  the  shiTen  and  pi«cM 
of  less  dimension.  On  the  middle  vaults,  the  small  ore  is  placed,  distributed  in 
cylindrical  pipkins  of  earthenware,  of  10  inches  diameter  and  6  inches  depth.  The 
upper  Taolta  receive  likewise  pipkins  filled  with  the  sands  and  pastes  called  ichlicA. 

In  3  honrs,  by  the  labours  of  10  men,  the  two  donble  sets  of  apparatus  are  charged, 
and  all  the  apertures  are  dosed.  A  quick  fire  of  beech-wood  is  then  kindled,  and 
when  the  whole  mass  has  become  sufficiently  heated,  the  snli^uret  of  mereniy 
begins  to  vaporise ;  coming  into  contact  with  the  portion  of  oxygen  which  had  not 
been  carbonised  by  combustion,  its  sulphur  bums  into  sulphurous  add,  while  th* 
merenry  becomes  free,  passes  with  the  other  vapours  into  the  chambers  for  condensing 
it,  and  pndmtates  in  the  liquid  form  at  a  greater  or  lees  distance  firom  the  fire-place. 
The  wails  of  the  chambers  and  the  floors,  with  which  their  lower  portion  is  oovered, 
axe  soon  coated  over  with  a  black  mercurial  soot,  which,  being  treated  anew,  furnishes 
60  per  cent,  of  mercuiy.  The  distillation  lasts  from  10  to  12  honrs ;  during  which 
time  the  whole  furnace  is  kept  at  a  cherry-red  heat>  A  complete  chaige  for  the  two 
donble  apparatus  consists  of  &om  1,000  to  1,300  quintals  of  ore,  whidi  produce  ttam 
80  to  90  quintals  of  running  mercury.  The  tainace  takes  from  5  to  6  days  to  cool, 
according  to  the  state  of  the  weather;  and  if  to  that  period  be  added  the  time  re- 
quisite for  withdrawing  the  residnums,  and  attending  to  such  repairs  as  the  fhmaee 
may  need,  it  is  obvious  that  only  one  distiliation  can  be  performed  in  the  oonrse  of  a 
week. 

It  has  been  long  well  known,  that  qniduilTeir  may  be  most  readily  eximcted  from 
cinnabar,  by  heating  it  in  contact  with  quicklime.  The  sulphur  of  ue  dnnabar  com- 
bines, by  virtue  of  a  superior  affinity  with  the  lime,  to  the  exclusion  of  the  quicksilver, 
to  form  sulphide  of  csldum,  which  being  fixed,  remains  in  the  retort,  while  the  mer- 
cury is  volatilised  by  the  heat.  In  a  few  places,  HammencUag,  or  the  iron  cinder 
driven  off  fixnn  the  blooms  by  the  tilting  hammer,  has  been  used  instead  of  lime  jn 
the  reduction  of  this  meicnriiJ  ore,  whereby  sulphurous  add  and  sulphide  of  iron 
are  formed. 

The  modes  practised  at  Almaden  and  Idria  are  far  from  economical;  the  ores 
being  heated  upon  open  arches,  and  the  vapours  attempted  to  be  condensed  1^  endosing 
them  within  brick  or  stone  and  mortar  walls,  which  can  never  be  rendered  nther 
snffidently  tight  or  cool. 

To  obviate  all  these  inocmvenienees  and  sources  of  loss,  the  proper  chemical  arran^ 
ments  suited  to  the  present  improved  state  of  the  aits  onght  to  be  adopted,  by  which 
labour,  fuel,  and  mercuiy  might  all  be  economised  to  the  utmost  extent.  Ttte  only 
apparatus  fit  to  be  employed  is  a  series  of  cast-iron  cylinder  retorts,  somewhat  lHu 
those  employed  in  the  coal-gas  works,  but  with  peculiarities  suited  to  the  condensation 
of  the  mercurial  vapour.  LiVo  each  of  these  retorts,  sn^^posed  to  be  at  least  one  foot 
square  in  area,  and  7  feet  long,  6  or  7  cwts.  of  a  mixture  of  the  ground  ore  with  the 
qniddime  may  be  easily  produced  from  a  measured  heap  by  means  of  a  shoveL  The 
spedfic  gravity  of  the  cinnabar  being  more  than  6  times  tliat  of  water,  a  cubic  foot  of 
it  will  weigh  more  than  3i  cwts. ;  but  supposing  the  mixture  of  it  with  quicklime 
(when  the  ore  does  not  contain  the  calcareous  matter  itself)  to  be  only  thrice  the 
density  of  water,  then  4  cubic  feet  might  be  put  into  each  of  the  above  retorts,  and 
still  leave  1|  culne  foot  of  empty  space  for  the  expansion  of  volume  which  may  take 


place  in  the  decomposition.    The  ore  should  certainly  be  ground  to  a  moderately  toe 
powder,  by  stamps,  iron  cylinders,  or  an  edge-whod,  so  that  when  mixed  with  quick- 
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KnM,  tie  unnabar  may  be  bronght  into  intimate  contact  with  its  decompoaer,  other- 
wise much  of  it  will  be  dissipated  unproductiToly  in  fumes,  for  it  is  extremely  Tolatile. 

Fig*.  1443,  1444,  1445  represent  a  cheap  and  powerful  apparatus  contrived  by  D^ 
Ure  at  the  request  of  the  German  Mines  Company  of  London,  and  which  was  mounted 
at  Landsberg,  near  Obermoschel,  in  the  Bavarian  Bhein-Kreis. 

fig.  1440  is  a  section  parallel  to  the 
fitODt  elevation  of  three  arched  benches 
of  retorts,  of  the  size  above  specified. 
Each  bench  contains  3  retorts  of  Uie  form 
represented  by  a  a  a.  i  is  the  single 
fin-place  or  fomace,  capable  of  giving 
adequate  ignition  by  coal  or  wood  to  the 
three  retorts.  The  retorts  were  built  up 
in  an  excellent  manner  by  an  English 
mason  perfectly  acquainted  with  the  best 
modes  of  erecting  coal-gas  retorts,  who 
was  sent  over  on  purpose. 

In  the  section,  fig.  1444,  a  is  the  body 
of  the  retort;  its  mouth  at  the  ri^ht- 
hand  end  is  shut,  as  usual,  by  a  luted  iron 
lid,  secured  with  a  cross-bar  and  screw- 
bolts;  its  other  end  is  prolonged  by  a 
sloping  pipe  of  east  iron,  4  inches  in 
diameter,  furnished  with  a  nozzle-hole  at 
L,  closed  with  a  screw-plug.  Through 
this  hole  a  wire  rammer  may  be  introduced,  to  ascertain  that  the  tube  is  pervious 
and  to  cleanse  it  from  the  mercurial  soot,  when  thought  necessary,  e  is  a  cross  sec- 
tion of  the  main  condenser,  shown  in  a  longitudinal  section  at  c  c,  fig.  1446.    This 
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pipe  is  18  inches  in  diameter,  and  about  20  feet  long.  At  a  a,  &&,  the  back  ends  of 
the  retort  are  seen,  with  the  slanting  tubes  b  b,  &&,  descending  through  orifices  in 
the  upper  surface  of  the  oondenser^pipe,  and  dipping  their  ends  just  below  the  water- 
line  A  t.  g  is  the  cap  of  a  water-valve,  which  removes  all  risk  from  sudden  ex- 
pansion  or  condensation.  The  condenser  is  placed  within  a  rectangular  trough,  made 
either  of  wood  or  stone,  through  which  a  sufficient  stream  of  water  yasees  to  keep  it 
perfectly  cool,  and  repress  every  trace  of  mercurial  vapour,  and  it  is  laid  with  a  slight 
incUostion  from  t  to  A,  so  that  the  condensed  quicksilver  may  spontaneously  flow 
along  its  bottom,  and  pass  through  the  vertical  tube,  d,  into  the  lodced-up  iron  chest, 
or  magazine,  e.  This  tube,  d,  is  &om  the  beginning  closed  at  bottom,  by  immersion 
in  a  shallow  iron  cup,  always  filled  with  mercury.  A  is  a  graduated  gauge-rod, 
to  indicate  the  progressive  accumulation  of  quicksilver  in  the  chest,  without  being 
under  the  necessity  of  unlocking  it. 

The  air-tight  apparatus  was  erected  some  years  ago,  and  was  fonnd  to  act  perfectly 
well.  The  whole  cost  of  the  nine  large  retorts,  with  thdr  condensing-apparatns,  iron- 
magazine,  &C.,  was  veiT  little  more  than  tvx)  hundred  pounds !  As  the  retorts  are 
kept  in  a  state  of  nearly  uniform  ignition,  like  those  of  the  gas-works,  neither  they 
nor  the  furnaces  are  liable  to  be  injured  in  their  Joints  by  the  alternate  contractions 
and  expansions,  which  they  would  inevitably  su&r  if  allowed  to  cool ;  and  being 
always  ready  heated  to  the  proper  pitch  for  decomposing  the  mercurial  ores,  they  are 
capable  of  working  off  a  charge,  under  skilful  management,  in  the  conrse  of  8  hours. 
Thus,  in  24  hours,  with  a  relay  of  labourers,  8  charges  of  at  least  6  cwts.  of  ore  each 
might  be  smelted  =  2  tons  with  3  retorts,  add  6  tons  with  9  retorts ;  with  a  daily 
piquet  &om  the  rich  ores  of  ATmaden,  or  even  Idria,  of  from  12  cwts,  to  20  cwts. 
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The  following  detailed  aoeonnt  of  the  apparatus  for  smelting  in  California  is  given  hf 
Hr.  Bnschenberger : — A  kind  of  reyerberatorj-fomace  3  feet  by  6,  is  arranced  at  the 
extremity  of  a  series  of  chambers  of  nearly,  if  not  exactly  of  the  same  dimensions : 
namely  7  feet  long,  4  fset  wide,  and  6  feet  high.  There  are  8  or  10  of  these  chambers 
in  each  series ;  Uey  are  bnilt  Of  brick,  plastered  inside,  and  secured  by  iron  rods, 
nrmed  at  the  end  with  screws  and  nnts  as  a  protection  against  the  expansion  by  heat. 
The  tops  are  of  boiler-iron,  luted  with  ashes  and  salt.  The  first  chamber  is  for  a 
wood  fire.  The  second  is  the  ore-chamber,  which  is  separated  &om  the  fint  by  a  net- 
work partition  of  brick.  The  flame  of  the  fire  passes  through  the  square  holes  of  this 
partition,  and  plays  upon  the  ore  in  the  ca«-chambers,  which,  when  fully  chaif^ 
contains  10,000  lbs.  of  cinnabar ;  next  to  the  ore-chamber  is  the  first  condensing- 
chamber,  which  communicates  with  it  by  a  square  hole  at  the  right  upper  comer ; 
and  the  communication  of  this  first  with  the  second  condensing-chamb«r  is  by  a 
square  hole  at  the  left  lower  comer.  An  opening  at  the  right  npper  c<niier  of  the 
partition,  between  the  second  and  third  condensing-chambers,  communicates  with  the 
btter.  The  openings  between  the  chambers  are  at  the  top,  and  to  the  right,  and  at 
the  bottom,  and  to  uie  left  alternately ;  so  that  the  vapours  from  the  ore-chamber  are 
forced  to  describe  a  spiral  in  their  passage  through  the  8  condensers.  The  vapour 
and  smoke  pass  from  the  last  condensing-ehamber  through  a  square  wooden  box, 
8  or  10  feet  long,  in  which  there  is  a  continuous  shower  of  cold  water,  and  finally 
escape  into  the  open  air  by  tall  wooden  flues.  The  floor,  or  bottom,  of  each  con- 
densing-ehamber IS  above  2  feet-  above  the  ground,  and  is  arranged  -with  gutters  for 
collecting  the  condensed  meicnry,  and  conveying  it  ont  into  an  open  conduit  along 
which  it  flows  into  an  iron  receptacle,  from  iidiich  it  is  poured  into  the  iron  flasks 
through  a  brush,  to  cleanse  it  of  the  scum  of  oxide  formed  on  the  surface  on 
standing.  70  lbs.  weight  are  poured  into  each  flask.  There  are  14  of  these  furnaces 
and  ranges  of  condensers,  with  passages  of  8  or  10  feet  in  width  between  them.  A 
shed  is  constracted  above  the  whole  at  a  sufficient  elevation  to  permit  free  circulatioD 
of  the  air. 

According  to  Dumas,  the  following  mines  yield  annually  as  follow : — Almaden  in 
Spain,  from  2,700,000  to  3,466,000 lbs.  avoirdupois;  Idria,  648,000  to  1,080,000 lbs. ; 
Hungary  and  Transylvania,  75,600  to  97,200  lbs.;  lienx  Points,  43,000  to  64,000  lbs.; 
Palatinate,  19,440  to  21,600  lbs. ;  Huancavelica,  824,000  lbs. 

The  hnporti  of  mercury  for  the  years  1868-72  have  been  as  follow : — 


i^mFranca     . 
„    Spain 

„    Italy  (Tuscany) 
„    Austrian  Territories  . 
„    North  Atlantic  Ports 
„    Ports  on  the  Pacific  . 
„    Other  parU 
„    Portugal  , 

Total 

18«8 

18<9 

1S?0 

Um. 

Corapnted 
real  ralne 

Lbs. 

Oompnted 
nalvalne 

Lbfc 

Oompntfld 
tealvalae 

3,146,720 

90,773 

187,961 

6,286 

£ 
278,621 

8,037 

16,641 

656 

46,386 

2,380,326 

29,084 

68,760 
18,196 

£ 

4,019 

210,767 

2,676 

4',760 
1,611 

2,663',86I 
70,740 

20,124 
121,066 

£ 

267,870 
8,709 

•  •• 

2,031 
16,393 

3,431,729 

303,866 

2,626,762 

223,722 

2,765,780 

284,603 

From  Spain       .... 
„     Italy  (Tuscany) 
1,     Austrian  Territories . 
„     Other  parts 
„      Portugal   .... 

1871 

I87> 

Lbs. 

Oompnted 
real  ralne 

LU. 

Compoted 
realvalM 

41,325 

91,439 

136,976 

12,760 

2,721,407 

£ 

4,736 

9,669 

20,000 

1,201 

370,360 

61,060 

93,201 

122,686 

3,626 

2,416,782 

£ 

869,118 

11,626 

18,137 

676 

369,112 

Total      . 

• 

8,431,729 

414,066 

2,734,094 

407,229 
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18<7 

1U8 

1869 

1870 

flatks 

Had* 

llMka 

fluki 

To  New  York  .        . 

2,900 

4,500 

1,600 

1,000 

„  Great  Britain      . 

1,600 

8,600 

•  •• 

•  •> 

„  China.       . 

10,011 

17,786 

11,600 

4,060 

„  Mexico 

10,042 

14,120 

8,060 

7,088 

„  South  America    . 

3,800 

2,600 

2,900 

1,800 

„  Australia    . 

SOO 

1,680 

300 

300 

„  Britjgh  Columbia 

20 

20 

4 

9 

„  Other  countries   . 
Total    .       . 

280 

601 

61 

41 

28,868 

44,606 

24,415 

18,788 

Meicory  is  a  subetance  of  paramount  value  to  adence^  Its  ^«at  densi^,  and 
its  regular  rate  of  expansion  and  contraction  by  increase  and  cominution  of  tem- 
perature, give  it  the  preference  over  all  liquids  for  filling  barometric  and  thermo- 
metric  tubes.  In  chemistry  it  furnishes  the  only  means  of  o^leeting  and  manipulating, 
in  the  pneumatic  trough,  such  gaseous  bodies  as  are  oondensible  orer  water.  To  its 
aid,  in  this  respect,  the  modem  advancement  of  chemical  disooreiy  is  pre-eminently 
due. 

This  metal,  alloyed  with  tin-foil,  forms  the  reflecting  snifice  of  looking-glasses, 
and,  by  its  ready  solution  of  gold  or  silver,  and  subsequent  dissipation  by  a  mode- 
rate heat,  it  becomes  the  great  instrument  of  the  art  of  gilding  and  silvering  copper 
and  brass.  The  same  property  makes  it  so  available  in  extracting  these  precious 
metals  from  their  ores.  This  amalgam  is  used  for  electric  machines.  The  anatomist 
applies  it  elegantly,  to  distend  and  display  the  nunuter  vessels  of  the  lymphatio 
system,  and  secretory  rjrstems,  by  injecUng  it  with  a  syringe  through  all  their  oon- 
Wntions.    It  is  the  basis  of  many  very  powerful  medicines. 

The  nitrate  of  mercury  is  employed  for  the  lecntage  of  mbbit-  and  hare-skins,  that 
is,  for  communicating  to  ftir  of  these  and  other  quadrupeds  the  faculty  of  felting, 
which  they  do  not  naturally  possess.  With  this  view,  the  solution  of  that  salt  is 
applied  to  them  lightly  in  one  direction  with  a  sponge. 

The  only  mercurial  compounds  which  are  extensively  used  in  the  arts  are  fictitious 
cinnabar  or  Vbbwuoit,  and  CoBBOsm  Stbuuatb,  which  see. 

lEBtOmtT,  CH»>«ZDa  or  I  PB0T0CH»>BZSB  (Deutoehlorun  d» 
meremn,  Fr. ;  MUenda  queckiUber  aubtimat,  Ger.)  is  made  by  subliming  a  mixture  of 
equal  ports  of  persulphate  of  mercury  and  sea-salt  in  a  stoneware  cucurbit.  The 
sublimate  rises  in  vapour,  and  incrusts  the  globular  glass  capital  with  a  white  mass 
of  small  prismatic  needles.  It  is  a  veir  deadly  poison ;  raw  white-of-egg,  swallowed 
in  profusion,  is  the  beet  antidote.    See  CosBOStvx  Scbukatb. 

amKCmiT,  rtnMZirATXVO.  For  this  compound  of  mercury  with  fulminio 
acid,  see  FruaNATma  HIxBcmtT. 

mBCVBT,  VaBZOSira  or,  is  a  bright  but  fugitive  red  pigment  It  is 
easily  prepared  by  dropping  a  solution  of  iodide  of  potassium  into  a  solution  of  corro- 
sive sublimate,  as  long  as  any  precipitation  takes  place,  decanting  off  the  supernatant 
muriate  of  potash,  washing  and  drymg  the  precipitate. 

acnunntT,  JBirBCBM>XZ9B  or ;  Calomel.  (ProioMorure  de  mereure,  F  ; 
VertiissUa  guecktilber,  Ger.)    See  Calomkl. 

BOaUVO.  For  the  following  we  ore  indebted  to  the  '  History  of  the  Woollau 
Trade  of  Bradford,'  by  John  James : — 

George  IIL,  ever  desirous  of  the  welfare  of  his  people,  though  oitimes  mistaken  in 
the  means  for  accomplishing  his  wishes,  amongst  other  improvements  projected  by 
him  in  agriculture  and  husbandry,  imported  in  1786  a  few  merino  sheep  from  Spain, 
for  the  purpose  of  improving  the  wool  of  England.  Unquestionably  this  variety  of 
sheep  sprung  from  the  £ng^h  flock  which  Edward  IIL  permitted  to  be  exported  to 
Spain,  where,  by  assiduous  care  and  crossing,  the  fleece  had  become  the  finest  in  its 
staple  of  any  in  the  world.  His  Majesty  made  from  time  to  time  considerable  acces- 
sion to  his  original  flock,  which  throve  well,  and  increased  very  fast,  so  Uiat  in  a  few 
years,  by  distribution  and  sole,  they  had  come  into  the  hands  of  the  most  eminent 
sheep-breeding  gentlemen  in  the  kingdom.  Among  these  the  late  Lord  Western 
stood  the  most  distingaished  for  his  breeding  and  culture  of  merino  sheep.  His  flock 
had  its  origin  in  a  gift  from  His  Majesty  of  40  ewes,  selected  from  500  merinos  sent 
by  the  Cortes  of  S^in  to  the  king  for  distribution  among  his  subjects.  His  lordship's 
chief  care  in  his  improvement  wf  the  fleece  was  to  adapt  it  for  the  finest  artides  of 
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▼onted,  and  he  oertainly  luooeeded  -well  in  bis  object.  Many  other  sheep-breeders  in 
tho  kingdom  also  devoted  much  attention,  with  great  success,  to  the  breeding  of 
merino  sheep,  so  that  at  this  period  (1826)  large  quantities  of  such  wool  were  pro- 
duced in  the  country. 

CJontempoianeous  with  these  efforts  made  in  England,  the  propagation  of  the 
merino  sheep,  which  had  been  obtained  from  Spain,  was  carried  on  to  a  great  extent 
in  Saxony,  where  the  ruling  monarch,  like  onr  own,  took  much  interest  in  the  enter- 
prise. The  government  of  Saxony  was  amply  rewarded  for  the  pains  which  had  been 
taken  to  spread  the  breeds  so  as  to  become  a  portion  of  the  public  wealth.  Hence 
from  this  source  arose  the  large  supply  which  enabled  Saxony  to  send  to  this  coun- 
try large  quantities  of  wool,  chiefly  for  the  making  of  fine  woollen  isloth,  as  it,  on  the 
whole,  ranged  in  staple  shorter  than  English  6r  Spanish  merino.  Nor  were  the 
French  idle  in  availing  themselves  of  the  excellent  properties  of  the  Spanish  sheep  by 
transplanting  thenr  to  their  soil,  and  mannfaetnnng  ttcm  the  wool  fine  stuns  to 
which  they  gave  the  name  of  merinoes. 

From  the  merino  wool  produced  in  France  and  Qermany  were  manufactured  fine 
descriptions  of  stuffi  named  after  the  sheep.  A  Bradford  spinner  in  1826,  being  de- 
sirous of  extending  his  export  trade  in  Qermany,  instituted  inquiries  respecting  the  stuffii 
made  there,  and  received  in  answer  the  following  information : — No  worsted  yarn 
of  any  amount  was  made  on  the  Continent,  except  by  hand.  As  the  laws  prohibiting 
the  exportation  of  English  machinery  still  remained  in  force,  the  continental  nations 
eonld  not  obtain  our  improved  frames,  and  either  their  handicraftsmen  were  unable 
to  constmct  them  with  sufficient  skill,  or  their  capitalists  were  disinclined  to  embark 
in  the  enterprise.  Mnch  yam  was  spun  by  hand  in  the  neighbourhood  of  Hamburgh. 
Then,  as  to  the  weaving  of  stnfb,  a  few  merinoes  were  made  at  Leipzig,  and  some  of 
them  tram  English  yam  spun  to  No.  46.  At  Waldenberg,  Eisenach,  and  Langensalza, 
Berlin,  Altona,  and  Erfurt^  merinoes  were  made.  For  some  of  these  English  yam 
was  used,  but  the  Qerman  mann&cturers  preferred,  most  likely  for  its  durability, 
their  own  yam.  Whilst  the  French  and  Oermans  were  weaving  merino  pieces,  a 
fiibric  bearing  the  same  name,  but  widely  difibring  in  structure,  arose  in  the  English 
market,  and  imparted  a  most  beneficial  impulse  to  the  stuff  trade  of  0\e  West 
Biding. 

A  brief  narration  of  the  origin  of  English  merinoes  will  at  this  point,  find  an  ap- 
propriate place.  The  wearing  of  worsted  stuffi,  after  many  changes  of  fashion,  bad 
again  become  very  common  amongst  people  of  every  degree  in  England.  But  it  was 
perceived  as  the  taste  for  fabrics  of  fine  texture  increased,  that  plainbacks  and  other 
worsted  articles  of  that  kind  were  not  sufficiently  delicate  in  structnre  for  the  higher 
classes.  This  idea  having  been  mentioned  by  one  of  the  partners  in  the  house  of 
Hessrs.  Todd,  Morrison,  and  Co.,  warehousemen,  London,  to  Messrs.  Mann  of  Brad- 
ford, merchants,  the  latter  began  to  reflect  on  the  best  method  of  supplying  the  void. 
It  oocorred  to  them  that  a  plunback  made  with  tho  finest  yam,  and  spun  from  merino 
and  other  fine  wooU,  would  answer  the  object 

Accordingly  they  employed  Messrs.  Qamett  of  Bradford  to  spin  yam  and  manu- 
facture sn(£  a  stvSC,  who  accomplished  the  task  to  the  full  satigfiiction  of  their 
employers.  Some  beautiful  pieces  were  tho  result ;  three-quarters  wide,  made  ftom  40*s 
to  fi2's  weft,  and  32's  to  34's  warp  ;  in  every  respect  they  resembled  Cashmere,  except  in 
being  finer.  From  the  period  of  their  introduction,  these  stuffi  pleased  the  public 
taste,  and  were  rapidly  sold  at  high  prices.  They  were  originally  sold  at  fhim  76*. 
to  80*.  the  piece ;  but  when  the  article  became  known,  many  manufacturers  entered 
into  competition,  and  making  lower  sorts,  reduced  the  prices  from  40*.  to  50*.  the 
piece  according  to  qualities. 

About  a  year  after  the  taHl  introduction  of  the  three-quarters  merino  into  the 
market,  it  was  found  that,  owing  to  the  narrowness  of  the  piece,  it  did  not  cut  up  con- 
venienUy  or  economically  for  dresses;  and  the  six-quarter  variety  of  merino  was 
brought  into  the  market,  where  it  for  many  years  had  a  large  demand,  bringing  as 
much  in  some  instances  as  120*.  a  piece. 

MBWnnrcnB.  A  hawser,  or  small  cable,  about  axty  fothoms  long,  wound 
loond  the  capstan,  and  having  its  two  ends  lashed  together.    See  Cuax. 

MaTACnnfa»ft<i  An  amvrphons  dark-eolonied  sulphide  of  menmry  found 
in  California. 

wanJLL.  This  term  is  sometimes  applied  by  smelters  to  a  regnlus,  or  fixed  sul- 
phide, such  as  the  '  coarse  metal '  and  ■  blister  metal '  of  the  copper-smelter.  The 
molten  glass  is  spcjcen  of  in  glass-works  as  '  metaL' 

mCTAXi  XMikr.  A  name  commonly  applied  to  the  Dutch  leaf  to  distinguish  it 
from  gold-leaf.    There  was  of  metal  leaf  not  gold  imported  in  1868-72 : — 
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Metal  leaf,  not  gold 

18l» 

18(9 

1870 

1873 

FUkM 

ttliO 

anpiM 
nalnliu 

Puluu 

tt  110 

iMTM 

CoBpnUd 

ot  UO 

lUTM 

mlnlM 

PMbu 

of  250 
Umt 

CampnMd 

„     Belgiam 

„     Germany       ,       . 

„     Other  puta   . 

Total      .       . 

4n,g49 
218,070 

23419 

£ 
83,890 
17,8U 

i;«e 

817,1  M 
387,080 

I'ioi 

C 
28,789 
38,816 

'i8T 

276,010 
288,010 

20,701 
17,«» 

*ie8 

115,823 

8l',468 
39,SS» 

8,680 

2J)1« 
1,97* 

m^m 

S3,431 

6M,e38 

49,M1 

865,876 

42,ii8 

306,<2» 

10,587 

r.  A  process  invented  by  II.  Abate,  and  published  hj  liim 
in  18S1.  It  consists  of  printing  from  engraved  -wood-Uodcs  upon  metallic  somees, 
so  as  to  piodnce  imitations  of  figures  and  ornaments  inlaid  in  wood.  This  effect  be 
obtained  by  using,  as  a  printing  menstruum  to  wet  the  block  witH,  solutions  of  such 
metallic  or  earthy  salts  as  are  decomposed  when  brought  into  contact  with  certain 
metals,  and  produce,  through  an  electro-chemical  action,  an  adhesive  precipitate  of  • 
coloured  metallic  oxide,  or  any  other  chemical  change  upon  the  metaL 

MaTASXOZBB.  Davy  proposed  this  name  for  sodium  abd  potassium,  and  other 
Bubstanoes  of  which  the  metallic  character  was  not  well  defined.  Beizelius  used 
the  term  to  distinguish  the  non-meiallie  elementary  substances  irom  the  metals, 
Pr.  Apjohn  published  a  'Hsnual  of  the  Metalloids,'  in  which  he  adopted  this 
meaning.  The  word  metalloid  signifying  like  a  metal,  its  use  in  this  sense  is  nnfor- 
tnnate. 

WKWrJLXXmun,  (Mittenkiaide,  Oer.)  The  art  of  extracting  metals  iitom  their 
ores.  _  Under  the  heads  of  the  different  metals  respectively,  the  metallurgical  processes 
to  which  they  are  subjected  are  given.  See  Airrixoinr,  Coffbb,  Gou>,  Iboic,  &o. 
A  full  description  of  the  processes  of  preparing  the  minerals  for  the  operations  of  ths 
metallurgist  will  be  found  under  the  head  of  DsassiNa  of  Obbs. 

'When  it  is  intended  to  wash  certain  ores,  an  operation  founded  on  the  differenca 
of  their  specific  gravities,  it  may  happen  that  by  slightly  changing  the  chemical 
state  of  the  substances  that  compose  the  ore,  the  euthy  parts  may  become  more  easily 
separable,  as  also  the  other  foreign  matten.  With  this  view,  the  ores  of  tin  are 
subjected  to  a  roasting,  which,  by  separating  ths  arsenic  and  oxidising  the  copper 
which  are  intermixed,  furnishes  the  means  of  obtaining,  by  the  subsequent  washing, 
an  oxide  of  tin  much  purer  than  could  be  otherwise  procured.  In  general,  however, 
these  are  rare  cases ;  so  that  the  washing  almost  always  immediately  succeeds  the! 
ticking  and  stamping;  and  the  roasting  comes  next,  when  it  needs  to  be  employed. 
See  Bowmia  Oass. 

miCTAIiS  (Miiatue,  Fr. ;  MetaUe,  Get.)  are  by  far  the  most  numerous  class  of 
undecomposed  bodies  in  chemical  arrangements.  They  amount  to  61 ;  of  which  7 
form,  with  o^gen,  bodies  possessed  of  alkaline  properties  :  these  are,  1.  potassium ; 
2.  sodium ;  3.  lithium  (bases  of  the  alkalis) ;  4.  barium ;  5.  strontium ;  6.  caldnm ; 
7,  magnesium  (bases  of  the  alkaline  earths,  for  even  magnesia,  the  last  and  feeblest 
base^  tinges  turmeric  brown,  and  red  cabbage  green).  The  next  seven  metals  form 
with  oxygen  the  earths  proper:  they  are,  8.  yttrium;  9.  glucinum;  10.  aluminium; 
11.  zirconium;  12.  thonum;  13.  erbium;  14.  terbium.  The  remaining  87  maybe 
enumerated  in  alphabetical  order,  as  they  hardly  admit  of  being  grouped  into  sub- 
divisions with  any  advantage.  They  are  as  follow:  IS.  antimony;  16.  arsenic; 
17.  bismuth;  18.  cadmium;  19.  cerium;  20.  chromium;  21.  cobalt;  22.  copper; 
23.  didymium;  24.  gold;  26.  iridium;  26.  iron;  27.  lead;  28.  lanthanum;  29. 
manganese;  30.  mercury;  81.  molybdenum;  32.  nickel;  33.  niobium;  34.  osmium; 
35.  palladium;  86.  platinum;  37.  rhodium;  38.  ruthenium;  39.  silver;  40.  tanta- 
lum; 41.  tellurium;  42.  tin;  43.  titanium;  44.  tungsten;  46.  vanadium;  46.  ura- 
nium ;  47.  zinc ;  and  lately  by  spectrum  analysis  the  following  have  been  discovered, 
48.  ctssium  ;  49.  indium;  60.  rubidium ;  and  61.  thallium. 

1.  They  an  all,  more  or  less,  remarkable  for  a  peculiar  lustre,  called  the  metallie 
luttre.  This  property  of  stront^y  reflecting  light  is  connected  with  a  certain  state  of 
aggregation  of  their  particles,  but  is  possened,  superficially  at  least;  by  mica,  animal 
charcoal,  selenium,  polished  indigo,  and  bodies  which  are  not  at  all  metallic 

2,  The  metals  are  excellent  conductors  of  heat,  and  most  of  them  also  of  eleo- 
tricity,  though  probably  not  all.  According  to  Despretz,  they  possess  the  power  of 
conducting  heat  proporldonAtely  to  the  following  numbers: — Gold,  1,000;  platinum, 
981 ;  silver,  973  ;  copper,  898;  iron,  374;  zinc,  363  ;  tin,  304  ;  lead,  179'6. 

Becquerel  gives  the  following  table  of  metals,  as  to  electrical  conduOioii : — 
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Copper,  100;  gold,  93-8;  silytr,  78-6;  line,  28'5;  pUtinum,  16'4;  iion,  IS'8;  tin, 
lfi-5 ;  lead,  8-3 ;  meiouty,  3-5 ;  potasiinm,  1-33. 

The  metals  which  hardly,  if  at  all,  conduct  electricity,  are  ziiconiam,  slaminium, 
tantalum,  in  powder,  and  tellurium. 

3.  Metals  are  probably  opaque ;  yet  gold-leaf,  as  obeerred  by  Nowton,  seems  to 
transmit  the  green  rays,  for  objects  placed  behind  it  in  the  sunbeam  appear  green. 
This  phenomenon  has,  however,  been  ascribed  to  the  rays  of  light  passing  through 
en  infinite  number  of  minute  fissures  in  the  thinly-hammered  gold.  ' 

4.  All  metals  are  capable  of  combining  with  oxygen,  but  with  affinities  and  in 
quantities  extremely  dimrent.  Potassium  and  sodium  hare  the  strongest  affinity  for 
i ;  gold  and  the  platinum-group  of  metals  the  feeblest  Many  metals  become  acids  by  a 
sufficient  dose  of  oxygen,  while,  with  a  smaller  dose,  they  constitute' salifiable  bases. 

5.  Metals  combine  with  each  other,  forming  a  class  of  bodies  called  alloys,  except 
when  one  of  them  is  mercury,  in  which  case  t£e  compound  is  styled  an  amalgam. 

6.  They  combine  with  hydrogen  into  hydrants  or  hydridu  ;  with  carbon,  into  ear- 
hunts  or  oarbidei ;  with  sulphur,  into  su^hunta  or  sulphides ;  with  phosphorus,  into 
piosphunts  or  photpJudet ;  with  selenium,  into  seleniureis  or  selenides ;  with  boron, 
into  borides ;  with  (mlorine,  into  chlorides ;  with  iodine,  into  iodides ;  with  cyanogen, 
into  manidet ;  with  silicon,  into  tilieides ;  and  with  fluorine,  into  fluorides. 

7.  Metallic  salts  are  definite  compounds — mostly  crystalline — of  the  metallic 
oxides  with  the  acids. 

BKBTAXSi  VATZVa.  The  metals  which  are  found  in  the  condition  of  obvious 
metallic  existence  are  but  few.  GM  is  almost  always  found  native,  generally  com- 
bined with  a  small  percentage  of  silver,  and  sometimes  with  other  rarer  metals. 
Silver  is  frequently  discovered  in  an  almost  pure  metallic  state.  Hatinum  is  another 
metal,  which,  like  gold,  is  generally  found  in  the  metallic  state,  but  this  metal  is  almoet 
always  combined  with  palladium,  osmium,  and  other  metals  of  that  type.  Copper 
is  very  often  found  in  the  native  state,  and  in  a  condition  of  great  purity.  The 
oecurrence  of  large  masses  of  copper — copper  rocks,  indeed — is  one  of  Uie  most 
striking  features  of  the  Lake  Superior  copper  deposits.  Lead  is  said  to  have  been 
fonnd  native  at  Grassington,  in  Yorkshire.  Recently  it  is  reported  to  have  been 
discovered  in  Victoria,  Australia,  and  again  in  California.  Bismuth  is  often  found 
native ;  and  Iron,  the  meteoric  variety,  is  occasionally  met  with  in  this  condition. 

aSBTAKS,  VOBUi.  This  term  was  applied  to  gold  and  silver  in  agee  when  the 
principles  of  chemical  science  were  unknown.  The  name  was  intended  to  convey 
the  &ct  that  these  metals  were  slow  to  combine  with  the  'baser  ones,'  such  as  iron. 
The  term  is  not  now  employed  sdentifically. 

lOBTBOSXTBS.  (AMithe,  Fr.)  The  name  of  mineral  bodies  which  have  been 
known  to  fall  from  the  region  beyond  the  earth's  atmosphere  to  the  surface  of  the 
earth.  There  are,  however,  a  certain  number  of  bodies  found  on  the  surface  in  various 
parts  of  the  world,  which  are  thought  to  be  of  meteoric  origin,  and  are  hence  called 
Meteorites,  which  correspond  in  chemical  composition  and  structure  with  those  which 
have  been  seen  to  fivU.  They  are  usually  divided  into  Meteoric  Iron  and  Meteoric 
Stones.  The  meteoritic  irons  have  been  termed  Siderites,  whilst  the  term  AereUiet  has 
been  retained  for  the  stony  meteorites.  The  following  may  be  regarded  as  the  average 
oofnposition  of  meteoric  iron:  Iron,  86-61 ;  nickel,  8-55  ;  cobalt,  1-60;  coftper,  0*20; 
magnesia,  2-04 ;  chromic  oxide,  0-21;  silica,  3'0;  phosphorus,  0-12;  with  traces  of 
carbon,  sulphur,  tin,  and  manganese.  For  numerous  analyses,  see  Watts's  '  Dictionary 
at  Chemistry.'    See  Asboutss. 

Ma'l'HH  liftlgTW.  O'H^N  (OB'V).  The  most  volatile  of  the  organic  bases. 
It  is  formed  by  similar  reactions  to  ethylamine ;  it  is  regarded  as  ammonia  in  which 
an  equivalent  of  hydrogen  is  replaced  by  methyle ;  it  is  gaseous  at  ordinary  tempera- 
tures ;  it  is  the  most  soluble  in  water  of  all  known  gases,  one  volume  of  water  at  54° 
dissolving  1,160  volumes. 

BUrVM  I  AA.nn>  SVntlT.  When  ordinary  alcohol  is  mixed  with  10  per  cent. 
of 'wood  alcohol'  {Methyls),  it  is,  according  to  an  excise  regulation,  sold  duty  free 
under  this  name.  Methylated  spirit  is  extensively  used  in  the  manufacture  of  var- 
nishes, lacquers,  &c.    See  Watts's  '  Dictionary  of  Chemistry.' 

IMSTBTXBn,  a  peculiar  liquid  compound  of  carbon  and  hydrogen,  extracted 
from  pyroxilic  spirit;  which  is  reckoned  to  be  a  bi-hydrate  of  mtthyUne. 

KSntXC   STSTBK.    See  Wkiohts  and  Msascbbs. 

XZCA  is  a  finely-foliated  mineral,  of  a  pearly  metallic  lustre.  It  is  harder  than 
gypsum,  but  not  so  hard  as  calc-spar ;  flexible  and  elastic ;  spec  grav.  2-65.  It  is 
an  ingredient  of  granite  and  gneiss.  'The  large  sheets  of  mica  exposed  for  sale  in 
London  are  mostly  bionght  from  Siberia.  They  are  used,  instead  of  glass,  to  enclose 
the  fire,  without  concealing  the  flame,  in  certain  stoves. 

The  mica  of  Fahinn,  ualysed  by  Bose,  afforded  silica,  46-22 ;  alumina,  34-62 ; 
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penudde  of  iion,  6-04 ;  potash,  8-22 ;  magnesia,  with  oxide  of  mBngaoeie,  2-11 ; 
fluoric  acid,  1*09 ;  water,  U-98.    From  an  American  authority  we  quote  as  follows: — 

'  The  increased  dem&nd  for  gas-stores  has  naturally  introduced  to  a  wider  notice  the 
really  raluable  and  useful  mineral  known  under  the  name  of  mica.  Kvery  schoolboy 
can  pick  out  the  mica  in  a  piece  of  granite,  but  it  is  not  so  well  known  that  the  '  glaBs  ' 
forming  the  front  of  many  kinds  of  gas-stoves  is  also  mica.  The  minerals  which  form 
the  group  of  micas  divide  readily  into  two  divisions;  those  which  are  silicates  of 
alumina  and  an  alkali,  and  those  which  are  silicates  of  magnesia.  They  are  all 
notable  for  their  lustre,  and  for  their  distinct  cleavage,  which  permits  of  their  being 
separated  into  thin  sheets.  In  granite,  the  plates  are  rarely  seen  of  a  useful  iite, 
although  in  the  coarser  descriptions  of  that  rock  plates  are  occasionally  found  a  foot 
and  more  in  width ;  but,  in  limestone  formations,  it  is  often  found  in  masses  of  con- 
siderable sise,  plates  having  been  met  with  in  Siberia  several  feet  in  diameter.  The 
miens  chiefly  met  with  in  commerce  are  Muscovite  and  Lepidolite  (or  lithia  mica)  of 
the  first  division,  and  Fblogopite  (rhombic  mica)  and  Biotite  of  the  latter  division,  or 
mngnesian  micas.  Of  these,  the  most  extensively  used  in  the  arts  are  Muscovite  and 
Phlogopite.  The  former  is  mainly  a  silicate  of  alumina  and  potash,  with  traces  of 
iron,  fluorine,  chromium,  &&,  which  impart  colour  to  the  otherwise  grey  or  silver- 
white  plates  of  mica.  The  crystals  of  Muscovite  are  usually  six-sided ;  the  colour 
varying  from  black  through  grey  to  green,  chromium  being  invariably  piresent  in  the 
crystal  of  the  last-mentioned  tint.  This  variety  of  mica  is  proof  against  adds,  is  very 
refractory,  the  thin  edge  only  fusing  before  an  ordinary  blowpipe,  while  the  laminn 
are  very  tough  and  flexible.  Fhlogopite,  or  rhombic  mica,  as  it  is  sometimes  called, 
is  mostly  found  in  limestone,  and  is  composed  mainly  of  silica,  alumina,  and  mag- 
nesia, with  traces  of  iron,  potash  or  soda,  and  fluorine.  Its  colour  varies  from  brown, 
through  brownbh  yellow,  to  grey.  If  it  is  previously  reduced  to  flne  powder,  it  is 
attacked  by  hot  sulphuric  acid,  bnt,  lilio  Muscovite,  although  it  whitens  in  the  blow- 
pipe-flame and  fusee  on  the  thin  edges,  it  is  virtually  re&actory  to  anything  short  of 
an  intense  heat.  These  extraordinary  properties,  combined  with  toaghness  and 
elasUcilT,  and  the  peculiar  fiicili^  with  wUeh  it  splits  into  thin  sheets,  some  of  which 
approach  closely  to  transparency,  led  natorally  to  the  use  of  mica  for  windows,  and 
especially  to  its  employment  in  lanterns.  For  many  years  it  has  been  used  in  Bussia 
for  windows,  and  in  some  parts  is  still  to  be  fonna,  though  it  is  of  course  rapidly 
giving  way  to  the  more  transparent  glass.  So  common,  however,  was  its  employment 
for  this  purpose  at  one  time  m  Bussia,  that  it  was  frequently  called  '  Muscovy  glass.' 
It  is  found  in  Siberia,  Sweden,  and  Moravia,  which  also  supply  the  Lepidobte,  or 
lithia  mica.  In  America  it  is  found  in  various  parts,  as  North  Carolina,  New  Jersey, 
and  Canada.  In  some  coarse  granite  rocks  of  the  flrst-named  State  the  mica  is  found 
in  considerable  abundance,  and  there  are  unmistakable  evidences  that  it  was  worked 
many  years  ago.  The  commercial  value  of  mica  varies  through  a  wide  scale :  the 
large,  sound,  and  clear  sheets  being  naturally  the  highest  priced,  fetching  as  much  as 
40s.  a  pound.  In  the  United  States,  where  large  quantities  are  used  for  what  is  called 
'stove  glass,'  that  is,  for  the  fironts  of  gas  and  oUier  stoves,  the  utilisation  of  mica 
has  been  carried  further  than  in  this  country.  The  small  and  waste-stnff  is  there 
made  into  a  coarse  powder  and  sprinkled  over  tar  in  roof-making ;  finely  ground,  it  is 
used  as  s  Inbricant,  and  is  sometimes  used  in  packing  deed-boxes  and  safes  to  render 
them  fireproof.  The  finer  sheets  are  used  for  such  pniposes  as  the  dials  of  compasses, 
for  the  letters  of  fitncy  signs,  and  the  very  finest  and  thinnest  pieces  are  sometimes 
employed  in  lien  of  enamel  for  covering  photographs ;  bnt  one  of  the  principal  uses  to 
whidi  the  better  qualities  are  put  is  the  construction  of  shades  for  lamps,  the  nature 
of  the  material  rendering  its  decoration  a  comparatively  easy  process :  chromo- 
lithography  being  extensively  employed  in  this  manufacture.  The  preparation  of  the 
mica  is  very  easy.  When  first  obtained  it  is  in  plates  and  crystals  of  various  sizes, 
from  a  quarter  of  an  inch  to  even  occasionally  a  foot  in  thickness,  and  fix)m  six  inches 
to  a  foot  and  upwards  in  diameter. 

'The  facility  with  which  they  can  be  bent  into  various  shapes,  and  the  power  they 
possess  of  resisting  heat,  together  with  their  transparency  and  naturally  beautiful 
appearance,  make  these  thin  sheets  of  mica  of  peculiar  value  in  many  situations. 
They  have  been  used  as  reflectors  for  some  years,  and  a  patent  has  recently  been  ob- 
tained for  an  improved  process  of  silvering  plates  of  mica,  the  inventor  being  a 
resident  of  Philadelphia.  The  flexible  nature  of  the  material  to  be  silvered  will 
probably  insure  its  introduction  into  the  arts  and  industries  to  a  greater  or  lesser 
extent,  and  it  is  perhaps  not  impossible  that  it  may  be  employed  in  the  manufacture 
of  telescopes,  although  it  must  be  confessed  that  its  utilisation  tat  that  purpose  is 
rather  improbable.  In  the  process  recently  patented,  sheets  of  mica,  as  free  ih>m 
metallic  deposit  as  can  be  obtained,  are  thoroughly  washed  in  nitric  add,  and  then 
rinsed  in  water.    They  are  then  placed  upright  in  suitable  vata  or  baths,  being 
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anangcd  in  pun,  tiack  to  back,  so  as  to  expose  odIt  one  side  to  the  coating  solntion. 
This  Utter  is  tolerably  well  known,  and  is  made  by  dissolving  1  oz.  of  nitiafe  of  silver 
in  a  quart  of  distilled  water,  and  in  a  separate  vessel  1  oz.  of  glucose  in  a  quart  of 
distilled  water.  When  the  silver  has  dissolved,  a  small  quantity  of  liquor  ammonise 
is  added,  and  the  solution  becomes  cloudy,  the  cloudiness  disappearing  on  the  addition 
of  a  little  more  ammonia.  When  this  stage  has  been  arrived  at,  the  two  solutions 
are  mixed  together  and  poured  into  the  bath  containing  the  mica  plates,  the  bath 
being  placed  in  a  warm  room,  to  facilitate  the  deposition  of  the  silver.  When  the 
mica  plates  are  sufficiently  coated  they  are  withdrawn  firom  the  liatb,  thoroughly 
rinsed  in  water  and  stood  away  to  diy,  after  which  they  may,  if  deemed  necessary,  be 
coated  with  spirit-varnish. 

The  mica  plates  thus  prepared  may  be  mounted  on  frames  of  tin,  sheet  iron,  paper, 
or  plastic  composition.  Many  other  applications  of  these  mica  reflectors  will  suggest 
themselves  to  our  readers,  though  their  principal  use  is  undoubtedly  for  illominating 
purposes.' 

MZOAOBOVS  aunt.  One  of  the  varieties  of  hsematite ;  so  called  from  its  mica- 
ceons  stmctore.    See  Ibon. 

MZOAxSXJLTa  or  SCBXST.  (Sehimia,  Oer.  a  splitting.)  A  foliated  rock  com- 
posed of  mica  and  quartz.    The  first  name  is  not  correctly  applied. 

moSOCOSKZO  SAXT>  A  term  given  to  a  salt  extracted  from  hnman  urine. 
It  is  a  phosphate  of  soda  and  ammonia ;  and  is  now  prepared  by  mixing  equivalent 
proportions  of  phosphate  of  soda  and  phosphate  of  ammonia,  each  in  solution,  evapo- 
rating and  crystallising  the  mixture.  A  small  excess  of  ammonia  aids  the  crystal- 
lisation. 

aszZiSa'W,  MCAarCBSSTas.  From  imperfect  manufacture — or  from  corrupt 
practices — it  appears  that  a  peculiar  mildew  has  often  developed  itself  in  cotton  goods 
sent  to  India,  to  which  this  name  has  been  given.  The  Manchester  Chamber  of 
Commerce  has  just  (1874)  received  a  letter  from  the  Shanghai  General  Chamber  of 
Commerce  respecting  '  mildewed  shirtings,'  which  will  probably  open  the  eyes  of  those 
concerned  in  the  matter  to  the  &ct  that,  after  all,  honesty  is  perhaps  the  best  policy, 
and  that  there  is  a  point  beyond  which  swindling  cannot  be  carried  without  ite  evil 
effect  recoiling  on  its  authors.  The  Chairman  of  the  Shanghai  Chamber,  writing  on 
December  17,  1872,  calls  attention  to  the  widespread  deterioration  by  mildew  of 
cotton  piece  goods  impwted  to  China  from  Hanchester.  The  losses  from  this  cause 
have  for  some  time  been  very  large ;  but  towards  the  end  of  1871  parcel  after  parcel  of 
grey  shirtings,  principally  if  not  wholly  consisting  of  second  and  lower  qualities,  were 
r«|)ected  by  the  Chinese  buyers  as  '  spotted,'  and  during  the  past  year  the  evil  has 
become  so  general  that  in  September  last  it  was  estimated  that  76  per  cent,  of  the 
entire  stock  of  grey  shirtings  and  T  cloths  in  Shanghai  were  unmerchantable  as  sound 
goods.  The  trade  was,  in  &ct,  completely  disorganised.  Thecause  of  the  deterioration 
IS,  there  is  strong  reason  to  believe,  owing  to  the  use  of '  size '  in  undue  quantity  and 
of  a  nature  deleterioos  to  the  fabric  employed  to  work  up  inferior  cotton  and  to  increase 
the  weight  of  the  cloth.  The  resulte  of  the  extensive  importetions  of  unsound  goods 
into  China  are  that  large  quantities  of  cloth  are  forced  off  at  reduced  and  irregular 
prices,  by  which  means  uie  tone  of  the  market  is  lowered  and  the  value  of  even  sound 
goods  is  depredated.  Bales  are  no  longer,  as  was  once  the  case,  accepted  unopened 
on  the  faith  of  the  sample,  but  the  wrappers  have  to  be  cut  into  in  order  that  the  con- 
dition of  every  package  may  bo  ascertained.  The  inconvenience,  delay,  and  loss  arising 
from  this  practice  are  obvious.  The  trouble  and  waste  of  time  entailed  by  the  ncce&sity 
of  minute  inspection,  the  frequent  resalee  of  rejected  parcels,  and  the  uncertainty  as  to 
the  completion  of  any  sale,  until  full  examination  of  the  contents  of  the  packages  has 
been  made,  all  represent  a  positive  burden  on  the  trade.  The  destruction  of  the  pack- 
ages is,  moreover,  a  loss  to  the  native  menUiant,  who  can  never  again  pack  his  goods 
so  securely  for  inland  transport.  More  important,  perhaps,  than  all,  is  the  fact  that 
the  confidence  of  native  dealers  and  merchante  in  foreign  goods  is  shaken ;  for  they 
are  no  longer  sure  of  earning  their  pnrofaases  to  the  end  of  a  long  journey  in  a  mer- 
chantable condition.  Such  general  want  of  confidence  in  the  soundness  of  foreign 
cotton  goods  mnst  tend,  it  is  urged,  to  render  them  unpopular  among  the  Chinese;  and, 
considering  that  foceign  imports,  though  cheaper,  have  great  difficulty  even  under 
favourable  circumstances  in  competing  with  the  more  durable  native  manufiactures, 
the  trade  is  not  in  a  position  to  bear  any  additional  burden.  Although,  therefore,  the 
first  losses  from  mildew  fall  upon  the  importing  merchant,  while  the  manufacturers 
appear  to  escape  altogether,  yet  such  an  nnequal  distribution  of  the  responsibility 
cannot  continue,  if  for  no  better  reason  than  that  the  magnitude  of  the  losses  will  soon 
put  it  beyond  the  power  of  the  merchante  to  bear  them,  were  they  ever  so  willing. 
The  result  will,  therefore,  ultimately  afibct  the  Manchester  manufacturers  as  seriously 
as  the  China  merchante,  and  the  latter  urge  the  Manchester  Chamber  of  Commerce  to 
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j<^  with  tlMm  in  a  strict  inyestigation  into  the  dicomstances  irith  a  view  of  putting 
an  end  to  '  a  dying  evil  afibcting  not  only  the  intereets  of  the  most  important  bran<£ 
of  Bridgh  indoatry,  but  also  the  honour  and  xaputation  of  British  commerce.' 

mXiVOnb.  {MillrfoiiHm,  lat.  a  thousand  leaves.)  The  herb  yarrow,  belonging  to 
the  genus  Achiiiea,  one  of  the  Qmipoiita. 

MfTiy.  A  well-known  nutritious  fluid,  which,  as  it  has  noeepecial  use  in  the  arts, 
need  not  be  described.    See  Btjtteb.  , 

MTTiT,  aoimwKBMO,  The  following  information  on  the  processes  for  con- 
densing milk  BuccessftiUy  is  obtained  from  two  journals  known  as  the  '  Farmer '  and 
'  Moore's  Bural' : — 

In  the  first  place,  arrangements  must  be  made  for  obtaining  good,  dean,  healthy 
milk,  and  this  imposes  a  sort  of  education  upon  those  produdng  milk,  of  the  utmost 
importance  to  the  successful  prosecution  of  the  condensing  business.  Dirty  milk — 
milk  foul  with  the  drippings  of  the  stable — cannot  be  condensed  into  a  clean-flavoured 
prodoct.  The  success  of  the  condensing  factory  depends  almost  entirely  upon  the 
ability  to  put  a  fine-flavpured,  perfect  article  into  the  market.  The  milk  must  be 
uniformly  good.  An  inferior  condensed  milk  is  more  readily  detected  than  an  inferior 
artide  of  cheese  or  butter.  At  least,  imperfections  in  these  may  perhaps  be  tolerated, 
and  the  goods  may  find  a  place  in  the  market ;  but  a  &ctagry  continmng  to  send  out 
imperfect  or  badly-flavoured  milk,  must  soon  cease  to  bo  remunerative,  and  must  in- 
evitably close  its  doors. 

To  obtain  any  success  in  this  business,  there  is  absolute  necessity  for  dean,  healthy 
milk  in  the  first  instance ;  and  this  matter  should  be  well  understood  and  wdl  con- 
sidered  before  any  mann&cture  can  be  attempted.  The  great  success  attained  by  the 
late  Oail  Borden,  the  inventor  of  the  process  for  condensing  in  vacuo,  was  in  a  great 
measure  due  to  ^e  system  he  inaugurated  among  his  patrons  for  supplying  milk  &ee 
ftdna  all  taint  and  unobjectionable  in  quality.  He  instituted  a  set  of  rules  for  the 
guidance  of  dairymen  fiumishing  milk  to  his  factories,  which  he  rigidly  enforced,  and 
men  were  regularly  employed  to  visit  the  farms  f^m  time  to  time,  to  see  in  what 
manner  the  cows  were  managed  as  to  pasturage,  water,  driving  to  the  yard,  milking, 
cooling  and  care  of  milk ;  and  as  he  bought,  or  accepted  only  such  milk  as  would  pass 
the  dosest  scrutiny  of  an  expert,  he  was  able,  after  a  time,  to  enforce  an  observance 
of  his  printed  regulations,  which  he  put  into  the  hands  of  his  dairymen.  He  adopted 
also,  the  practice  of  denning  and  steaming  his  patrons'  delivery  milk-cans  at  the 
factory,  because  he  feared — Mid  with  good  rearan  too— that  this  work  might  not  be 
properly  done  at  the  farm. 

^e  Borden  process  for  condensing  milk,  the  only  process,  we  believe,  which  has 
stood  the  test  of  time  and  proved  to  be  a  success,  may  be  briefly  described  as  follows : — 
'After  the  milk  is  received  at  the  factory  it  peases  through  a  strainer  to  the  receiving 
vat;  from  this  it  is  conducted  off  through  another  strainer  into  the  heating  cans,  each 
holding  about  20  gallons ;  these  cans  are  set  in  hot  water,  and  the  milk  is  held  in 
them  till  it  reaches  a  temperature  of  160°  to  176°  Fafar. ;  it  then  goes  through  another 
strainer  into  a  large  vat,  at  the  bottom  of  whichjs  a  coil  of  copper-pipe,  through  which 
steam  is  conducted,  and  here  the  milk  is  heated  up  to  boiling  point.  Then  the  best 
quality  of  white  granulated  sugar  is  added  in  the  proportion  of  1}  lb.  of  sugar  to  1 
gallon  of  milk,  when  it  is  drawn  into  the  vacuum-pan.  The  milk  remains  in  the 
vacuum-pan  subjected  to  steam  for  about  three  hours,  during  which  time  about  75  per 
cent,  of  its  balk  in  water  is  removed,  when  it  is  drawn  oflT  into  cans  holding  about  40 
quarts  each. 

These  cans  are  only  partially  filled,  and  then  set  in  a  large  vat  containing  cold 
water,  the  water  being  of  a  height  equal  to  that  of  the  milk  in  the  cans.  Here  it  is 
stirred  until  the  temperature  of  the  condensed  fluid  is  reduced  to  a  little  below  80° 
Fahr.  It  is  then  turned  into  large  draining  cans  with  faucets,  in  order  to  fadlitate 
the  filling  of  the  smaller  cans.  The  draining  cans  stand  in  a  room  which  is  set  apart 
for  the  purpose,  and  around  the  outside  of  which  runs  a  table  or  work-bench.  Here 
the  milk  is  drawn  from  the  &ucet8  into  small  tin  cans,  holding  1  lb.  each,  when  they 
go  to  the  table,  and  are  immediatdy  soldered,  to  exdude  the  air.  The  cans  next  have 
the  proper  labels  pasted  upon  them,  and  are  then  ready  for  market. 

Somewhat  recendy  Mr.  Borden  introduced  a  machine  for  filling  the  cans,  which 
does  the  work  with  accuracy  and  rapidity.  The  work  of  filling  the  cans,  soldering 
the  tops  and  labelling,  is  usually  performed  by  females.  A  number  of  small  soldering 
furnaces  are  placed  along  the  tables,  where  the  girls,  each  with  a  set  of  soldering  irons, 
seal  the  cans  as  fast  as  they  are  bronght  forwai^  by  tiie  fillers. 

For  a  small  factory,  say  for  the  milk  of  from  200  to  300  oows,  the  estimated  cost 
will  be  abont  13,000  dols.,  as  follows  :— Erection  of  the  building,  16  it  by  50  ft., 
ready  for  madiineiy,  &c.,  2,500  dols. ;  vacuum-pan  and  condenser,  from  3  ft.  to  4  ft. 
in  diameter,  1,800  dols, ;  1  duplex  14-inch  pump  and  engine,  1,600  dola. ;  1  boiler, 
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dO-bono  power  and  fitting-np,  3,000  dols. ;  1  pamp  for  boiler,  100  doU. ;  outside 
water-pipes,  500  dole. ;  1  cooling  tank  for  receiving  and  storage,  600  dole. ;  1  heating 
tank  and  pipes  for  milk,  300  dols. ;  hot  irater  tank  and  steam-pipes  for  washing  cans 
and  2  rinsing  sinks,  600  dols. ;  1  steamer-bath  for  scalding  cans  and  pipes,  160  dols. 

It  will  be  seen  from  the  abore,  that  a  well-furnished  factory,  with  all  the  needful 
appliances,  is  somewhat  expensive ;  bnt  the  profits  from  the  business  are  also  con- 
siderable. The  cost  of  condensing  will  probably  be  do  more  than  one-half  per  cent, 
per  quart.  It  takes  about  3  pints  of  milk  to  make  1  lb.  of  the  sugared  condensed 
milk,  which  sells  in  the  market  for  26  cents  and  upward.  It  is  not  easy  to  give  the 
exact  cost  of  condensing,  since  that  will  depend  upon  the  amount  of  milk  worked  and 
the  economy  with  which  the  factory  is  managed ;  but  we  should  say  that  Id.  per  quart 
ought  to  cover  all  the  expenses  for  condensing.  The  cans,  and  the  labour  of  filling 
and  soldering,  are  an  additional  expense,  which  our  readers  can  figure  approxi- 
mately, so  that  some  idea  of  the  profits  may  bo  obtained. 

There  are  two  kinds  of  condensed  milk  in  the  market : — the  sngared,  as  above 
described,  and  which  will  keep  for  long  periods,  and  the  plain  condensed  milk,  which 
contains  no  sugar,  and  is  sold  for  immediate  use.  This  last  will  only  keep  sound  for  a 
few  days.  It  is  made  in  the  same  way  as  the  other,  except  that  no  sugar  is  used  in  its 
manumctnre.  A  less  price  is  obtained  for  it  in  the  market  than  for  sugared  milk,  it 
being  sold  by  the  quart  from  large  carrying  cans,  and  regularly  furnished  to  consumers 
fiom  time  to  time. 

One  great  difficulty  in  the  way  of  establishing  new  factories,  is  in  obtaining  skilled 
workmen  to  conduct  the  business  of  condensing.  There  are  comparatively  few  persons 
who  have  had  experience  in  the  work  of  a  factory,  and  these  are,  for  the  most  part, 
retained  by  these  &ctories  now  in  successiiil  work.  As  these  factories  have  built  up 
a  good  trade  and  have  a  '  good  thing,'  they  do  not  care  to  open  their  doors  for  in- 
struction or  to  educate  any  person  in  the  business  who  would  engage  in  a  new  fiictory. 
In  cheese-making  or  in  butter-making  there  are  always  plenty  of  skilled  hands  to  be 
had,  but  the  case  is  quite  different  in  the  condensing  business,  and  this  &ct  has  de- 
terred many  from  entering  npon  the  work. 

tKtIiJi,  TBS.  A  name  given  to  the  cylinder  used  by  the  calico-printers,  in  which 
the  impression  is  obtained  by  a  process  like  that  of  a  milling  tool,  from  a  cylindoi 
engraved  by  hand,  called  the  Die.     See  CAUCO-PmNmro. 

aCX&Xr4TOra,  or  Bukr-Stone.  This  interesting  form  of  silica,  which  occurs  in 
great  masses,  has  a  texture  essentially  cellular,  the  cells  being  irregular  in  number, 
shape,  and  sise,  and  are  often  crossed  by  thin  plates,  or  coarse  fibres  of  silex.  The 
buhr-stone  has  a  straight  fracture,  but  it  is  not  so  brittle  as  flint,  though  its  hardness 
is  nearly  the  same.  It  is  feebly  translucent ;  its  colours  are  pale  and  dead,  of  a  whitish, 
greyish,  or  yellowish  cast,  sometimes  with  a  tinge  of  blue. 

The  Buhr-stones  usually  occur  in  beds,  which  are  sometimes  continuous,  and  at 
others  interrupted.  These  beds  are  placed  amid  deposits  of  sand,  or  argillaceous  and 
ferruginous  marls,  which  penetrate  between  them,  filling  their  fissures  and  honeycomb 
cavities.  Buhr-stones  constitute  a  very  rare  geological  formation,  being  found  in 
abundance  only  in  the  mineral  basin  of  Paris,  and  a  few  adjoining  districts.  Its  geo- 
logical position  is  well  ascertained :  it  forms  a  part  of  the  lacustrine,  or  fresh-water 
formation,  which,  in  the  locality  alluded  to,  lies  above  the  upper  eocene  gypsum,  and  the 
stratum  of  sand  and  marine  sandstone  which  cover  it  Buhr-stone  constitutes,  there- 
fore, in  the  locality  in  which  it  is  found,  the  uppermost  solid  stratum  of  the  crust  of 
the  g^obe ;  for  above  it  there  is  nothing  but  alluvial  soil,  or  diluvial  gravel,  sand,  and 
loam. 

Buhr-stones  sometimes  contain  no  organic  forms ;  at  others  they  seem  as  if  stuffed 
full  of  fresh-water  shells,  or  land-shells  and  vegetables  of  inland  growth.  There  is  no 
exception  known  to  this  arrangement ;  but  the  shells  have  assumed  a  siliceous  nature, 
and  their  cavities  are  often  filled  with  crystals  of  quartz.  The  best  buhr-stones 
for  grinding  com  have  about  an  equal  proportion  of  solid  matter  and  of  vacant  space. 
The  finest  quarry  of  them  is  upon  the  high  ground,  near  La  Ferti  sous  Jouam.  The 
stones  are  quarried  in  the  open  air,  and  are  cut  out  in  cylinders  from  one  to  two 
yards  in  diameter,  by  a  series  of  iron  and  wooden  wedges,  gradually  bnt  equally  in- 
serted. The  pieces  of  buhr-stones  are  afterwards  cut  into  parallelopideds,  called  pane*. 
which  are  bound  with  iron  hoops  into  large  millstones.  These  pieces  are  exported 
chiefly  to  England  and  America.  Gtood  millstones  of  a  bluish-white  colour,  with  a 
regular  proportion  of  cells,  when  6^  feet  in  diameter,  fetch  1,200  francs  apiece  or  48^. 
sterling.  A  coarse  conglomerate  sandstone  or  breccia  is,  in  some  cases,  used  as  a 
substitnte  for  buhr-stones ;  but  it  is  a  poor  one. 

In  addition  to  the  French  buhr-stone,  other  materials  are  employed  as  millstones. 
Thus  the  lava  of  Niedermendig,  near  Andernach,  on  the  Bhine,  has  been  extensively 
worked  as  a  millstone  since  the  time  of  the  Bamans,     This  lava  is  a  nepheline 
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dolerite,  freqnently  eneloBiiig  blue  manes  of  the  mineral  called  Hanyne.  The  Bhenisb 
miUstones  are  sent  down  the  Bhine  to  Holland,  and  wore  fonnerly  imported  into 
thieeonntry  under  the  name  of  'Dutch  blues.' 

MZX&STOira  cntZT.  A  geological  term  applied  to  a  series  of  coarse  sand- 
stone rocks,  belon^Dg  to  the  Coal-measure  formations.  'The  term  gritstone  is 
perhaps  most  applicable  to  the  harder  sandstones,  which  consist  most  entirely  of 
grains  of  quartz  most  firmly  compacted  together,  bv  a  purely  siliceous  cement.  The 
angularity  of  the  particles  cannot  be  taken  as  a  character,  since  the  rock  commonly 
called  miiistone  grit  is  generally  composed  of  perfectly  round  grains,  sometimes  as 
Isrgo  as  peas,  and  cron  larger ;  the  stone  then  commencing  to  pass  into  a  conglome- 
rate.'— Juku. 

MliiimmTi  ftTigftTif.    Soda  was  formerly  so  called. 

MUlBBWTi  CAirSUU.     See  Camsus. 

MUiaWAK  CAXBOV.     See  AimiitAcrrB. 

MZVBXAXi  ouair.  ScheeU's  Green.  Aisenito  of  copper.  See  Scbeelb's 
Qssss. 

MUlBBHTi  OZXd.  Several  hydro-carbon  compounds  are  known  under  this 
name.  Generally  it  is  applied  to  petroleum,  and  other  fluid  hydro-carbons  which  issue 
from  the  earth.  These  wiU  be  described  under  the  several  heads  of  Kafbtea  ;  Fbtbo- 
uivii ;  Shalb  Oil. 

Lately  the  mineral  oils  of  Fuxi&ie  La  Grose  and  Cordessa  have  been  attracting 
attention.  A  few  words  on  those  will  not  be  out  of  place  here.  They  have  been 
examined  by  JoSre  in  order  to  ascertain  in  what  points  they  differ  from  tlie  petroleum 
of  America.  These  oils,  obtained  by  distilling  bituminous  schists,  present  at  first 
sight  a  close  analogy  with  the  petroleums.  They  agree  very  closely  in  colour,  fluidity, 
specific  gravity,  and  in  boiling  point.  But  on  the  application  of  certain  reagents  a 
difference  is  at  once  recognised.  The  American  petroleums,  composed  of  hydro-carbons 
of  the  general  formuhi  C°H^  +  ',  are  not  attacked  by  fuming  sulphuric  acid,  and  niono- 
hydrated  nitric  acid  does  not  form  with  them  nitro-compounds.  On  the  other  hand,  if 
our  mineral  oils  are  treated  with  the  former  of  these  agents,  about  the  half  is  absorbed. 
If  they  are  acted  on  by  the  second,  aboat  the  half  also  is  attacked  with  formation  of 
nitro-compounds.  These  oils,  therefore,  are  composed  of  a  mixture  of  several  bodies, 
some  of  which  resist  sulphuric  and  nitric  acids  iniile  the  others  are  attacked  by  them. 
Both  these  portions  have  been  studied.  The  oils  wore  first  purified  by  rect£lcation 
over  sodium ;  and  they  were  then  divided  by  fractional  distillation  into  several  groups 
according  to  the  boiling-point  The  portion  not  attacked  by  ftaming  sulphuric  acid 
presents  all  the  reactions  of  the  saturated  or  formenic  hydro-carbons,  C'H-"  +  '.  It 
rcsi.sts  the  action  of  tho  most  energetic  reagents.  Neither  fuming  nitric  add  nor  a 
mixture  of  nitric  and  sulphuric  acids  attacks  it  in  the  cold.  At  a  boiling  heat,  how- 
ever, it  is  attacked,  under  formation  of  acid  products  which  remain  dissolved  in  tho 
excess  of  oil.  The  boiling-points  and  specific  gravities  correspond  with  those  of  the 
s.iturated  hydro-carbons.  Elementary  analysis  gives  results  wmch  point  to  the  general 
formula  C*H**  +  *.  This  part  of  the  mineral  oils,  is  therefore,  formed  of  saturated  or 
formenic  hydro-carbons.  They  seem  either  identical  or  at  least  isomeric  with  those 
which  Felons  and  Cahonrs  extracted  from  the  American  petroleums.  By  acting  upon 
portions  of  the  oil  with  more  or  less  elevated  boiling-points  each  of  the  hydro-carbons 
of  the  satnratsd  series  is  obtained,  from  the  hydride  of  octyle  C'H,  to  the  hydride  of 
myristyle  CH**.  In  the  portions  which  distil  over  at  the  end  we  find  the  hydrides 
of  pentadecyle  C'E",  of  hexadecyle  C"H",  and  of  heptadecyle  C'H".  The  propor- 
tion of  the  saturated  is  about  60  per  cent.  The  portion  attacked  by  acids  consists  of 
hydro-carbons  of  the  ethylenic  series  C°H'°,  mixed  with  a  certain  quantity  of  hydro- 
carbons still  less  hydrogenised.  These  oils  contain  neither  benzole  nor  naphthalin. 
At  first  sight  we  might  be  surprised  at  the  absence  of  tho  two  bodies  so  generally  met 
with  among  pyrogenous  products.  But  on  further  refiection  we  cannot  help  admitting 
that  this  is  quito  natural.  Tho  manufacturer  of  mineral  oils  seeks  to  distil  the  schists 
at  tho  lowest  possible  temperaturo  in  order  to  avoid  the  formation  of  gas  and  to  secure 
Che  largest  possible  yield  of  oil. 

The  following  facta  cannot  be  too  widely  known : — 

A  number  of  patents  have  been  taken  out  in  different  countries  for  '  inexploeiva' 
gazoline,  naphtha,  and  benzine.  Oils  of  this  nnturo,  quite  as  dangerous  as  they  were 
originally,  befora  the  patented  treatment,  are  sold  under  such  names  as  '  liqnid  gas,' 
'Aurora  oil,'  'safety  gas,'  'puroline,'  'petroline,'  'black  diamond,'  'septoune,'  &c. 
They  are  mere  mixtures  of  the  wdinai?  light  explosive  oiU,  with  roots,  gums,  barks, 
and  salts.  The  following  are  some  of  the  mixtures,  as  recorded  in  theTatent  List 
of  1866  :— 

Ko.  67,09S.  Gasoline,  40  gallons ;  gum  oiibanum,  1  lb. ;  cascarilla  bark,  i  lb. ; 
lichen,  (probably  Iceland  moss),  i  lb. 
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Ko.  67,390.  Bark  of  white  oalc,  2  lbs. ;  alkanet  root,  2  lbs. ;  salt,  2  lbs. ;  aleohol, 
}  litre ;  cyanide  of  potassium,  30  grammes ;  to  be  added  to  3  gallons  of  iiaiditha. 

No.  67,749.  NapBthn,  40  gnllong ;  carbonate  of  soda,  3  lbs. ;  alum,  2  lbs. ;  hydiste 
of  lime,  2  lbs. ;  rod  ash,  2  lbs. ;  camphor,  J  lb. ;  oil  of  safion,  12  grammes;  essence 
of  tar,  30  grammes. 

No.  58,  KO.  Naphtha,  40  gallons ;  potatoes,  60  lbs. ;  lime,  4  lbs. ;  salt  of  soda,  4  lbs. ; 
turmeric,  8  lbs. 

No.  68,005.  Gazoline,  40  gallons ;  salt  of  soda,  1  lb. ;  cream  of  tartar,  1  lb.  If  the 
oil  of  Gatttheria  procumbent  is  added  the  offenmre  odour  of  the  mixture  is  said  to  be 
quite  overcome. 

No.  69,797.  Gazoline,  40  gallons ;  sulphur,  6  lbs. ;  rust  of  imn^  100  IbR. ;  onions,  1 
bushel ;  resin,  6  lbs. 

No.  60,659.  Naphtha,  40  lbs. ;  caustic  soda,  I  lb. ;  alum,  1  lb. ;  salt  1  lb. ;  manga- 
nese, 30  grammes;  water,  120  grammes. 

None  of  these  additions  can  hare  any  eflect,  save  to  disguise  the  colour  or  smell  of 
the  oils,  and  to  diminish  their  utility,  when  burnt  in  a  lamp,  by  clogging  up  the  wick. 
They  cannot  in  the  least  obviate  their  explosive  nature.  This  will  be  at  once  apparent, 
if  we  reflect  that  it  is  not  the  oil  itself  which  explodes,  but  merely  its  taponr,  when 
mixed  with  a  certain  proportion  of  oxygen  or  of  common  air.  Hence  an  oil  is  called 
explosive  when  it  gives  off  vapour  at  low  temperatures.  That  any  addition  can 
prevent  this  escape  of  vapour  without  occasioning  a  complete  decomposition  of  the  oil 
18  impossible. 

These  dangerous  and  deceptive  oils  are  palmed  off  upon  dealers  and  consumers  by  a 
very  ingenious  stratagem.  It  is  not  generally  known  that  the  vapour  of  a  volatile  oil 
or  other  hydro-carbon  requires  to  be  mixed  with  a  very  considerable  proportion  of  air 
to  form  an  explosive  mixture.  Eight  or  nine  measures  of  air  to  one  of  the  vapour  is 
the  most  explosive  proportion,  while  a  mixture  of  equal  parts  bums  quietly  without 
any  exploeion  at  all.  In  fact,  to  pro<luce  at  will  the  most  explosive  mixture  requires 
both  dexterity  and  experience,  while  it  is  very  easy  to  avoid  its  generation  entirely. 
When  it  is  desired  to  prove  the  complete  safety  of  a  dangerous  oil,  its  vapour  is 
allowed  to  mix  with  a  very  little  air ;  a  lighted  match  is  then  thrust  in,  and  as  no 
explosion  follows,  the  dl  is  recognised  as  non-explosive,  and  used  as  safe  till  some 
serious  accident  makes  its  insecurity  manifest  and  pute  an  end  to  its  sale  in  the 
district. 

Many  of  the  substances  added  in  the  above-mentioned  patents  subside  to  the  bottom 
of  the  cask  with  as  little  effect  as  a  handful  of  pebbles  or  small  shot. 
MiaiULaX  PUSVUI.     Purple  of  Cassius — which  see. 
IHIWRMi  BTATZ8TZCS  of  the  United  Kingdom. 

Within  our  limite<l  space,  an  attempt  will  be  made  to  show  the  value  of  oni 
mineral  produce — and  to  some  extent  of  our  metallurgical  operations. 

ISr.  Came  has  given  a  table  in  the  '  Transactions  of  the  Geological  Society  of  Corn- 
wall,' of  the  production  of  tin  in  Cornwall  from  1760  to  1837.  We  adopt  this  table 
from  1800  to  1837,  after  which,  until  1848,  no  exact  return  could  be  obtained.  From 
1848  the  progress  of  tin  mining  to  1859  is  given  as  a  continuation  of  the  same  table. 
From  1860  to  1873  the  production  of  tin  ore  and  metallic  tin  is  given  in  a  separate 
table. 

The  following  is  a  complete  statement  of  the  produce  of  the  mines  and  collieries  of 
the  United  Kingdom  in  1873 : — 

Qnantitles  Talue 

Htnerals  Tons  Cwtx.  C 

Coal 127,080,386      0  47,689,144 

Iron  Ore 16,677,449      0  7.673,676 

Copper  Orb 80,188    10  842,708 

Tin  Ore 14,884    17  1,066,836 

2ncOre 16,969      0  61,166 

Lead  Ore 73,400    10  1,180,367 

Iron  Pyrites 68,924      3  86,486 

Hanganese 8,671      6  67,766 

Salt 1,780,000      0  800,000 

Barytes 10,269    11  7,998 

Mttalt  obtained  from  thett  Oret. 

Pig  In» Tons  6,646,461  £17,090,989 

Tin 9,972  1,329,766 

Copper 6,240  602,822 

Leiid „         66,086  1,806,622 

Silver Onnces   687,707  134,427 

Zinc                   Tons        4,471  120,999 
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Pndiuee  ofSriUth  Tin  Minet  *inee  1800. 


Y«u» 

Tons 

Tears 

Tom 

Tears 

Tom 

Tean 

Tons 

1800 

2,522 

1816 

2,941 

1830 

4,444 

1845 

••• 

1801 

2,865 

1816 

3,348 

1831 

4,300 

1846 

•♦• 

1802 

2,669 

1817 

4,121 

1832 

4,323 

1847 

••• 

1803 

2,960 

1818 

4,066 

1833 

4,066 

1848 

6,613 

1804 

3,041 

1819 

3,315 

1834 

2,989 

1849 

6,962 

1805 

2,786 

1820 

2,900 

1835 

4,228 

1860 

6,729 

1806 

2,905 

1821 

3,373 

1836 

•4,054 

1851 

6,143 

1807 

2,466 

1822 

3.278 

1837 

4,790 

1852 

6,287 

1808 

2,371 

1823 

4,213 

1838 

6,130 

1853 

6,763 

1809 

2,548 

1824 

5,005 

1839 

•■• 

1854 

6,947 

1810 

2,036 

1826 

4,358 

1840 

>■• 

1865 

6,000 

1811 

2,386 

1826 

4,603 

1841 

••• 

1866 

6,177 

1812 

2,378 

1827 

6,666 

1842 

••• 

1867 

6,682 

1818 

2,324 

1828 

4,031 

1843 

>•• 

1858 

6,920 

1814 

2,611 

1829 

4,484 

1844 

1869 

7,100 

Hr.  Came  again  infomu  ua  that  the  prices  paid  to  the  tinner  in  Comirall,  bet-vreen 
the  years  1746  and  1781,  varied  from  60*.  the  cwt.  to  12t.  the  c\rt.  In  a  Bepoit  of  a 
Select  Committee  of  the  House  of  Lords,  on  the  state  of  the  British  Wool  Trade,  is  a 
table  compiled  by  Edward  Charles  Hohler,  giring  the  average  prices  of  sereial  articles, 
amongst  others  of  tin,  from  1783  to  1828  inclusiTe.  From  this  table  the  following 
extract  is  made: — 


£   «. 

d. 

£    t. 

d. 

1788  . 

.  4  1 

7  per  cwt 

1810  . 

.    7  0 

8  per  cwt. 

1789  . 

.  3  10 

3   „ 

1816  . 

.  7  8 

0   „ 

1794  . 

.  6  0 

3   ,. 

1820  . 

.  3  15 

9   „ 

1800  . 

.  6  4 

2   .. 

1826  . 

.  4  16 

6   „ 

This  does  not  differ  materially  from  the  prices  given  by  Mr.  Came  as  the  prices 
paid  to  the  tinner  in  Cornwall :  the  apparent  discrepancies  arise  from  the  fact,  that 
the  above  table  is  the  price  of  tin  in  the  metal  market,  therefore  we  have  to  add,  to 
the  price  for  tin  ore,  the  cost  of  bringing  it  into  the  metallic  state. 

The  value  of  the  metallic  tin  prcKluced  in  1863,  when  the  price  varied  from  112/. 
to  118/.  per  ton,  maj  be  estimated  at  700,000/.  In  1854  the  range  of  prices,  not  very 
different  from  those  of-  the  previous  year,  gives  a  total  value  of  600,000/.  The  ave- 
rage prices  of  1855  were :  English  blocks,  126/. ;  bars,  126/. ;  refined,  129/.  In  1868, 
the  mean  average  price  was  119/.  per  ton.  In  1868  it  was  98/.  In  1870  it  rose  to 
127/.,  and  in  1872  to  162/.    In  1873  it  feU  again  to  133/. 

Summary  ofFroducefor  each  Year  tince  1859,  viith  the  rttpeetive  Valuet,  fe. 


■ 

Tin  Ore 

Metallic  Tin        1 

Yeats 

No.  of 
Vines 

Quantity 

Talnc 

QnanUty 

Voluo 

tons 

£ 

tons 

£ 

1860 

148 

10,400 

812,160 

6,656 

866.306 

1861 

148 

10,963 

793,698 

7,010 

857,706 

1862 

147 

11,841 

777,396 

7.578 

879,048 

1863 

171 

14,224 

913,387 

9,104 

1,065,168 

1864 

174 

13,985 

881,031 

9,208 

996,029 

1866 

166 

14,122 

782,284 

9,038 

873,659 

1866 

145 

13,785 

667,999 

8,822 

781,849 

1867 

117 

11,066 

649,373 

7,296 

670,228 

1868 

109 

11,584 

641,137 

7,703 

766,494 

1869 

117 

13,883 

889,378 

9,356 

1,-138,488 

1870 

147 

15,234 

1,002,357 

10,200 

1,299,505 

1871 

146 

10,898 

1,068,733 

11,320 

1,556,557 

1872 

162 

12,300 

1,065,658 

8,241 

1,258,812 

1878 

217 

14,936 

1,056,126 

10,006 

1,384,800 

Digitized  by 


Google 


248 


MINEBAL  STATISTICS 


Production  of  (he  Dutch  Tin  Minet  since  1855. 

This  is  so  important  in  relation  to  the  BrlUsh  Tin  trade,  that  the  preserration  at  tiM  details  is 

deslntble. 


Years 

Bnnca' 

BUUtoo,  estimated 

slabs              tons 

ahibs            tons 

1855  .... 

128,266   =   4,233 

2,734  =        97 

1856  . 

201,317   »   6,643 

6.714  r=      238 

1857  . 

149,336   -  4,928 

3,674   =      180 

1858  . 

102;9«)  =  6,367 

9,014  =      320 

1859  . 

181,968  =■  6,005 

4,620  "      164 

1860  . 

165,620   =   6,468 

8,000  «      284 

1861  . 

173,008  =   6,709 

13,018   =      462 

1862  . 

141,770  -  4,678 

10,182   >==      361 

1863  . 

191,963    =  0,334 

20,636  -      782 

1864  . 

161,916    -  5,343 

22,380  =      794 

1865  . 

138,012    =   4,554 

30,000  -   1,065 

1866  . 

158,626  <=  5,234 

83,000  =  1,171 

1867  . 

140,670   •=  4,639 

6.1,940  =   2,841 

1868  . 

120,000   =  8,960 

60,600   »   2,161 

1869  . 

135,868   =  4,483 

68,291    =    2,424 

1870  . 

146,000   =  4,672 

89,283   =    2,858 

1871  . 

134,906    =   4,820 

99,700  =   3,190 

1872  . 

136,000  =  4,352 

108,000   =  3,456 

1873  .... 

140,000   °  4,480 

102,000   =   3,246 

■  1,000  Bancn  slabs  weigh  abont  32  tons ;  the  average  weight  ot  1,000  slabs  Straita  tin  being  from 
Hi  to  40  tons.    Xbe  weight  of  the  BilUton  dabs  is  the  some  as  the  Banoa, 


The  Quaniiliee  of  Tin  sold  in  Holland  and  the  Prica  realieed  lince 


Slabs 

190,659    .        .    aold  at  82|  Flos,  per  60  Eilog. 

190,842    . 

»» 

681 

tl 

H 

139,128    . 

»1 

881 

tt 

n 

151,613    . 

l> 

70i 

tt 

It 

149,188    . 

tt 

60 

tt 

» 

165,193    . 

»l 

67} 

tt 

t* 

119,092    . 

tt 

76 

tt 

w 

146,921     . 

tt 

61j 

It 

tf 

167,800    . 

»t 

66 

tt 

II 

111,800  March  sale 

tt 

40} 

It 

» 

109,300  Sept  sale 

tt 

46 

II 

t$ 

69,400  Mnrch  sale 

tt 

54 

tt 

n 

71,000  Sept  sale 

It 

tm 

ft 

tt 

51,100  March  sale 

90,300  Sept  sale 

tl 

64i 

tt 

ft 

10,600  Not.  sale 

»t 

55 

tt 

» 

49,600  March  sale 

»» 

82J 

II 

ft 

61,300  Sept.  sale 

„ 

74 

II 

tt 

76,800  March  sale 

»» 

72i 

tt 

II 

80,000  Sept.  sale 

t) 

7H 

tl 

91 

80,791  March  sale 

tt 

76 

It 

It 

83,300  Sept  sale 

tt 

78} 

tl 

It 

62,800  March  sale 

1! 

96} 

ft 

tt 

46,500  Sept  sale 

)> 

02i 

tl 

n 

75,200  March  sale 

tt 

86 

It 

tt 

30,000  Srpt  sale 

,t 

76 

tl 

tt 

30,000  Not.  sa 

Je 

)) 

67* 

tl 

tf 

1867 
1858 
1869 
1860 
1861 
1862 
1863 
1864 
1866 
1866 

tt 

1867 
1868 

ft 

1869 
1870 
1871 
1872 
1873 


•  60}  kilogrammes  are  equal  to  an  English  ovt,  or  1|0U  kUogismmes  are  equal  to  an  Bnglisb 

itatnteton. 


1857. 
Per  Ton 
£     t. 
-  140  10 

m 

116 

0 

a 

141 

0 

S£ 

136 

0 

B 

118 

6 

= 

116  10 

- 

130 

0 

S 

106 

0 

m 

95 

10 

. 

87 

10 

_ 

81 

10 

B 

94 

10 

- 

95 

0 

„ 

94 

10 

» 

96 

10 

_ 

142 

0 

_ 

128 

10 

.. 

126 

10 

s 

130 

0 

= 

129 

0 

=. 

136 

0 

» 

166 

0 

:> 

166 

0 

1. 

146 

0 

= 

128 

0 

a 

116 

0 
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7%»  Predue*  of  the  Cofper  iOnt*  of  ComteaRfrom  tie  gear  1726  to  1800,  in  periods 

of  ten  years. 


rem 

Tom  of  Ore 

Aventge  inrioa 
per  ton 

Amount  realiKd 

From  1725  to  1785 
„     1735  to  1745 
„     1745  to  1766 
„     1756  to  1765 
„     1766  to  1775 
„     1775  to  1785 
„     1785  to  1795'      . 
„     1795  to  1800 

64,800 

75,520 

98,790 

169,699 

264,273 

304,133 

219,834 

£     t.      d. 
7     15    10 
7      8      6 
7      8      0 

7  6      6 
6     14      6 
6      3      0 

8  0      6 

£ 

478,500 

560,106 

731,467 

1,243,045 

1,778,337 

1,827,106 

2,177.724  « 

From  1838  Uie  following  may  be  leceired  as  an  exact  statement  of  the  progress  of 
the  copper  mines  of  'Western  Enjgland.  The  aocoonts  are  made  up  to  June  30  in  each 
year  specified : — 


Nombei 

— 1 

Itate 

o{  Mines 

M-DIng 

Ore' 

Total  ot  Ore 
eoM 

Fine  Co)iper  In  Ore 

Honey  Talne 

StMdord 

torn 

ton< 

1 

21  cwte.   cwts. 

Jlcwts. 

cwts.  qrs 

lbs. 

£         f. 

d. 

£ 

t.    rf. 

1838 

76 

146,688    20 

11,527 

4     1 

17 

857,779  11 

0 

109 

3    0 

1830 

79 

169,561      0 

12,460 

18     1 

24 

932,297  12 

6 

110 

2     0 

1840 

79 

147,266      0 

11,037 

16    3 

1 

792,768    3 

6 

108 

10     0 

1841 

79 

136,090      0 

9,987 

2     1 

23 

819,949    2 

0 

119 

6     0 

1842 

70 

136,581      0 

9,896 

3    0 

15 

822,870  12 

0 

120 

16     0 

l?4a 

64 

144,806     0 

10,926 

1     0 

6 

804,465  19 

0 

110 

1     0 

ie44 

68 

152,667     0 

11,240 

14     1 

20 

816,246     9 

6 

109 

17     0 

1845 

77 

157,000     0 

12,239 

2    3 

11 

835,358  10 

6 

108 

10     0 

1846 

88 

158,913     0 

12,447 

16     1 

16 

886,786     1 

6 

106 

8    0 

1847 

92 

148,674     0 

11,966 

8    6 

18 

830,739     9 

0 

103 

12    0 

1848 

90 

166,616      0 

12,869 

19     1 

16 

826,080    2 

6 

97 

7    0 

1849 

80 

144,938      0 

12,052 

17    3 

23 

716,917    7 

0 

92 

11     0 

1850 

72 

150,890     0 

11,824 

0     1 

21 

814,037    3 

0 

103 

19    0 

1851 

76 

164,299     0 

12,199 

16     1 

15 

808,244     I 

6 

101 

0    0 

1852 

82 

152,802     0 

11,706 

16    3 

20 

828,067  19 

6 

106 

12    0 

1853 

94 

180,095     0 

11,839 

14    0 

0 

1,124,561     2 

0 

136 

16    0 

1854 

96 

180,687     0 

11,779 

14    0 

0 

1,168,756    3 

6 

140 

2    0 

After  tUs  period  the  qnanUUes  given  are  thoee  prodooed  in  the  jeer  ending  December  SI. 

The  following  snmmaiy  for  the  United  Kingdom  for  the  period,  ending  1873,  will 
show  the  &lling  off  in  the  production  of  that  metal : — 


Tears 

No.  of 
lUues 

CoppeTv-  ore 

VelBe 

Copper 

Yidne 

teps 

« 

tons 

£ 

1863 

222 

210,947 

1,100,554 

14,247 

1,409,608 

1864 

201 

214,604 

1,166,171 

13,302 

1,350,609 

1865 

203 

198,298 

927,938 

11,888 

1,184,664 

1866 

173 

180,378 

769,118 

.  11,153 

1,019,168 

1867 

164 

158,544 

699,693 

10,233 

831,761 

1868 

152 

157,385 

642,103 

9,817 

761,602 

1869 

136 

129,963 

519,912 

8,291 

644,066 

1870 

124 

106,698 

437,851 

7,175 

661,309 

1871 

122 

97,129 

887,118 

6,280 

475,148 

1872 

117 

91,893 

443,738 

6,703 

683,232 

1873 

122 

80,188 

342,708 

5,240 

608,822 

'  The  produce  iA  the  mines  (or  the  years  1780  to  1794  cannot  1»  obtained. 

Tesrs  .  .         17M  1787  17gg  17S4  1791 

^ns  .  .        3»,89S  Il8,0t7  81,141  42,816  43,689 

Amount       .  .     237,237L       ]»0,788;.       180,>0S<.       320,87Sr.       ta»,l«M, 

'  This  inclodes  tlw  last  Hve  years  ot  the  last  century  only. 
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The  esrlieit  acoonnts  of  the  Swansea  sales  which  we  have  heen  enabled  to  obtain 
are  firom  1804,  -vrhen  first  the  copper  sales  were  published  in  the  'Cambrian '  news- 
paper. The  publication  of  the  printed  ticketing-papers  commenced  in  1839.  As 
these  returns  show  a  yeiy  remarkable  extension  of  the  copper  trade  of  Swansea,  the 
amount  sold  for  each  year  is  giren : — 

Capper  Ores  told  at  Swauieafroia  the  year  1804  to  1847. 


Date 

English 

Welrii 

Irish 

Date 

English 

Welsh 

Irish 

Fonlgn 

torn 

tons 

tons 

tons 

tons 

tons 

tons 

1804 

... 

62 

... 

1826 

606 

1,115 

4,271 

... 

1805 

... 

•  •• 

*•• 

1827 

508 

1,140 

7,883 

... 

1806 

••• 

41 

62 

1828 

320 

3,666 

8,510 

199 

1807 

... 

68 

810 

1829 

720 

6,076 

7,044 

668 

1808 

... 

312 

1,301 

1830 

416 

1,788 

9,115 

934 

1809 

... 

240 

530 

1831 

640 

1,442 

9.707 

978 

1810 

••• 

400 

603 

1832 

646 

8,184 

11,899 

641 

1811 

••■ 

88 

68 

1833 

361 

1,786 

11,293 

1,069 

1812 

>>• 

622 

120 

1834 

377 

3,336 

17,280 

2.077 

1813 

..• 

442 

213 

1836 

268 

3,770 

22,123 

6,768 

1814 

... 

321 

429 

1836 

536 

1,698 

21,013 

9,046 

1816 

■  77 

1,079 

700 

'  1837 

179 

2,216 

22,306 

14,621 

1816 

36 

600 

673 

1838 

964 

3,410 

22,161 

19,868 

1817 

•  •• 

422 

9 

'  1839 

1,812 

2,637 

23,613 

24,092 

1818 

317 

247 

349 

,  1840 

762 

1,625 

20,166 

36,354 

1819 

1,796 

90 

1,631 

1841 

706 

1,180 

14,321 

41.364 

1820 

1,408 

124 

2,200 

1842 

1,910 

867 

15,253 

44.302 

1821 

967 

191 

2,040 

1843 

766 

1,183 

17,600 

40,739 

1822 

621 

412 

1,923 

1844 

430 

700 

20,063 

45,491 

1823 

633 

664 

3,678 

1846 

622 

1,914 

19,647 

46.643 

1824 

436 

368 

4,471 

1  1846 

549 

1,086 

17,533 

39,348 

1826 

2,061 

1,191 

6,360 

1847 

406 

840 

14,373 

36,700 

The  accounts  after  1847  were  somewhat  irregularly  kept ;  but  for  the  ten  years 
ending  1849  the  Cornish  and  Devonshire  copper  mines  sold  1,480,561  tons  of  copper 
ore,  which  produced  114,665  tons  of  metallic  copper.  During  the  same  period  there  were 
sold  at  Swansea  6,399  tons  of  English  copper  ore.  8,860  tons  of  Welsh,  and  116.18:J 
tons  of  Irish  ore.  After  that  date  we  are  unable  to  separate  in  a  satisfa(!tory  mannei 
the  British  ores  sold  at  Swansea  from  the  colonial  and  foreign  ores  sold  in  each  year. 
The  following  Table  for  each  fifth  year  will,  howerer,  &irly  represent  the  Swansea 
sales  of  this  period. 


Yean 

Ore 

Copper 

Ttlne 

tons 

tons       cnts.qn.  Its. 

£            :     d. 

1850 

41,686 

7,108       8     1     11 

549,258      3     6 

1866 

43,903 

6,926       1     2     14 

664,468     11     0 

1860 

39,668 

5,936       6     1     10 

566,767      6    6 

1866 

26,217 

3,791       8     1     16 

299,352      3    6 

1870 

14,534 

2,329     11     3      4 

147,454     U     0 

For  the  last  three  years  the  following  is  a  correct  statement  of  the  Swansea  public 
sales.  Very  large  quantities  of  copper  ores,  principally  foreign,  were  also  bought  by 
private  contract ;  the  quantities  cannot  be  obtained. 


T««n 

Irish  mines 
ore 

English  mines 
oro 

tVclah  mines 
ores 

Fordgn  and 
Ckiloniol  oro 

1871 
1872 
1873 

tons 
7.795 
7,809 
7,003 

tons 

87 

929 

1,266 

tons 

122 

84 

4 

tons 
17,240 
10,743 
11,908 
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.3 


^ 
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15,294,468  tons  18  cwta. 


16,684,367  tons  2  cwta. 


16,334,888  tons  14  cwts. 


14,870,654  tons  18  evta. 


11,608,626  tons  14  cvts. 
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QuantiUa  of  Fig  Iron,  made  m  taeh  County  in  England,  Walei,  and  Scotland,  in  took 
of  the  Years  1862,  1863,  1864,  and  1865. 


'Exai.turD : — 

1862 

IMS 

1864 

186S 

tons 

tons 

tons 

tons 

Northumberland . 

46,686 

40,016 

65,467 

49,290 

Dorham      .... 

387,218 

468,318 

466,980 

476,767 

Yorkshire   .... 

895,610 

419,942 

621,199 

609,654 

Derbyshire .... 

131,005 

170,026 

174,743 

189,864 

Ltincasbira .... 

138,663 

164,110 

195,460 

204,926 

CamberlaDd 

103,465 

106,090 

141,033 

107,430 

Shropshire  .... 
Korth  Stafibrdshire     . 

126,981 

135.567 

130,666 

1 17,343 

184,465 

176,604 

217,996 

206,268 

South  Stafibidghire  and  Wor- 

cestershiro 

410,220 

691,167 

628,793 

629,627 

Northamptonshire 
IdDcolnsEiie        , 

13,471 

••• 

14,600  \ 

22,823 

26,728 

Gloucestershire   .        .       "> 

89,427  J 

Wiltshire    ...         I 

61,9681, 

-       i 

66,312 

66,471 

Somersetshire     ,        .       J 
Total        . 
Waibs:— 

24,674  f 

1,938,441 

2,461,211 

2,620,472 

2.738,867 

Denbighshire,  && 

31,719 

61,076 

61,108 

61,874 

G-lamorganshire,  antkracite' 

Caermnrthonshire,     „ 
Pembrokeshire,          „ 

80,376 

22,944 

26,306 

29,213 

Brecknockshire,         „ 

Glamorgnnshire,  bUtmUnont 

441,869 

439.722 

461,822 

408,213 

Brecknockshire,          „ 

39,000 

85,700 

34,260 

40,730 

Monmouthshire,         „ 
Total 
Scotland:— 

886,066 

349,387 

416,174 

367,666 

926,028 

898,829 

988,729 

916,909 

Ayrshire     ..." 
Lanarkshire 

I-'ifcshire     . 

, 

Linlithgowshire  . 
Stirlingshire 

1,080,000 

1,160,000 

1,168,750 

1,163,478 

-  Clackmannanshire 

Haddingtonshire 
Argyleshire 

Total        .        . 

1,080,000 

1,160,000 

1,168,760 

1,163,478 

Wales 
Scotland 

ToUl 


Ike  Production  (if  Pig  Iron  and  Eitimated  Value  tince  1865. 

1866  1867 

Tons               Value  Tons 

.  2,676,9281  England. 

.     962,969  ^£11,309,742  Wales     . 

.     904,000  J  Scotland 

.  4,623,897  Total  , 


Taloe 


.  2,810,046i1 

.     919.077    \£n,W2fi61 

.  1.031,000   J 

.  4,761,023) 


1868 

Tons  Talne  ' 

England  .        .  2,970,905'! 
Wales      .        .     981,301  }.£12,426,516 
Scotland  .        .  1,068,000  J 

Total  .       .  4,970,206 


1869 

Tons  Talne 

Kngland  .        .  3,466,2661 
Wales       .        .      839,602  l£li«,614,397 
Scotland  .        .  l,160,000j 

Total  .        .  6,446,767 
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1870 

1871 

Snglaitd  . 

Wales       . 
Scotland  . 

Tons               Talna 
.  3.786,627-1 

.  1,021,888  }>£14,908,787 
.  1,206,000  J 

England 

Wales 
Scotland 

Tool 
.  4,879,8701 
.  1,087,809 
.  1,160,000, 

Talna 
.jei6,667,947 

Total. 

.  5,963,515 

. 

Total 

.       .  6,627.179 

1872 

WiSes       !        '. 
Sootland  . 

Tom 
.  4,594.6141 
.  1,057,815  ^ 
.  1.090,000  J 

Talna 
418,640,804 

6,741,929 


Produce  of  Coal  in  the  Umted  Kingdom  liitoe  1864. 


■Urn 

Tout 

Tears 

Tona 

1864     . 

92,787,873 

1860 

.     107,427,667 

1865      . 

98,160,587 

1870 

.    110,481,192 

1866     . 

101,680,544 

1871 

.     117,852,028 

1867     . 

104,500,480 

1872 

.     128,497,316 

1868     . 

103.141,157 

1873 

.        .    127,012,767 

The  following  information  respecting  the  distribution  of  coal  in  1871  and  1872 

cannot  fail  to  be  of  interest : — 


Summary  ofEaUtoay  and  Canal  Dietribution  of  Coal  in  the  Years  1871  and  1872. 

Ballireya 

1871 

187J 

18T» 

Increase 

I>eoi«<uo 

London  and  North-Western : — 

tona 

tons 

tons 

tons 

From  Cumberland  . 

348,668 

384,071 

36,403 

... 

„     llerbyshire    . 

34,355 

29,201 

•  ■• 

5,154 

,     .Staffordshire. 

763,738 

868,774 

106,036 

•  *. 

,     Wales,  North 

391,516 

408,667 

17,151 

a.. 

,         „      South 

104,168 

107,620 

3,362 

,     Shropshire     . 

114,686 

110,364 

■  a. 

4,222 

,     Wanrickshiro 

202,379 

229,105 

26,726 

•  a. 

.     Yorkshire 

207,962 

236,107 

17,145 

•  •■ 

„     Loncnshire     . 

5,437,060 

5,698,268 

261,208 

■  ■■ 

„     Cheshire 

141,225 

133,014 

... 

8,211 

Midland:— 

From  Berbysliire    . 

4,695,527 

4,875,044 

279,617 

... 

„     Borham 

166,484 

160,990 

14,494 

„     TAnntshira     . 

21,660 

22,617 

1,057 

■  .. 

„     Leicestershire 

1,017,201 

1,162,087 

144,886 

... 

„     Nottinghamshire   . 

674,796 

689,407 

114,611 

>>. 

„     StaSbnlshire . 

47,660 

63,842 

6,182 

... 

„     Wales,  South 

8,346 

19,440 

11,096 

„     Warwicksliire 

86,826 

119,122 

32,296 

•  ** 

„     Yorkshire 

1,503,660 

1,637,746 

134,096 

... 

„     Gloucestershire 

234,420 

232,875 

... 

1,546 

Great  Northern : — 

From  Derbyshire    . 

11,419 

9,471 

1,948 

.,                            M                            ... 

376,449 

357,680 

... 

17,859 

„     Durham 

611,166 

409,414 

... 

101,751 

„     Leicestershire 

1,827 

1,231 

... 

696 

„     Retford 

223,420 

230,138 

6,718 

•  •• 

.,     Wales,  South 

•  •■ 

1,082 

1,082 

„     Yorkshire,  Sooth  . 

801,504 

874,620 

73,116 

... 

,            „         West  Riding 

490,571 

680,068 

189,497 
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1871                 1 

BaOwKys  ud  Canali 

Incnue 

Deems* 

North-Eastani  :— 

tons 

tons 

tons 

tOJU 

From  Durham,  &c. . 

10,080,217 

10,486,168 

396,951 

„     Yorkshire    and   Lanca- 

shire 

1,064,407 

1,134,642 

70,136 

lUanchester,  Sheffield,  and  Lin- 

colnshire        .... 

3,178,062 

8,740.601 

666,448 

Lancashire  and  Yockshite  . 

•  •• 

2.874,637 

100,000' 

North  Stafibrdshire     . 

1,004,049 

1,164,723 

50,674 

... 

Great  Western  :— 

FromBadstock 

306,732 

261,667 

46,076 

„     Wales,  South 

2,816,826 

3,067,685 

260,860 

„       North 

830,000 

967,866 

128,766 

... 

„     Staflbidsbire,  for  London 

1,012 

11,446 

10,434 

•  _,, 

„              „           forwarded 

... 

404,608 

(uncertain) 

TaffVaU 

3,693,932 

4,218,606 

610,674 

Uonmouthshire  .... 

1,741,748 

1,769,366 

17,608 

Swansea  Vale     .... 

466,178 

494,844 

38,666 

... 

North  British      .... 

3,600,618 

3,797,249 

196,631 

Caledonian          .... 

6,014,894 

6,229,093 

214,199 

>•• 

Glasgow     and      South-Westem 

Canals 

1.937,177 

2,084,894 

147,717 

Aire  and  Calder .... 

«■• 

•  •• 

16,141» 

Grand  Junction  .... 

6,616 

8,236 

1,621 

Erewnsh  Valley  .... 

1,049,428 

2,091,377 

141,949 

... 

Birmingham  Canal      . 

4,416,897 

4,496,338 

79,636 

... 

StaSbrdshire  and  Worcester  Canal 
Total  increase 

216,642 

214,932 

1,710 

4,608,183 

202,666 

„     decrease 
Actual  total  increase 

. 

, 

202,666 

... 

4,306.617 

... 

'  £stlmated  Increase  In  1872. 


'  OamiiutedttomaotnalretamB. 


SiipmtttU  of  Coal. 


Coal  exported  to  foreign  countries 
Cool  sent  coastwise     . 

1871 

1873 

1873                1 

Inonaae 

Deereaw 

tons 
12,747,689 
10,763,289 

tons 
13,198,494 
10,166,868 

ton* 

460,606 

••• 

tons 
S66,'460 

DeUUU  of  Siyment*. 
(Coke  la  all  eases  estimated  u  coaL) 


Rtom 


Northumberland  and  Durham  : — 

Foreign 

Coastwise        .        ,        .        . 

Cumberland : — 

Foreign 

Coastwise       .... 


1871 


tons 
6,712,767 
6.387.412 


3,739 
699.744 


1878 


tons 
6,248,304 
4,787.178 


3,288 
830,426 


1871 


Increase 


Docreaae 


tons 
464,463 
660.234 


461 
260,319 
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Yorlshire  and  Derbyshire : — 
F(»eign  .... 
Coastwise        .        . 


Lancashire  and  Cheshire : — 
Foreign  .... 
Coastwise 

Oloocester: — 
Formgn  .... 
Coastwise 


South  Wales: 
Foreign  . 
Coastwise 

Scotland : — 
Foreign 


Coastwise 

Ireland       .... 

Ports  distant  from  coalfields : 
Foreign  . 


Coastwise 


Total  increase 
„  decrease 


1871 


666,346 
165,720 


701.265 
642,867 


12,910 
232,708 


3,223,944 
2,496,711 


1,421,516 
1,115,698 

2,343 


106,798 
79,228 


1873 


toni 

824,163 
271,061 


769,448 
630,232 


13,953 
344,450 


3,592,767 
2,565,805 


1,571,934 
1,171,396 

611 


96,230 
120,248 


Actual  decrease  on  those  shipments 


1873 


Inoreue 


tool 

167.817 
106,341 


58,191 


1,034 
111,742 


368,823 
50,094 


150,418 
56,798 


41,020 


1,109,278 
1,409,492 


300,214 


Decreaae 


tons 


12,636 


1,832 


10,668 


202,566 


The  difference  between  this  and  the  366,460  tons  given  <m  the  preceding  page  arises 
&omthe  deficiency  of  retnms  from  some  of  the  smaller  ports. 

The  total  increase  in  the  quantity  of  coal  carried  by  railways  and  by  canals  in  1872, 
as  compared  with  that  distributed  in  1871,  <u  ihown  in  the  retwrtu  obtained,  is,  as 
stated,  4,305,617  tons.  There  are  some  not  very  important  lines  carrying  coal,  from 
which  returns  have  not  been  received;  and  we  hare  no  returns  of  the  quantities 
carried  by  carts,  or  private  railways  or  trams,  directly  from  the  pit's  mouth  to  tlio 
m.innfactory,  or  for  the  supply  of  towns.  This,  however,  would  not  appear  to  have 
been  largely  increased  over  former  years.  The  following  computation  of  the  coal 
used  in  our  metallnrgies,  which  is  based  upon  information  received  directly  from 
the  smelters  and  ironmasters,  shows  that  in  that  direction  the  increase  in  consumption 
has  been  very  small  :— 


Cod  Kted  in  Smelting,  Boning,  DtiUveriring,  j-e.,  of  Metalt  in 
the  United  Kingdom. 


British : — 
Tin  ore  . 
Metal      . 

Foreign : — 
Tin  ore  . 
Metal 


1871 


Ore  smelted, 
and  metal 
obtained 


Cooliiwdln 

smelting 
ondraflning 


tons 

16,898 1 
11,320 

662 
8,683  J 


tons 


35,168 


187J 

Ore  smelted, 
and  metal 
obtained 

Ooolmedin 

smamng 
and  refining 

Increaw 

Decrease 

tons 

tons 

tons 

tons 

14.266 -J 
9,660 

33,500 

... 

1,668 

1.024 
8,342  J 
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1871 

1871 

Ore  nnelted, 

Caclnaediii 

Ore  imelted. 

Coolnaedln 

■cd  metal 

Hmelting 

and  metal 

smelting 

Incnaae 

Deonaae 

obtained 

and  reflning 

obtained 

tou 

tons 

tons 

ont 

toni 

tons 

Britisli  :— 

Copper  ore 

97,129  ■» 

90,661  •) 

Mutol     . 

6,281 

6,609 

Foreign : — 

• 

411,912 

■ 

879,947 

■•« 

31,965 

Copper  ore 

802,496 

817,888 

Metul     . 

28,672J 

21 ,788  J 

British:— 

Load  ore 

93,966 't 

83,968-1 

Hetal     . 

69,066 

60,465 

Foreign: — 

• 

189,807 

. 

186,762 

••* 

4,045 

Lead  ore 

20,860 

14,660 

Hetal     .        . 

64,908  J 

69,941  J 

British  :— 

Zinc  ore . 

17,763  T 

18,542 1 

Hetal     . 

4,966 

171,920 

6,191  1 

199,265 

27,346 

•  •■ 

Foreign : — 

I 

Zinc  ore . 

29,418  J 

82,662  J 

British  :— 

Iron  ore . 

16,334,888-) 

16,682,261 1 

Hetal     . 

6,627,179 

19,881,627 

6,741,929 

20,226,787 

844,260 

Foreign : — 

Iron  ore .        . 

624,034  i 

955,032  J 

Bar  or  merchant 

iron 

To 
Ac 

6,666,176     118,648,686 

6,409,203 

18,320,830 

... 

327,864 

tal  of  increase  and  decrease      .... 
toal  increase  in  the  coal  consomed  in  the  above  1 

371,606366,632 

6,078 

metallargtes  in  1872     ....         J 

The  consumption  of  coal  in  the  iron  nuuinfactnre  is  compnted,  npon  the  information 
furnished  to  the  Boyal  Coal  Commission,  at  the  rate  of  three  tons  of  coal  used,  for  all 
purposes,  to  each  ton  of  pig-iron  produced.  For  the  year  1872  the  Mining  Record 
Office  sought  and  obtained  returns  of  the  coal  used  for  nearly  all  the  blast-furnace 
establishments.  As  the  result  of  the  economy  which  has  been  rigidly  pursued  since 
the  advance  in  the  price  of  coal,  we  hare  only  51  cwts.  of  coal  given  as  used  for  each 
ton  of  pig-iron  produced.  This  will  give  the  qvantiiy  used  in  1872  ns  17,191,918  tons 
only.  ^  it  is  probable  that  the  quanity  given  in  1871  is  in  excess,  both  years  hure 
been  computed  in  the  Table  at  the  same  rate,  for  strict  comparison. 

The  returns  of  coals  produced,  as  given  by  the  inspectors,  differ  from  those  which 
nppwir  in  the  mineral  statistics  for  1872,  as  shown  below,  by  the  addition  of  the  coal 
raised  in  Ireland  : — 


Tears 

Coal  rated  in  the 
United  Kingdom 

Increase 

Coal  raised  In 
Oreet  Briutn  (In- 
spector's Rotnm) 

Increase 

1871  . 

1872  . 

tons 
117,382,028 
123,407,316 

tons 
6,172i288 

ton* 
117,439,261 
123,393,863 

tons 
5,954.602 

It  has  been  shown  that  the  increased  quantity  of  coal  carried  by  the  railways  is 
above  4,305,617  tons.  It  is  thought,  however,  that  the  following  estimation,  mode 
with  groat  care,  will  have  a  very  close  approximation  to  the  truth,  as  showing  the 
total  increase ; — 
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BaSways  and  canali,  1872,  iocieased   .       . 

Exports,  1872,  increased      .... 

Iron  and  other  metallurgies,  1872,  increased        . 

The  qnantitieg  used  at  collieries  an4  in  mines, 
eftimated  increase 

Coal  carted,  or  sent  by  private  rail-  or  tram-roads, 
to  iroii-works,  mann&ctorers,  and  tovns, 
'which  does  not  appear  in  tJte  above  letnms, 
uthHoted  increase 


CSoastirise  sUpmMits,  deoease 


Tons 
4,600,000 
460,505 
6,073 

10,000 


250,000 

6,316,678 
300,214 


Aetnal  esHmaUd  increase  in  1872  orer  the  prodaction 

of  1871 6,016,364 

Pnditetion  of  th»  principal  Mburah  railed  in  the  UhiUd  Kingdom  durbig 
He  four  peon  mUng  1872.    For  1873,  tee  p.  246. 


18W 

1870 

1871 

1872 

tons 

tons 

tons 

tons 

Coals       .       .       .       . 

107,4?1,657 

110,431,192 

117.362,028 

124,497,316 

Iron    ore 

11,608,625 

14,370,664 

16,334.888 

16,584,857 

Tin       „  .      •. 

14,726 

16,23 

16,272 

14,266 

a-:,:   : 

129,963 

106,698 

97,129 

91,983 

96,866 

08,176 

93,966 

83,968 

Zinc      „  . 

15,633 

13,686 

17,736 

18,642 

Pyrites     . 

76,948 

58,428 

61,078 

65,910 

See  EATCHarnxB. 
See  Sod4-Watbb  ;  and  Wathb. 
{Sergmrke,  Ger.)  The  miner,  in  sinking  into  the  earth,  soon  opens 
np  niunerons  springs,  whose  waters  percolate  into  the  excavations  which  he  digs. 
When  his  workings  are  above  the  level  of  some  valley  and  at  no  great  distance, 
it  is  possible  to  get  rid  of  the  waters  by  leading  them  along  an  adil-kvel  or  gaUtry 
<jf  efflux.  This  forms  always  the  surest  means  of  drainage ;  and,  notwithstanding 
the  great  outlay  which  it  involves,  it  is  often  the  most  economical.  Many  adit-levels 
are  several  miles  in  length,  and  are  so  contrived  ns  to  discharge  the  waters  of  several 
mines,  as  in  the  G^wennap  district  of  Cornwall,  and  in  the  environs  of  Fraiberg,  in 
Saxony.  Such  an  amount  of  slope  should  be  given  them  as  is  barely  sufBcient  to  make 
the  water  run,  at  the  ntmost  &om  ^  to  ^j,  so  as  to  drain  the  mine  to  the  lowest  pos. 
sible  leveL 

Whenever  the  workings  are  extended  below  the  natural  means  of  drainage,  oi 
below  the  level  of  the  plain,  recourse  must  be  had  to  mechanical  aids.  In  the  first 
place,  the  quantity  of  percolating  water  is  diminished  as  much  as  possible  by  plank- 
ing, walling,  or  tuUnng,  with  the  greatest  possible  care,  those  pits  and  excavations 
which  traverse  the  water-levels ;  and  the  lower  workings  are  so  arranged  that  all  the 
waters  may  unite  into  tampt  or  wells  placed  at  the  bottom  of  the  shafts  or  inclined 
galleries ;  whence  the^  may  be  inunpea  up  to  the  day,  or  to  the  level  of  the  gaUery 
qf  efflux.  In  most  mines  simple  lifting-pomps  are  employed,  but  in  those  districts 
whwe  the  necessity  of  raising  large  volomes  of  water  from  great  depths  has  led  to 
unprovement,  forang-pumps  or  plwtger-^&a  are  intzoduced,  placed  over  each  other 
St  intervals  of  from  180  to  240  feet,  although,  for  convenience^  a  lifting-pump  or 
drawing-^ft  occupies  the  deepest  extremity  of  the  shaft,  whence  it  raises  the 
water  to  the  first  plunger,  and  that  again  farces  the  stream  upward  through  the 
colnmur  or  ireee,  to  the  one  next  above  it,  and  so  on  up  to  the  adit-level,  or  to 
Uiesur&ce. 

These  draining-machines  are  set  in  motion  by  that  mechanical  power  which  happens 
to  be  least  costly  in  the  place  where  they  are  established.  In  almost  the  whole  of 
England,  and  over  most  of  the  coal-mines  of  France  and  Silesia,  the  work  is  done  by 
■team-engines  ;  in  the  principal  metallic  mines  of  France,  and  in  almost  the  whole  of 
Germany  and  Hungary  by  hydraulic-machines ;  and  in  other  places,  by  macUnes 
moved  by  horses,  oxen,  or  even  by  men.  If  it  be  requisite  to  lift  the  waters  merely  to 
an  adit-level,  ttdvantage  may  be  derived  fr«m  the  waters  of  the  upper  parts  of  the 
nine,  or  even  from  waters  turned  in  from  the  soi&oe,  in  establidting  in  the  adit-level 
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watar-pNssnre  machines,  or  overshot  vater-vheels,  for  poraping  np  the  lower  Tfater. 
This  method  is  employed  vith  snecess  in  several  mines  of  Hnngaiy,  Bohemia,  Ger- 
many, Derbyshire,  Cornwall,  in  those  of  Ponllaonen  in  Brittany,  &e.  It  has  been 
remarked,  hoirerer,  that  the  copious  springs  are  found  rather  towards  the  surface  of 
the  soil  t^aa  in  the  greater  depths. 

TRUcapoKT  OP  Obbs  to  thb  Sostacb. 

The  ore  being  extracted  firun  its  bed,  and  hsTing  undergone,  when  requisite,  a  trst 
sorting,  it  becomes  necessary  to  bring  it  to  the  d^y  :  an  operation  perfcarmed  in  dil^ 
rent  ways,  according  to  circumstances  and  localities,  but  too  often  according  to  a^ 
blind  routine.  There  aro  some  few  mines  at  the  present  day  where  the  interior  tran- 
sport of  ore  is  executed  on  the  bfcks  of  men :  a  proctioe  the  most  disadvantageons 
possible,  but  which  is  gradually  wearing  out.  The  carriage  along  galleries  is  usually 
eflbcted  by  means  of  sledges,  barrows,  or,  still  better,  by  little  waggons. .  In  siany 
continental  countries  these  consist  of  frames  renting  ,on  fvur  wheels ;  two  larger, 
which  are  placed  a  little  behind  the  centre  of  gravity,  and  two  smaller,  placed  before 
it.  When  this  carnage  is  at  rest,  it  bears  on  its  four  wheels,  and  inclines  forwards. 
But  when  the  miner,  in  pushing  it  before  him,  leans  on  its  posterior  border,  he  makes 
it  horizontal ;  in  which  case  it  rolls  only  upon  the  two  larger  wheels^  Thus  the 
friction  due  to  four  wheels  is  avoided,  and  the  roller  or  trammer  bears  no  part  of 
tile  burden,  as  he  would  do  with  ordinary  wheel-barrows.  To  ease  the  draught  still 
more,  two  parallel  rails  of  wood  or  ircn  are  laid  along  the  floor  of  the  gallery,  to 
which  the  wheels  of  the  carriage  are  adjusted.  It  is  especially  in  metallic  mines, 
where  the  ore  is  heavy  and  the  galleries  often  crooked,  that  these  peculiar  waggons 
are  employed.  In  coal-mines  larger  waggons,  or  frames  carrying  large  baskets,  are 
preferred.  The  above  wain,  called  on  the  Continent  a  dog  (ckiea,  Sitnd),  is  now  often 
replaced  by  a  larger  tram  or  waggon  with  flanged  wheeK  mUning  on  edge-nuls  of 
wrought  iron. 

In  the  great  mines,  such  as  many  of  the  coal  and  saltmines  of  Great  'Britain,  the 
saltmines  of  Gallicia,  the  copper  mines  of  Fahlun,  and  the  lead  mines  of  Alston  Moor, 
horses  have  long  been  introduced  into  the  workings  to  drag  heavier  waggons,  or  a 
train  of  waggons  attached  to  one  another.  These  animals  often  live  many  years 
nnder  ground  without  ever  revisiting  the  light  of  day,  whilst  in  other  cases  they  are 
brought  to  the  surface  at  stated  intervals,  sometimes  daily.  In  a  few  of  the  largest 
collieries  it  has  been  found  preferable  to  establish  stationary  engines  under  ground, 
which  bring  the  train  of  waggons,  by  means  of  an  endless  rope,  along  the  galleries  to 
the  bottom  of  the  shaft.  In  other  mines,  such  as  those  of  Worsley  in  Lancashire, 
subterranean  canals  are  cut,  upon  which  the  mineral  is  transported  in  boats. 

When  the  operations  of  a  mine  are  commencing,  and  the  works  are  of  little  depth, 
and  employ  few  men,  it  is  suf&cient  to  place  over  the  shaft  a  simple  windlass,  by 
means  of  which  a  few  hands  may  raise  the  water-barrels  and  tubs  or  kibbles  filled 
with  stone  or  ore ;  but  this  method  soon  becomes  inadequate,  and  must  be  replaced 
by  lunt-tphimt  or  more  powerful  machines. 

ACCISSOBT  Bxulha 

Few  mines  can  be  travelled  entirely  by  means  of  galleries :  more  nsoally  there  are 
shafts  for  mounting  and  descending.  In  the  pta  of  many  mines,  especially  of  col- 
lieries, the  men  go  down  and  come  up  by  means  of  the  machines  which  raise  the 
mineral.  In  some  mines  of  Mexico,  Northern  England,  and  the  North  of  Europe, 
pieces  of  wood,  flxisd  into  each  side  of  the  pit,  form  the  rude  steps  of  a  ladder  by 
which  the  workmen  pass  up  and  down.  In  other  mines,  steps  are  cut  in  the  rock  or 
the  mineral,  as  in  the  quicksilver  mines  of  Idria  and  the  Palatinate,  in  the  salt  mines 
of  Wieliczka,  and  some  of  the  silver  mines  of  Mexico.  In  the  last,  as  in  the  East, 
they  serve  for  the  transport  of  the  ore,  which  is  carried  up  on  men's  backs.  Lastly, 
some  mines,  as  in  the  Austrian  Alps,  are  descended  by  means  of  sloping  timbers, 
some  of  which  have  an  inclination  of  more  than  30°.  The  workmen  in  sliding  down, 
in  a  sitting  position,  regulate  the  velocity  of  the  descent  by  holding  a  cord,  which  is 
fixed  along  the  upper  side  or  roof  of  the  inclined  shaft.  For  description  of  machines 
used  to  facilitate  the  ascent  and  descent  of  miners  in  shafts,  see  Mak-Enoimb. 

Miners  derive  light  from  candles  or  lamps.  They  carry  the  former  in  a  lump  of 
moist  clay,  w  in  a  kind  of  socket,  terminated  by  an  iron  point,  which  serves  to  fU  it 
to  the  side  of  the  excavation,  or  to  the  timbering.  The  lamps  are  made  of  iron,  tin- 
plate,  or  brass,  hermetically  closed,  and  so  suspended  that  they  may  not  readily  droop 
or  invert,  and  spill  the  oil.  They  are  generally  hung  on  the  thumb  by  a  book,  so  as 
to  leave  the  rest  of  the  hand  at  liberty  for  climbing.  Miners  also  employ  small  lan- 
terns suspended  from  a  button-hole  or  from  the  girdle.    Many  precautions  and  mweh 
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«q«rienee  am  Mqnisita  to  enable  them  to  earry  these  lights  in  a  current  of  air,  ot  in 
a  vitiated  atmospbeie.  It  is  especially  in  eoal  mines  liable  to  the  disengagement  of 
earbnretted  hydrogen,  or  fire-damp,  that  measnros  of  precaution  are  iiiJispensable 
against  explosions.  The  appearance  of  any  halo  round  the  flame  must  be  carefully 
watched,  as  indicating  danger,  and  the  lights  should  be  carried  near  the  bottom  of  the 
gallery.  The  great  protectors  against  these  deplorable  accidents  are  veatilation  and 
the  safety-lamp.    See  Safett-Laiip. 

We  cannot  conclude  this  general  outline  of  the  working  of  mines  without  ^Ting 
some  account  of  the  mlneis.  Most  men  hare  a  horror  at  the  idea  of  burying  them- 
selree,  eren  for  a  short  period,  in  these  gloomy  recesses  of  the  earth.  Hence  mining 
opentions  were  at  first  so  much  dreaded,  that  in  early  times  they  could  only  Iw 
carried  on  by  the  employment  of  slaves.  This  dislike  has  diminished  in  proportion 
to  the  improvements  made  in  mining ;  and  finally,  a  profitable  and  respected  source 
of  gain,  requiring  a  more  than  average  exercise  of  skill  and  intellect,  has  given  mining 
its  proper  rank  among  the  other  branches  of  industry ;  and  that  aprit  de  corps,  so 
conspicnous  among  seamen,  has  also  arisen  among  miners,  and  adds  dignity  to  their 
body.  laike  every  society  of  men  engaged  in  pwilons  enterprise,  and  cherishing  the 
hopes  of  great  success,  miners  get  att^ed  to  their  profession,  which,  as  they  advance 
in  intelligence,  they  regard  with  pride,  and  eventually  in  their  old  age  they  look 
upon  other  occupations  with  something  like  contempt.  They  form  in  certain 
countries,  such  as  Qennany  and  Sweden,  a  body  formally  constituted,  which  enjoys 
considerable  privileges ;  and  the  disgrace  of  being  ejected  from  that  body  appears 
to  exert  in  those  countries  a  good  moral  influence.  Miners  work  usually  for  eight 
hours  at  a  time,  this  being  called  a  eort  or  h\ft  (potta  in  French,  Sc^ht  in 
German). 

Miners  wear  in  general  a  hat  or  cap  capable  of  withstanding  a  blow,  and  a  dress 
suited  to  protect  them  as  much  as  possible  from  the  annoyances  caused  by  water, 
mud,  or  strong  draughts  of  air.  One  of  the  most  essential  parts  of  the  costume  of 
the  German  miner  is  an  apron  of  leather,  fitted  on  behind,  so  as  to  protect  him  when 
seated  on  a  moist  snr&ce  or  on  angular  rubbish.  In  Kngland  the  miners  mostly 
wear  flannel  next  to  the  skin,  though  chey  frequently  in  deep  mines  strip  off  all  their 
clothes  except  their  trousers.  In  most  countries  the  hammer  and  small  pick  or  wedge, 
the  instruments  with  which  before  the  employment  of  gunpowder  all  mining  was  per- 
formed (called  in  German,  Schlagel  and  Msen),  dispos^  in  a  St.  Andrew's  cross,  are 
the  badge  of  miners,  and  are  engraved  on  their  buttons,  and  on  everything  belonging 
to  mines. 

Many  of  the  enterprises  executed  in  mines,  or  in  subserviency  to  them,  occupy  a 
distinguished  rank  in  the  history  of  human  labours.  Several  mines  in  the  Hartz,  in 
Bohemia,  and  in  Cornwall,  have  been  worked  to  a  depth  of  above  and  near  2,000  feet ; 
those,  indeed,  of  Euttenberg  in  Sohemia  are  said  to  have  penetrated  to  8,000  feet 
below  the  surface  of  the  soil. 

A  great  many  descend  beneath  the  level  of  the  ocean ;  and  a  few  even  extend  far 
nnder  its  billows,  and  are  separated  from  them  by  a  thin  partition  of  rock,  which 
allows  their  noise  and  the  rolling  of  the  pebbles  to  be  heard. 

In  1792  there  was  opened  at  Valendana  in  Mexico,  an  octagonal  pit,  MIy  71  yards 
■wide,  destined  to  have  a  depth  of  560  yards,  to  occupy  23  years  in  sinking,  and  to 
cost  240,00M. 

Thq  great  drainage-gallery  of  the  mines  of  Clausthal,  in  the  Harts,  is  1 1,877  yards, 
<»  6^  miles  iMig,  and  passes  upwards  of  300  yards  below  the  church  of  Clausthal. 
Its  excavation  was  commenced  at  thirty  difi^rent  points,  lasted  &om  the  year  1777 
till  1800,  and  cost  about  66,000^.  This  adit,  known  as  the  Georcf  StoUn,  having 
been  foiuod  inadequate  to  the  drainage  of  the  mines,  a  deeper  gallery  was  commenced 
in  1861.  This  deep  adit,  known  as  the  Ernst  August  StoUn,  was  completed  in  1864, 
at  a  cost  of  85,600!.  The  great  adit  (which  drains  so  many  of  the  important  mines 
in  the  parish  of  Gweunap  in  Cornwall  to  the  depth  of  &om  30  to  60  iathoms) 
amounts,  with  its  branches,  to  30  miles  in  length.  Several  other  galleries  of  efflux 
mi^t  also  be  adduced  as  remarkable  for  their  great  length  and  expense  of  formation. 

The  coal  and  iron  mines  subservient  to  the  iron-works  of  Mr.  Crawshay,  at  Merthyr- 
IVdvil,  in  Wales,  has  given  birth  to  the  establishment,  interiorly  and  above  ground, 
of  iron  railways,  whose  total  length,  many  years  ago,  was  upwards  of  100  miles. 

The  carriage  of  the  coal  extracted  from  the  mines  in  the  neighbourhood  of  New- 
castle to  their  points  of  embarkation  is  executed  almost  entirely,  both  under  ground 
and  on  the  surface,  on  iron  railways,  extending  over  some  thousands  of  miles. 

There  is  no  species  of  labour  which  calls  for  so  great  a  development  of  power  as 
that  of  mines ;  and  accordingly  it  may  be  doubted  if  (with  the  exception  of  some  few 
engines  for  the  large  ocean-steamers)  man  has  ever  constructed  machines  so  powerful 
as  those  which  are  now  employed  for  the  working  of  some  mineral  excavations.    The 
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vsten  of  several  mine*  of  Corn^rall  are  pumped  ont  bymeaiM  of  st«*m-«Bginet,'«faoM 
fbice  is  equiTslent,  in  some  instances,  to  the  simaltaneons  action  of  many  hundred 
boises. 

Qkmxbax  SmaiARr  or  Huns. 

Mines  may  be  divided,  generally,  into  three  great  classes : — 1.  Hines  in  anstratifled 
rocks  and  the  geological  ftlrmations  anterior  to  the  coal  strata.  2.  Uines  in  the  ear- 
boniferouB  and  secondary  formations.    3.  Mines  in  allnvial  districts. 

The  first  are  opened,  for  the  most  part,  upon  veins,  masses,  and  metalliferous  bedi< 

The  secpnd,  on  strata  of  oombnstibies,  as  coal ;  and  metalliferoos  or  salifeioos 
beds. 

The  last,  on  deposits  of  metallic  ores,  disseminated  in  clays,  sands,  and  other  alln- 
vial matters,  geologically  superior  to  the  chalk  and  tertiaries,  and  of  far  more  leoent 
formation. 

The  mines  of  these  three  classes,  placed  for  the  most  part  in  veiy  different  phynoal 
localities,  differ  no  less  relatively  to  the  mode  of  irorldng  them,  and  their  mechanical 
treatment,  than  in  a  geological  point  of  view. 

The  progress  of  geologlotl  science,  however,  shows  that  these  divisions  cannot  be  so 
definitely  made  as  was  formerly  supposed,  and  that  same  of  the  rocks  which  were  con- 
sidered to  be  very  ancient,  are,  in  fact,  among  the  more  modem  of  the  secondary 
strata.  Thus,  most  of  the  metalliferooB  formations  of  the  Andes,  and  of  Hungary, 
ought,  in  strictness,  to  be  classed  with  the  upper  secondary,  or  even  the  tertiary  strata, 
although  they  have  often  been  so  metamorphosed  as  to  present  an  appearance  very 
similar  to  the  older  rocks. 

The  following  groupings  it  will  be  understood,  refers  the  mines  to  physical  and  not 
to  poUtioal  boundaries : — 

Hnos  or  thb  Bum. 

The  name  Harti  is  given  generally  to  the  counby  of  Forests,  -which  extends  a 
great  many  miles  round  the  Broeken,  a  mountain  situated  about  56  miles  W.S.W. 
of  Magdeburg,  and  \^ch  rises  above  all  the  moimtains  of  Korth  Oermany,  being 
at  its  summit  1,226  yards  above  the  level  of  the  sea.  The  Harts  is  about  48  miles 
in  length  from  SS.K  to  Klf.W.,  18  miles  in  breadth,  and  contains  about  450  square 
miles  of  surface.  It  is  generally  hilly,  and  covered  two-thirds  over  with  forests 
of  oaks,  beeches,  and  firs.  This  rugged  and  picturesque  district  corresponds  to  a 
portion  of  Uie  Silva  Hercynia  of  Tacitus.  As  agriculture  furnishes  few  resources 
there,  the  exploration  of  mines  is  almost  the  only  means  of  subsistence  to  its  in- 
habitants, who  amount  to  about  60,000.  The  principal  towns,  Andrtatberg,  Clou*- 
thai,  ZetUrftld,  Jiimau,  Lautenthal,  Wildemann,  Grund,  and  Gotlar,  bear  the  title 
of  mine-cities,  and  eqjoy  peculiar  privileges ;  the  people  deriving  their  subsistence 
-firam  working  in  the  mines  of  lead,  silver,  and  copper,  over  whidi  their  houses  are 
built. 

The  most  common  rock  in  the  Haitz  is  greywacke.  It  incloses  the  prindpal  reins, 
is  associated  with  day-slate,  Lydian  stone,  or  siliceous  slate,  and  greenstones ;  and  is 
succeeded  in  geological  order  by  a  limestone  referable,  with  a  large  proportion  of 
the  slaty  beds,  to  the  Devonian  system.  The  granite  of  which  the  Broeken  is  formed 
supports  all  this  system  of  rocks,  forming,  as  it  were,  their  nucleus. 

The  veins  of  lead,  silver,  and  copper,  which  constitute  the  principal  wealth  of  the 
Hartz,  do  not  pervade  its  whole  extent.  They  occur  chiefly  near  the  towns  of  An- 
dreasberg,  Clansthal,  Zellerfeld,  and  Lautenthal ;  are  generally  directed  ttom  E.  to 
W.,  and  dip  to  the  N.E.  in  the  Andreosberg,  and  to  the  S.  in  the  Clausthal  district, 
at  an  angle  of  about  80°  with  the  horizon. 

The  richest  tdlver  mines  are  those  of  the  environs  of  Andreasberg,  among  which 
may  be  distinguished  the  Samson  and  Neufang  mines,  worked  to  a  depth  of  2,740 
English  feet  or  466  fathoms.  In  the  first  of  them  there  is  the  greatest  liep  exploit 
tation  to  be  met  with  in  any  mine.  It  is  composed  of  80  underhand  itopa,  and  is 
more  than  660  yards  long.  These  mines  were  discovered  in  1620,  and  the  dty  was 
built  in  1621.  They  produce  argentiferous  galena,  with  silver  ores  properly  so  wiled, 
such  as  red  silver  ore,  and  ores  of  cobalt. 

The  district  which  yields  most  argentiferous  lead  is  that  of  Clansthal.  It  compre- 
hends a  great  many  mines,  several  of  which  are  worked  to  a  depth  of  above  300 
&thoms.  Such  of  tJie  mines  as  are  at  the  present  day  most  productive,  have  been 
explored  since  the  first  years  of  the  18th  century.  Two  of  the  most  remarkable  ones 
are  the  mine  of  Dorothea,  and  the  mine  of  Carolina,  which  alone  furnish  a  large 
proportion  of  the  whole  net  product.  The  grant  of  the  Dorothea  mine  extends 
over  a  length  of  267  yards,  in  the  direction  of  the  rein,  and  through  a  moderate 
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breaddi  perpeDdieoIarlj  to  that  diMetion.  Out  of  these  hoondii,  apparently  so 
■nuiU,  bat  irnich  however  snrpafe  those  of  the  greater  part  of  the  amee*»iotu  in 
the  Hartz,  there  were  extracted  from  1709  to  1807  inclusively,  883,723  marcs  of 
diver,  768,846  qnjntals  of  load,  and  2,385  qnintals  of  copper.  This  mine  and  that  of 
C^oolina  have  bronght  to  their  shareholders  in  the  same  period  of  time  more  than 
1,120,000^.  profit;  and  have  besides  powerAilly  contributed  by  loans  without  interest  to 
eany  on  the  exploration  of  the  less  productive  mines.  It  was  in  order  to  effect  the 
drainage  of  the  mines  of  the  district  of  Clansthal,  and  those  of  the  district  of  Zeller- 
feld  acljoining,  that  the  great  Adit  Levels  have  been  excavated. 

Below  Qeorge  III.'s  Beep  Adit  {Oeorg  StoUn)  a  still  deeper  gallery  has  been  con- 
structed, known  as  the  Ernest  Augustas  Adit  {Enut  August  Stofln),  and  to  complete 
the  drainage  of  the  mines  in  this  district  a  water-level  is  in  course  of  construction, 
126  &thoms  below  the  Deep  Adit,  or  about  320  fathoms  below  the  surface. 

Next  to  the  two  districts  of  Clansthal  and  Zellerfeld,  and  Andreasberg,  comes  that 
of  Qoslar,  the  most  important  working  in  which  is  the  copper  mine  of  me  Ramnula- 
bay,  opened  since  the  year  968,  on  a  mass  of  copper  pyntes,  disseminated  through 
quartz,  and  mingled  with  galena  and  blende.  It  is  worked  by  shafts  and  galleries, 
with  the  employment  of  fire  to  break  down  the  ore.  This  mine  produces  annually 
from  1,200  to  1,300  metric  quintals  (about  275,000  lbs.  avoird.)  of  copper.  The 
galena  extracted  from  it  yields  a  small  quantity  of  silver  and  a  very  little  gold.  The 
latter  metal  amonnts  to  only  the  five-millionth  part  of  the  mass  explored ;  and  yet 
means  are  found  to  separate  it  with  advantage.  The  mine  of  Lauterburg  is  worked 
solely  for  the  copper,  and  it  furnishes  annually  nearly  66,000  lbs.  avoird.  of  that  metal. 

Braidcs  the  explorations  just  noticed,  there  are  a  great  many  mines  of  iron  in  dif- 
ferent parts  of  the  Hartz,  which  give  activity  to  important  forges  and  furnaces. 
The  pnndpal  ores  are  sparry  iron,  and  red  and  brown  haematites,  which  occur  in 
veins,  beds,  and  masses. 

The  territory  of  Anhalt-Bemberg  presents,  towards  the  S.E.  extremity  of  the 
Hartz,  lead  and  silver  mines,  which  resemble  closely  those  of  the  general  district. 
They  produce  annually  33,000  lbs.  avoird.  of  lead. 

At  the  southern  foot  of  the  Hartz,  at  Ihlefeld,  there  is  a  mine  of  manganese. 

The  exploration  of  the  Hartz  mines  may  be  traced  back  for  about  900  years.  The 
epodi  of  their  greatest  prosperity  was  the  middle  of  the  18th  century.  Their  gross 
annual  amount  was,  in  1808,  upwards  of  one  million  sterling.  Lead  is  their  principal 
product,  of  which  they  fumisn  annually  100,000  quintnls,  with  44,000  marcs,  or 
22,000  lbs.  avoird.  of  silver,  about  860,000  lbs.  avoird.  of  copper,  and  a  very  great 
quantity  of  iron.  Some  of  these  mines  are  worked  by  the  tiovemment,  others  by 
companies  of  adventurers.  They  are  celebrated  for  the  excellence  of  their  mining 
operations,  for  the  systematic  application  of  the  processes  for  dressing  the  ores,  and 
ior  the  activity,  patience,  and  skill  of  tiieir  workmen. 

.  The  Hartz  is  referred  to  especially  for  the  manner  in  which  the  waters  are  collected, 
and  economised  for  floating  down  the  timber,  and  impelling  the  machinery.  With  this 
view,  dams  or  lakes,  canals  and  aqueducts,  have  been  constructed,  remarkable  for 
their  good  execution.  The  watercourses  are  formed  either  in  the  open  air  round  the 
mountain  sides,  or  through  their  interior  as  subterranean  galleries.  The  open  channels 
collect  the  rain-wators,  as  well  as  those  proceeding  from  the  melting  of  snows,  from 
the  springs  and  streamlets,  or  small  risers  that  fall  in  their  way.  The  subterranean 
oondnits  aro  in  general  the  continuation  of  the  preceding,  whose  circuits  they  cut 
short.  These  watercourses  present  a  development  in  all,  of  above  125  miles.  The 
banks  of  some  of  the  reservoirs  are  of  an  extraordinary  height.  In  the  single  district 
of  Clansthal  there  are  63  ponds,  which  supply  water  to  a  great  number  of  overshot 
wheels ;  of  those  attached  to  the  mines,  46  wheels  are  at  the  surface,  21  and  8  water- 
pressure  engines  underground,  whilst  50  wheels  are  applied  to  the  dressing  ma- 
chinery, and  30  to  the  smelting  furnaces. 

In  the  mines  of  the  Upper  Hartz  alone  5,000  persons  are  emplc^ed. 

Udobs  or  TBB  £ast  of  Gbsmast, 

We  shall  embrace  tindor  this  head  Uie  mines  opened  in  the  primary  and  transition 
territories,  which  constitute  the  body  of  a  great  portion  of  Bohemia,  and  the  a(^aceot 
parts  of  Saxony,  Bavaria,  Austria,  Moravia,  and  Silesia. 

Among  the  several  chains  of  small  mountains  that  cross  these  countries,  the  richest 
in  deposits  of  ore  is  the  one  known  under  the  name  of  the  Erzgebirge,  which  separates 
Saxony  from  Bohemia  on  the  left  bank  of  the  Elbe. 

The  Eregebirge  contains  a  great  many  mines,  whose  principal  products  are  silver, 
tin,  and  cobalt.  These  mines,  whose  exploration  remounts  to  the  12th  century,  and 
patticolarly  those  sitaated  on  the  noith«in  slope  within  the  Ungdom  of  Saxony,  have 
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been  long  eelebnted.  The  school  of  mines  established  at  Freiberg  has  been  oonia- 
dered  the  most  complete  in  the  world.  This  is  a  small  city  near  the  most  important 
workings,  8  leagues  W.S.W.  of  Dresden,  towards  the  middle  of  the  northern  slops 
of  the  £ngebirge,  440  yards  above  the  level  of  the  sea,  in  an  agrieultuial  and  trading 
district,  well  cleared  of  wood.  These  drcomstances  have  modified  the  working  ot 
the  mines ;  and  render  it  difficult  to  draw  an  exact  parallel  between  them  and  those 
of  the  Hartz,  which  are  their  rivals  in  good  exploration.  Thev  are  pecoliarlv  re- 
markable for  the  perfection  with  which  tiie  engines  are  constructed  both  for  drainage 
and  extraction  of  ores,  all  moved  by  itater  or  borses ;  for  the  regularity  of  almost  M 
the  snbterranean  labours ;  and  for  the  beauty  of  their  walling  masonry.  In  the  por- 
tion  of  these  mountains  belonging  to  Saxony,  the  underground  workings  employ 
directly  from  9,000  to  10,000  men,  who  labour  in  more  than  400  distinct  mines,  ail 
associated  under  the  same  plan  of  administration. 

The  silver  mines  of  the  B/rtgebirge  are  opened  on  veins  which  traverse  gneiss ;  and 
though  quite  different  in  this  respect  from  the  argentiferous  vsins  of  CUuuthal, 
Qwinaxuaio,  Schcmnite,  and  Zmeof,  present  but  a  m^erate  thickness,  rarely  exceed- 
ing a  few  feet.  They  form  several  groups,  whose  relative  importance  has  varied 
very  much  at  different  periods. 

lor  a  long  tune  back,  those  of  the  environs  of  Freiberg  have  been  much  the  most 
productive ;  and  their  prosperity  has  been  always  on  the  advance,  notwithstanding  the 
increasing  depth  of  the  excavations.  Hany  of  the  mines  now  exceed  220  fathoms  in 
depth,  and  with  a  view  of  relieving  them  of  a  part  of  the  height  through  which  the 
water  has  to  be  raised,  an  Adit  Level  &om  the  valley  of  the  Elbe  at  Meissen,  a 
distance  of  above  18  miles  is  brought  up.  The  most  productive  and  the  most 
celebrated  in  the  present  century  have  been  the  mines  of  Himmolsfurst,  Himmel&hrt, 
and  that  of  Beachertgluck. 

Among  the  explorations  of  the  Erzgebirge  there  are  none  which  were  formerly  so 
flourishing  as  those  of  Harienberg,  a  small  town  situated  seven  leagues  SS.W.  of 
Freiberg.  In  the  16th  century  ores  were  frequently  found  there,  even  at  a  short  dis- 
tance firam  the  surface,  which  yielded  8S  per  cent  of  silver.  The  disasters  of  the 
Thirty  Years'  War  put  a  term  to  their  prosperity.  Since  that  period  they  have  con- 
tinually languished ;  and  their  product  now  is  very  small. 

Our  limits  do  not  permit  us  to  describe  in  detail  the  silver  mines  that  occur  near 
Ekreiifriederadorf,  Johann-Gmrgautadt,  Annaberg,  Oberwieienthal,  and  Sekneeberg, 
Those  of  the  last  three  localities  produce  also  cobalt. 

The  mines  of  Saint-Oeorgs  near  Schneeberg,  opened  in  the  16th  century  as  iron 
mines,  became  celebrated  some  time  after  as  mines  of  silver.  Towards  the  end 
;f  the  16th  century,  a  moss  of  ore  was  found  there  which  afforded  400  quintals  of 
silver.  On  that  lump,  Duke  Albert's  dinner  was  served  at  the  bottom  of  the  mine. 
Their  richness  in  silver  has  diminished  since  then ;  but  they  have  attained  more  import- 
ance during  the  last  200  years,  as  mines  of  cobalt,  than  they  ever  had  as  silver  mines. 
Saxony  is  the  country  where  cobalt  is  mined  and  extracted  in  the  most  extenav* 
manner.  _  It  is  obtained  firam  the  same  veins  with  the  silver.  Smalt,  or  cobalt-blue, 
is  the  principal  substance  manufactured  from  it  A  little  bismuth  is  extracted  from 
the  mines  of  Schneeberg  and  Freiberg.  Some  manganese  is  found  in  the  silver 
mines  of  the  Erzgsbirge,  and  particularly  at  Johann-Georaenstadt 

The  mines  of  Saxony  produce  a  little  argentiferous  gatona  and  argentiferous  grey 
copper ;  but  the  ores  <^  lead  and  copper  may  be  regarded  nlmost  as  only  accessory 
products  of  the  silver  lodes,  from  which  78,000  centner  or  cwts.  of  the  fint  of  these 
metals  are  annually  extracted,  and  341  cwts.  of  copper.  The  actual  minerals  of  silver 
are  the  more  important  ores.  They  were  treated  partly  by  amalgamation,  at  the  excellent 
establishment  Ot  Halsbriicke,  which  was  closed  in  1 869,  and  partly  by  smelting  processes, 
the  principal  works  for  which  are  on  the  Mulde,  near  Freibeig.  'The  average  richness 
of  the  silver  ores  throughout  Saxony  is  only  finm  3  to  4  oz.  per  quintal ;  viz.  nearly 
equal  to  that  of  the  ores  of  Mexico,  and  very  superior  to  the  actual  richness  of  the  ores 
of  Fotosi.  The  silver  extracted  from  them  contains  a  little  gold.  The  Saxon  mines 
produced,  in  1866,  66,600  lbs.  of  silver.  Of  these,  the  district  of  Freiberg  alone 
famished  64,000 ;  and  among  the  ntunerons  mines  of  that  district,  that  of  Himmelsfurst 
of  itself  tised  to  |aodnce  10,000  marcs. 

Silver  mines  exist  also  on  the  southern  declivity  ot  the  liingeblige,  vhich  belongs 
to  Bohemia,  at  Joaclumtihal  and  Sleutadl,  to  the  N.G.  of  F^r.  Argentiferous 
galena  is  principally  extracted  frtnn  the  latter,  from  lodes  in  the  crystalline  slates. 

The  mines  of  Joachimsthal  have  been  explored  to  a  depth  of  660  yards.  They 
were  formerly  very  flourishing;  but  in  1806  they  were  threatened  with  an  im- 
pending abandonment  More  active  operations  have  recently  been  commenced  ;  and 
the  minerals  raised  are  various  ores  of  silver,  and  ores  of  soMt,  nickel,  uranium  and 
bismuth.    The  ancient  mines  of  Euttenbeig,  situated  farther  oast,  near  Qitschin, 
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hay*  iMen  esearated,  aoeoidiiig  to  old  authors,  to  the  depth  of  600  fathoms,  but  hare 
looff  been  abandoned. 

Hines  of  silrer  and  lead  are  also -worked  in  gneiss  at  Batibonitz;  Adamstadt, 
near  Budveis,  which  yielded  in  1862,  1,200  marcs  of  silver ;  Hiehelsberg.  near  Flan  ; 
Klostergiab,  near  Teplitz ;  and  "Miea,  26  leagues  W.S.W.  of  Prague,  at  the  base  of  the 
Bohmerwaldgebixga,  a  chain  of  monntains  which  separates  Bohemia  from  Bavaria. 

The  most  important  in  the  country,  and  some  of  the  most  floorishing  in  Europe, 
are  at  FtMram,  12  leagues  8.W.  of  Prague,  at  the  extremity  of  the  mountains  wluch 
separate  the  Beraun  from  the  Moldau.  In  this  district,  the  argentiferous  galena  is 
accompanied  by  blende,  in  which  the  presence  of  cadmium  has  been  observed.  These 
mines,  which  are  worked  with  all  the  newest  appliances,  and  have  reached  in  places 
above  300  fathoms  in  depth,  yield  cuinually  46,000  marcs  of  silver,  and  20,000  cwts. 
of  lead.  The  lodes,  about  60  in  number,  are  most  productive  in  the  greywacke,  and 
course  K.E.  and  S.W. 

Oold,  which  in  early  times  was  obtained  in  large  quantity  from  the  rivers  of 
Bohemia,  has  been  extracted  from  veins  in  gneiss  at  BeigrdcbeDBtein  and  at  Eule,  and 
in  granite  at  Tok  and  Mileschow. 

The  copper  ore  at  present  worked  in  several  localities  is  very  unimportant. 

Kez(  to  the  silver  mines,  the  most  important  explorations  of  the  Erzgebirge  are 
those  of  tin.  This  metal  occurs  in  veins,  masave,  and  disseminated  in  masses  of 
vitreous  grey  qHiartx,  imbedded  in  the  granite.  It  is  also  found  in  alluvial  sands.  The 
most  important  tin  mine  of  the  Erzgebirge  is  that  of  Altenberg,  in  Saxony,  which 
has  been  working  since  the  15th  century.  Some  tin  is  mined  also  near  Geyer, 
EhrenfMedeisdorf,  Johann-Qeorgenstadt,  Scheibenberg,  Annaberg,  Seifibn,  and 
Marienberg,  in  Saxony.  At  Zinnwald  it  is  also  found ;  where  the  stanniferous  dis- 
trict belongs  partly  to  Saxony  and  parly  to  Bohemia;  important  mines  also 
occur  in  the  latter  territory  at  Schlackenwald,  Qraupen,  and  Abmtham,  and  slightly 
productive  ones  at  Flatten  and  JoachimsthaL  In  several  of  these  mines,  particularly 
at  Altenberg  and  Gayer,  fire  has  been  employed  for  attacking  the  ore,  because  its  matrix 
is  extremely  hard.  In  almost  the  whole  of  them,  chambms  of  too  great  dimensions 
have  been  excavated,  whence  have  arisen,  at  different  epochs,  serious  sinkings  of  the 
ground.  One  of  these  may  still  be  seen  at  Altenberg,  which  is  130  yards  deep,  and 
nearly  60  in  breadth.  The  mines  of  Abertham  are  explored  to  a  depth  of  660 
yards;  and  those  of  Altenberg  to  830.  The  tin  mines  of  the  Erzgebirge  produce 
annually  2,600  cwts.  of  this  metal. 

The  tin  ores  are  accompanied  by  arsenical  pyrites,  which,  in  the  roasting  or  cal- 
cination that  it  undergoes,  produces  a  certain  quantity  of  aisenious  acid. 

The  Erzgebirge  presents  also  a  great  many  iron  mines,  particularly  in  Saxony,  at 
BoHenberg,  near  Schneeberg,  where  the  lode  is  of  fine  hs^natite,  and  from  12  to  24 
feet  in  thickness.  In  Bohemia,  at  Flatten,  where  may  be  remarked  especially  the  great 
explorations  opened  in  the  vein  called  the  Lrrgang ;  at  Horzowicz,  where  an  exc^ent 
luematite  is  worked ;  at  Kansko,  and  many  ot^her  places. 

There  is  also  in  the  Erzgebirge  a  mine  of  anthracite  (stone-coal)  at  SclkSufM,  neat 
Frsuenstein  in  Saxony. 

The  ancient  rock  formations  which  appear  in  the  remainder  of  Bohemia,  and  in 
the  adjacent  portions  of  Bavaria,  Austria,  Hoiavia,  and  Silesia,  are  much  lees  rich  in 
metals  than  the  Engebirge.    No  explorations  of  much  importance  exist  there. 

The  FiehMgMrge,  a  group  of  mountains  standing  at  the  western  extremity  of  the 
Erzgebirge,  between  Hof  and  Bayreuth,  contains  some  mines,  among  which  may  be 
noticed,  principally,  mines  of  magnetic  black  oxide  of  iron  and  of  antimony. 

The  N.E.  slope  of  the  Siesengebiige  (Giant  Honntains),  which  separate  Bohemia 
from  Silesia,  presents  also  several  explorations.  The  argentiferous  copper  mines  of 
BudolsUuU  and  of  Xupferbenff  have  been  stated  as  producing  annually  a  considerable 
quantity  of  copper,  aiid  tiom  600  to  700  marcs  of  silver;  the  mine  of  arsenical 
pyrites  at  BeieiieDStein,  in  the  circle  of  Olatz,  jrields  also  a  very  small  proportion  of 
gold.    Chrysopase  has  been  found  in  the  mountain  of  Kosenitz, 

HWES  of  THB  AtPS  AMD  ItALT. 

/fhe  mines  of  the  Alps  by  no  means  correspond  in  number  and  richness  with  the 
extent  and  mass  of  these  mountains.  On  their  western  slope,  in  the  department  of  the 
High  and  the  Low  Alps,  several  lead  and  copper  mines  are  mentioned,  all  inconsider- 
able and  abandoned  at  the  present  time,  with  the  exception  of  some  workings  of 
galena,  which  furnish  also  a  little  graphite. 

During  some  of  the  last  yeara  m  the  1 8th  century,  there  was  mined  at  La  Gardelit 
in  the  (Htani,  department  of  the  Is4re,  a  vein  of  quartz  which  contained  native  gold 
and  aurifiuoas  pyrites ;  but  the  product  never  paid  the  expenses,  and  the  mine 
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has  beon  abandoned.  The  -workings  were  resumed  in  1837.  Sep  description  in 
Journal  de»  Mine$,  t.  xz. 

The  department  of  the  laire  presented  a  more  important  mine,  worked  with  regu- 
larity from  1768  to  1816 ;  but  it  also  has  been  given  up  ;  it  was  the  silver  mine  of 
AUemont  or  Chalancha.  The  ore  consisted  of  diSerent  mineral  species,  more_  or  less 
rich  in  sitrer,  disseminated  in  a  clay  which  %lled  the  clefts  and  irregular  cavities  in 
the  middle  of  talcose  and  hornblende  rocks.  This  mine  yielded  annually,  towards  the 
conclusion  of  the  18th  century,  as  much  as  2,000  marcs  of  silver;  along  with  some 
cobalt  ore.  Among  the  great  number  of  mineral  species,  which  occurred  in  too  small 
quantities  to  be  worked  to  advantage,  there  wen  native  antimony,  snlphnret  of  mer- 
cury, &C.  In  the  High  Alps  the  mine  of  argentiferous  galena  called  VJrgmtiire  has 
been  resumed. 

From  the  entrance  of  the  valley  of  the  Oitatu  to  the  valley  of  the  Arc  in  Savoy, 
there  occur,  on  the  K.W,  slope  of  the  Alps,  a  great  many  mines  of  sparry  iron.  The 
occurrence  of  this  ore  is  here  very  difficult  to  define.  It  appears  to  form  sometimes 
beds  or  masses,  and  sometimes  veins  amid  the  talcose  rocks.  Some  is  also  found  in 
small  veins  in  the  first  course  of  the  calcareous  formation  which  covers  these  rocks. 
These  mines  are  very  numerous,  the  most  productive  occur  united  in  the  neighbour- 
hood of  AUeeard,  department  of  the  IsJre,  and  of  Saint  Georges  tTHuretiiret  in  Savoy. 
Those  of  Fomeaux  and  Laprat,  in  the  latter  country,  are  also  mentioned.  The  irre* 
gularity  of  the  mining  operaUons  surpasses  that  of  the  deposits.  The  mines  have 
been  from  time  immemorial  in  the  hands  of  the  inhabitants  of  the  adjoining  villages, 
who  work  in  them,  each  on  his  own  account,  without  any  pre-arrangement,  or  other 
rule  than  following  the  masses  of  ore  which  excite  hopes  of  the  most  considerable 
profit  in  a  4h(nt  space  of  time.  What  occurs  frequently  in  mines  of  sparry  iron,  is 
also  to  be  seen  hero,  most  imprudent  woikings.  The  mine  called  the  Grande  Fotee, 
at  Saint  Georges  iHuretiiret,  is  prolonged,  without  pillars  or  props,  through  a  height 
of  1 30  yards,  a  length  of  220  yaids,  and  a  breadth  equal  to  that  of  the  deposit,  which 
amounts  in  this  pl^  to  from  8  to  13  yards ;  thus  a  void  space  is  exhibited  of  nearly 
800,000  cubic  yiu^ls.  The  sparry  iron  extracted  from  these  dififiirent  mines  supnlies 
materials  to  10  or  12  smelting  fnmaces,  the  cast-iron  of  which,  chiefly  adapted  for 
conversion  into  steel,  is  manufactured  in  part  in  the  celebrated  steel  works  of  Bivet, 
department  of  the  Isiro.  There  occurs  in  some  parts  of  the  mines  of  Smnt  George* 
(tHnretiires  copper  pyrites,  which  is  smelted  at  Aiguebelle. 

Savoy  presents  celebrated  lead  mines  at  Petey  and  at  Maeot,  1  leagues  to  the  R 
of  Moutiers.  Oalena,  accompanied  with  quartz,  sulphate  of  buyta,  and  ferriferous 
carbonate  of  lime,  occurs  in  mass  in  talcose  rocks.  The  mine  of  Pesey  was  taken  u}> 
in  1702  by  the  Vnnch  Oovemment,  which  established  there  a  practical  school 
of  mines  ;  and  in  its  hands  the  mine  produced  annually  as  much  as  440,000  lbs.  avoird. 
of  lead,  and  2,fi00  marcs  of  silver.  That  of  Maeot,  opened  a  few  years  ago,  has 
^ven  considerable  returns.  The  mine  of  copper  pyrites  of  Servoz,  in  the  valley 
of  the  Arve,  may  also  be  mentioned.  The  ore  occurs  both  in  small  veins  ana 
disseminated  in  a  clay  slate ;  but  the  exploration  is  now  suspended.  Lastly,  slightly 
producdve  workings  of  anthracite  are  mentioned  in  several  points  of  these  mountains 
and  in  the  conterminous  portions  of  the  Alps. 

There  exist  in  Piedmont  some  small  mines  of  argendferona  lead.  The  copper 
mines  of  JUame,  and  those  of  OUomont,  formerly  yielded  considerable  quantities  of 
this  metal.  Their  exploratiou  is  now  on  the  decline.  The  manganese  mines  of  iSoint- 
Marcel  have  been  but  feebly  developed.  Mines  of  plumbago,  little  worked,  occur  in 
the  neighbourhood  of  fbiag  and  in  the  valley  of  PtUit,  not  far  from  Pignerol.  Some 
mines  of  auriferous  pyrites  have  also  been  worked  in  this  district  of  country ;  among 
others,  those  of  Maeugnaga,  at  the  eastern  foot  of  Monte  Bosa.  The  pyrites  d  this 
mine  afforded  by  amalgamation  only  1 1  grains  of  gold  per  quintal ;  and  this  gold,  far 
itopi  being  fine,  contained  \  of  its  weight  of  silver.  They  became  less  rich  in  pro- 
portion as  they  receded  from  the  surface.  Several  similar  mines  are  working  in  the 
valleys  of  Anzasca,  Toppa,  and  Antrona,  in  the  province  of  Pallanza;  the  value  of  the 
produce  being  about  20,000Z.  annually. 

_  The  most  important  mines  in  this  country  are  those  «f  iron.  These  generally 
consist  of  masses  of  magnetic  oxide  of  iron,  of  a  nature  analogous  to  those  of  Sweden ; 
the  principal  ones  being  those  of  Cogne  and  Traversella,  whidb  are  worked  in  open 
quarries.  Some  others,  lees  considerable,  are  explored  by  shafts  and  galleries.  These 
ores  are  reduced  in  smelting  cupolas,  and  Catalan  forges.  There  are  consideiably  above 
one  hundred  refineiy  hearths.  The  whole  produce  is  stated  to  be  from  10,000  to  15,000 
totui  of  bar  iron. 

There  is  a  mine  of  black  oxide  of  iron,  at  present  abandoned,  at  Sovernier,  near 
Hiirtigny,  in  the  Valais.  There  is  also  another  iron  mine  at  Chamoissons,  in  a  lofty 
calcareous  mountain  on  the  right  bank  of  the  Rh6ne.    The  ore  presents  a  mixtui*  Of 
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tedde  of  iron  and  lome  other  substancee,  of  which  it  was  proposed  to  make  a  nev 
mineral  species,  under  the  name  of  Chamoissite. 

The  district  ot  tlie  Orisons  possesses  iron  mines  irith  very  irregular  workings, 
situated  a  few  leagues  firom  Coire. 

In  Tjip],  the  mines  of  Kitzbuhel  and  Bohrerbiichel  were  formerly  worked  with 
great  activity,  and  in  the  middle  of  the  eighteenth  century  had  attainM  the  depth  of 
440  fathoms;  they  were  then  considered  the  deepest  in  Europe,  but  were  soon 
afterwards  abandoned.  The  ores,  copper  pyrites,  and  argentiferous  fahlers  occurred 
in  clay-slate.  The  products  of  some  smidl  mines  in  this  locality,  certain  of  which 
are  wc»rked  in  a  secondary  limestone  (as  as  Battenberg),  are  carried  to  the  foundry  of 
Brixlegg,  four  leagues  £rom  Schwatz.  The  mines  of  the  T^l  furnished,  on  an 
average  of  years,  towards  1759,  10,000  marcs  of  silver;  at  anterior  periods,  their 
product  had  been  double ;  but  now  it  is  a  little  less.  This  region  contains  also  gold 
mines  whose  exploration  goes  back  a  century  and  a  halfl  They  occur  near  the 
.village  of  Zell,  eight  leagues  from  Schwatz.  The  auriferous  veins  tisrene  clay- 
slates  and  quartzosis-elates.  The  richer  portions  contain  16  to  20  loth  (at  ^  an  ot.) 
of  gold  in  100  cwts.  of  vein-stone ;  the  remainder  only  'J  to  {  of  a  loth  in  the  same 
quantity. 

At  BOTgo  near  Trient,  and  Kundererberg  near  Clausen,  lodea  occur  in  day-slate 
and  greenstone-porphyry,  from  which  are  extracted  ores  of  silver,  lead,  copper,  and 
zinc.  An  unimportant  occurrence  of  mercnry  has  also  been  mentioned  in  that  country< 
near  the  Brenner. 

In  the  territory  of  Salzburg  there  an  soma  copper  mines  ;  at  Zell  am  See,  Erenn 
thai,  Huhl,  and  Mitterberg,  near  Werfen.    In  the  lofty-mftuntain  region  near  Ghisteio 
auriferous  lodes  have  been  worked  for  centuries  at  the  Bathausberg,  Sieglitz,  and 
Bauris.    From  118  marcs  of  gold  in  the  earlier  part  of  the  century,  the  annual  yield 
has  diminished  to  80. 

At  Leogang  and  Kockelberg  an  inconsiderable  amoont  of  cobalt  and  nickel  ore  is 
raised. 

There  are  mines  of  aigentiferons  copper,  some  of  them  also  yielding  nickel  and 
cobalt,  analogous  to  those  of  tike  Tyrol,  at  Schladming,  Feistritz,  Walchern,  and 
.Kallwang ;  in  Styria ;  at  Gioss-Fragsnt  and  Arza  in  Carinthia.  In  the  last-men- 
tioned province,  the  mines  of  St.  Marein  and  Saversnig  yield  considerable  quantities 
of  lead;  whilst  at  Agordo*  in  the  Venetian  Alps,  copper  ores  are  raised  on  a  large 
Ecale. 

At  Badlberg  and  Lassnigberg,  in  Carinthia,  about  321  cwts.  of  antimony  wore  an- 
nually produced  a  few  years  since. 

Other  lead  mines  of  this  portion  of  the  Alps,  as  those  of  Bleiberg  and  Baibl,  are 
worked  in  limestones  belonging  to  the  seconduy  period. 

In  the  Tyrol  and  in  Sidzburg,  at  Schwartz,  Pillersee,  Bischofshofen,  &c.,  various 
ores  of  iron  are  worked.  But  the  portion  of  the  Alps  most  abundant  in  mines  of  this 
metal  is  the  bran<^  stretching  towards  Lower  Austria.  We  find  here,  both  in  Styria 
and  in  Austria,  a  veiy  great  number  of  explorations  of  sparry  iron.  The  deposits  of 
the  ores  of  sparry  iron  of  Eisenert,  Erzberg,  Admont,  and  Vordembei^,  deserve 
notice.    The  latter  are  situated  about  26  leagues  S.W.  of  Vienna. 

The  southern  flank  of  the  Alps  contains  also  a  great  many  mines  of  the  same 
kind,  from  the  Lago  Maggiore  to  Carinthia.  Those  situated  near  Bergamo,  and 
those  of  Wolfsberg,  Hiittenberg,  and  Waldenstein,  in  Carinthia,  are  among  the  more 
notable. 

AU  these  mines  of  spsny  iron  are  opened  in  the  midst  ef  rocks  of  different  natures, 
which  belong  to  the  old  transition  ustrict  of  the  Alps.  They  seem  to  have  close 
geological  relations  with  those  of  Allevard. 

The  branch  of  the  Alps  which  extends  towards  Croatia,  present  important  iron 
mines,  in  the  mountains  of  Adelsberg,  10  leagues  S.W.  from  Laybach  in  Garniola. 

The  iron  mines  just  now  indicated  in  the  part  of  the  Alps  that  forms  a  portion 
of  the  Austrian  Empire,  supply  materials  to  a  great  many  smelting-works.  In  Styria 
•nd  in  Carinthia  more  than  400  Aimaces  or  forges  may  be  enumerated,  whose  annual 
product  has  increased  within  the  lastfew  years  from  20,000  to  upwards  of  100,000  tons 
of  pig-iron.  These  two  provinces  are  famous  for  the  steel  which  they  produce, 
and  for  the  good  iron  and  steel  tools  which  they  manufacture,  such  as  scyUies,  &c 
Camiola  contains  also  a  great  many  forges,  and  affords  annually  about  6,000  tons 
of  iron. 

The  limestones  surmounting  the  southern  slope  of  the  Alps  contain  also  some  lead 
miiies;  but  the  quicksilver  mine  of  Idria,  situated  in  Camiola,  10  leagues  JS.V.  of 
Trieste,  is  worthy  of  particular  notice.  It  lies  beneath  a  limestone  which  everything 
leads  us  to  refer  to  the  trios  and  Halstatt  beds,  the  most  tuicient  ^f  the  secondary  lima- 
Mone ;  but  it  is  uncertain  whether  the  tiulee  in  which  the  cinnabar  oocors,  and  their 
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nnderlTing  limestone,  belong  to  the  carbonifeioiu  or'to  an  older  Miiee.  Abont  2,600 
cvts.  oif  qaickailTer  are  produced  annnally. 

There  has  been  worked  for  a  few  yeani  a  mine  of  chromate  of  iron  at  Gassin,  de- 
partment of  the  Var. 

The  Apennines,  which  may  be  considered  as  a  dependence  of  the  Alps,  present  a 
small  nomber  of  mines,  most  of  them  worked  on  repositories  of  ore  which  have  a 
marked  relation  to  the  occnrrence  of  serpentine.  Thus  a  most  successful  copper  mine 
has  been  in  actiye  operation  for  some  years  at  Honte  Catini,  in  Tuscany ;  and  in  the 
same  district  of  the  Maremme  seroal  oUier  localities  have  been  worked  for  copper, 
mercury,  and  antimony. 

Before  quitting  these  regions  we  ought  to  notice  the  iron  mines  of  the  isle  of  Elba. 
They  liaTe  been  famous  for  18  centuries  ;  Virgil  denotes  them  as  inexhaustible,  and 
supposes  them  to  have  been  c^n  at  ths  arrival  of  ^neas  in  Italy.  They  are  explored 
by  open  quarries,  working  on  an  enormons  mass  of  specular  iron  ore,  perforated 
with  caTities  bespangled  with  quartz-crystals.  The  island  possesses  two  explorations, 
called  Rio  and  Terra  Nuora ;  the  last  having  been  brought  into  play  at  a  recent 
period.  The  average  amount  extracted  per  annum  is  26,000  tons  of  ore,  which  ai« 
smelted  in  the  furnaces  of  Tuscany,  Liguria,  and  other  parts  of  Italy,  and  in 
the  island  of  Corsica.  The  island  of  Sardinia  contains  many  indications  of  silver, 
lead,  and  copper  ores ;  but  few  important  mines  have  been  opened  in  modem 
times.    Zinc  and  lead  ores  are,  however,  worked  in  Sardinia. 

<  In  the  kingdom  of  Italy,  there  are  116  mines  in  operation,  aboutone  quarter  of  the 
whole  number  in  the  country:  46  are  iron,  34  copper,  13  argentiferous  lead,  14 
auriferous  pyrites ;  the  other  are,  10  zinc,  mercury,  nickel,  and  manganese.  The 
metaUargi(»l  works  treating  Italian  ores  are  335,  subdivided  as  follow : — Iron  works, 
290;  oopper,  21;  argentiferous,  10;  gold,  2;  others,  3.  The  iron  ores  of  Italy  are 
specular,  and  oligiste  iron  ores  in  the  islands  of  Elba,  at  Cogne,  Valley  of  Aosta,  and 
Tebro  in  the  Valtelina,  besides  several  deposits  in  Sardinia ;  hematite  at  Fenedoletto 
in  Valtelina,  and  Fizzano  in  South  Italy ;  spathic  iron,  slightly  mangoniferous,  in  the 
Bed  Sandstone  of  the  Trias ;  spathic  iron,  nighly  manganiferous,  and  spathic  iron  in 
veins.  Of  the  46  iron  mines  in  operation,  29  are  situated  in  Lombardy,  8  in 
Piedmont,  6  in  Tuscany ;  Sardinia,  Calabria,  and  Emilia  having  the  thrve  othen. 
The  inm  mines  employ  1,888  workmen  and  824  children.  The  smelting  vrorks  are 
336  in  nomber,  of  which  209  are  in  operation,  and  37  closed;  the  former  using  a 
motive-power  of  6,588  horses,  of  which  4,363  are  produced  by  water  and  1,190  by 
steam.  Italy  has  38  blast-furnaces.  The  iron  works  have  2,610  skilled  woriunen 
and  6,667  labourers ;  the  former  receive  3-06  francs  a  day,  the  latter  1-80  franc,  and 
the  diildren  0-80  ttsnc  The  number  of  working  days  is  about  800  a  year.  There 
•re,  besides,  three  mines  of  iron  pyrites  near  Turin,  fear  the  &bricatioo  of  sulphuric 
add  and  copperas.' 

Unas  o»  tbi  Vosobs  ahb  thi  Buck  Forest. 

These  mountains  contain  several  centres  of  exploration  of  argentiferous  ores  of  lead 
and  copper,  iron  ores«  and  some  mines  of  manganese  and  anthncite. 

At  liacroix-aux-Mina,  department  of  the  Vosges,  a  vein  of  aigsntiferous  lead  has 
been  worked,  which,  next  to  the  veins  of  Spanish  America,  is  one  of  the  greatest 
known.  It  is  several  fathoms  thick,  and  has  been  traced  and  mined  through  an 
extent  of  more  than  a  league.  It  is  partly  filled  with  dtbrii,  among  which  occurs 
some  argentifemns  galena.  It  contains  also  phosphate  of  lead,  ruby-silver  ore, 
native  silver,  jcc.  It  runs  from  K.  to  S.  nearly  parallel  to  the  line  of  junction  of 
the  gneiss,  and  a  porphyroid  granite,  that  passes  into  syenite  and  porphyry.  In 
several  points  it  cuts  across  the  gneiss;  but  it  probably  also  occurs  between  the 
two  rocks.  It  has  never  been  worked  below  the  level  of  the  adjoining  valley.  The 
mines  opened  on  this  vein  produced,  it  is  said,  at  the  end  of  the  16th  century  26,000/. 
per  annum ;  they  were  still  very  productive  in  the  middle  of  the  last  century,  and 
famished,  in  1766,  2,640,000  lbs.  avoird.  of  lead,  and  6,000  marcs,  or  8,230  lbs. 
avoird.  of  silver. 

^e  veins  explored  at  SainU  Jfaru-aux-Minet  also  traTeras  the  gneiss ;  but  their 
direction  is  nearly  perpendicular  to  that  of  the  vein  of  Lacroix,  from  whidi  they  are 
separated  by  a  barren  mountain  of  syenite.  They  contain,  besidesgalena,  several  ores 
of  copper,  cobalt,  and  arsenic ;  all  more  or  less  argentiferous.  There  is  found  also, 
At  a  little  distance  from  Saint  Mary  of  the  Minu,  a  vein  of  sulphuret  of  antimony. 
The  mines  of  SmtUe  Marie,  opened  several  centuries  ago,  are  unong  the  most  ancient 
in  France ;  and  yet  they  have  been  worked  very  little  below  the  level  of  the  adjoining 
valleya. 

7li«re  hu  b«en  a^mA  np  in  the  enTUOD*  of  QHnmogry,  on  the  wutiiem  veige  of 
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the  Voages,  a  great  number  of  reios,  eontainiDg  priDcipally  aigentiferotu  ores  of  lead 
and  copper.  They  ran  nearly  from  N.  to  S.,  and  traTSrse  porphyries  and  day-slates. 
The  irorldngs  have  been  pushed  aa  far  as  440  yards  below  the  surface.  These  mines 
irere  in  a  flourishing  state  in  the  14th  and  16th  centuries ;  and  became  so  once  more 
at  the  beginning  of  the  17tb,  when  they  were  undertaken  by  the'  house  of  Mazorin. 
In  1743  Uiey  still  produced  100  marcs,  fully  62  lbs.  avoird.  of  silver  in  the  month. 

The  mines  of  Lacroix,  of  Sainte  Marie-muc-Mi»a,  and  of  Qiromagny,  are  now 
abandoned  -  but  it  is  hoped  that  those  (^  the  first  two  localities  will  lie  resumed  ere 
long. 

£i  the  monntains  of  the  Blade  Forest,  separated  fiom  the  Voages  hj  the  valley  of 
the  Ehiiie,  but  composed  of  the  same  rocks,  there  occur  at  BadenviiUr  and  near 
BoeJtbtrg,  not  tax  from  Freiberg,  mines  which  have  at  times  been  actively  worked.  In 
the  Ffirstenberg  district,  near  Wolfach,  particularly  at  Wittiehm  and  Sehapbach,  there 
are  mines  of  copper,  cobalt  and  silver.  The  mines  of  Wittichen  produced,  some 
years  ago,  1,600  mares,  or  near  880  lbs.  avoird.  of  silver  per  annum.  They  supply  a 
manufacture  ot  smalt,  and  one  of  arsenical  products.  A  few  other  inconsidemble 
minos  of  the  same  kind  exist  in  the  grand-duchy  of  Baden,  and  in  Wurtemborg. 

Several  important  iron  mines  are  explored  in  the  Vosges ;  'the  principal  are  those 
of  Framont,  whose  ores  are  red  oxide  of  iron,  with  crystalline  specular  ore,  which 
appear  to  form  veins  of  great  thickness,  much  ramified,  and  very  irregular,  in  a 
district  composed  of  greenstone,  limestone  and  clay-slates.  The  subterranean 
workings,  opened  on  these  deposits,  have  been  hitherto  very  irregular.  There  has 
been  discovered  lately  in  these  mines,  an  extremely  rich  vein  of  sulphuret  of  copper. 
At  Botktm,  a  little  to  the  east  of  Framont,  thin  veins  of  red  oxide  of  iron  are  woned ; 
sometimes  magnetic,  owing  probably  to  an  admixture  of  protoxide  of  iron.  These 
veins  run  through  a  granite,  that  passes  into  syenite.  At  Sikulnot  near  Belfort,  there 
are  iron  mines,  analogous  to  those  of  Framont. 

In  the  neighbourhood  of  Ihann  and  Massovanx,  near  the  sources  of  the  Hoielle, 
veins  are  worked  of  an  iron  ore,  that  traverse  formations  of  greywacke,  clay-slate, 
and  porph3rry.  Lastly,  in  the  north  of  the  Vosges,  near  Bergzabem,  Erlenbach,  and 
Schenau,  several  minos  have  been  opened  on  very  powerful  veins  of  brown  hoematlte 
and  compact  bog  ore,  accompanied  with  a  little  calamine,  and  a  great  deal  of  sand  and 
.  dUnrii,  In  some  points  of  these  veins,  the  iron  oro  is  replaced  by  various  ores  of  lead, 
the  moat  abundant  being  the  phosphate,  which  are  explored  at  Erlenbach  and 
KateeitHal.  These  veins  traverse  the  sandstone  of  the  Vosges :  a  formation  whose 
geological  position  is  not  altogether  well  known,  but  which  contains  iron  minos 
analogous  to  the  preceding  at  Langenthal,  at  the  foot  of  Mount  Tonnerre,  and  in  the 
Palatinate.  Many  analogies  seem  to  approximato  to  the  sandstone  of  the  Vosges,  the 
sandstone  of  the  environs  of  Saint  Avoid  (Moselle),  which  indude  the  mine  of  brown 
hematite  of  CraUMwald,  and  the  le^  mine  of  Bleibarg,  analogous  to  that  of  Bleiborg, 
near  Aix-la-Chapelle. 

At  Crvttnkk  and  TMty,  to  the  north  of  Sarrbrnck,  mines  of  manganese  are 
worked,  famous  for  the  good  quality  of  their  products.  The  deposit  exploited  at 
Crnttnich,  seems  to  be  indosed  in  the  sandstone  of  tiie  Vosges,  and  to  constitute  a 
vein  in  it  analogous  to  the  iron  vdns  mentioned  above. 

There  has  bera  also  opened  a  manganese  mine  at  LamRtR*  near  La  CrouMiiuc 
Itinei,  in  a  district  of  gneiss  with  porphyry. 

In  the  yotaea  and  the  Rack  Forttt  there  are  several  deposits  of  anthracite  (stone* 
coal),  of  which  two  are  actually  worked,  the  one  at  Znnswir  near  OSenbonrg,  in  the 
territory  of  Baden,  and  the  other  at  Uvoltz,  near  Cemay,  in  the  department  of  the 
Uppqr  Rhine.  There  are  also  several  deposits  of  the  true  coal  formation  on  the 
Hanks  ot  the  Vosgee. 

Hnos  simxTBD  ut  tbb  ScmsTosB  Fobiiatiohs  op  m  Buns  o»  nnc  Ehqci^ 

Aim  IN  THB  AltDBmCBS, 

The  transition  lands,  which  form,  in  the  V.Vf.  ot  Oermany  and  in  Flanders,  an 
ektonsive  range  of  hilly  country,  and  culminate  in  the  Hiindsruck,  the  Taunus,  the 
Eifel,  aad  the  Westerwald  monntains,  include  several  famous  mines  of  iron,  zinc,  lead, 
and  copper.  The  latter  lie  on  the  right  bank  of  the  Rhine,  in  the  territories  of 
Nassau  and  Berg,  at  Baden,  Augstbacb,  Rheinbreitbach,  and  near  Dillenburg.  That 
of  Rheinbreitbadi  yielded  formerly  110,000  lbs.  avoird.  of  copper  per  annum,  and 
those  of  the  environs  of  Billenburg  have  more  recently  f^imished  annually  176,000 
lbs.  There  are  also  some  mines  of  argentiferous  lead  in  the  same  regions.  The 
most  remarkable  are  in  the  territory  of  Nassau,  such  as  those  of  Holzappvl,  Pfingstwiese, 
Lowenburg,  and  Augstbach  on  the  Wied,  and  Ehxenthal  on  the.  banks  of  the  Rhine, 
wiach  altogether  prince  600  tons  of  lead  and  3,500  maica  of  sUrer.    To  the  above^ 
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ire  most  add  those  of  the  environs  of  Siegen  and  Dillenhnlg,  situated  in  the  slaty 
rock  and  greywacke  of  the  Devonian  system,  to  which  the  greater  part  of  the  area  in 
question  belongs.  A  little  cobalt  is  explored  in  the  neighbourhood  of  Siegen,  and 
some  mines  of  the  same  nature  are  mentioned  in  the  grand-ducby  of  Hesse-Darmstadt, 
and  in  the  duchy  of  Nassau  Usingen. 

But  iron  is  the  most  important  product  of  the  mines  on  the  right  bank  of  the  Rhino. 
Veins  of  hydrous  oxide,  or  brown  htematite,  are  explored  in  a  groat  many  points  of 
Eessia,  and  of  the  territory  of  Nassau,  Berg,  Marck,  Tecklenbnrg,  and  Siegen,  along 
with  veins  or  masses  of  sparry  iron,  and  beds  of  red  oxide  of  iron.  We  may  note  par- 
ticularly :  1.  The  enormous  mass  of  epany  iron,  known  under  the  name  of  Stahlberg, 
mined  since  the  beginning  of  the  14th  centniy  in  the  mountain  of  Martinshardt,  near 
Hiisen ;  and  the  numerous  lodes  of  hEematjte,  brown  oxide  and  sparry  iron,  in  the 
same  cUstrict;  2.  The  abundant  and  beautafol  mines  of  hydrous  oxide  and  sparry 
iron  on  the  bajiks  of  the  Lahn  and  the  Sayn,  and  among  them  the  mine  of  Bendorf ; 
S.  The  mine  of  Hohcnkirchen  in  Hessia,  where  a  powerful  bank  of  manganesiferous 
ore  is  worked,  and  where  the  mines  are  kept  dry  by  a  gallery  more  than  one  thousand 
yards  long,  trailed  over  its  whole  extent.  These  several  mines  supply  a  great  many 
iron  works,  celebrated  for  their  steel,  and  for  the  objects  of  hardware,  scythes,  &C., 
manu&ctored  there.  Nassau  produces  a  considerable  quantity  of  first-rate  ore 
annually,  most  of  which  is  exported. 

The  Prussian  provinces  of  the  left  bank  of  the  Rhine,  the  duchy  of  Luxembonig 
and  the  Low  Countries,  include  also  many  iron  furnaces,  of  which  a  great  number 
are  supplied,  in  whole  or  in  part,  by  ores  of  hydrous  oxide  of  iron,  occasionally 
rinciferons,  extracted  from  the  transition  rocks,  where  they  form  sometimes  veins, 
and  sometimes  also  very  irregular  deposits.  A  portion  is  explored  by  open  quarrying, 
and  a  portion  by  underground  ^frorkings.  Qteat  activity  has  within  the  last  few 
years  been  imparted  to  these  operations,  by  the  rapid  development  of  the  Wcstphalian 
coal-field,  and  the  increased  manufacture  of  ooke-made  iron. 

The  Effel  formerly  possessed  important  lead  mines.  Some  still  exist,  vi^ich  are 
feebly  worked  at  B^castle,  8  leagues  below  Trives,  on  the  banlcs  of  the  Moselle. 
Those  of  Trarbach,  situated  two  leagues  lower,  are  now  completely  abandoned.  The 
same  holds  with  those  of  Bleialf,  which  were  opened  on  veins  incased  in  the  grey- 
wacke-slate,  3  leagues  Vf.y.W.  of  Friim,  not  &r  from  tho  line  of  separation  of  the' 
waters  of  the  Moselle  and  the  Meuse,  in  a  district  iixim  wliich  manufactures  and  com- 
fort have  disappeared  since  the  mines  were  given  up  which  sustained  them.  The 
mine  Wohlfahii,  near  Rehscheid,  produces  annually  500  tons  of  a  fine  galena,  suitable 
for '  potter's  ore.' 

More  to  the  north  a  great  many  deposits  of  calamine  occur.  The  most  considerable, 
and  the  one  which  for  many  years  past  has  g^ven  the  Company  working  it  the 
command  of  the  zinc  trade  of  the  worhl,  is  called  the  VieiUe  itontagns  (Altenberg), 
at  Moresnot,  between  Aix-la-Chapelle  and  Herbesthal.  The  mass  upon  which  the 
works  are  opened,  and  in  which  the  calamine  is  very  irregularly  intermixed  with 
clay  and  ochre,  is  about  450  yards  in  length  and  160  in  widSi :  it  is  situated  at  the 
junction  of  the  carboniferous  limestones  and  the  slate  termed  the  tchitte  anthraxifht, 
upon  which  geological  horizon  a  number  of  other  deposits  of  a  similar  character  have 
been  found  at  intervals,  with  a  thickness  and  richness  equally  variable.  The  minerals, 
brown  iron  ore,  galena,  zinc-blende,  and  iron  pyrites  occur  with  the  calamine,  and 
the  farmer  especially  sometimes  overpowers  it.  Among  such  deposits,  many  of  them 
largely  worked,  are  Herrenberg  near  Holberg,  Engis,  Huy,  Verviers,  Corphalie, 
Hembach,  and  some  which  reappear,  after  dipping  beneath  the  alluvial  valley  of  the 
Rhine,  in  the  same  geological  position,  in  Westphalia. 

The  VieiUe  Montagne  Company  possess  other  sources  of  zinc  ore  in  the  Frussisa 
and  in  the  Baden  territory ;  and,  employing  about  7.000  men  in  all,  produce  no  less 
than  16,000  tons  of  zinc  &om  their  own  mines,  besides  manufacturing  a  large  quantity 
purchased  from  other  producers.  The  Nouvelle  Montagne  Company,  Verviers,  also 
work  their  deposits  on  a  large  scale,  and  increasing  success  appears  to  attend  the 
works  established  more  recently  on  the  right  bank  of  the  Rhine. 

Of  the  mines  in  this  border  district  which  produce  lead,  the  most  important  ai» 
those  of  the  Stolberg  Westphalia  Company,  yielding  annually  5;000  tons  of  lead,  and 
those  of  the  EichtBeUer  and  the  Alliance  Company,  also  of  Stolberg. 

A  lead  mine  is  opened  at  Vedrin,  N.  of  Namur,  on  a  vein  of  galena,  nearly  vertical, 
which  courses  from  N.  to  S.  in  a  limestone  in  nearly  vertical  strata.  The  vein  is 
from  4  to  IS  ft.  thick,  and  is  recognised  through  a  length  of  }ialf  a  league.  The  mine, 
worked  for  two  centuries,  presents  very  extensive  excavations ;  particularly  a  fine 
Adit  Level.  From  its  former  annual  production  of  900  tons  of  lead  it  has  now  sunk 
to  a  reiy  small  amount. 
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Unas  or  tsb  Cmrrsa  of  Fbakck. 

The  andeot  fonnations,  principaUy  granitic,  'wbieb  constitute  the  basis  of  saTerai 
departments  of  the  centre  and  south  of  Fiance,  are  hardly  any  richer  in  exploration^ 
than  the  districts  mentioned  at  the  end  of  the  Black  Forest  Hany  metalliferous 
reins  hare  been  observed  in  the  mountains  of  the  Auvergne,  For«z,  Cerinnes  and 
Lozire,  but  Terr  ferr  of  the  worldngs  have  attained  to  any  importance.  Most  of  the 
mining  trials  have  been  made  near  the  eastern  border  of  the  mass  of  primary 
formations,  in  a  zone  characterised  by  a  great  abundance  of  schistose  rocks. 

At  Viilefort  and  Vjalas,  in  the  department  of  the  Lozire,  and  in  some  places 
•^joining,  several  reins  of  argentiferous  galena  are  worked  which  trarerse  the  gneis^ 
sin  the  granite.  These  mines,  remarkable  at  present  for  the  regularity  of  their  work- 
ings, employ  300  persons,  and  produce  annually  about  1,000  quintals  of  lead,  and  about 
2,000  marcs  of  silrer. 

Pontgibaud  has  been  for  some  years  the  centre  of  mines  of  argentiferous  lead, 
opened  upon  a  group  of  north  and  south  lodes  intersecting  a  rock  of  gneissose 
graniljc  character.  Explorations  have  been  commenced  mostly  where  these  lodes 
were  discorered  in  the  valleys,  as  at  Boure,  Bosier,  Mioch,  Pranal,  and  Barbecot ; 
and  since  I8S3,  by  the  joint  exertions  of  an  English  and  French  proprietary,  the 
mines  have  been  raised  to  an  important  position,  employing  about  1,200  workpeople. 
An  unusual  source  of  difSculty  has  been  presented,  in  the  form  of  strong  emanations 
of  carbonic  acid  gas  from  the  lode  and  the  fissures  of  the  country,  and  which  renders 
it  necessary  to  employ  powerful  rentilating  machines,  driven  by  water-wheels.  The 
presence  of  this  gas  is  eridently  connected  with  the  volcanic  phenomena  of  the 
a4jacent  district,  where  streams  of  recent  lara  overlie  the  metalliferous  granite,  and 
are  not  penetrated  by  the  lodes.  The  Pontgibaud  mines  yield  annually  about  1,600 
tons  of  lead,  and  145,000  ozs.  of  silrer. 

In  Uie  department  of  the  Loire,  the  lead  mines  of  St.-MarHn4a-Sauveti  south  of 
Boanne  hare  been  extensively  opened  on  veins  running  N.W.  and  S.G. ;  tiiey  are 
now  in  English  hands. 

The  mountains  of  Ambert,  on  the  west  of  the  valley  of  the  Sore,  Saint-Amand- 
Boche-Savine  and  Criroux,  as  well  as  the  mountains  above  Jumeaux,  exhibit  reins  of 
somewhat  analogous  character. 

At  Halbosc  and  Bordezac  (Aidiche),  small  lodes  of  antimony  are  seen  in  the 
slaty  rocks. 

The  dly  of  Vienne,  in  Bau^hiny,  is  built  on  a  hill  of  gneiss,  separated  by  the  Bh&ne 
ftom  the  main  body  of  the  primitire  formations,  and  in  which  reins  of  galena  occur, 
wliich  are  now  imperfectly  mined.  Other  lead  mines  of  less  importance  are  obserred 
at  Si.  Julun-Molin-MoUtU,  department  of  the  Loire,  and  at  Joia,  dep.  of  the  Bh6ne. 

At  Chesty,  seren  leagues  N.W.  of  Lyons,  mines,  now  worked  out,  were  opened 
upon  an  irregular  deposit  of  copper  ore,  occurring  at  the  contact  of  granite  with 
the  lower  sandy  bods  of  the  lias.  The  carbonates  of  copper  were  especially  abundant, 
end  the  azurite,  or  blue  carbonate,  from  this  mine  u  noted  for  the  beauty  of  its 
crystallisation.  At  Sainte-Bel,  two  leagues  S.  of  Chessy,  a  very  similar  deposit  of 
copper  pyrites,  has  also,  after  many  years  of  activity,  been  abandoned. 

An  abundant  deposit  of  manganese  ore,  rery  irregularly  worked,  at  Boman&che 
(Sa6ne-et-Loire)  occurs  in  an  analogons  geological  position ;  as  do  also  smaller  bodies 
of  galena,  calamine,  and  zinc-blende  at  Figeac,  Villefranche,  and  Lardin. 

At  Ecouchets,  near  Couches,  the  oxide  of  chromium  disseminated  in  the  sandstones 
termed  arkoia,  has  been  occasionally  worked.  Some  important  reins  of  zinc-blende 
hare  been  traced  at  Clairac,  in  the  department  du  Oard,  for  abore  1,000  yards  from 
K.  to  S.  in  the  beds  of  metamorphic  lias.  Iron  ores  of  oolitic  texture  are  largely 
worked  in  the  Jurassic  and  Neocomian  rocks  in  various  parts  of  France. 

Lastiy,  tin  ore,  accompanied  by  wolfram,  has  b9en  found  to  occur  in  small  lodes  in 
the  district  of  Limoges,  so  well  known  for  its  china-clay,  especially  at  Vaulry,  a  few 
leagues  KN  Jl  of  tliat  town ;  and  bismuth  has  recently  been  worked  at  Meymac,  in  the 
department  of  Coriize. 

Kim*  or  BBnTANT. 

In  its  geological  confbrmation  Brittany  has  a  great  analogy  to  its  opposite  neighbour, 
Cornwall ;  but  notwithstanding  the  resemblance  of  its  granites,  ancient  schists 
(killas),  and  porphyries,  it  bears  no  comparison  in  the  importance  of  its  mineral 
repositories.  Tin  ore  has  been  found  at  two  places,  Piriac,  a  few  miles  to  the  N.E. 
of  the  mouth  of  the  Loire,  where  small  quartzose  reins,  containing  that  mineral,  occur 
at  the  junction  of  the  granite  and  schists,  and  appear  to  hare  given  rise  to  the  alluvial 
deposits  of  tin  found  near  the  mouth  of  the  Vilaine ;  and  at  Villeder,  department  of 
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Horbihan,  where  a  qnsrtzoM  tin-bearing  vein  intenMcts  the  giftnite,  in  the  direction 
KN.E.  and  W.S.'W,,  and  ccntains  also  mispickel,  topaz,  and  beiyl.  Those  localities 
have  afibrded  rerj  fine  specimens  of  tin  ore,  excellent  examples  of  which  appeared  at 
the  Paris  Exposition  in  1855;  but  although  frequent  trials  hare  been  mode  upon 
them,  they  hare  not  yet  led  to  an  extensire  and  systematic  working. 

The  most  important  exploitations  in  this  district  are  the  lead  mines  of  Pouttcumm 
and  Hwlffoat,  situated  near  Carhaix.  The  mine  of  Huelgcat,  celebrated  for  the  plomb- 
gomme  (bydro-aluminate  of  lead)  discorered  in  it,  is  opened  on  a  vein  of  galena,  which 
tzaveises  clay-slate  rocki.  The  workings  hare  subsisted  for  about  three  centuries, 
and  have  attained  to  a  depth  of  270  meters. 

The  lode  has  been  followed  over  a  horizontal  distance  of  about  1,000  meters,  and 
contains,  besides  argentiferous  galena,  ochreous  substances  yielding  about  y^ajth  of 
riWer  in  the  native  state,  or  as  chloride. 

The  rein  of  Ponllaouen,  called  the  New  Mine,  was  discovered  in  I74I.  It  was 
powerAil  and  very  rich  near  the  eur&ce ;  but  it  became  subdivided  and  impoverished 
with  its  depth,  notwithstanding  which  the  workings  have  been  sunk  to  upwards  of 
260  meters  below  the  surface.  In  these  mines  there  are  fine  hydraulic  machines  for 
the  drainage  of  the  waters,  with  wheels  from  14  to  16  yards  in  diameter;  and  water- 
pressure  machines  have  been  some  years  since  constructed  there. 

The  vein  courses  through  greywacke  in  a  direction  N.  22°  E.,  and,  including  five 
branches,  has  in  some  placeo  reached  the  width  of  60  feet. 

The  annual  produce  of  these  mines  is  300  tons  of  lead  and  1 ,400  kilograms  of  silver^ 
Several  veins  of  galena  exist  at  Chdtelaudren,  near  Saint-Brieuc,  but  they  are  not 
worked  at  present.  There  is  also  one  at  Fontp&an,  near  Bennes,  which  has  been 
worked  to  a  depth  of  140  yards,  but  has  in  like  manner  been  abandoned.  It  affords, 
besides  the  gdena,  a  very  large  quantity  of  blende  (sulphuret  of  zinc),  considerable 
amounts  of  which,  cf  a  very  crystalline  character,  have,  during  the  last  few  years, 
been  exported.    This  is  also  a  N.S.  lode. 

There  occurs,  moreover,  a  lead  mine  at  Pierreville,  department  of  the  Channel, 
opened  on  a  rein  which  traverses  limestone.  The  same  department  presents  a  de- 
posit of  sulphuret  of  mercury  at  Minildot.  A  mine  of  antimony  was  worked  at 
La  Bamie,  department  of  La  Vend^ 

At  Helles  (Deux  Sivres),  ancient  works  on  argentiferous  galena  are  traceable,  of 
which  the  date  is  unknown. 

It  is,  however,  evident  that  these  metala  are  only  in  part  the  production  of  tho 
mines  of  France  proper. 

iiana  or  Obbit  Bsraw  amd  Iizbukd, 

The  mines  comprehended  in  this  section  are  situated,  1.  in  Corswall,  Devonshire, 
and  Somersetshire;  2.  in  the  S.E.  of  Ireland;  3.  in  the  island  of  Anglesey  and  the 
adjoining  part  of  Wales ;  4.  in  Cumberland,  Westmoreland,  the  north  of  Lancashire, 
Yorkshire  and  Derbyshire,  Durham  and  Northumberland,  and  the  Isle  of  Han ;  5.  in 
the  south  and  west  of  Scotland. 

It  will  be  observed  that  the  metalliferous  rocks,  analogous  to  those  of  the  N.W.  of 
France  last  described,  present  themselves  in  the  West  of  England,  Wtdes,  and  Scot- 
land, striking  in  a  direction  of  E.N.E.  or  N.E. ;  whilst  in  Ireland,  although  the  same 
general  direction  is  usually  apparent,  similar  rocks  fbrm  the  surfiice  in  many  portions 
of  the  island. 

Cornwall  and  Devonshire  present  four  prindpal  mining  districts :  viz.  that  of  the 
West,  including  St.  Just,  St  Ives,  Marazion,  and  St.  Erth ;  secondly,  that  of  the  West 
centre,  including  Owennap,  Redruth,  Camborne,  St.  Agnes,  and  wendron ;  thirdly, 
the  East  centre  of  St.  Austell  and  Lostwithiel ;  fourthly,  the  eastern  district,  from 
liskeard  to  Tavistock.  Again,  in  Devonshire,  there  are  the  mines  between  Newton 
and  Exeter,  and  those  near  North  Molton. 

The  first  two  of  these  districts  are  the  most  important  of  the  four  in  the  number 
and  richness  of  their  mines  of  copper  and  tin.  The  ores  of  copper,  which  consist  almost 
entirely  of  copper  pyrites  and  vitreous  sulphuret  of  copper,  constitute  very  regular 
veins,  running  nearly  from  east  to  west,  and  incased  most  frequently  in  a  clay-slate 
locally  termed  kilUu,  and  belonging  to  the  Devonian  system  of  modern  geologists ;  but 
flreqnently  also  in  the  granite,  which  forms  a  series  of  protubemnces  rising  through 
day-slates,  in  an  E.N.E.  direction  from  the  Land's  End  to  Dartmoor.  The  tin, 
besides  being  found  in  alluvial  deposits  or  'stream-works,'  which  are  nearly  all 
worked  out,  also  occurs  in  vdns  or  lodes  which  have  a  general  east  and  west  direction, 
the  same  held  by  numerous  dykes  of  granitic  porphyry  (' elvan '),  which  appear  to 
have  a  close  relation  to  the  metalliferous  vdns.  The  tin  ore  in  a  few  mines  ibrms 
also  irregular  masses  (termed  iin-floort  and  earhonat)  which  appear  most  usually 
attached  to  the  veins  by  one  of  their  points.    Some  of  the  vdns  present  the  cop^iex 
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and  tin  ores  together;  s  mSxtaie  irhich  oeeon  often  near  the  points  of  intareeotion 
of  the  two  metallic  Teins,  Certain  minei  fnmifih  altemateljr  both  cojiper  and  tin ; 
bat  the  most  part  pndooe  only  one  of  these  metals,  especially  Dolcoath  and  the  ror^ 
Tonnding  mines. 

Among  the  more  important  mines  of  the  above  metals  in  the  western  districts  may 
be  noticed  :  Hoel  Basset,  Korth  and  West  Basset,  South  Francis,  United  Hinee,  Euel 
BuUer,  Alfired  Consols,  Cam  Brea,  Levant,  and  Botallack ;  for  tin  more  espedaUy, 
Hnel  Vor,  Dolcoath,  and  Folberro. 

In  the  euTirons  of  St.  Austell  the  more  remarkable  mines  were  those  of  Fowey  Consols, 
which  was  once  the  deepest-worked  mine  in  Britain,  Far  Consols,  Crinnis,  the  tin 
mine  of  Folgooth,  abandoned,  and  the  singular  open-cast  of  Carclaze,  worked  on 
namerons  small  strings  of  tin,  coursing  through  a  granite  so  decomposed  as  to  be  in 
great  part  available  for  china-clay. 

North  of  Liskeard,  the  Fhoenix  and  Caradon  mines  hare  attained,  since  1838,  a 
great  degree  of  prosperity ;  whilst  still  further  oast  the  neighbourhood  of  Callington 
w  mark^  by  several  productive  copper  mines  on  a  smaller  scale,  and  the  large  ancient 
tin  mine  of  Drake  Walls.  The  Tavistock  district  has  been  rendered  famous  by  the 
long-continued  succossftil  working  of  Huel  Friendship,  and  the  enormous  wealth  ex- 
tracted since  1845  from  the  series  uf  mines  on  one  great  lode,  entitled  the  Devon 
Great  Consols. 

There  exists  also  in  Cornwall  veins  running  more  or  less  N.  and  S. ;  these  are  lead  lodes 
generally.  The  '  cross-courses,'  which  intersect  and  often  dislocate  these  lodes,  some> 
times  containing  only  cla^  {Jlucan)  or  quartz  (tjxir),  at  other  times  particular  metallic 
minerals.  Thus,  near  Helston  several  such  veins  have  been  worked  for  silver-lead 
ore ;  at  Restormel  near  Lostwithiel,  and  in  the  St.  Austell  granite,  for  red  and  brown 
ondes  of  iron :  east  of  Liskeard,  at  Eerodsfoot,  Huel  Mary  Anne,  Bedmoor,  and  the 
Tamar  mines,  for  lead  ores  containing  from  30  to  80  ounces  of  silver  to  the  ton. 

In  some  few  instances,  and  chiefly  in  connection  with  these  cross  veins,  ores  of 
silver,  cobalt,  and  nickel,  have  been  raised;  whilst  ve^  rich  silver  ores  were  ob- 
tained some  years  ago  from  E.  and  W.  veins,  at  Hnel  Vincent,  Huel  Brothers,  &&, 
near  Callington. 

Antimony  has  been  raised  from  mines  near  Endellion,  and  at  Huel  Boys ;  and 
manganese  is  now  worked  from  shallow  irregular  deposits  in  the  slates  at  many  points 
in  the  east  of  Cornwall,  and  in  Devonshire. 

The  tin  and  copper  ores  of  Cornwall  are  accompanied  with  arsenical  pyrites,  which 
is  turned  to  some  account  by  the  production  of  white  arsenic  (orsenious  acid). 

The  tin  ores  are  treated  at  several  works  situated  in  Cornwall.  All  the  copper  ores 
are  sent  to  Swansea  in  South  Wales  to  be  smelted  ;  and  a  port  of  the  lead  ores  only 
is  reduced  at  smelting-works  near  Truro,  at  Far,  and  on  the  Tamar. 

In  consequence  of  the  great  influx  of  subterranean  waters,  the  mines  of  Cornwall 
and  Devonshire  are  worked  upon  principles  somewhat  differing  from  those  of  many 
other  mining  districts,  expedition  being  regarded  as  one  great  source  of  economy. 
Eq>ecially  in  the  application  of  steam-power  to  pumping-purposes  have  the  inventive 
powers  of  the  engineers,  in  modifying  the  engines  and  boilers,  and  the  skill  of  the 
miners,  in  placing  the  pit-work  and  pumps,  attained  a  high  degree  of  perfection. 
For  this  purpose  engines  having  a  cylinder  of  80,  90,  and  even  100  inches  in  diameter 
have  been  erected,  employing  high-pressure  steam  expansively. 

Many  of  the  mines  are  explored  to  a  depth  of  between  1,200  and  2,000  feet;  and 
some  are  celebrated  for  the  boldness  of  their  workings.  Thus  several  mines,  espe- 
cially Botallack  and  Levant,  in  the  parish  of  St  Just,  near  Cape  Cornwall,  have  their 
shafts  placed  close  to  the  edge  of  the  cli£&,  and  extend  several  hundrisd  fathoms 
under  the  sea,  and  to  depths  of  from  120  to  240  fathoms  beneath  its  level.  At  Huel 
Cock  so  small  a  thickness  of  rock  has  been  left  to  support  the  weight  of  the  waters 
that  the  rolling  of  pebbles  on  the  bottom  is  distinctly  heard  by  miners  during  a  storm. 
The  mine  of  Huel  Werry,  near  Fenzance,  was  worked  by  means  of  a  single  shaft 
opened  on  a  reef  of  rock  in  a  space  left  dry  by  the  sea  only  for  a  few  hours  at  every 
ebb.  A  small  wooden  tower  was  bnilt  over  the  month  of  the  shaft,  which,  being 
carefolly  caulked,  kept  out  the  waters  of  the  ocean  when  the  tide  rose,  and  served  to 
support  the  machines  for  raising  the  ore  and  water.  A  vessel  driven  by  a  storm  over- 
turned it  during  the  night,  and  put  an  end  to  this  hazardous  mode  of  mining,  which 
has  not  been  resumed. 

An  important  group  of  veins  of  lead,  oftfn  argentiferous,  is  opened  in  the  slaty 
rocks  of  Cardiganshire  and  Montgomeryshire,  all  of  which  have  an  £.  and  W.  direction, 
alUiough  so  far  from  parallel  that  wey  often  meet,  and  fireqnently  form  at  such 
points  of  intersection  'courses'  of  ore.  The  galena  is  accompanied  generally  by 
quartz  and  blonde,  more  rarely  by  iron  pyrites  and  cnlcspar.  Some  of  these  mines 
vcfre  rery-  prt^tably  worked  in  the  17th  century,  and  during  the  last  forty  years 
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feveial  of  them,  as  Qogiiuui,  Cvm  Ystwyth,  LagylaB,  and  Frengoch,  haTe  been  highly 
prodnctire.  In  1873  theee  counties  yielded  10;061  tons  of  metallic  lead  and  94,826 
ounces  of  silver. 

The  more  complicated  geological  formations  of  Carnarronshire  and  Merionethshire 
present,  chiefly  among  the  slJty  rocks,  a  number  of  veins  bearing  copper,  lead,  and 
dnc  ores,  in  which  a  special  point  of  interest  is  the  occurrence  of  gala.  This  metal 
has  been  found  vithin  the  last  few  years  in  rich  specimens,  mostly  associated  -with 
quartz  and  blende ;  but  it  has  not  hitherto  been  remuneratively  raised.  The  veins 
occur  chiefly  in  two  gronps,  the  one  to  the  NN.W.  of  the  town  of  Dolgelly,  the  other 
in  the  hills  around  the  Bala  Lake.  Flintshire  and  Denbighshire  produced  in  1873 
8,712  tons  of  lead,  yielding  28,676  ounces  of  silver. 

The  adjacent  isle  of  Anglesey  is  celebrated  for  the  copper  mines  of  Hona,  and  the 
Farys  mountain.  The  ore  is  copper  pyrites,  intercalated  among  slaty  rocks  and 
felstone,  and  near  the  sur&cs  it  occurrod  in  enormous  mass.  The  workings  have 
thence  been  carried  on  as  open  casts  ;  but  beneath  theee,  again,  regular  subterranean 
operations  have  been  oondncted,  althongh  the  veins  there  show  themselves  small,  and 
comparatively  poor.  Laige  quantities  of  copper  are  here  obtained  by  precipitation 
from  the  mine-water,  and  the  various  ores  are  treated  at  furnaces  situate  at  Amlwch. 
The  Isle  of  Man  has  two  important  lead  mines,  the  Foxdala  andXazey ;  the  former 
remarkable  for  the  great  size  of  its  main  lode,  and  the  occasional  high  percentage  of 
silver;  the  latter  for  its  dystalline  blende.  Ten  mines  produced  lead  in  1873,  three 
copper,  and  four  nnc  ore. 

The  slates  of  Cumberland  and  Westmoreland  yield  lead  ores,  and  a  small  quantity 
of  copper  ore.  At  Borrowdale,  near  Keswick,  a  mine  of  graphite  (plumbago)  has  been 
worked  tac  a  long  period.  It  fbmishes  the  black-lead  of  the  English  pencils,  so  cele- 
brated over  the  world.  The  mineral  occurs  in  irregular  lumps  and  nests,  in  a  variety 
oTgreenstone  rock.  Coniston  copper  mine  in  Lancashire  is  specially  notable.  The 
lead  mines  of  Dnriiam  and  Korthtunberland  are  also  veiy  productive ;  uie  total  produce 
of  those  countries  in  1873  being  16,86i  tons  of  lead.  The  lead  mines  of  Yorkshire 
produced  in  the  same  year  3,704  tons. 

There  aie  &mou8  lead  mines  in  the  south  of  Scotland,  at  Wanlodc-head,  in  Cum- 
fiiesshire  and  Leodhills  in  Lanarkshire,  the  veins  of  which  occur  in  Silnrian  rocks. 
At  daily,  in  Kirkcudbrightshire,  copper  ore  has  been  discovered;  and  a  mine  of 
antimony  has  been  known  in  Dumfriesshire;  but  neither  has  been  turned  to  good 
account. 

In  the  middle  port  of  Scotland  the  lead  mines  of  Strontian  in  Argyleshire  deserve 
tx>  be  noticed.  A  lead  mine  in  schist  has  been  also  worked  by  the  Marquis  of  Breadal- 
bane  at  I^dram.    In  the  Isle  of  Islay  lead  is  being  worked. 

The  produce  of  the  Scotch  lead  mines  in  1873  was  2,150  tons  of  lead. 

In  Ireland  the  Berehaven  and  the  Knockmahon  mines  have,  with  great  profits  to 
the  adventoreis,  for  many  years  past  produced  large  quantities  of  copper  ore.  In  1878 
7,003  tons  of  ore  were  sold.  Copper  ores  are  also  worked  at  the  Ballycummisk  mine, 
Co.  Cork,  and  at  Connorree  and  four  other  mines. 

Among  the  other  mines  of  Ireland  are  those  of  Bally^ahan  and  Tigrony,  and  of 
Ballymnrtagh,  situated  8  leagues  S.W.  of  yncklow.  Their  object  is  to  work  pyrites, 
accompanied  with  some  poor  ores  of  copper,  galena,  sulphide  of  antimony.  Iron 
pyrites,  since  1840,  has  been  a  laige  article  ^  export,  amounting  in  some  yeaiB  to 
ftom  60,000  to  100,000  tons.  In  1878  the  ores  of  Wicklow  amounted  to  40,063 
tons  only. 

The  granite  of  Wicklow  also  contains  some  lead  mines.  Luganure  and  Glendalough 
were  the  only  mines  worked  in  1873. 

In  the  south-west  of  Ireland  indications  of  copper  and  lead  ores  have  been  met 
with  at  many  other  points,  but  no  important  mines  nave  yet  been  opened  upon  them. 

An  Irish  correspondent,  writing  on  the  iron  ores  which  are  now  largely  worked  in 
the  north  of  Ireland,  states  that  at  Carrlough  immense  quantities  of  iron  ore  and 
limestone  are  shipped.  The  former,  which  is  not  of  the  best  quality,  is  carried  to 
Seaham,  there  to  meet  the  coal  from  the  mines  on  Lord  Londondenys  estate.  A 
railway  is  being  constructed  from  Ked  Bog  to  the  top  of  Olenariff.  This  undertakings 
which  will  cost  60,0002.  to  60,0002.,  is  entirely  in  the  hands  of  an  English  company, 
and  will  be  used  only  for  the  transit  of  iron  ore.  Close  to  Bed  Bog  is  a  wire  tramway, 
the  property  of  the  Antrim  Iron  Ore  Company.  It  has  four  stationary  engines  along 
its  route  to  work  it,  and  extends  a  distance  of  6  miles.  At  Bed  Bog  three  distinct 
companies  are  employed  shipping  iron  ore,  which  is  of  a  very  superior  quality,  and 
contains  over  60  per  cent  d  pure  iron.  The  bleak  moorland  at  Glenravel  is  now 
varied  by  the  numerous  mouths  of  tunnels  driven  into  hills,  which  appear  as  if  they 
were  composed  of  iron  ore  in  inexhaustible  abundance.  A  great  part  of  the  iron 
mountains  bolong  to  Loid  Antrim.    The  companies  pay  large  sums  annually  for  theis 
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leases,  besides  royalties  of  6d.  a  ton  on  all  ore  shipped.  The  nuners'  vages  are  by 
DO  means  high;  at  Eed  Bog  the  English  company  gives  Us.  and  the  Antrim  Iron 
Ore  Company,  ISa.perweek.  In  1873  l^ese  iioamineBprodacedl38,766  tons  of  iron 
ores. 

Mixes  of  thb  Ptbenebs. 

The  Pyrenees  and  the  mountains  of  Biscay,  of  the  Astorias,  and  the  north  of 
Gulicia,  which  are  their  prolongation,  are  not  very  rich  in  deposits  of  ores.  The 
most  important  mines  that  occur  there  are  of  iron,  which  are  widely  spread  through- 
out the  whole  chain,  except  in  its  western  extremity.  We  may  mention  particularly 
in  Biscay  the  mine  of  Sommorottro,  opened  on  a  bed  of  led  oxide  of  iron ;  and  in  the 
proTince  of  Gnipnscoa,  the  mines  of  Hondragon,  Oyarzim,  and  Berha,  situated  on 
deposits  of  sparry  iron.  There  are  several  analogous  mines  in  Aiagon  and  Catalonia. 
In  the  French  part  of  the  Pyrenees  veins  of  sparry  iron  are  worked,  which  traverse 
the  red  sandstone  of  the  mountain  Ustslleguy,  near  Baygony,  department  of  the 
Basses-Pyrenees.  The  same  department  afibnjs  in  the  valley  of  Asson  the  mine  of 
Eaogaron,  which  consists  of  a  bed  of  hydrate  of  iron,  snboidinate  to  transition  lime- 
stone. The  deposit  of  hydrate  of  iron,  worked  for  an  immemorial  time  at  SaneU, 
in  the  valley  at  Vicdessos,  department  of  the  Arriige,  and  averaging  60  feet  in  thick- 
ness, occurs  in  a  limestone  now  regarded  as  of  the  age  of  the  lias.  The  ancient 
workings  have  been  very  irregular  and  very  extensive  ;  but  the  deposit  is  still  &r 
from  being  exhausted.  There  are  also  considerable  mines  of  sparry  iron  at  LaptTtoute, 
at  tlie  tower  of  Batera,  at  Escoron,  and  at  Fillols,  at  the  foot  of  the  Canigou,  in  the 
department  of  the  Oriental  Pyrenees.  The  iron  mines  of  the  Pyrenees  keep  in  activity 
200  Catalonian  forges.  Although  there  exists  in  these  mountains,  especially  in  the 
part  formed  of  transition  rocks,  a  very  great  number  of  veins  of  lead,  copper,  cobalt, 
antimony,  &c.,  one  can  hardly  mention  any  workings  of  these  metals;  and  among 
the  abandoned  mines,  the  only  ones  which  merit  notice  are,  tlie  mine  of  argentiferous 
copper  of  Baygony,  in  the  department  of  the  Low  Pyrenees,  the  lead  and  copper 
mines  of  Avlux,  in  the  valley  of  the  Brce,  department  of  the  Arri^,  and  the  mine  of 
cobalt,  of  the  valley  of  Oistain,  situated  in  Aragon,  on  the  southern  slope  of  the  Pyre- 
nees. The  mines  of  plumbago  opened  at  Sahun  in  Aragon  should  not  be  forgotten, 
Analogons  deposits  are  known  to  exist  in  the  department  of  the  Aniege,  but  they  are 
not  mined. 

Previous  to  the  discovery  of  America,  considerable  workings  were  carried  on  in 
auriferous  sands  at  various  points  in  this  department.  A  gold  mine  has  also  been 
wrought,  but  without  success,  near  Cabo  de  Creua,  on  the  Spanish  side. 

Mijraa  OF  Spain  aud  FoaTcoAi,. 

The  granite,  gneiss,  and  slaty  formations  of  the  Iberian  Peninsula,  noted  in  early 
times  for  their  mineral  wealth,  have  during  the  last  40  years  again  become  the  scene 
of  important  mining  operations.  The  region  of  the  Sierra-Moiena,  comprising  parts 
of  the  provinces  of  Andalusia,  Estremadura,  and  La  Hancha,  forms  one  of  those 
primary  districts  which  offer  close  analogies  with  some  of  the  mining  localities  already 
described ;  and  exhibits  numerous  mines  now  in  activi^,  and  the  traces  of  former 
extensive  operations. 

The  noted  quicksilver  mines  of  Almaden,  produdng  about  2,000  tons  per  annum, 
are  worked  on  three  parallel  veins  of  from  6  to  12  meters  in  width,  lying  conform- 
ably with  highly-inclined  Silurian  strata. 

The  silver  mines  of  Guadalcanal  and  Cazalla,  north  of  Seville,  in  mica  slate,  were 
very  rich  in  the  time  of  the  Counts  Fngger,  but  are  now  inconsiderable ;  this  territory 
presented  formerly  important  mines  at  Villa-Guttier,  not  &r  &om  Seville.  At  tho 
beginning  of  the  1 7th  century  they  are  said  to  have  been  worked  with  such  activity 
that  they  furnished  daily  170  marcs  of  silver. 

In  tho  limestones  near  Santander  were  very  important  mines  of  calamine,  but 
these  have  not  been  worked  recently  (187*). 

More  to  the  east  there  exists  in  the  mountains  of  La  Mancha  a  mine  of  antimony 
at  Santa-Cmx-de-Mudela.  On  the  southern  slope  of  the  Sierra-Morena  very  impor- 
tant lead  mines  occur,  particularly  at  Linares,  12  leagues  N.  of  Jaen.  The  veins  are 
very  rich  near  the  surface,  whence  the  ground  is  riddled,  as  it  were,  with  shafts. 
Here  than  6,000  old  and  new  pits  may  be  counted ;  the  greater  part  of  which  is 
ascribed  to  the  Moors. 

Systematic  workings  have  been  for  some  years  carried  on  by  English  companies  at 
some  of  these  mines,  with  excellent  results;  and,  with  the  aid  of  steam-engines,  a 
depth  of  80  or  90  &thom8  has  now  been  attained. 

The  lodes,  which  have  a  medium  width  of  8  or  4  feet,  coorM  genemlly  NN.K. 
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dipping  tovards  the  K.W.,  tuid  tzavorsa  s  granite,  -which  on  tlio  outskiita  of  the 
district  is  oTerlfiid  by  clay-alates  and  sandstone,  also  penetrated  by  the  reins.  The 
galena  is  accompanied  by  baiytes  in  large  quantity,  and,  in  greater  depth,  by  calc- 
spar.    A  single  mine,  that  of  Fozo  Ancho,  raises  500  tons  of  lead  ore  per  month. 

At  Bio  Tinto,  near  Seville,  a  massive  deposit  of  iron  pyrites,  6U  vanu  in  width,  has 
been  worked,  chiefly  for  the  copper  pyrites  which  is  mingled  witli  it.  The  cuprife/'dus 
iron  pyrites,  which  ocenn  in  large  deposits  in  the  south-west  of  Spain  and  in  Portugal, 
is  now  very  largely  worked;  the  pyrites  being  first  burnt  for  its  solphur,  and  then 
treated  by  the  wet  way  for  e;ttraction  of  copper.    See  Pyrites. 

Abandant  mines  of  zinc  ores  occur  near  Alcaraz,  15  leagues  N.E.  of  Linares ;  which 
supply  materials  to  a  brass  manufactoir  established  in  tliat  town.  There  are  also 
lead  mines  in  the  provinces  of  Murcia  and  Grenada.  Very  productive  ores  have  been 
worked  for  some  time  in  the  Sierra  de  Gador  near  Almeria,  a  harbour  situated  some 
leagues  to  the  W.  of  the  Cape  de  Gata,  and  also  near  Cartagena.  A  fine  silver  lode 
has  been  worked  to  a  depth  of  110  fathoms,  at  Almagrera. 

In  Mnrcia,  Grenada,  and  Cordova,  there  are  also  several  iron  mines,  and  near  Mar- 
bella  and  Bonda,  in  Grenada,  mines  of  plumbago  are  explored. 

Among  the  most  remarkable  mines  of  Spain  are  those  of  silver  at  Hiendelencina, 
in  the  district  of  Guadalaxara,  discovered  only  a  few  years  since,  and  worked  on 
regular  lodes  in  gneiss,  and  stated  to  have  yielded  enormous  profits. 

Lastly,  near  Ferrol  in  Galicia,  and  Zamora  in  Loon,  tin  ores  occnr  in  granite,  and 
at  the  latter  plaoe  are  worked  in  several  mines,  not  far  distant  from  others,  which 
produce  argentiferous  lead  and  antimony  ores.  The  Carthaginians  appear  to  have 
worked  tin  mines  in  this  part  of  the  Peninsula. 

Within  the  Portuguese  frontier  very  similar  tin  ores  occur  near  the  river  Souro ; 
and  other  localities  in  that  kingdom  are  indicated  as  exhibiting  ores  of  copper,  anti- 
mony, and  lead.  Among  the  latter,  the  Falhal,  and  Carvalhal  mines  are  worldng  by 
an  English  (the  'Lnsitanian ')  mining  company. 

Ores  of  iron  occur  at  very  numerous  putoes  in  the  Peninsula,  but  have  hitherto 
been  worked  on  a  comparatively  small  scale.  Those  of  Sommorostro  near  Bilbao,  and 
of  Marbella,  are  among  the  best  known.  The  impidse  given  to  iron-mining  in  Spain 
a  few  years  ago  has  been  checked  by  the  present  disturbed  state  of  the  country  ( 1 874). 

Two  ancient  iron-works  exist  in  Portuguese  Estremadura,  the  one  in  the  district  of 
Thomar,  and  the  other  in  that  of  Figueiro  dos  Vinhoss  :  they  arc  supplied  by  mines 
of  red  oxide  of  iron,  situated  on  the  frontiers  of  this  province  and  of  Beira.  Ono 
deposit  of  quicksilver  ore  occurs  at  Couna,  in  Portugal. 

MiKBS  OF  THE  NoBTH  OF  ElTBOFB. 

These  mines  are  situated  for  the  most  part  in  the  sontb  of  Norway,  towards  the 
middle  of  Sweden,  and  in  the  south  of  Finland,  a  little  way  from  the  shortest  line 
drawn  from  the  Lake  Onega  to  the  south-west  angle  of  Norway.  A  few  mines  occiuf 
in  the  northern  districts  of  Norway  and  Sweden.  The  main  prtnlucts  of  these  several 
mines  are  iron,  copper,  and  silver. 

The  iron  mines  of  Norway  lie  on  the  coasts  of  the  Gulf  of  Christiania,  and  on 
the  side  &cing  Jutland,  principally  at  Arendal,  at  Krageroc,  and  the  neighbourhood. 
The  ores  consist  almost  solely  of  black  oxide  of  iron,  which  forms  beds  or  veins  of 
from  4  to  60  feet  thick,  incased  in  gneiss,  which  is  accompanied  with  pyroxene 
(augite),  epidote,  garnets,  &c.  These  iron  ores  are  reduckl  in  a  great  many 
smelting-furnaces  situated  on  the  same  coast,  and  particularly  in  the  county  of 
Lanrwig.  Their  annual  product  is  about  16,500,000  lbs.  avoiid.  of  iron,  in  the  form 
of  cast  iron,  bar  iron,  sheet  iron,  nails,  &e.;  of  which  one-half  is  exported. 

Norway  possesses  rich  copper  mines,  some  of  which  lie  towards  the  south  and  the 
centre  of  the  country ;  but  the  most  considerable  occur  in  the  north,  at  QuUckne, 
J/nken,  SUboe,  and  Rmraaa,  near  Brontheim.  The  mine  of  Boeraas,  16  miles  from 
I>roBtheim,  to  the  S.E.  of  the  city,  is  opened  on  a  very  considerable  mass  of  copper 
pyrites,  and  has  been  worked  as  an  open-cast  since  1664.  It  has  poured  into  the 
market,  fit>m  that  time  till  1701,  77,000,000  lbs.  avoird.  of  copper.  In  1805  its 
annual  production  was  864,600  lbs.  Not  &r  from  the  North  Cape,  copper  mines  have 
been  for  some  years  post  actively  worked  by  an  English  (the  Alten)  mining  company, 
on  irregular  veins  at  Kaofiord  and  Baipas. 

Norway  comprehends  also  some  celebrated  silver  mines.  They  are  situated  from 
15  to  20  leagues  S.VT.  of  Christiania,  in  a  mountainous  country  near  the  city  of 
Kongsberg,  which  owes  to  them  its  population.  Their  discovery  goes  back  to  the 
year  1623,  and  their  objects  are  veins  of  carbonate  of  lime,  accompanied  with  asbestos 
and  other  substances  in  which  native  silver  ooeurs,  usually  in  small  threads  or  net- 
work, and  sometimes  in  considerable  masses,  along  with  sulphuret  of  silver.    These 
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rein*  are  ymj  oumetoas,  and  run  througli  a  oonaideiable  space,  divided  into  four  di«- 

triets  (arTondissements),  each  of  which  contains  more  than  15  distinct  explorations. 
When  a  new  mine  is  opened,  it  is  generally  as  an  open-cast,  which  embraces  seTOral 
reins,  and  they  then  prosecute  by  sabterranean  workings  only  those  that  appear  to  be 
of  consequence.  The  workings  are  abont  200  fiithoms  deep.  Fire  is  employed  for 
attacking  the  ore.  In  1782  the  formation  of  n  new  aoit-IeTel  was  commenced, 
destined  to  hare  a  length  of  10,000  yards,  and  to  cost  60,0002.  These  mines,  since 
their  discovery  till  1792,  have  afforded  a  quantity  of  silver  equivalent  to  above 
4,000,000/.  sterling.  The  year  1768  was  the  most  productive,  having  yielded  38,000 
marcs  of  silver.  Twice  during  the  present  century  they  have  been  threatened  with 
abandonment,  but  have  again  become  profitable,  yielding  from  1,300  to  1,400  kilo- 
grams of  silver  per  annum. 

Cobalt  mines  may  be  noticed  at  Modum  or  Fossnm,  8  leagues  W.  of  Christiania; 
thCT  are  extensive,  but  of  little  depth. 

Lastly,  graphite  is  explored  at  Englidcd ;  and  chromato  of  iron  deposits  have  been 
noticed  in  some  parts  of  Norway. 

The  irons  of  Sweden  enjoy  a  merited  reputation,  and  form  one  of  the  diief  objects 
of  the  commeroe  of  that  kingdom.  Few  countries,  indeed,  combine  so  many  valuable 
advantages  for  this  species  of  manufiicture.  Inexhaustible  deposits  of  iron  ore  are 
placed  amid  immense  forests  of  birches  and  resinous  trees,  whose  charcoal  is  pro- 
bably the  best  for  the  reduction  of  iron.  The  different  groups  of  iron  mines  and  forges 
form  small  districts  of  wealth  and  animation  in  the  midst  of  these  desolate  regions. 

The  province  of  Wermeland,  including  the  north  bank  of  the  lake  Wener,  is  one  of 
the  richest  of  Sweden  in  iron  mines.  The  two  most  important  are  those  of  Nord- 
marck,  3  leagues  north  of  filipstadt,  and  those  of  Ferseberg,  2i  leagues  east  from 
the  same  city.  Rlipstadt  is  about  50  leagues  W.  i  N.W.  from  Stockholm.  Both 
mines  are  opened  on  veins  or  beds  of  magnetic  oxide  of  iron  several  yards  thick, 
directed  from  N.  to  S.  in  a  ground  composed  of  hornblende,  talcose  and  granite  rocks. 
These  masses  are  nearly  vertical,  and  are  explored  in  the  open  air  to  a  depth  of  130 
yards. 

The  principal  iron  mines  of  Eosslagen  (part  of  the  province  of  Upland),  are  those 
of  Bannemora,  situated  1 1  leagues  from  Upsal.  They  stand  in  the  first  rank  of  those 
of  Sweden,  and  even  of  Europe.  The  masses  worked  upon  are  somewhat  lenticular, 
and  vertical,  running  ttom.  K.E.  to  S.W.,  and  are  incased  in  a  ground  formed  of 
primary  rocks,  among  which  gneiss,  petrosilex  and  granite  are  most  conspicuous. 
They  amount  to  three  in  numb^,  very  distinct,  and  parallel  to  each  other ;  and  are 
explored  through  a  length  of  more  thatf  1,600  yards,  and  to  a  depth  of  above  80,  by 
the  employment  of  fire,  and  blasting  with  gunpowder.  The  explorations  are  mere 
quarries,  each  presenting  an  open  chasm  66  yards  wide,  by  a  much  more  considerable 
length  and  an  appalling  depth.  Magnetic  iron  ore  is  extracted  thence,  which  fur- 
nishes the  best  iron  of  Sweden  and  Europe ;  an  iron  admirably  qualified  for  conversion 
into  steel. 

Of  the  works  which  prepare  bar  iron  inoB.  the  Dannemora  ores,  may  be  mentioned 
in  the  first  class  Lofsta,  Osterby,  Simo,  and  Banas. 

The  island  of  Utoe,  situated  near  the  coast  of  the  province  of  Upland,  presents  also 
rich  iron  mines.  The  magnetic  ore  there  forms  a  thick  bed  in  the  gneiss.  It  is 
worked  in  trenches  far  below  the  level  of  the  sea.  The  ore  cannot  be  smelted  in  the 
island  itself ;  but  is  transported  in  great  quantities  to  the  continent. 

The  province  of  Smoland  includes  also  very  remarkable  mines.  Near  Jonkoping, 
a  bill  called  the  Taberg  occurs,  formed  in  a  great  measure  of  magnetic  oxide  of  uon, 
contained  in  a  greenstone  in  the  midst  of  the  gneiss. 

In  several  parts  of  Lapland,  the  magnetic  oxide  of  iron  occurs  in  great  beds  or 
immense  masses.  At  Gellivara,  200  leagues  N.  of  Stockholm,  towards  the  67th  de- 
gree of  latitude,  it  constitutes  a  considerable  mountain,  into  which  an  exploitation  has 
been  opened.  The  iron  is  despatclied  on  small  sledges  drawn  by  rein-deer  to  streams 
which  fall  into  the  Lulea ;  and  thence  by  trater-carriage  to  the  port  of  Lulea,  where 
it  is  embarked  for  Stockholm. 

There  are  a  great  many  iron  works  in  Salecarlia,  but  a  portion  of  the  ores  are  got 
fn>m  alluvial  deposits.  Similar  deposits  exist  also  in  the  provinces  of  Wermeland  and 
Smoland. 

The  annual  production  of  the  iron  mines  and  furnaces  of  Sweden  and  Norway  has 
increased  but  little  of  late  years,  the  chief  attention  being  devoted  to  the  quality,  and 
not  to  the  quantity.  At  present  it  amounts  to  above  160,000  tons  of  pig  iron,  of 
which  probably  two-thirds  are  exported  as  bar  iron,  steel,  &c. 

The  copper  mines  of  Sweden  are  scarcely  less  celebrated  than  its  iron  mines.  The 
principal  is  that  of  Falun  or  Kopparberg,  situated  in  Salecarlia,  near  the  town  of 
Falun,  40  leagues  N.W.  of  Stockhokn.    It  is  excavated  in  an  iir^golar  and  very 
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powerM  mass  of  pyrites,  -which  in  a  great  many  points  is  almost  entirely  iron  pyrites, 
but  in  others,  portionlarly  near  the  circumference,  includes  a  greater  or  less  portion  of 
copper.  This  mass  is  enveloped  in  talcose  or  hornblende  roclu.  Hore  to  the  west, 
then  ai«  three  other  masses  almost  contiguous  to  each  other,  which  seem  to  bend  in  an 
arc  of  a  circle  around  the  principal  mass.  They  are  explored  as  well  ns  the  last  This 
was  at  first  worked  in  the  open  air ;  but  imprudent  operations  having  caused  the  walls 
to  crumble  and  fall  in,  since  1647  the  excavation  presents  near  the  surface  nothing  but 
frightful  precipices.  The  workings  are  now  prosecuted  by  shafts  and  galleries  into  the 
lower  part  of  the  deposit,  and  have  arrived  at  a  depth  of  194  fannars  (nearly  480  yards). 
They  display  excavations  spacious  enough  to  admit  the  employment  of  horses,  and 
the  estaboshmeut  of  forges  for  repairing  the  miners'  tools.  It  is  asserted  that  the 
exploiation  of  this  mine  goes  back  to  a  period  anterior  to  the  Christian  era.  During 
its  greatest  prosperity,  it  is  said  to  have  produced  1 1  millions  of  pounds  avoird.  of  cop- 
per per  annum,  or  abou<}  6,000  tons.  It  furnishes  now  about  the  seventh  part  of  that 
quantity;  yielding  at  the  same  time  about  70,000  lbs.  of  lead,  with  60  marcs  of  silver, 
and  3  or  4  of  gold.  Tbq  ores  smelted  at  Fsilun  produce  from  2  to  2^  of  copper  per 
cent.  But  theextraction  of  the  metal  is  not  the  sole  process  ;  sulphur  is  also  saved ; 
and  with  it,  or  the  pyrites  itself,  sulphuric  acid  and  other  chemical  products  are 
made.  Bound  Falun,  within  the  space  of  a  league,  70  furnaces  or  factories  of  dif- 
ferent kinds  may  be  seen.  The  black  copper  obtained  at  Falun  is  converted  into  rose 
copper,  in  the  refining  hearths  of  the  smtJl  town  of  Ofinoatad. 

In  the  copper  mine  oi' Garpenberg,  situated  18  leagues  from  Falun,  there  occur  14 
masses  of  ore  quite  vertical,  and  parallel  to  each  other,  and  to  the  beds  of  mica-slate 
or  talc-slate,  amid  which  they  stand.  This  mine  has  been  worked  for  more  than  six 
hundred  years. 

The  mine  <^Nyakomparberg,  in  Nericia,  20  leagues  "Vf.  of  Stockholm,  presents  masses 
of  ores  parallel  to  each  other,  the  form  and  arrangement  of  which  are  very  singular. 
It  is  worked  by  open  quarrying,  and  with  the  aid  of  fire. 

We  may  notice  also  the  copper  mines  of  Atvidaberg,  in  Ostrogothia,  whidi  furnish 
annnally  about  a  sixth  part  of  the  whole  copper  of  Sweden. 

There  are  several  other  copper  mines  in  Sweden.  Their  whole  number  is  ten  ;  but 
it  was  formerly  more  considerable.  They  yield  at  the  present  day  in  all,  about  2,000 
tons  of  metallic  copper. 

The  number  of  the  silver  mines  of  Sweden  has  in  like  manner  diminished.  In  1767, 
only  3  were  reckoned  under  exploration,  viz.  that  of  HtUefors,  in  the  province  of  MVermo- 
land ;  that  of  Segertfora,  in  Nericia ;  and  that  of  Sola  or  SahVxrg,  in  Westmannia, 
about  23  leagues  N.W.  of  Stockholm.  The  last  is  the  only  one  of  any  importance. 
It  is  very  ancient,  and  passes  for  having  been  formerly  very  productive ;  though  at  pro- 
sent  it  yields  only  &om  4  to  6,000  marcs  of  silver  ■per  annum.  Lead  very  rich  in  silver 
is  its  principal  product.  It  is  explored  to  a  depth  of  more  than  200  yards.  The 
soundness  of  the  rock  has  allowed  of  vast  excavations  being  made  in  it,  and  of  even  the 
galleries  having  great  dimensions  ;  so  that  in  the  interior  of  the  workings  there  are 
winding  machines,  and  carriages  drawn  by  horses  for  the  transport  of  the  ores. 

At  Sala,  there  are  deposits  of  sulphuret  of  antimony. 

For  the  last  30  or  40  years,  mines  of  cobalt  have  been  opened  in  Sweden,  principally 
at  Tunabeig  and  Los,  near  Nykoping,  and  at  Otwaid  in  Ostrogothia.  The  firat  are 
worked  upon  veins  of  little  power,  which  become  thicker. and  thinner  successively; 
whence  they  have  been  called  bead-veins.  It  appears  that  the  products  of  these  mines, 
though  of  good  quality,  are  inconsiderable  in  (Quantity. 

Lastly,  there  is  a  gold  mine  in  Sweden  ;  it  is  situated  at  Adelfors,  in  the  parish  of 
Alsfeda,  and  province  of  Smoland.  It  has  been  under  .exploration  since  1 737,  on  veins 
of  auriferous  iron  pyrites,  which  traverse  scliistose  rocks ;  presenting  but  a  few  iuches 
of  ore.  It  formerly  yielded  from  30  to  40  marcs  of  gold  per  annum,  but  for  the  lost 
few  years  it  has  furnished  only  from  3  to  4. 

The  south  of  Finland  and  the  bordering  parts  of  Bussia  contain  some  mines,  but 
they  are  far  from  having  any  such  importance  as  those  of  Sweden. 

At  Orfjerwy  near  Helsingfors,  a  mine  of  copper  occurs  whose  gangue  is  carbonate 
of  lime,  employed  as  a  limestone. 

Near  Cerdopol,  a  town  situated  at  the  N.W.  extremity  of  the  Ladoga  Lake,  veins 
of  copper  pyrites  were  formerly  rained. 

Under  the  reign  of  Peter  the  Great,  an  auriferous  vein  was  discovered  in  the  granitic 
mountains  which  border  the  eastern  bank  of  the  Lake  Ladoga,  near  Olonetz.  It  was 
nch  only  near  the  surface ;  and  its  working  was  soon  abandoned. 

Latterly,  an  attempt  has  been  made  to  mine  copper  and  iron  ores  near  Eno,  above 
and  to  the  N.W.  of  Cerdopol,  but  with  little  success. 

Some  time  ago,  rich  ores  of  iron,  lying  in  veins,  were  worked  near  the  Lake  Shuyna, 
N.W.  from  Cerdopol ;  bat  this  mine  has  also  been  lelinquiahed. 
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The  transition  limeBtonevliich  constitat«s  the  body  of  Esthonia  contains  lead  ore  at 
Arosaaar  near  Fdlin,  These  ores  irere  worked  when  these  prorinces  belonged  to  the 
Swedes.    It  ms  attempted  in  1806  to  resume  the  exploitation,  hut  witbont  success. 

UctES  OF  THB  UbA.1.  MorilTAtKS. 

This  chain  of  mountains,  which  begins  on  the  coasts  of  the  Icy  sea,  and  terminates 
in  the  SOth  degree  of  latitude  amidst  the  steppes  of  the  Kirghiz,  after  having  formed, 
throngh  an  extent  of  more  than  4U  leagues,  the  natural  limit  between  Europe  and 
Asia,  contains  very  rich  and  veiy  remarkable  deposits  of  metallic  ores,  which  have 
giren  rise  to  important  mines  of  iron,  copper,  and  gold.  These  explorations  are 
situated  on  the  two  slopes,  but  chiefly  on  the  one  that  looks  to  Asia,  icom  the  environs 
of  Ekaterinbourg  to  about  120  or  130  leagues  north  of  that  city.  They  constitute  the 
department  of  the  mines  of  Ekaterinbourg,  one  of  the  three  belonging  to  Siberia. 

The  cop^r  mines  are  pretty  numerous,  and  lie  almost  wholly  on  the  oriental  slope 
of  the  cl^in.  They  are  opened  upon  reins  of  a  very  peculiar  nature,  and  which, 
although  very  powerful  at  the  surface,  do  not  extend  to  any  considerable  depth.  These 
veins  are  in  general  filled  with  argillaceous  matters,  penetrated  with  red  oxide  of  copper, 
and  mingled  with  green  and  blue  carbonates  of  copper,  sulphuret  of  copper,  and  native 
copper.    The  most  important  workings  are  those  of  Tourimk  and  Nijni-TagvU. 

The  first  are  situated  120  leagues  north  of  Ekaterinbourg,  towards  the  60th  degree 
of  N.  latitude,  at  the  eastern  base  of  the  Uralian  mountains,  near  the  banks  of  the 
Touria.  They  amount  to  three,  opened  in  the  same  rein,  which  tarns  round  an  angle 
presented  by  the  chain  in  this  place.  The  rock  consists  of  a  porphyry  with  a  horn- 
Btooe  ba«s,  of  clay-slate,  and  of  a  white  or  greyish  limestone,  which  form  the  roof  and 
floor  of  the  rein.  The  ore  yields  from  18  to  20  per  cent,  and  these  mines  produced 
annually  in  1788,  10,000  metric  quintals  (2,200,000  lbs.  avoird.)  of  copper. 

The  mine  of  Nijni-Tagnil  is  remarkable  for  the  fine  masses  of  miUachite  which  it 
h.is  produced. 

At  Bogoslowsk  copper  ores  hare  also  been  largely  worked  firam  s  contact-deposit 
between  greenstone  and  limestone. 

The  beds  of  iron  ore  occur  generally  at  a  certain  distance  from  the  axis  of  the 
central  chain.  Those  of  the  western  slope  lie  sometimes  in  a  grey  compact  limestone, 
which  contains  encrinites  and  other  fossils,  and  appears  to  be  much  more  modern 
than  the  rocks  of  the  central  chain.  Both  the  one  and  the  other  seem  to  form  large 
veins,  which  extend  little  in  depth,  or  rather  fill  irregnlai  and  shallow  cavities.  The 
most  common  ore  is  the  hydrous  oxide  of  iron,  hsmatite,  or  compact  iron  ore,  some- 
times mixed  or  accompanied  with  oxide  of  manganese,  and  occasionally  with  ores  of 
zinc,  copper,  and  lead.  Black  oxide  of  iron,  possessing  magnetic  polarity,  likewise 
frequently  occurs,  particularly  in  the  mines  of  the  eastern  slope,  on  which,  in  fact, 
entire  mountains  of  loadstone  repose.  AU  these  ores,  .mixed  with  a  greater  or  less 
quantity  of  clay  diflerently  coloured,  are  worked  by  open  quarries,  and  most  usually 
without  using  gunpowder.  They  yield  rarely  less  than  50  or  60  per  cent.,  and  keep 
in  action  numerous  smelting-houses  situdted  on  two  fianks  of  the  chain ;  the  oldest  of 
them  have  been  established  since  1628,  but  the  greater  number  date  only  from  the 
middle  of  the  1 8th  centuiy.  The  most  celebrated  mines  are  those  of  Blagodat  and 
Kakanar,  situated  on  the  eastern  slope  from  30  to  60  leagues  north  of  Ekaterinbourg. 
In  the  foundries  of  the  eastern  slope,  anchors,  guns,  shot  and  shell,  &c.  are  manu- 
factured ;  and  in  the  whole  a  considerable  quantity  of  bar  iron.  The  products  of  the 
works  on  the  western  side  are  directly  embarked  on  the  diflferent  feeders  of  the  Volga, 
from  which  they  are  at  no  groat  distance.  Those  of  the  eastern  slope  are  transported 
during  winter  on  sledges  to  the  same  feeder  streams,  after  crossing  the  least  elevated 
passes  of  the  Urals. 

The  quantity  of  materials  manufactured  by  the  iron  works  of  both  slopes,  amounted 
annually,  as  far  back  as  the  year  1790,  to  more  than  11,000,000  lbs.  avoird.  This 
country  is  peculiarly  favoured  by  nature  for  this  species  of  industry;  for  vast  de- 
posits of  excellent  iron  ores  occur  surrounded  by  immense  forests  of  firs,  pines, 
and  birdies ;  woods,  whose  charcoal  is  excellently  adapted  to  the  manufacture  of  iron. 

The  copper  mines  of  the  Uralian  mountains,  and  the  greater  part  of  tho  iron  mines 
and  foimdrics,  form  a  portion  of  the  properties  of  some  individuals,  who  may  be  in- 
stanced as  among  the  richest  in  Europe.  Tlie  Bussian  Government  has  neglected  no 
opportunity  of  promoting  these  enterprises.  It  has  established  at  Tonrinsk  a  consi- 
derable colony,  and  at  Irbitz  a  fair,  which  has  become  celebrated. 

There  is  only  one  gold  mine  in  the  Ural  mountains,  tliat  of  Berezof,  situated  three 
leagues  N.E.  of  Ekaterinbourg,  at  the  foot  of  the  Urals,  on  the  Asiatic  side.  It  is 
famous  for  tho  chromate  of  lead,  or  red  lead  ore,  discovered  there  in  1776,  and  worked 
in  the  following  years,  as  also  fw  some  rare  varieties  of  minerals.    The  ore  of  Berezof 
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is  a  caTernoiM  hydrate  of  iron,  presenting  hero  and  there  some  siaall  striated  eabes 
of  hepatic  iron,  and  oocoaionall;  some  pyrites.  It  cont^ns  five  parts  of  gold  in 
100,000.  This  deposit  appears  to  have  a  great  analogy  with  the  deposits  of  iron  ore 
of  the  same  region.  It  constitutes  a  large  vein,  running  from  N.  to  S.,  encased  in  a 
formation  of  gneiss,  hornblende  schists,  and  serpentine.  It  becomes  poor  in  pro- 
portion to  its  distance  from  the  snrface.  The  exploitation,  vhich  is  in  tlie  open  air, 
has  attained  but  a  small  depth,  although  carried  on  since  the  year  1726.  The  gold  is 
extracted  from  the  ore  by  stamping  and  vashing.  In  1786,  500  marcs  were  collected ; 
but  the  preceding  years  had  furnished  only  200,  because  they  then  worked  further 
from  the  surface.  German  miners  were  called  in  to  direct  the  operations.  Since  that 
period,  however,  great  attention  has  been  bestowed  on  the  education  of  the  mining 
engineer  officers,  who  now  form  a  corps  pre-eminent  in  attainments. 

The  auriferous  sands,  or  'stream'  deposits  of  the  Ural  were  discovered  in  1814, 
and  since  1828  hare  become  very  important.  They  extend  over  a  district  of  some 
hundreds  of  miles  in  length,  although  with  intemiptions ;  the  continuous  portions  of 
gold-bearing  detritus,  being  generally  from  SO  to  600  yards  in  length  and  10  to  60  in 
breadth.  In  some  few  places  platinum  bos  been  similarly  found.  The  form  in  which 
these  precious  metals  occur,  is  generally  in  minute  scales  or  grains,  more  rarely  as 
lumps  or  pepita,  which  have,  in  the  case  of  gold,  attained  in  one  instance  the  weight 
of  100  lbs.,  in  that  of  platinum  23  lbs. 

The  Russian  miners  have  observed  that  these  deposits  laiely  overlie  the  granite  or 
syenite ;  but  generally  the  slaty  rocks  of  the  chain,  near  the  outburst  of  serpentine  or 
homblendic  rocks. 

The  beautilul  plates  of  mica,  well  known  in  mineral  cabineta,  and  even  in  com- 
merce, under  the  name  of  Mutcovy  talc,  or  Russian  mica,  come  from  the  Urals. 
There  are  explorations  for  them  near  the  lake  Tschebarkoul,  on  the  eastern  flank  of 
this  chain.  From  the  same  canton  there  is  exported  a  very  white  clay,  apparently  a 
kaolin. 

Twenty-five  leagues  north  of  Ekaterinbonrg,  near  the  town  of  Monrzinsk,  there 
occur  in  a  graphic  gianite,  numerous  veins,  containing  amethysts,  several  varieties 
of  beryl,  emeralds,  topazes,  &c. 

It  is  difficult  to  obtain  any  reliable  return  of  the  production  of  minerals  in  Russia. 
The  following  Table  of  the  production  of  the  Russian  mines  during  the  years  1830, 
1831,  1832,  1833,  and  1834,  by  M.  Teplo£^  one  of  their  officers,  exhibits  very  fairly 
the  annual  average  production  of  the  Russian  mines  even  at  the  present  time. 


BabstanoGS 

1830 

1831 

1831 

1833 

1834 

Gold .        .        . 
Platinum   . 
Auriferous  silver 

Sr  :    : 

Cast  iron    . 

Salt  .        . 
Coal  . 
Naphtha    . 

Ul. 
6,260 
1,742 
20,974 

8,860,696 
698,478 

182,721,274 

342,240,893 
7,863,642 
4,253,000 

Ul. 
6,582 
1,767 
21,563 

3,904,538 
792,936 

180,043,730 
(2) 

282,821,368 
9,774,998 
4,253,000 

Ml. 
6,916 
1.907 
21,454 

8,620,201 
688,351 

162,480,224 

372,776,288 
6,696,034 
4,253,000 

Ml. 
6,706 
1,919 
20,562 

(3) 
3,387,252 
716,600 
(3) 
150,118,372 

491,862,299 
8,227,5'28 
4,253,000 

MI. 

6,626 

1,695 

20,666 

? 
? 

? 

? 
? 

? 

Hucis  OF  THx  Altai  Mocxtaixs. 

At  the  western  extremity  of  the  chain  of  the  Altai  mountains,  which  separate 
Siberia  from  Chinese  Tortary,  there  exists  a  number  of  metalliferous  veins,  in  which 
several  important  workings  have  been  established  since  the  year  1742.  They  con- 
stitute the  locality  of  the  mines  of  Kolywan ;  the  richest  in  the  precious  metals  of 
thf\  three  districts  of  this  kind  existing  in  Siberia. 

These  mines  are  opened  up  in  the  schistose  formations  which  surround  to  the  K.  and 
W.  and  to  the  S.W.  the  western  declivity  of  the  high  granitic  chain,  from  which 
they  are  separated  by  formations  consisting  of  other  primary  rocks.  These  schists 
alternate  in  some  points  with  quartzose  rocks,  called  by  H.  Renovantz  homstone, 
and  with  limestone.  They  are  covered  by  a  limestone,  containing  ammonites.  Tlie 
metalliferons  region  forms  a  semicircle,  cf  which  the  first  lofly  mountains  occupy  the 
centre. 
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The  most  inqxirtaiit  exploration  of  this  coontiy  ia  the  silver  mine  of  Zmeof,  or 
Zm^inogorak,  in  Oerman  Schlangmberg,  sitoated  to  the  N.W.  of  the  liigh  monntains 
in  61°  V  26"  N.  L.  and  79°  49'  60"  long,  east  of  Paris.  It  is  opened  on  a  great  Tein, 
Trhieh  contains  argentiferous  native  gold,  anriferons  native  silver,  snlphuret  of  silver, 
homsilver,  gref  copper,  sulphnret  of  copper,  green  and  bine  carbonated  copper,  red 
oxide  of  copper,  copper  pyrites,  snlphnret  of  lead,  and  great  masses  of  anenio 
slightly  aigentiferoOB.  There  occur  likewise  sulphnret  of  line,  or  blende,  iron  pyrites, 
and  sometimss  arsenical  pyrites.  The  gangues  (rein-stones)  of  these  different  ores  are 
snl{diate  of  baryta,  carbonate  of  lime,  quartz,  bat  rarely  fluor-spar.  The  principal 
vein,  vhich  is  at  great  poorer,  has  been  traced  through  a  length  of  several  hundred 
fathoms,  and  to  a  depth  of  no  lees  than  06  fathoms.  In  its  upper  portion,  it  has  an 
inclination  of  about  60  degrees  ;  but  lower  down  it  becomes  nearly  verticaL  Its  roof 
is  always  formed  of  day-slate.  On  the  foot-wall  of  the  vein  the  slate  alternates  with 
homstone.  This  vein  pushes  out  branches  in  several  directions  ;  it  is  intersected  by 
barren  veins,  and  presents  successive  stages  of  different  richness.  The  first  years 
were  the  most  productive. 

The  most  important  of  the  other  silver  mines  of  this  department  are  those  of 
Tcherepanofsk,  3  leagues  S.G.  of  Zmdof ;  those  of  Semencfsk,  10  leagues  S.E. ; 
those  of  Kicolaie&k,  20  leagues  to  the  SS.W. ;  and  of  Pbilipofsk,  90  leagues 
8.E.  of  the  same  place.  The  last  mine  lies  on  the  extreme  frontier  of  Chinese 
Tartaiy. 

The  mine  of  Z^anofsk  is  opened  amid  talco-chloristic  schists ;  and  from  irorldngs 
about  180  yards  in  length  yields  about  800  tons  of  lead,  600  tons  of  copper,  and  700 
kilograms  of  silver  per  annum. 

About  36,000  lbs.  weight  of  silver,  at  the  most,  are  Aimished  by  the  whole  of  the 
Altai  mines. 

Since  the  year  1830  the  gold  workings  of  Siberia  have  attained  a  high  degree  of 
value ;  and,  although  the  average  proportion  of  gold  is  but  1  to  260,000  parts  of 
refuse,  a  total  (quantity  of  76,000  Russian  lbs.  of  gold  is  given  as  the  produce  of  the 
Siberian  works  m  the  best  years.  Those  on  the  Yenisei  and  the  Lena  are  the  most 
productive. 

The  precious  metals  are  not  the  sole  product  of  this  mineral  district.  There  is 
nn  important  copper  mine  16  leagues  W.  of  Zmiof,  in  a  chain  of  hills  formed  of 
granitic  rocks,  scnists,  porphyries,  and  shell-limestone,  graduating  into  the  plain. 
The  vein  presents  copper  pyrites,  sulphide  of  copper,  and  native  copper,  dissemi- 
nated in  argillaceous  substances,  more  or  less  ferruginous,  and  of  different  degrees 
of  hardness.  This  mine,  which  bears  the  name  of  Loktiofsk,  furnished  annually, 
at  the  date  of  1782,  330,000  lbs.  avoirdupois  of  copper.  At  present,  it  and  the 
neighbouring  mine  of  Solotoushinsk  yield  little  more  than  120,000  lbs.  per  annum 
each.  At  Tchakirskoy,  on  the  banks  of  the  Tscharisch,  towards  the  northern  extremity 
of  the  metalliferous  semicircle  mentioned  above,  there  is  a  mine  of  argentiferous 
copper  and  lead,  opened  in  a  very  large  but  extremely  short  vein.  Besides  the  lead 
and  copper  ores,  indnding-  a  little  silver,  this  mine  affords  a  great  quantity  of  caU- 
mine  (carbonate  of  zinc),  which  affords  occasionally  fine  stalactites  of  a  white  or  green 
colour. 

The  northern  flank  of  the  Altai  mountains  presents  few  mines.  Some  veins  of 
copper  exist  200  leagues  £.  of  Zm^f,  near  the  spot  where  the  river  Yenisei  issues 
from  the  Saiansk  mountains,  which  are  a  prolongation  of  the  Altaian  chain. 

The  Altai  produces  but  little  lead ;  but  the  Crown  works,  in  this  and  the  Ner- 
tschinsk  district,  together  produce  about  1,680,000  lbs.  annually. 

The  first  smclting-house  erected  in  this  district  was  in  the  middle  of  the  metalli- 
ferous region  at  Kolyvmn,  the  place  from  frhich  it  takes  its  name.  It  has  Ixien 
suppressed  on  account  of  the  dearth  of  wood  in  the  neighbourhood  of  the  mints. 
The  principal  existing  foundry  is  that  of  Bamaoul  on  the  Obi,  60  leagues  N.  of  Zm^f. 
Plumbago  has  been  largely  worked  by  M.  AUbert  at  Irkutsk,  near  Lake  BaikaL 

Munts  OF  Daocbu. 

The  name  Daonria  is  given  to  a  great  region,  wholly  mountainous,  which  extends 
from  the  Baikal  Lake  to  the  Eastern  Ocean.  Its  chief  mining  district  is  beyond  the 
Jnblonnoi  chain,  which  divides  the  waters  of  the  Saghalien  or  Amour  from  the  streams 
'^rhich  flow  to  the  icy  sea.  The  mines  opened  here  constitute  the  third  arrondissement 
of  the  Siberian  mines,  called  that  of  Nertschinsk,  from  the  name  of  its  capital,  which 
lies  more  than  1,800  leagues  E.  of  St.  Petersburg. 

The  country  of  the  metalliferous  portion  of  Caouria  is  formed  of  granite^  bom' 
Fchiefer,  and  schists,  «n  which  reposes  a  grey  limestone,  sometimes  siliceous  Md 
argillaceous,  rarely  fossiliferous,  and  in  which  the  repositories  of  lead  oocor.    XW 
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plains  of  tbese  legfions,  oiten  salt-deserts,  exhibit  remarkable  sandstones  and  pndding- 
stones ;  as  also  vesicular  rocks  of  a  yolcanic  aspect.  It  appears  that  the  metalli- 
ierons  limestone  is  mnch  dislocated,  and  the  lead- veins  are  subject  to  several  irregu- 
larities, which  render  their  exploitation  difficult  and  uncertain.  The  mines  lie  chiefly 
near  the  banks  of  the  Schilca  and  the  Argonn,  in  seTernl  cantons,  at  a  considerable 
distance  from  one  another ;  •flrhorefore  it  was  requisite  to  build  a  great  number  of 
smelting-fumaces.  The  want  of  wood  has  placed  difficulties  in  the  working  of  some 
of  them.  The  ores  are  princi^ly  oxides  and  carbonates  of  lead,  with  brown  oxide 
of  iron,  calamine,  and  a  varying  proportion  of  native  silver,  occurring  seldom  in 
regular  bodies,  but  generally  in  cavernous  openings,  mora  or  less  united  by  narrow  veins. 

The  silver  extracted  from  the  mines  of  l3aonria,  contains  a  very  small  proportion  of 
gold.  M.  Patrin  says  that  their  annual  product  was,  towards  the  year  1784,  from 
30,000  to  3S,000  marcs  of  silver.  Since  that  time  it  has  diminished.  The  exploita- 
tion of  some  of  the  mines  of  Daonria  goes  back  to  the  end  of  the  17th  century.  It 
had  been  commenced  in  some  points  by  the  Chinese,  who  were  not  entirely  expelled 
from  this  territory  till  the  beginning  of  the  following  centoiy.  Hany  of  the  mines 
uro'  reputed  to  be  exhanated :  among  the  best  of  the  now  existing  works  are  those  of 
Akiitoniefsk,  Algatchinsk,  and  Ivanofsk. 

Besides  the  lead  mines,  there  are  some  unimportant  mines  of  copper  in  Dnouria, 
and  in  different  explorations  of  this  region,  arsenical  pyrites,  from  which  arsenious 
ncid  is  sublimed  in  factories  estabhshed  at  Jntlack  and  at  Tchalbntchinsky. 

About  46  leagues  to  the  S.  of  Nertschinak  the  mountain  of  Odon-Tchelon  occurs, 
celebrated  for  the  difierent  gems  or  precious  stones  extracted  from  it.  It  is  formed  of 
n  friable  granite,  including  harder  nodules  or  balls  which  inclose  topazes :  it  is  very 
analogous  to  the  topaz-rock  of  Saxony.  In  this  granite  there  ar«  v^ns  conbiining 
cavities  filled  with  a  ferruginous  clay,  in  which  are  found  emeralds,  aqua-m.-irincs, 
topazes,  crystals  of  smoked  quarts,  &c.  Multitudes  of  these  minerals  have  been  ex- 
tracted by  means  of  some  very  irregular  workings.  The  mountain  of  Toutt-Knltoui, 
situated  near  the  preceding,  offers  analogous  deposits.  The  presence  of  wolfrnm  had 
excited  hopes  that  tin  might  be  found  in  these  mountains ;  hopes  which  have  been 
realised  by  its  discovery  on  the  Onone.  There  are  some  nnworked  deposits  of  sulphide 
of  antimony  in  this  country. 

Considerable  attention  has  of  late  years  been  directed  to  the  tributaries  of  the  Amour 
river,  many  of  which  have  yielded  large  quantities  of  gold,  and  some  districts  on  the 
northern  borders  of  the  sea  of  Okotsk,  are  reported  as  being  rich  in  ores  of  silTcr. 

Mikes  of  Hvmoaby. 

It  must  be  premised  of  this  country,  that  many  of  the  metalliferous  formations  which 
used  some  years  ago  to  be  considered  of  high  geological  antiquity,  have  been  proved 
to  belong  to  the  secondary,  and  even  to  the  tertiary  period ;  whence  it  is  only  .is  a 
matter  of  convenience  rendered  the  more  needfnl  by  a  number  of  undetermined 
questions,  that  all  the  mines  are  here  classed  together. 

The  metallic  mines  of  this  kingdom,  including  those  of  Transylvania,  and  the  Ban- 
nat  of  Temeschwar,  form  four  principal  groups,  whidi  we  shall  denote  by  the  group 
cf  the  N.W.,  gronp  of  the  N  J}.,  group  of  the  E.,  and  group  of  the  S.R 

The  group  of  the  Iforth-  Wat  embraces  the  districts  of  Schemnitz,  Kremnitz,  Kocnigs- 
borg,  Nensohl,  and  the  environs  of  Schmoelnitz,  Bethler,  Bosenau,  &c. 

Schemnitz,  a  royal  free  city  of  mines,  and  the  principal  centre  of  the  mines  of 
Hungary,  lies  2d  leagues  to  the  N.  of  Buda,  €60  yards  above  the  sea,  in  the  midst 
of  a  small  ^np  of  mountains  covered  with  forests.  The  most  part  of  these  moun- 
tains, the  highest  of  which  reaches  an  elevation  of  1,130  yards  above  the  ocean,  are 
formed  of  barren  trachytes  (rough  trap-rocks);  but,  within  their  ambit,  a  formation 
is  observed,  consisting  of  greenstone  porphyries,  connected  with  syenites,  passing  into 
granite  and  gneiss,  and  including  subordinate  beds  of  mica-slate  and  limestone.  It  is 
in  this  formation  that  all  the  mines  occur. 

It  has  been  long  known  that  the  greenstone  porphyries  of  Schemnitz  have  intimate 
relations  with  the  metalliferous  porphyries  of  South  America.  M.  Beudant,  on  com- 
paring them  with  those  brought  by  von  Humboldt  from  Ouanaxuato,  Beal  del  Monte, 
&c.,  has  recognised  an  identity  in  the  minutest  details  of  colour,  structure,  composi- 
tion, respective  sitnation  of  the  different  varieties,  and  even  in  the  empirical  character 
of  effervescence  with  acids. 

The  metalliferous  rocks  of  Schemnitz  appear  in  a  tract  of  a  few  miles  in  extent, 
and  are  traversed  by  a  principal  group  of  five  master-lodes  coursing  N.E.  and  S.W., 
liesides  a  great  number  of  less  important  veins,  which  occur  on  the  north  side  of  the 
ridge  of  the  Paradise  mountain.  The  most  powerful  of  the  first  of  these,  the  ^taUr 
Sang,  attains  occasionally  a  width  of  itora  10  to  20  fathoms ;  and  is  traceable  for 
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npinids  of  4  miles  in  length.  The  lodes  seldom  exhibit  distinct  -walls,  but  a  portion 
of  the  greenstone  porphTry  {taxum  metall\ferum  of  the  older  miners)  is  often  decom- 
posed, and  impregnated  -with  iron  pyrites  for  some  distance  from  the  plane  of  contact. 
Intersections  and  dislocations  are  of  rare  occurrence. 

The  substances  -vrhich  constitnte  the  body  of  these  reins,  are  iiragments  of  the 
adjoining  rock,  often  decomposed  to  clay,  drusy  quartz,  ferriferous  carbonate  of  lime 
and  sulphate  of  baryta,  with  which  occur  soljthuret  of  silrer  mixed  with  native  silver 
containing  more  or  less  gold,  which  is  rarely  in  visible  scales ;  ruby-silver  ore,  argen- 
tiferous galena,  blende,  copper,  and  iron  pyrites,  &c  The  sulphuret  of  silver  iind  the 
galena  are  the  most  important  ores.  Sometimes  these  two  substances  are  isolated, 
sometimes  they  are  mixed  in  different  ratios,  so  as  to  famish  ores  of  every  degree  of 
richness,  from  such  as  yield  60  per  cent,  of  silver  down  to  the  poorest  galena.  The 
gfold  seldom  occurs  alone ;  it  generally  accompanies  the  silver  in  variable  propor- 
tion, which  has  undoubtedly  diminished  in  depth.  The  galena  appears  to  occur  in 
comparatively  larger  quantity  in  the  greatest  depths  attained. 

The  ores  of  Schemnitz  are  all  treated  by  fusion ;  the  poor  galenas  at  the  smelting 
work  near  Schemnitz  (Bleihutte),  and  the  resulting  lead  is  sent  as  tcork  lead  to  the 
smelting-houses  of  Kremnitz,  Neusohl,  and  Schamowitz,  -whither  all  the  silver  ores 
prepared  in  the  different  spots  of  the  country  are  transported  in  order  to  be  smelted. 

The  mines  of  Schemnitz,  opened  800  years  ago,  have  been  worked  to  a  depth  of  more 
than  200  fathoms.  The  explorations  Kre  in  general  well  conducted.  Excellent  gal- 
leries of  efflux  have  been  excavated ;  the  -waters  for  dri-ring  the  machinery  are  col- 
lected and  applied  with  skill.  It  may  be  remarked,  ho-wever,  that  these  mines  have 
declined  from  the  state  of  prosperity  in  -which  they  stood  a  century  ago.  Maria 
Theresa,  established  in  1760,  at  Schemnitz,  a  sdiool  of  mines.  This  acquired  at  ils 
origin,  throughout  Europe,  a  great  celebrity,  but  -will  probably  not  recover  from  the 
blow  -which  it  received  in  the  civil  war  of  1848-9.  After  numbering  before  thora 
svents  300  or  400  students,  it  has  seen  a  great  proportion  of  them  pass  to  the  rival 
schools  of  Gratz  and  Flzibram. 

Kremnitz  lies  about  five  leagues  NN.W.  of  Schemnitz,  in  a  valley  flanked  on  the 
right  by  a  range  of  hills  formed  of  rocks  quite  analogous  to  the  metalliferous  rocks  of 
Schemnitz.  In  the  midst  of  these  rocks,  veins  are  -irorked  nearly  similar  to  those  of 
Schemnitz ;  but  the  quartz  which  forms  their  principal  mass  is  more  abundant,  and 
contains  more  native  gold.  Hero  is  also  found  comparatively  a  great  abundance  of 
sulphide  of  antimony.  The  metalliferous  district  is  of  very  moderate  extent,  and  is 
surrounded  by  the  trachytic  formation  which  geologically  overlies  it,  forming  to  the 
east  and  west  considerable  mountains. 

The  city  of  Kremnitz  is  one  of  the  most  ancient  free  royal  cities  of  mines  in 
Hungaiy.  It  is  said  that  mines  -were  -worked  there  even  in  the  times  of  the  Bomans ; 
but  it  is  the  Germans  who,  since  the  middle  ages,  have  given  a  great  development  to 
these  exploitations.  There  exists  at  Kremnitz  a  Mint-office,  to  which  all  the  gold  and 
silver  of  the  mines  of  Hungary  are  carried  in  order  to  be  parted,  and  where  all  the 
chemical  processes,  such  as  the  fabrication  of  adds,  &c,  are  carried  on  in  the  large 
way. 

About  six  leagues  I7K.E.  from  Schemnitz,  on  the  banks  of  the  Oran,  lies  the  town 
of  Neusohl,  founded  by  a  colony  of  Saxon  miners.  The'  mountains  surrounding  it 
include  mines  very  different  from  those  of  -which  we  have  been  treating.  At  Herren- 
grund,  two  leagues  from  Neusohl,  greywacke  forms  pretty  lofty  mountains ;  this  rock 
is  covered  by  transition  limestone,  and  is  supported  by  mica-slate.  The  lower  beds 
contain  bands  of  copper  ores,  chiefly  copper  pyrites.  The  mica-slate  includes  likewise 
masses  of  ore,  apparently  constituting  veins  in  it.  These  ores  have  been  worked  sineo 
the  tliirteenth  century.  The  copper  ore  is  argentiferous,  and  these  mines  produce 
annually  about  2,137  cwts.  of  copper  and  1,345  marcs  of  silver. 

In  the  higher  ridge  -which  adjoins  this  range,  and  irorked  in  a  region  of  snows  and 
bears,  is  the  interesting  mine  of  Magurka,  on  an  £.  and  W.  lode  in  granite,  yielding 
gold,  antimony,  and  a  little  galena. 

The  mines  of  Lower  Hungary  (Nieder-TJngum),  employ  15,500  -workmen,  and  yield 
metals  of  the  annnal  value  of  360,0002. 

Eighteen  or  twenty  leagues  to  the  east  of  Neusohl,  we  meet  -with  a  country  very  rich 
in  iron  and  copper  mines,  situated  chiefly  in  tho  neighbourhood  of  Bethler,  Schmcelnitz, 
Einsiedel,  Bosenean,  &c.  Talcose  and  clay-slates  form  the  principal  body  of  the  moun- 
tains here,  along  -with  hornblende  rocks.  The  veins  appear  to  lie  generally  conform- 
ably to  the  strata.  The  ores  of  iron  are  spany  ore,  and  especially  hydrous  oxide  of 
iron,  compact  and  in  concretiorr.  accompanied  with  specular  iron  ore.  They  give 
employment  to  many  large  snu  ling-houses,  mostly  in  the  counties  of  Gbmor  and 
Zips.  The  copper  mines  fie  chiefly  in  the  neighbourhood  of  Schmoelnitz  and  Goclnitz. 
The  copper  extracted  contains  about  6  or  7  ounces  of  silver  in  the  hundredweight, 
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and  the  fahlerz  has  been  jpTOT«d  to  contain  a  oonrideiaUs  percentage  of  meieniy, 
which  is  new  extracted.  Ijiia  group  of  minee,  belonging  almost  entirely  to  prirate 
penona,  and  chiefly  vorii^ed  by  a  company  <»lled  Uie  Waldburyenehqft,  prodncee 
annually  17,000  cwts.  of  copper,  4,650  mans  of  silTer,  and  7,067  Ibe.  of  qmcksilrer. 
In  the  neighbourhood  of  Dobscban,  large  quantities  of  the  ores  of  cobalt  and  nickel 
aie  obtained. 

To  conclude  oar  ennmeiation  of  the  numeral  -wealth  of  this  country,  it  remains  merely 
to  state  that  there  are  opal  mines  in  the  environs  of  Czerrenitza,  situate  in  the 
trachytie  conglomerate,  which  in  several  localities  contains  opalited  wood. 

Group  of  the  A'orth-Easi,  or  of  Nagybanya. — The  mines  of  this  group  lie  in  a 
somewhat  considerable  chain  of  mountains,  which,  proceeding  from  the  frontiers 
of  Euckowina,  where  it  is  united  to  the  Carpathians,  finally  disappears  amidst  the 
mliferous  sandstones  between  the  Theiss,  Lapot,  and  'Sagy  Stamot,  on  the  northern 
frontiers  of  Transylvania.  These  mountains  are  partly  composed  (^  rocks  analogous 
to  those  of  Schemnitz,  traversed  by  veins  which  have  much  resemblance  to  the  veins 
of  this  celebrated  spot.  Into  these  veins  a  great  many  mines  have  been  opened,  tlie 
most  important  of  which  are  those  of  Nagybanya,  Kapnik,  Felsobanya,  Veresviz, 
Miszbanya,  and  Laposbanya.  All  these  mines  produce  gold.  Those  of  Laposbanya 
furnish,  likewise,  argentiferous  galena,  and  those  of  Kapnik  copper,  especially  as 
silver-fehlerz.  Bealgar  occurs  in  the  mines  of  Felsobanya;  and  orpiment  in  tnose 
of  Ohlalapoe.  Seveml  of  them  produce  manganese  and  sulphuret  of  antimony.  Lastly, 
towards  the  north,  in  the  county  of  Hammrosh,  lies  tlie  important  copper  mine  of 
Boneha,  and  near  the  frontiers  of  Bnckowina  the  lead  mine  of  Rodmnt,  in  which 
also  much  zinc  ore  occurs. 

The  mines  aompoiing  the  group  of  the  East,  or  of  Abrudbanya,  occur  almost  all  in  the 
mountains  which  rise  in  the  western  part  of  Transylvania,  between  tlie  Lapot  and 
Moras,  in  the  environs  of  Abrudbanya.  There  may  Ije  noticed  in  this  rvgion, 
limestones,  sandstones,  trachytes,  basalts,  and  porphyries,  very  analogous  to  the 
greenstone  porphyries  of  Schemnitz.  It  seems  to  be  principally  in  the  latter  rocks 
that  the  mines  forming  the  wealth  of  this  country  occurs,  but  some  of  them  exist  also 
in  the  mica-slatc,  the  greywacko,  and  even  in  the  limestone.  The  principal  veins  are 
nt  Kugyag,  Korosbanya,  Ofienbanya,  Vorospatak,  Boitza,  Csertescn,  Fatzbay,  Fuzes, 
Vulkoj,  Porkura,  Butschum,  and  Toplitza.  There  are  very  numerous  mines,  the 
whole  of  which  produce  auriferons  ores  smelted  at  the  workf  of  Zalathna.  These  mines 
contain  also  silver,  copper,  antimony,  and  manganese.  They  are  celebrated  for  their 
telluritim  ores,  which  were  peculiar  to  them  prior  to  the  discovery  of  this  metal  a  few 
years  back  in  Norway.  The  auriferous  deposits  contained  in  the  greenstone  porphyry 
are  often  very  irregnlar.  The  mines  of  Nagyag  are  the  richest  and  best  worked. 
The  numerous  veins  of  the  district  occur  partly  in  the  porphyry,  and  partly  in  a 
sandstone  which  used  to  be  termed  greywacke,  and  considered  a  transition  rock,  but 
is  now  ascribed  to  the  upper  secondary  period.  The  gold  is  accompanied  by  galena, 
realgar,  ores  of  manganese,- iron,  zinc,  and  rarely  of  silver. 

At  Bezbanya  ores  of  copper  and  lead  are  worked  in  small  veins,  which  intersect 
crystalline  schists  and  marble. 

Large  deposits  of  iron  ore  are  worked  near  Vayda  Hunyad,  and  south-west  of 
Bezbanya  on  the  borders  of  porphyry  and  limestone. 

The  group  of  the  South-Eaet,  or  of  the  Bannat  of  Jhneschwar,  occurs  in  the  moun- 
tains which  block  up  the  valley  of  the  Danube  at  Orschova,  through  a  narrow  gorge  of 
which  the  river  escapes.  The  principal  mines  are  at  Oravitza,  Moldawa,  Szaszka, 
and  Dognaczko.  They  produce  chiefly  argentiferous  copper,  yielding  a  mare  of 
silver  (nearly  )  lb.)  in  the  liimdrcdwei^t,  with  occasionally  a  little  oold.  Ores  of 
lend,  zinc,  and  iron,  are  also  met  with.  The  mines  are  famous  for  Sieii  beautiful 
specimens  of  blue  carbonate  of  copper,  and  various  other  minerals.  The  mine  of 
Holdawa  affords  likewise  orpiment.  These  metallic  deposits  lie  in  flats  and  veins ; 
the  former  occurring  particularly  between  the  mica-slate  and  the  limestone,  or  some- 
times between  the  limestone  and  the  syenite  porphyi^.  Well-defined  veins  also  are 
known  to  exist  in  the  syenite  and  tlie  mica-slate.  The  Bannat  possesses,  moreover, 
important  iron  mines  nt  Moravitza  and  Euskberg.  Cobalt  ores  occur  likewise  in  these 
regions.  The  mines  of  the  Bannat  have  been  leased,  together  with  the  railroads,  to  a 
French  company. 

The  mines  constituting  the  four  groups  now  described  are  not 'the  sole  metallic 
mines  possessed  by  Hungary.  A  few  others,  but  generally  of  little  importance,  are 
scattered  over  different  parts  of  this  kingdom.  Several  have  been  noticed  in  the 
portion  of  the  Carpathians  which  separates  Transylvania  from  Moldavia  and 
Wallochia,  Their  principal  object  is  the  exploration  of  some  singular  deposits  of 
galena. 

Besides  the  mines  just  noticed,  Hungary  contains  some  coal  and  lignite  mines, 
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■omeroiu  nu'ius  of  loek-flalt,  and  serenl  daposito  of  golden  aands  mtoated  cliiefljr  on 
the  bsnka  of  the  Danube,  the  Haroech,  and  uie  Neia. 

MiKis  OF  Sooth  Ambbto*. 

Few  regions  are  so  celebrated  for  their  mineral  wealth  as  the  great  chain  which, 
tinder  the  name  of  the  Cordillera  of  the  Andes,  skirts  the  shores  of  the  Pacific  Ocean 
from  the  land  of  the  Fatagonians  to  near  the  north-west  point  of  the  American  Con- 
tinent. Who  has  not  heard  of  the  mines  of  Mexico  and  Potosi  ?  The  mineral  wealth 
of  Pern  has  passed  into  a  proverb.  More  recently  the  gold  of  California  has  thrown 
half  the  world  into  a  fever  of  excitement. 

The  most  important  mines  of  the  Cordilleras  have  been  those  of  silver ;  bnt  several 
of  gold,  mercury,  copper,  and  lead,  have  likewise  been  opened.  These  mountains  are 
not  equally  metalliferous  in  their  whole  extent.  The  woxkings  occur  in  a  small  num- 
ber of  districts,  far  distant  from  each  other. 

In  the  Andes  of  Chili,  particularly  in  the  district  of  Copiapo,  silver  mines  are  ex- 
plored, which  affi>rd  chiefly  ores  of  an  earthy  or  ferruginous  nature,  mingled  with  small 
particles  of  ore  with  a  sUver  base,  known  Uiere  under  the  name  of  pacot.  Sulphide, 
rdiloride,  and  chloro-bromide  of  silver  are  also  found,  and  an  alloy  of  silver  and  mercurj 
called  arquerite.  The  same  province  presents  also  copper  mines  of  considerable  impor- 
tance, especially  in  Coquimbo  and  Hnasco,  from  which  are  extracted  native  copper, 
red  oxide,  carbonate  of  copper  (malachite),  and  copper  pyrites,  associated  with  some 
chloride  of  copper.  In  a  few  mines,  masses  of  native  copper  of  extraordinary  magni- 
tude have  been  found. 

The  second  metalliferous  region  of  the  Andes  occurs  between  the  2lBtand  loth 
degrees  of  south  latitude.  It  includes  the  celebrated  mountains  of  Potosi,  situated 
iu  nearly  the  20th  degree  of  sonth  latitude,  on  the  eastern  slope  of  the  chain,  and 
several  other  districts  Ukewise  very  rich,  which  extend  principnlly  townrds  the  north- 
west, as  for  as  the  banks  of  the  lake  Titicaca,  and  even  beyond  it,  tlirongh  a  total 
length  of  neaily  160  leagues.  All  these  districts,  which  formerly  depended  on.Peru, 
were  united  in  1778,,  to  the  government  of  Buenos  Ayres,  and  are  now  included  in 
Bolivia.  The  mines  of  Potosi  were  discovered  in  1545,  and  have  famished  since 
that  period  till  our  days,  a  body  of  silver  which  Von  Humboldt  values  at  230,000,0002 
Fti-rling.  The  first  years  were  the  most  productive.  At  that  time  ores  were  often 
found  which  afifordt^  from  40  to  45  per  cent,  of  silver.  Since  the  beginning  of  tbo 
eighteenth  century,  Uie  average  richness  of  the  ores  does  not  exceed  above  from  3  to  4 
parts  in  10,000.  These  ores  are  therefore  very  poor  at  the  present  day ;  they  have 
diminished  in  richness  in  proportion  as  the  excavations  have  become  deeper.  But 
tbo  total  product  of  the  mines  has  not  diminished  in  the  same  proportion ;  abundance 
rf  ore  having  made  up  for  its  poverty.  Hence,  if  the  mountain  of  Potosi  is  not,  as 
formerly,  the  richest  deposit  of  ore  in  the  world,  it  may,  however,  be  still  placed  im- 
mediately after  the  famous  vein  of  Guanaxuato.  The  present  yield  is  estimated  at 
about  50,000  lbs.  troy.  The  ore  lies  in  veins  in  a  primary  clay-slate,  which  composes 
the  principal  mass  of  the  mountain,  and  is  covered  by  a  bed  of  clay-porphyry.  This 
rock  crowns  the  summit,  giving  it  the  form  of  a  basaltic  hill.  The  veins  are  very 
numerous ;  several,  near  their  outcrop,  were  almost  wholly  composed  of  sulphuret  of 
silver,  antimoniated  sulphuret  of  silver,  and  native  silver.  In  1790,  seven  copper 
mines  were  known  in  the  vice-royalty  ef  Buenos  Ayres,  seven  of  lead,  and  two  of 
tin  ;  the  last  being  merely  washings  of  sands  found  near  the  river  Oraro. 

On  the  opposite  Sank  of  the  chain,  in  a  low,  desert  plain,  entirely  destitute  of  water, 
which  adjoins  the  harbour  of  Iquique,  and  forms  a  part  of  Peru,  occur  the  silver 
mines  of  Hnantiyaya,  celebrated  for  the  immense  masses  of  native  silver  which  have 
been  sometimes  found  in  them.    In  1758  one  was  discovered  weighing  eight  cwts. 

Baron  Humboldt  quotes  40  cantons  of  Peru  as  being  at  the  time  of  his  journey  most 
femous  for  their  subterranean  explorations  of  silver  and  gold.  Those  of  gold  are 
found  in  the  provinces  of  Huaailas  and  Pataz ;  the  silver  is  chiefly  famished  by  the 
districts  of  Huantq'aya,  Pasco,  and  Chota,  which  far  surpass  the  others  in  the  abun- 
dance of  their  ores. 

The  silver  mines  of  the  district  of  Pasco  are  situated  about  30  or  40  leagues  north 
of  lima,  in  lOJr  degrees  of  south  latitude,  4,400  yards  above  the  sea-level,  on  the 
eastern  slope  of  the  Cordilleras,  and  near  the  sources  of  the  river  Amazon.  They 
were  discovered  in  1630.  These  mines,  and  especially  those  of  the  Cero  of  Yauricocha, 
are  actually  th«  richest  in  all  Peru,  Their  annual  produce  is  above  400,000/.  The 
ore  is  an  earthy  mass  of  a  rod  colour,  containing  much  iron,  mingled  with  particles  of 
Bstire  mlver,  nornsilver,  &c.,  constituting  what  they  call  paa».  At  first  nothing 
but  these  paeo$  were  collected ;  and  much  grey  copper  and  antimoniated  sulphnret  of 
rilver  were  thrown  amongst  the  rubbish.    The  mean  produce  of  all  the  ores  is  ^^ ; 
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or  an  ounce  and  -^  per  cwt. ;  although  some  occur  \rhieh  yield  80  or  40  per  cent 
These  rich  deposits  do  not  seem  to  be  extended  to  a  great  depth ;  they  have  not  been 
panned  farther  than  180  yards,  and  in  the  greater  part  of  the  workings  only  to  feom 
85  to  45.  Forty  years  ago,  these  mines,  which  produced  nearly  2,000,000  of  piastres 
annually,  were  the  worst  worked  in  all  South  America.  The  soil  seems  as  if  riddled 
with  an  immense  number  of  pits,  placed  without  any  order.  The  drainage  of  the 
waters  was  effected  by  the  manual  labour  of  men,  and  was  extremely  expensive.  In 
1816,  some  Europeans,  among  whom  were  severnl  miners  from  Cornwall,  erected, 
under  the  direction  of  tie  celebrated  Eichard  Trevithick,  several  high-pressure  steam- 
engines,  imported  from  England,  and  introduced  a  considerable  improvement  in  the 
workings. 
The  total  yield  of  Peru  is  esHmatod  at  about  300,000  lbs.  troy  per  annnm. 
The  mines  of  the  province  of  Chota  are  situated  in  about  seven  degrees  of  south 
latitude.  The  principal  ores  are  those  of  Gualcayoc,  near  Mecuicampa,  discovered  in 
1771 ;  their  outcrop  occurs  at  the  height  of  4,600  yards  above  the  sea ;  the  city  of 
Hecnicampa  itself  has  4,000  yards  of  Novation,  that  is,  higher  than  the  highest  sum- 
mits of  the  Pyrenees.  The  climate  is  hence  very  cold  and  uncomfortable.  The  ore 
is  a  mixture  of  snlphnret  of  silver  and  antimoniated  sulphuret,  with  native  silver. 
It  constitutes  reins  of  whioh  the  upper  portion  is  formed  of  paa»,  and  they  some- 
times traverse  a  limestone  and  sometimes  a  homstone,  which  occurs  in  subordinste 
beds.  The  annual  produce  of  the  mines  is  67,000  marcs  of  silver,  according  to 
Von  Humboldt 

In  the  districts  of  Huaailag  and  Pataz,  which  are  at  a  little  distance  from  the  former 
two,  gold  mines  are  worked.  This  metal  is  extracted  chiefly  from  the  veins  of  quartz, 
which  run  across  the  primary  schistose  mountains.  The  district  of  Huaailos  con- 
tains also  lead  mines,    Peru  possesses,  moreover,  some  mines  of  copper. 

The  quicksilver  mine  of  Huancaveliea,  long  the  only  important  mine  of  this  species 
which  was  worked  in  the  New  World,  occurs  on  the  enstem  flank  of  the  Andes  of 
Pom,  in  18  degrees  of  south  latitude,  at  upwards  of  6,000  yards  above  tlie  level  of  the 
sea.  It  does  not  seem  referrible  to  the  same  class  of  deposits  with  the  mines  hitherto 
mentioned,  but  occurs  in  sandstones  and  shales,  apparently  of  the  carboniferous  period. 
Indications  of  mercurial  ores  have  been  observed  in  several  other  points  of  the 
Andes  of  Northern  Peru,  and  the  south  of  New  Granada. 

Deposits  of  rock  salt  are  known  to  exist  in  Peru,  especially  near  the  silver  mines  of 
Hnantajaya ;  and  nitrate  of  soda  is  fonnd  in  large  quantity  m  the  desert  of  Tarapaca. 

On  receding  firem  the  district  of  Chota.  the  Cordilleras  are  less  abundantly  stored 
with  metallic  wealth,  to  the  isthmus  of  Panama,  and  even  far  beyond  it.  The  kingdom 
of  New  Oranada  offers  but  a  very  small  number  of  silver  mines.  There  are  some  auri- 
ferous veins  in  the  province  of  Antioquia,  and  in  the  mount.'ii  ns  of  Guamoco.  The  pro- 
vince of  Caracas,  tie  mountains  of  which  may  be  considered  as  a  ramification  of  the 
CordiUeras,  presents  at  Aroa  a  copper  mine  which  furnishes  annually  from  700  to  800 
metric  quintals  (1,400  to  1,600  cwts.)  of  this  metal.  Finally,  we  may  state  in  passing, 
that  there  is  a  vety  abundant  salt  mine  at  Zipaquira,  in  the  province  of  S»nta-Fe, 
and  that  between  this  point  and  the  province  of  Santa-Fe-de-Bogota,  a  coal-field  occurs 
at  the  extraordinary  height  of  2,700  yards.    Emeralds  are  worked  at  Muzo. 

Although  Mexico  presents  a  great  variety  of  localities  of  ores,  almost  the  only  ones 
worked  aro  those  of  silver.  Nearly  the  whole  of  these  mines  are  situated  on  the  back 
or  the  flanks  of  the  Cordilleras,  especially  to  the  west  of  the  chain,  at  the  height  of 
the  great  table-land  which  traverses  this  region  of  the  globe,  or  a  little  below  its 
level  in  the  chains  which  divide  it.  They  lie  in  general  between  2,000  and  3,000  yards 
above  the  sea;  a  very  considerable  elevation,  which  is  £ivourable  to  their  prosperity, 
because  in  this  laUtude  there  exists  at  that  height  a  mean  temperature  mild,  salubrious, 
and  most  propitious  to  agriculture.  There  were  at  the  time  of  Humboldt's  visit,  from 
4,000  to  6,000  deposits  of  ore  exploited.  The  workings  constituted  3,000  distinct  mines, 
which  were  distributed  round  500  head-quarters  or  Scales.  These  mines  are  not,  how- 
ever, xmiformly  spread  over  the  whole  extent  of  the  Cordilleras.  They  may  be  consi- 
dered as  forming  eight  groups,  which  altogether  do  not  include  a  greater  space  than 
12,000  square  leagues ;  viz.  hardly  more  than  the  tenth  part  of  the  surface  of  Mexico. 

These  eight  gronps  aro,  in  proceeding  from  south  to  north, — 

1 .  The  group  of  Oaxuaca,  situated  in  the  province  of  this  name  at  the  southern  extre- 
mity of  Mexico  properly  so  called,  towards  the  17th  degree  of  north  latitude.  Besides 
silver  mines,  it  contains  the  only  veins  of  gold  explorol  in  Mexico.  These  veins  tra- 
verse gneiss  and  mica-slate, 

.  2.  ITie  group  of  Tatco,  The  most  part  of  the  mines  which  compose  it  are  sitnateil 
20  or  25  leagues  to  the  sonth-west  of  Mexico,  towards  tlie  western  slope  of  the  great 
flataau. 

3.  The  group  of  BisetaUa,  about  20  leagues  north-east  of  Mexico.    It  is  of  moderate 
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extant,  but  it  comprehends  the  rich  workings  of  Pachoca,  Beal  del  Monte,  and  Monun. 
The  district  of  Real  del  Monte  contains  only  a  single  principal  vein,  named  Veto  Bui- 
tana  of  Beal  del  Monte,  in  trhich  there  are  several  workings ;  it  is,  however,  reckoned 
among  the  richest  of  Mexico. 

4.  The  gronp  of  Zimapan.  It  is  very  near  the  preceding,  about  40  leagues  nortb 
of  Mexico,  towards  the  eastern  slope  of  the  plateau.  Besides  numerous  silver 
mines,  it  includes  abundant  deposits  of  lead,  and  some  mines  of  yellow  sulphuret 
of  arsenic. 

5.  The  Central  group,  of  which  the  principal  point  is  Guanaxuaio,  a  city  of  70,000 
inhabitants,  placed  at  its  southern  extremity,  and  60  leagues  NX.W.  of  Mexico.  It 
comprises  among  others  the  fitmous  mine  districts  of  Guanaxuato,  Catorct,  Zaeatecat, 
and  Sombrerete ;  the  richest  in  Mexico,  which  alone  furnish  more  than  half  of  all  the 
silver  which  this  kingdom  brings  into  circulation. 

The  district  of  Guanaxuato  presents  only  one  main  vein,  called  the  Veta  Madre.  This 
vein  is  enclosed  principally  in  clay-slate,  to  whose  beds  it  runs  parallel,  but  occa- 
sionally it  issues  out  of  them. to  intersect  more  modem  rocks.  The  vein  is  composed 
of  quartz,  carbonate  of  lime,  fragments  of  clay-slate,  &c. ;  and  includes  the  sulphurets  oi 
iron,  of  lead,  and  of  zinc  in  great  quantities,  some  native  silver,  sulphide  of  silver,  and 
red  silver ;  its  power  (thickness  of  the  vein)  is  &om  43  to  48  yards.  It  is  recognised 
and  workeid  throughout  a  length  of  upwards  of  throe  loogaos,  though  the  principal 
workings  are  within  2,000  yards ;  and  contains  19  exploitations,  whidi  pro^iced  an- 
nually nearly  1,200,000/.  in  silver.  One  of  the  explorations,  that  of  Valenciana, 
produces  320,000/. ;  being  equal  to  about  one-fifteenth  of  the  total  product  of  the  3,000 
mines  of  Mexico.  Since  1764,  tlie  puriod  of  its  discovery,  its  nett  annual  product  has 
never  been  less  than  from  two  to  three  millions  of  francs  (80,000/.  to  120,000/.);  and 
its  proprietors,  at  first  men  of  little  fortune,  became,  in  ten  years,  the  richest  indivi- 
duals in  Mexico,  and  perhaps  in  the  whole  globe. 

The  workings  of  this  mine  are  very  extensive,  and  penetrate  to  a  depth  of  2,000  feet. 

The  district  of  Zacatecas  presents  in  like  manner  only  a  single  vein  in  greywacke ; 
which,  however,  is  the  seat  of  several  workings. 

The  deposits  mined  at  Catorca  are  in  limestone;  the  mine  called  PurUtima  de 
Catorce  h&a  been  explored  to  about  650;yards  in  depth  ;  and  yielded  in  1796  nearly 
220,000/.    There  are  also  mines  of  antimony  in  the  district  of  Catorce. 

Since  the  year  1824,  several  English  companies,  on  a  large  scale,  have  undertaken 
the  working  of  some  of  the  Mexican  silver  mines.  Of  late  years  many  of  them  have 
been  fairly  successful. 

Towardis  the  western  part  of  the  group  of  which  we  are  now  speaking,  copper  mines 
are  worked  in  the  provinces  of  Valladolid  and  Quadalaxara ;  the  ores  being  chiefiy 
composed  of  suboxide  of  copper  (ruby  copper),  sulphide  of  copper,  and  native 
copper.  These  mines  produce  about  2,000  metric  quintals  of  copper  annually 
(440,000  lbs.  English).  In  the  same  district,  ores  of  tin  are  collected  in  the  alluvial 
roils,  particularly  near  Mount  Oigante.  The  concretionary  oxide  of  tin,  so  rare  in 
Europe,  is  here  the  most  common  variety.    This  metal  occurs  also  in  veins. 

The  central  part  of  Mexico  contains  many  indications  of  sulphide  of  mercury 
(cinnabar);  but  in  1804  it  was  worked  only  in  two  places,  and  to  an  inconsiderable 
extent. 

6.  The  group  of  Nea  GaUioia  is  situated  in  Uie  province  of  this  name,  about  1 00 
leagues  N.W.  from  Mexico.  It  comprises  tho  mines  of  Bolanos,  one  of  the  richest 
districts. 

7.  The  group  of  Durango  and  Soaora,  in  the  intendancies  of  the  same  name.  It  is 
very  extensive.  The  mines  are  situated  in  part  on  the  table-land,  and  in  part  on  the 
western  slope.    Durango  is  140  leagues  NN.W.  of  Mexico.    Tin  ore  is  found  here. 

8.  The  group  of  Chihuahua.  It  takes  its  name  from  the  town  of  Chihuahua,  situatol 
100  leagues  N.  of  Durango.  It  is  exceedingly  extensive,  but  of  little  value ;  and  ter- 
minates at  29°  10'  of  north  latitude. 

Mexico  possesses,  besides,  several  mines  which  are  not  included  in  the  eight 
preceding  groups.  Thus  the  provinces  of  New  Loon  and  of  New  Santander  present 
abundant  ores  of  load.    New  Mexico  contains  copper  mines  and  many  others. 

Lastly,  rock-salt  is  mined  in  several  points  of  New  Spain  ;  and  coal  seems  to  occur 
in  New  Mexico. 

Tho  richness  of  tho  different  districts  of  the  tUver  mines  or  realtt  is  extremely  un- 
equal. Nineteen-twebtieths  of  these  reales  do  not  iumish  altogether  more  than  one- 
twelfth  of  the  total  product  This  inequality  is  owing  to  the  excessive  richness  of 
some  deposits.  The  ores  of  Mexico  are  principally  in  veins  ;  heAn  nnd  masses  are 
rare.  The  veins  traverse  chiefiy,  and  perhaps  only,  igneous  nnd  transition  rocks, 
among  which  certain  porphyries  are  remarked  as  very  nch  in  deposits  of  gold  and 
stlrer.    The  silver  ores  ore  mostly  sulphide  of  lilver,  black  antimoniatod  sulphide 
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of  silTer  (stephanite  and  pol;rl>atite),  muriate  of  silver  (born  n'lrer),  and  grej  oop|)er. 
Hany  explorations  are  ciuried  on  in  certain  earthy  ores,  colled  cotoradot,  sinular 
to  the  pacoi  of  Peru.  Lastly,  there  are  ores  of  other  metals,  which  are  worked 
principally,  and  sometimes  exclusively,  for  the  silver  which  they  contain ;  snch  are 
\he  argontiferons  sulphides  of  lead,  of  copper,  and  of  iron. 

Ores  of  very  great  richness  occur  in  Mexico ;  but  the  average  is  only  f^om  8  to  4 
ounces  par  cwt.,  or  from  18  to  25  in  10,000.  There  are  some,  indeed,  whose  estimate 
does  not  exceed  2J  ounces.  Almost  all  the  argentiferous  veins  afford  a  little  gold ; 
the  silver  of  Gnannxiinto,  for  example,  contains  ijjj.  The  enormous  product  of  the 
Mexican  mines  is  to  bo  ascribed  rather  to  the  great  facility  of  working  them,  and  the 
abundance  of  ores,  than  to  their  intrinsic  richness.  The  present  yield  is  estimated  at 
above  5,000,000<.  for  silver,  and  62,0002.  for  gold. 

The  art  of  mining  was  little  advanced  in  this  country  at  the  period  of  Humboldt's 
journey ;  the  workings  presented  a  combination  of  small  mines,  each  of  which  had  only 
one  aperture  above,  wiuiout  any  lateral  commonications  between  the  different  shafts. 

The  form  of  these  explorations  was  too  irregular  to  admit  of  their  being  called 
reffular  atopet.  The  shafts  and  the  galleries  were  much  too  wide.  The  interior 
transport  of  the  ores  is  generally  efi&ctod  on  the  backs  of  men ;  rarely  by  mules.  The 
machines  for  raising  the  ore  and  drawing  the  water  are  in  general  ill-combined,  and 
the  horse-whims  for  setting  them  in  motion  ill-constructed.  The  timbering  of  the 
shafts  is  very  imperfectly  executed ;  the  walled  portions  alone  are  well  done.  There 
are  some  adit-levels,  but  they  are  too  few,  and  ill  directed.  The  efforts  of  the 
English  companies  have  produced  but  little  change  either  in  the  mining  or  subsequent 
treatment  of  the  ores. 

The  silver  ores  of  Spanish  America  are  treated  partly  by  fusion  and  partly  by  amal- 
gamation, but  more  frequently  by  the  latter  mode ;  hence  the  importation  of  mercury 
forms  there  an  object  of  the  highest  importance,  especially  since  the  quicksilver  mine 
of  Huancmdioa  fell  in,  and  ceased  to  be  worked  on  the  same  scale  as  previously. 

Gold  mining  is  carried  on  in  Nicaragua,  and  some  gold  is  also  yielded  by  Costa 
Bica,  and  the  Island  of  Arubo. 

The  most  important  of  these  gold-sands  are  washed  on  the  western  slope  of  the 
Cordilleras,  viz. :  in  Now  Oranada,  from  the  province  of  Barbacoas  to  the  Isthmus 
of  Panama,  and  to  Chili.  There  are  likewise  some  on  the  eastern  slope  of  the  Cor- 
dilleras, in  the  high  valley  of  the  river  Amazons.  The  washings  of  New  Granada 
produce,  also,  some  platinum. 

The  mines,  properly  so  called,  and  the  washings  of  South  America,  furnish,  altogether, 
43,,?7S  marcs,  or  10,418  kilogranunes  (22,920  lbs.  Eng.)  of  gold,  worth  1,436,7202. 

Besides  the  extensive  wa^ngs  of  the  sands  that  produce  the.  diamonds  and  other 
precious  stones,  the  platinum,  and  a  great  part  of  the  gold  of  Brazil,  mines  of 
gold,  lead,  and  iron  are  opened  in  what  appear  to  be  ancient  geological  formations, 
very  different  A:om  those  of  the  Cordilleras.  There  are  no  silver  mines,  and  this, 
again,  indicates  a  groat  difference  between  the  deposits  of  Brazil  and  those  of 
Spanish  America.  The  province  of  Minas-Geraes  in  Brazil  is  that  most  remarkable 
for  its  mineral  productions.  The  slaty  strata  of  the  country  contain  intercalated 
jxiitions  of  qnartzose  rock,  among  which  a  micaceous  one,  called  Itaoolumite,  and  one 
largely  charged  with  scales  of  specular  iron,  termed  Jacotinga,  are  regarded  as  con- 
stant accompaniments  of  the  gold. 

Several  English  companies  have  for  years  worked  gold  mines  in  this  region ;  among 
which  that  of  St.  John  d'El  Bey  still  yieldsaconsiderable  profit,  due  in  a  great  measnrs 
to  the  steady  skill  and  economy  with  which  the  imderground  works,  as  well  as  the 
stimping  and  dressing  of  the  auriferous  '  stone '  is  conducted  :  this  is  an  auriferous 
pyrites.  Among  the  most  noted  of  the  mines  are  the  Bahu,  Gongo  Soco,  and  Horro 
Velho,  which  although  yielding  only  &om  two  to  three  oitavas  (or  eighths  of  an  ounce) 
per  ton,  are  worked  on  a  large  scale.  The  Morro  Velho,  which  was  the  largest  gold 
mine  in  Brazil,  is  now  suffering  from  the  effects  of  a  most  disastrous  fire  which  oc- 
curred there  a  few  years  ago.  Among  other  interesting  minerals,  the  rare  metal 
palladium  is  found  mingled  with  some  of  the  Brazilian  gold,  and  it  was  owing  to  the 
liberality  of  the  well-known  assayer,  Peicival  Johnson,  P.R.S.,  that  the  Geological 
Society  of  I.ondon  was  for  years  enabled  to  bestow  an  annual '  Wollaston '  medal  struck 
in  palladium,  of  which  that  chemist  was  the  discoverer. 

Hikes  of  Nobth  Ajiebici. 

Within  the  last  few  years  a  stupendous  activity  in  the  production  of  certain  metals 
hns  succeeded  to  the  unimportant  trials  which  at  intervals  used  to  be  made.  It  was 
especially  the  discovery  of  gold  in  California  in  1848.  which  invited  the  attention  of 
the  world  to  the  metallic  riches  of  the  Pacific  side  of  this  continent,  or  to  the  western 
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ibiik  of  the  oondnoation  of  the  gnat  ehrin  of  mountains  which  we  hare  traced  np> 
wards  from  South  America. 

Almost  the  entire  quantity  of  the  gold  produced  in  California  is  obtained  from 
stream-works,  washings,  or  '  dif^ngs,'  bnt  thii  precious  metal  itself  has  eridently  been 
derived  from  veins  in  the  granitic  and  the  ancient  slaty  rocks  which  constitnte  the 
range  of  the  Sierra  Nevada.  The  alluvial  deposits  occupying  ancient  river-courses 
are  termed  '  deep  placers,'  whilst  those  which  have  been  re-distributed,  and  lie  near  the 
surface,  are  called  '  shallow  placers.'  The  gold-bearinggravels  are  usually  woriced  by 
a  process  known  &s  'hydraulic  mining.'  &a  Gold.  Platinum  and  osmiridium  haro 
also  been  found  here. 

The  auriferous  tracts  extend  northward  far  into  the  British  territory,  and  are 
woAed  in  British  Columbia. 

In  one  of  the  side  valleys  of  San  Josi,  a  mine  of  quicksilver,  '  New  Almaden,'  has 
for  some  years  been  opened  upon  irregular  and  contorted  deposits  of  cinnabar,  asso- 
ciated with  day-slates  highly  indiued  and  similarly  contorted.  It  is  said  that  above 
10,000  cwts.  of  mercury  are  produced  here  annually. 

On  the  eastern  or  Atlantic  side  of  the  North  American  continent,  the  existence  of 
gold  has  long  been  known,  as  well  in  alluvium  in  Virginia,  Carolina,  Oeorgia,  and 
Canada,  as  in  veins  which  occur  at  intervals  in  the  schist  rocks  of  the  Appalachian 
chain,  and  which  have  given  rise  to  numerous  explomtions. 

The  veins  appear  generally  to  course  NN.E.  and  SS.W.,  and  to  consist  mainly  of 
quartz,  often  extending  to  a  great  thickness.  Few,  however,  of  these  mines  have  been 
followed  down  to  a  depth  of  more  than  100  feet,  or  have  been  developed  on  a  con- 
tinuously large  scale. 

Lead  mines  havebeon  worked  in  distinct  veins  at  Bossie,  St.  Lawrence  County,  N.Y., 
at  Shelbume  in  New  Hampshire,  Southampton  and  Northampton,  in  Massachusetts, 
Middleton,  Connecticut,  Chester  County,  and  Wheatley  mines,  Pennsylvania ;  but  the 
most  important  are  those  opened  in  irregular  deposits  sometimes  vertical,  at  others 
horizontal,  which  distinguish  the  Silnrinn  limestones  of  the  Upper  Mississippi.  The 
lead-bearing  region  is  87  miles  long  from  east  to  west,  and  64  miles  broad  from  north 
to  south,  the  chief  centres  being  Galena,  Mineral  Feint,  and  Dubuque.  The  ore, 
generally  pure  galena,  occurs  with  great  irregalarity.  Itoccupies  only  one  zone,  about 
100  feet  in  thickness,  of  the  '  galena '  limestone,  and  hence  the  mines  have  been  but 
shallow.  In  Missouri  an  analogous  stnte  of  things  occnn.  Copper  has  been  worked 
at  several  mines  in  the  Atlantic  States,  in  Maryland ;  in  New  Jersey  ;  several  localities 
in  Tennessee ;  and  Perkiomen  in  Pennsylvania,  where  the  veins  occur  in  new  red  sand- 
stone and  shale. 

In  1841  Mr.  Donghton,  state  geologist  for  Michigan,  first  drew  public  attention  to 
the  native  copper  of  Lake  Superior,  which  has  been  the  object  of  very  numerous 
workings,  and  has  been  produced  in  steadily  increasing  quantity. 

Tlie  copper  occnrs  in  a  district  of  bedded  augitic  trap,  amygdaloid,  and  sandstone, 
with  conglomerate  of  the  lower  Silurian  period,  and  the  rocks  are  especially  remark- 
able for  bearing  native  copper  with  but  little  of  the  ordinary  ores  of  that  metal. 

Ores  of  zinc  are  assodated  with  lead  ores  at  several  of  the  above-mentioned  localities, 
espedally  in  the  Wisconsin  district,  where  the  calamine  is  known  among  the  miners 
by  the  name  of  '  dry-bone.'  But  one  of  the  most  peculiar  mineral  deposits  in  the 
United  States  is  that  of  the  red  oxide  of  zinc,  and  of  Franklinite,  which  occur  in 
Sussex  County,  New  Jersey,  at  Sparta  and  Stirling.  They  are  intercalated  among 
the  beds  of  a  crystalline  limestone,  with  a  total  thickness  of  above  30  feet,  and  are  the 
scene  of  very  successful  undertakings. 

Lastly,  iron  ores  of  various  spedcs,  particnlorly  the  magnetic  oxide  and  hsematite, 
occur  in  numerous  localities,  Missouri  is  remarkable  for  large  masses,  and  Lake 
Superior  ofiere  even  a  greater  abundance. 

A  bed  of  magnetic  oxide  of  iron  occurs  in  gneiss  near  Fronconia  in  New  Hampshire. 
It  has  a  widtli  of  from  5  to  8  feet ;  and  has  been  mined  through  a  length  of  200  feet, 
and  to  a  depth  of  90  feet.  The  same  ore  is  found  in  veins  in  Mosswchusets  and  Ver- 
mont, accompanied  by  copper  and  iron  pyrites.  It  is  met  with  in  immense  quantities 
on  the  western  bank  of  the  lake  Champliiin,  forming  beds  of  from  1  to  20  feet  in  thick- 
ness, almost  without  mixture,  encased  in  granite.  It  is  also  found  in  the  mountains  of 
that  territory.  These  deposits  appear  to  extend  without  interruption  from  Canada 
to  the  neighbourhood  of  New  JTork,  where  an  exploration  on  them  may  be  seen  at 
Crown-Point.  The  ore  there  extracted  is  in  much  esteem.  Several  mines  of  the 
same  species  exist  in  New  Jersey.  The  primary  mountains  which  rise  in  the  north 
of  this  stata  near  the  Delaware,  include  beds  almost  vertical  of  black  oxide  of  iron, 
which  have  been  worked  to  100  feet  in  depth.  In  the  county  of  Sussex  the  same  ore 
occurs,  accompanied  with  Fninklinite.  At  Koxbuiy,  in  Connecticut,  a  good  sizud 
lode  of  sparry  iron  occurs ;  the  only  one  of  the  kind  faiown  in  the  AUegbanies. 
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Although  the  mineial  lesoorces  of  Canada  ore  remarlcably  rich  and  Taried,  mining 
operations  have  not  yet  been  adequately  carried  out  Iron  ores  of  great  Talue,  chiefly 
magnetic  oxide  and  red  htematite,  are  abundant  in  the  Laurentian  rocks  at  several 
points  on  the  Ottawa,  along  the  lUdsau  CiUial,  and  near  Marmora ;  but  the  trant  of 
cool  has  prevented  their  duo  development.  Good  iron  ore  is  also  found  in  many  of 
the  eastern  townships,  and  bog  ore  has  been  smelted  at  the  Radnor  Forges,  Batiscan. 
Copper  ores  are  worked  in  Huronian  rocks  on  the  north-eastern  shore  of  Lake  Huron, 
and  the  ores  of  the  eastern  townships  have  been  worked  at  Harvey's  Hill,  in  Leeds, 
and  at  the  Acton  mine,  now  exhausted.  Gold  workings  have  been  established  on  the 
Cliaudtiro  and  its  tributaries,  whilst  the  metal  was  at  one  time  worked  at  the 
Richardson  mine,  Hastings  Co.,  where  it  was  found  curiously  associated  with  lignite 
Veins  of  j;alena  are  found  m  the  Laurentian  rocks,  butare  not  worked.  Among  the  non  ■ ' 
metallic  minerals  of  the  Dominion  may  be  mentJoned  the  fine  deposits  of  phosphate 
of  lime,  or  apatite,  and  mica.    Petroleum  is  widely  distributed  in  certain  localities. 

Coal  seams  of  great  value  are  actively  worked  in  the  provinces  of  New  Brunswick 
and  Nova  Scotia ;  whilst  gold  is  yielded  by  the  quartz-veins  of  Warerley  and  other 
districts  in  Nova  Scotia. 

Before  quitting  America,  it  should  be  mentioned  that  the  West  India  Islands  offer 
indications  of  mineral.  Many  cupriferous  veins  have  been  explored  in  Jamaica. 
Copper  ore  and  molybdenite  occur  at  Virgin  Gorda ;  and  Cuba  has  for  years  been 
remarkable  for  the  richness  and  abundance  of  its  copper  ores.  The  principal  mine  is 
the  Cobre,  worked  on  an  extensive  scale.  The  lodes,  which  have  been  very  large  at 
shallow  depths,  course  £.  and  W.  through  greenstone  and  cODglomeritic  rock.  The 
Santiago  mines  have  also  yielded  a  large  amount  of  ore. 

To  R.  W.  Raymond,  Ph.D.,  we  are  indebted  for  the  following: — 

Professor  W.  P.  Blake,  in  a  note  to  his  'Catalogue  of  California  Minerals,'  pointed 
out  that  the  mining  districts  of  the  Pacific  slope  are  arranged  in  parallel  zones,  fol- 
lowing the  prevailing  direction  of  the  mountain  ranges.  This  interesting  generaliza- 
tion has  been  more  fully  illustrated  and  connected  with  the  geological  history  of  the 
country  by  Mr.  Clarence  King,  who  sums  up  the  observed  phenomena  as  follows : — 

'  The  Pacific  coast-ranges  upon  the  west  cany  quicksilver,  tin,  and  chromic  iron. 
The  next  belt  is  that  of  the  Sierra  Nevada  and  Oregon  Cascades,  which,  upon  tlieir 
west  slope,  bear  two  zones,  a  foot-hill  chain  of  copper  mines,  and  a  middle  lino  of 
gold  deposits.  These  gold-veins,  and  the  resultant  placer  mines,  extend  &r  into 
Ahiska,  characterised  by  the  occurrence  of  gold  in  quartz,  by  a  small  amount  of  that 
metal  which  is  entangled  in  iron  sulphurets,  and  by  occupying  splits  in  the  upturned 
metnmorphic  strata  of  the  Jurassic  ago.  Lying  to  the  east  of  this  zone,  along  the 
cast  base  of  the  Sierras,  and  stretching  southward  into  Mexico,  is  a  chain  of  silver 
mines,  containing  comparatively  little  base  metal,  and  frequently  included  in  volcanic 
rocks.  Through  Middle  Mexico,  Arizona,  Middlo  Nevada,  and  Central  Idaho  is 
another  line  of  silver  mines,  mineralised  with  complicated  assodation  of  the  base 
metals,  and  more  often  occurring  in  older  rocks.  Through  New  Mexico,  Utah,  and 
Western  Montana,  lies  another  zone  of  argentiferous  galena  lodes.  To  the  east, 
again,  the  New  Mexico,  Colorado,  Wyoming,  and  Montana  gold-belt  is  an  extiemely 
well-defined  and  continuons  chain  of  deposits.' 

These  seven  longitudinal  zones  or  ch^ns  of  mineral  deposits  must  not,  in  my 
opinion,  be  held  to  constitute  a  complete  classification.  The  belts  of  the  coast- 
runge  and  the  west  slope  of  the  Sierra  are  well  defined,  both  geologically  and  topo- 
graphically ;  but  it  is  not  so  easy  to  separate  into  distinct  groups  the  occurrences 
of  gold  and  silver  of  the  Sierra.  For  instance,  the  gold  of  Eastern  Oregon,  Idaho, 
nnd  Western  Montana,  together  with  such  occurrences  in  Nevada  as  those  of  the 
Silver  Peak  and  New  Pnss  districts,  and  numerous  instances  of  sporadic  occurrence 
of  particular  ores  of  silver  or  argentiferous  base  metals,  cannot  be  brought  within 
the  classification  above  given.  Either  more  zones  must  be  recognised,  or  a  greater 
mineralogical  variety  must  be  acknowledged  in  those  already  laid  down.  The  latter 
alternative  is,  I  think,  the  more  reasonable.  According  to  the  principles  set  forth 
in  a  discussion  of  mineral  deposits  in  my  report  for  1870,'  it  appears  evident  that 
the  agencies  which  affect  the  general  constitution  of  geological  formations  are  far 
wider  in  their  operation  than  those  which  cause  the  formation  of  fissures ;  and  that 
the  causes  influencing  the  filling  of  fissures  are  still  more  local  in  their  peculiari- 
ties than  those  which  form  the  fissures  themselves.  Thus,  of  the  area  covered  by 
rocks  of  a  given  epoch,  more  or  less  uniform  in  lithological  character,  only  a  small 
portion  m.iy  have  been  exposed  to  conditions  allowing  deposits  of  useful  minerals, 
even  when  such  deposits  are  contemporaneous,  as  in  the  case  of  coal.    Still  more 

■  <  Statistics  ot  «•'>"•«  and  Mining  In  the  States  and  Territories  west  of  the  Vtoekj  Moantalas,'  by 
B.  V,  Btvnoxdi  ^'  B.  Oemmioioner  at  Mining  Statistics. 
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limited  is  the  fleld  for  the  formation  of  fiwures ;  Lut  it  mnst  be  freely  confessed  that, 
in  the  case  before  ns  the  corrugation  of  half  the  continent  into  parallel  ranges  offers 
good  gronnda  for  the  expectation  of  vast  longitudinal  systems  of  fissures.  When  ire 
come  to  consider  the  filling  of  these  fissures,  nowerer,  it  is  evident  that  the  mineralo- 
gi(al  character  of  the  vein-material  mnst  vary,  to  some  extent,  as  to  the  gangue,  bat 
to  a  still  greater  extent  as  to  the  nature  of  the  ores.  Even  sing^  mines,  in  the  conrse 
of  extensive  exploitation,  have  produced  ores  differing  as  widely  as  do  those  of  the 
different  zones  enumerated  by  Mr.  King.  I  am,  in  fact,  strongly  inclined  to  consider 
freedom  from  base  metals,  for  instance,  a  peculiiirity  due  in  many  cases  to  secondary 
processes,  and  not  to  be  relied  upon  as  characteristic  for  single  veins  even,  to  say 
nothing  of  whole  groups,  districts,  and  continental  zones. 

Nevertheleas,  the  generalisations  of  Professor  Blake  and  Mr.  King  on  this  snbject 
are  highly  interesting  and  valuable.  The  criticism  here  made  is  not  in  opposition  to 
their  views  so  much  as  in  qualification  of  a  possible  rash  application  on  the  part  of  the 
general  public.  The  zonal  parallelism  does  exist,  though  in  a  somewhat  irr^ular 
way ;  and  it  is  clearly  refemble,  as  these  writers  have  shown,  to  the  structural  fea- 
tures of  the  country,  the  leading  feature  of  wluch  is  the  longitudinal  trend  of  the 
monntain  ranges. 

Subordinate  to  this  trend  (or,  more  strictly,  resulting  from  the  same  causes  as 
produced  it)  appear  the  predominant  longitudinal  strike  of  the  great  outcrops  of 
sedimentary  Tocka,  the  longitudinal  axes  of  granite  outbursts,  and,  finally,  the 
longitudinal  vents  of  lava-overfiows  and  the  arrangement  of  volcanos  in  similar 
lines.  It  is  evident  that  in  crossing  the  country  from  east  to  west  we  traverse  a 
series  of  different  formations ;  while,  by  following  routes  parallel  with  the  main 
mountain  ranges,  we  travel  upon  the  continuous  outcrops  of  the  same  general  age. 

Mr.  King  distinguishes  in  the  histoir  <^  the  entire  Cordillera  two  periods  of 
disturbance,  which  have  been  accompanied  by  the  rending  of  monntain  chains,  and 
the  ejection  of  igneons  loeks.  Such  periods  would  afford  the  conditions  of  solfataric 
action,  thermal  springs,  and  the  generation  of  add  gases  and  metallic  sublimates 
and  solutions,  and  thns  &Tour  the  formation  of  raetalliferoua  deposits.  The  first 
of  these  periods,  he  says,  culminated  in  the  Jurassic,  produced  over  the  entire  system 
a  profound  disturbance,  and  is,  in  all  probability,  the  dating-point  of  a  laree  class  of 
lodes.  To  the  second,  or  tertiary  period,  he  assigns  the  mineral-Teins  which  traverse 
the  early  volcanic  rocks. 

The  expression  '  culminated  in  the  Jurassic '  merely  refers,  no  doubt,  to  the  fact 
that  the  cretaceous  strata  of  California  repose  nnconformably  upon  the  upturned  and 
metamorphosed  Jurassic  slates,  having  been  themselves  neither  tilted  nor  highly 
metamorphosed.  Perhaps  it  is  well  to  remember,  however,  that  the  cretaceous  is  a 
weak  point  in  the  Calit'omia  series,  at  least,  as  determined  by  leading  fossils ;  and 
perhaps  the  results  of  more  complete  stratigraphical  surveys  will  indicate  that  there 
are  gaps  of  no  little  significance,  dynamically  and  chronologically,  in  this  part  of  the 
geological  rec<Hd.  At  all  events,  the  period  of  the  folding  of  the  Sierra  Nevada  (pre- 
sumably that  of  the  formation  of  many  metalliferous  deposits)  was  in  some  sense  post- 
Jurassic  rather  than  Jurassic ;  and  probably  this  is  the  meaning  of  Mr,  King,  who 
speaks  of  it  in  another  passage  as  *  late  Jurassic' 

The  lodes  which  are  referred  to  this  period  are  of  two  types  :  first,  those  wholly 
indosed  in  the  granites,  the  outburst  of  which  accompanied  the  npheaval  of  the  earlier 
stratified  group,  or  in  the  metamorphosed  Jurassic  or  sub-Jurassic  strata ;  secondly, 
those  which  occupy  planes  of  stratification  or  jointure,  thus  following  in  general  the 
dip  and  strike  of  the  country-iock,  while  they  present  in  other  respects  the  indications 
of  fissure-veins.  The  veins  of  the  Beese-river  granite  are  examples  of  the  first  type ; 
many  gold-veins  of  California,  the  Humboldt  mines,  &c.,  are  given  as  illustrations  of 
the  second.  The  White  Pine  district,  the  mineral  deposits  of  which  are  said  to  be 
inclosed  conformably  between  strata  of  Devonian  limestone,  is  declared  to  be  &  '  pro- 
minent Example  of  the  groups  comprised  wholly  within  the  ancient  locks.' 

Wo  have  hitherto  supposed  the  strata  immediately  overlying  the  argentiferous 
limestone  at  White  Pine  to  be  deep-water  Carboniferous ;  but  Uieir  Devonian  cha- 
racter seems  to  be  demonstrated  by  Mr.  Arnold  Ha^e.'  More  practically  important 
is  the  assignment  of  these  deposits  to  the  earlier  period  of  geological  disturbance. 

Mr.  King  appean  here  to  include  in  one  group  aU  the  White  Pine  deposits,  the 
' Base  Bange,' as  well  as  'Treasury  Hill';  yet  the  striking  distinction  in  mineralo- 
gical  character  is  worthy  of  regard.  The  deposits  of  Treasury  Hill  are  notably  free 
from  base  metals ;  and  it  seems  to  me  that  in  their  present  form  they  must  be  due  to 
a  secondary  action,  which  has  concentrated  and  recombined  the  metallic  elements  of 
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older  deposits.  It  should  be  added,  however,  that  although  the  chlorides  of  Treasury 
Hill  are  as  pure  as  those  of  Lander  Hill,  they  do  not  appear,  like  the  latter,  to  yield 
in  depth  to  such  sJlver  ores  as  characterize  the  fissure-veins  of  Beese-river  district 
— ruby-silver,  for  instance.    Nor  an  they  fissure^veins,  so  far  as  we  can  now  decide. 

To  the  tertiary  period  of  orographical  disturbance  are  referred  the  volcanic  over- 
flows and  the  veins  wholly  or  partly  inclosed  in  volcanic  rocks.  Under  this  head 
Hr.  King  classes  many  important  veins  of  Mexico,  several  of  those  which  border  the 
Colorado  river  in  the  United  States,  and,  in  general,  that  Eone  which  lies  along  the 
eastern  base  of  the  Sierra  Nevada.  The  Comstock  lode  is  addnced  as  the  most  pro- 
minent example  of  this  type,  and  the  Owyhee  district  in  Idaho  is  also  referred  to  it, 
because,  although  in  granite,  it  presents  a  series  of  volcanic  dykes,  which  appear  to 
prove,  by  the  manner  of  their  intersections  with  the  quartz  lodes,  that  the  latter  are 
of  tertiary  origin.  It  will  be  seen  that  although  the  extent  and  number  of  the  de- 
posits of  wis  class  are  inferior  to  those  of  the  earlier  period,  th^  include  some  of  the 
most  brilliant  instances  in  the  history  of  mining.  As  Mr.  lung,  however,  points 
out,  'many  of  the  veins  which  are  wholly  inclosed  in  the  older  rocks  may  never- 
theless be  due  to  this  later  period  of  disturbance.  Nor  does  he  ignore  the  bearing 
of  this  thought  on  his  determination  of  the  early  period  as  Jurassic.  He  confesses 
that  in  more  recent  strata,  formed  from  dibris  of  Jurassic  rocks,  ore-bearing  pebbles 
have  not  been  found ;  but  he  regards  this  fact  as  a  piece  of  negative  evidence  merely. 
The  distribution  of  mineral  deposits  east  of  the  Bocky  mountains  follows  somewhat 
different  laws.  Here  we  have  but  one  longitudinal  range,  that  of  the  Alleghaniee, 
which  is  accompanied  by  a  gold-bearing  zone  of  irregular  extent  and  value.  In  the 
Southern  States  the  strata  flanking  this  range  present  a  remarisable  variety  of  mineral 
deposits.  On  the  eastern  slope  of  the  Bocky  mountains,  again,  occurs  what  may 
perhaps  be  denominated  a  zone  or  longitudinal  series  of  coal-fields.  But  between 
these  mountain  boundaries  the  geological  formations  of  the  country  cluster,  as  it  were, 
around  centres  or  basins.  We  have  such  a  group  in  Michigan,  another  in  the  Middle 
States,  and  a  third  in  the  South-west. 

The  deposits  of  the  different  metals,  ores,  and  useful  minerals,  in  the  country  east 
of  the  Bocky  mountains,  vary  widely  in  age.  The  ores  of  gold,  copper,  and  iron,  in 
the  pre-Silurian  schists  of  the  south ;  the  pdena  and  cobalt  ores  of  the  south-west,  and 
the  copper  ores  of  Lake  Superior,  in  the  lower  Silurian  rocks ;  the  argillaceous  iron 
ores  of  New  York,  and  other  States  west  of  New  York,  in  the  upper  Silurian,  and  the 
salines  of  the  same  group ;  the  bitumen,  salt,  coal,  and  iron  ores  of  the  Subcarbon- 
iferous ;  the  coal  and  iron  of  the  Caiboniferous ;  the  coal,  copper,  and  baiytes  of  the 
TViassic ;  the  lignites  of  the  Cretaceous ;  and  the  fossil  phosphates  of  the  Tertiary 
period ;  are  instances  which  may  serve  to  show  how  great  is  this  variety.  It  is  not 
within  the  province  of  this  paper  to  discuss  the  mineral  deposits  of  the  Mississippi 
basin,  the  Appalachian  chain,  or  the  Atlantic  coast.  I  shall  content  myself  with 
brief  mention  of  two  points.  The  first  is  the  greater  relative  age  of  the  metalliferous 
deporats  as  compared  with  those  of  the  inland  basin  and  the  Pacific  slope.  On  this 
side  the  period  of  greatest  activity  in  such  formations  was  over  before  it  began  in  the 
west.  The  great  gold  and  silver  deposits  beyond  the  Bocky  mountains  appear  to  be 
post-Devonian,  post-Jurassic,  and  even  Tertiary  in  their  origin.  Tlio  vast  volcanic 
activity  which  afibcted  so  wide  an  area  in  California,  Oregon,  Washington,  Idaho,  and 
Nevada,  is  not  represented  in  the  east. 

The  other  point  is  the  peculiar  relative  position  of  our  coal  and  iron  deposits. 
This  was  eloquently  described  by  Mr.  Abiams  Hewitt,  United  States  Commissioner 
to  the  Paris  Exposition,  in  his  admirable  review  of  the  iron  and  steel  industry  of  the 
world.    I  cannot  do  better  than  quote  his  forcible  words : — 

'  The  position  of  the  coal-measures  of  the  United  States  suggests  the  idea  of  A 
gigantic  bowl  filled  with  treasure,  the  outer  rim  of  which  skirts  along  the  Atlantic  to 
the  Gulf  of  Mexico,  and  thence,  roturning  by  the  plains  which  lie  at  the  eastern  base 
of  the  Bocky  mountains,  passes  by  the  great  lakes  to  the  place  of  beginning,  on  the 
borders  of  Pennsylvania  and  Now  York.  The  rim  of  the  basin  is  filled  with  exhaust- 
less  stores  of  iron  ores  of  every  variety,  and  of  the  best  quality.  In  seeking  the 
natural  channels  of  water-communication,  whether  on  the  north,  east,  south,  or  wrst, 
the  coal  must  cut  tliis  metalliferous  rim  ;  and,  iu  its  turn,  the  iron  ore  may  be  carried 
back  to  the  coal,  to  be  used  in  conjunction  with  the  carboniferous  ores,  which  are 
quite  as  abundant  in  the  United  States  as  they  are  in  England,  but  hitherto  have 
been  left  unwrought,  in  consequence  of  the  cheaper  rate  of  procuring  the  richer  ores 
from  the  rim  of  the  basin.  Along  the  Atlantic  slope,  in  the  highland  range,  from  the 
borders  of  the  Hudson  river  to  the  state  of  Georgia,  a  distance  of  I,O00  miles,  is 
found  the  great  magnetic  range,  traversing  seven  entire  States  in  its  length  and 
course.  Faiallel  with  this,  in  Uie  great  limestone  valley  which  lies  along  the  margin 
of  the  coal-field,  are  the  brown  heematites,  in  such  quantities  at  some  points,  espe- 
cially in  Virginia,  Tennessee,  and  Alabama,  as  to  fairly  stagger  the  imagination. 
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And,  finally,  in  the  coal-basin  is  a  stratum  of  red  fossili&ioas  ore,  be^nmag  in  a 
comparatively  thin  seam  in  the  state  of  New  York,  and  terminating  in  the  state  of 
Alabama  in  a  bed  15  feet  in  thickness,  over  -which  the  horseman  may  ride  for  more 
than  100  miles.  Westward,  in  Arkansas  and  Missouri,  is-  reached  that  wonderful 
range  of  red  oxide  of  iron,  which,  in  mountains  rising  hundreds  of  feet  above  t^o  sur- 
face, or  in  beds  beneath  the  soil,  culminates  at  Lake  Superior  in  deposits  of  ore  which 
excite  the  wonder  of  all  beholders  ;  and  returning  thence  to  the  Atlantic  slope,  in  the 
Adirondacka  of  New  York,  is  a  ^Tist,  undeveloped  region,  watered  by  rivers  whose 
beds  are  of  iron,  and  traversed  by  mountains  whose  foundations  are  laid  upon  the 
same  material.  In  and  among  the  coal-beds  themselves  are  found  scatt^-rod  deposits 
of  haematite  and  fossiliferous  ores,  which,  by  their  proximity  to  the  coal,  have  in- 
augurated the  iron  industry  of  our  day.' 

Hikes  of  Acstiulia. 

Victoria  is  essentially  a  gold-producing  colony,  extensive  mining  operations  having 
for  many  years  been  systematically  carried  on  not  only  in  the  alluvial  drifts  and  deep 
'  leads,'  but  also  i  n  the  auri  ferous  quartz-reefs  which  course  through  lower  Silurian  rocks. 
Silver  ores  have  been  worked  by  the  St.  Amaud  Silver  Mines  Company.  Stream-tin, 
in  the  form  of '  black-sand,'  is  frequently  found  in  connection  with  the  alluvial  gold, 
and  Teins  of  tin  ore  have  also  ,been  discovered.  Copper  and  lead,  though  found  in 
the  colony,  are  not  abundant ;  nor  is  the  iron  worked,  although  in  the  form  of 
titaniferous  iron-sand  it  enjoys  a  wide  distribution.  Mining  for  coal  has  been 
attempted  at  Western  Fort,  Cape  Otway,  and  at  some  other  localities ;  but  a  Board 
recenUy  appointed  to  enquire  into  the  coal-producing  resources  of  the  colony  have 
reported  unfavourably.    A  thick  deposit  of  lignite  has  been  worked  at  Lai  Lai. 

South  Australia  is  remarkably  rich  in  copper,  the  Burra  Burra  mines  being  cele- 
brated for  their  production  of  malachite,  or  green  carbonate.  Several  copper  mines 
are  also  established  on  Yorke's  Peninsula,  and  are  notable  for  yielding  the  oxychloride 
of  copper,  or  atacamUe.  Among  the  principal  copper  mines  may  be  mentioned  the 
Wallaroo,  the  Kapunda  and  Moonta  mines.  The  colony  also  possesses  magnificent 
iron  ores  in  the  form  of  magnetite  and  red  and  brown  hsematite,  but  they  are  not  yet 
worked  to  any  extent.  Gold,  silver,  and  bismuth,  are  to  be  mentioned  among  the 
useful  minerals  of  South  Australia. 

In  New  South  Wales  coal-measures  are  worked  at  Newcastle,  Wollongang  and 
Hartley.  Oil-shales  are  also  wrought  at  some  of  these  localities,  and  distilled  for 
sake  of  the  kerosine  oil  which  they  yield.  The  iron  of  the  colony  is  not  yet  largely 
worked.  Copper  mines  are  opened  up  to  a  limited  extent,  and  gold  mining  is  not 
neglected.  Valuable  deposits  of  tin  ore  were  discovered  in  the  Nortltern  districts  of 
the  colony  in  1870,  and  are  being  actively  developed.  The  tin  extends  into  the  ad- 
jacent colony  of  Queensland. 

Queensland  is  rich  in  cool,  some  of  which  appears  to  be  of  palsozoic  and  some  of 
mesozoic  age.  Gold  is  worked  both  in  reefs  and  in  alluvial  deposits.  Copper  ores 
are  mined  at  Peaks  Down  and  Mount  Perry ;  and  the  iron  ores  have  recently  received 
attention,  whilst  the  discovery  of  tin  is  being  eagerly  followed  up  by  tbe  miner. 
Agates,  chrysoprase,  and  opal  must  also  be  enumerated  among  the  mineral  products 
of  this  colony. 

In  Tasmania  tin  ore  has  recently  been  worked  in  the  neighbourhood  of  Mount 
Bischoffi  Coal  occurs  on  the  Mersey  river  and  elsewhere ;  some  of  the  Tasmnnian 
coal  is  bituminous,  and  some  anthracitic,  whilst  other  varieties  are  merely  lignite. 
A  peculiar  bituminous  substance,  known  as  Taamanite,  occurs  on  the  Mersey. 

New  Zealand  is  rich  in  mineral  wealth.  Gold  has  been  successfiilly  worked  in 
some  parts  of  the  colony,  ns  at  the  Thames  gold-fields.  Bituminous  coal  occurs  in 
the  Pukawan  coal-field,  whilst  lignite  is  widely  distributed  in  the  North  and  Middle 
Islands,  and  is  often  associated  with  a  fossil  gum  or  retinite.  Copper  ores  occur  in 
the  serpentine  of  the  Dunn  Mountain,  and  titaniferous  iron-sand  skirts  the  shore  of 
Taranaki.  Among  the  other  mineral  products  may  be  mentioned  chrome  iron  ore, 
arsenic,  graphite,  and  jade. 

Ok  sous  otheb  less  xkown  Minb  Countbtbs. 

The  islands  of  Cyprus  and  Negropont,  in  the  Mediterranean,  were  celebrated,  in 
former  times,  for  their  copper  mines  ;  and  several  islands  of  the  Archipelago  presented 
gold  mines,  now  abandoned.  The  same  thing  may  be  said  of  Macedonia  and  Thrace. 
The  mountains  of  Servia  and  Albania  contain  iron  mines ;  and  lead  mines  occur  in 
Servia,  abd  the  adjacent  provinces  of  European  Turkey.  The  silver  mines  of  Laurlnm, 
in  Attica,  used  in  early  times  to  form  a  most  important  source  of  revenue  to  Athens. 
These  are  now  being  partially  reworked.     Mines  of  silver  ore,  with  galena,  are  still 


Digitized  by 


Google 


292  MINES 

vorked  at  Keban  Maden  and  Ohnmnsh  Ehaneh  in  Asia  Minor ;  whilst  that  of  copper  at 
Arghaneh  Uaden,  in  the  Tanrus,  yields  a  large  supply  of  the  ores  of  that  metal,  'which 
are  refined  at  TocaL  Some  also  occur  in  Arabia  and  in  Persia ;  and  in  the  territories 
round  the  Caucasus.  Persia  has  mines  of  argentiferous  lead  a  fe\r  leagues  from 
Ispahan ;  and  Natolia,  or  Asia  Hinur,  famishes  orpiment  and  chrome  iron  ore. 

Thibet  passes  for  being  rich  in  gold  and  ailrer  mines.  China  prodnces  a  great 
quantity  of  iron  and  mercury.  The  copper  mines  of  this  empire  lie  principally  in  the 
province  of  Yu-Kan  and  the  island  Formosa.  Japan,  likewise,  possesses  copper  mines 
in  the  provinces  of  Ejjnnack  and  Saronga.  They  seem  to  be  abundant ;  and  are  now 
being  explored.  Japan  presents,  moreover,  mines  of  quicksilver,  also  mines  of  gold, 
silver,  tin,  rod  sulphide  of  arsenic,  &c.  Bat  in  China,  as  in  Europe,  coal  is  the  most 
important  of  the  mining  products.  This  combustible  is  explored,  especially  in  the 
environs  of  Fekin,  and  in  the  northern  parts  of  the  empire.    See  Coal. 

Iron  mines  exist  in  several  points  of  the  Burman  empire,  and  of  Hindostan.  ^pax 
Hadras,  there  exist  excellent  ores  of  sparry  iron,  and  black  oxide,  analogous  to  the 
Sn-edish  ores.  The  islands  of  Macassar,  Borneo,  and  Timor,  include  copper  mines. 
The  tin  obtained  from  the  islands  of  Banca  and  Billiton,  and  from  the  peninsula 
of  Malacca,  and  several  other  points  of  Southern  Asia,  proceeds  entirely  from  the 
M-ashing  of  sands.  The  same  is  undoubtedly  true  of  the  gold  furnished  by  tlie 
Philippine  Isles,  Borneo,  &c  It  appears,  however,  that  mines  of  gold  and  silver  are 
worked  in  the  island  of  Sumatra. 

In  Africa,  large  quantities  of  gold  ore  washed  by  the  natives  from  the  alluvium. 
Some  interest  has  recently  been  excited  by  the  discovery  of  gold-flelds  in  South  Africa, 
near  the  frontier  of  the  Transvaal  Kepublic. 

Near  the  Cape  of  Good  Hope,  in  Namaqualand,  numerous  indications  of  copper  ore 
are  met  with,  which,  in  a  few  instances  only,  have  led  to  the  opening  of  remunerative 
mines.  At  Bembi,  near  Ambriz,  a  powerful  vein  of  malachite  has  been  rudely  worked 
by  the  negro  chiefs,  and  is  now  leased  to  an  English  company  by  the  Portuguese  Qovem- 
ment  It  is  asserted  that  a  great  deal  of  copper  exists  in  Abyssinia.  On  the  banks  of 
the  Senegiil,  the  Moors  and  the  Fouls  fabricate  iron  in  travelling  forges.  They  employ 
OS  the  ore  the  richest  portions  of  a  fermginons  sandstone,  which  seems  to  be  a  very 
modern  formation.  Morocco  appears  to  contain  ores  of  various  metals ;  and  Algeria, 
since  it  has  been  in  the  hands  of  the  French,  has  given  rise  to  active  explorations, 
among  which  may  especially  be  mentioned  the  copper  mines  of  Tones. 

For  a  description  of  the  South  African  diamond  mines,  see  DiAMOim. 

Mikes  of  tbb  CAJx:AKEOtts  Mocn-taiks  of  £MotA:n>. 

The  limestone  formation  immediately  subjacent  to  the  coal-measures,  or  the  car- 
boniferous limestone,  constitutes  almost  alone  several  mountainous  regions  of  England 
and  "Wales ;  in  which  three  districts  very  rich  in  lead  mines  deserve  to  be  noted. 

The  first  of  these  districts,  Alston  Moor,  comprehends  the  upper  parts  of  the  valleys 
of  the  Tjne,  the  Wear,  and  the  Tees,  in  the  counties  of  Cumberland,  Durham,  and 
York.  Its  principal  mines  are  situated  near  the  small  town  of  Alston,  in  Cumberland, 
The  veins  of  galena  which  form  the  object  of  the  workings,  traverse  alternate  beds 
of  limestone,  shale,  and  sandstone;  and  ore  very  remarkable  for  their  becoming 
suddenly  thin  and  impoverished  on  passing  from  the  limestone  into  the  shale  or  sand- 
stone ;  and  for  resuming  their  richness,  and  usual  size,  on  returning  into  the  lime- 
stone. The  exploitations  are  situated  in  the  flanks  of  considerably  high  hills,  bare  of 
wood,  and  almost  wholly  covered  with  marshy  heaths.  The  waters'are  drawn  off  by 
long  adit-levels ;  and  the  ores  are  dragged  out  by  horses  to  the  day.  The  galena  ex- 
tracted from  these  mines  is  smelted  by  means  of  coal  and  a  little  peat,  in  furnaces  of 
Scotch  construction.  The  lead  is  very  poor  in  silver ;  but  most  of  it  is  now  treated 
by  the  Pattinaon  process.  The  mines  of  this  district  produce  annually  about  25,000 
tons  of  lead.  Copper  ores  have  been  raised,  although  not  in  large  quantity,  from  a 
very  strong  vein,  containing  chiefly  iron  pyrites  and  some  galena,  about  six  miles 
south-west  of  Alston. 

This  region  is  bounded  by  the  Cross  Fell  range  on  the  west,  and  extends  south- 
ward to  the  Yorkshire  valleys  of  Swaledale,  Arkendale,  &&,  to  Grassington,  where 
numerous  lead  mines  are  worked  under  very  similar  circumstances.  The  Yorkshire 
mines  yielded  in  1866,  8,086  tons  of  lead. 

The  second  metalliferous  district  lies  in  the  northern  part  of  Derbyshire,  and  in  the 
conterminous  parts  of  the  neighbouring  counties.  The  districts  called  the  Peak  and 
King's-Field  are  the  richest  in  workable  deposits.  The  njines  of  Derbyshire  are 
getting  exhausted;  they  are  very  numerous,  but  in  general  inconsiderable.  The 
galena  extracted  from  them  is  treated  with  coal  in  reverberatoiy  furnaces ;  but  the 
silver  is  very  small  in  quantity.    They  yield  annually  6,000  tons  of  lead ;  with  a 
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certain  qnantity  of  calamine,  and  a  little  copper  ore.  At  Ecton,  in  Xorth  Staffordabire, 
a  remarkably  rich  copper  mine  was  worked  in  the  last  century,  at  the  intersection  of 
tereral  veins,  in  the  midst  of  Tory  contorted  beds  of  grey  and  black  limestone. 

The  reins  of  both  the  above  districts  are  noted  for  the  beauty  of  the  fluor,  caJc- 
spar,  and  other  crystallised  minerals  accompanying  the  galena ;  and  those  of  Derby- 
shire, also,  for  the  thinning  or  partial  interroption  which  they  suSer  in  crossing  the 
'tondstone,'  a  rock  of  igneous  origin,  which  is  interstratified  with  the  limestone. 
Besides  the  lodes  or  '  n£e-Teins,'  the  less  normal  forms  of  repository  termed  '  flats ' 
and  '  pipe-reins '  yield  in  both  these  districts  large  amounts  of  ore. 

The  ihiid  metalliferous  district  is  situated  in  Flintshire  and  Denbighshire,  counties 
forming  the  N.K  part  of  Wales.  Next  to  Alston  Moor  this  is  the  most  productive ; 
famishing  annually  nearly  6,000  tons  of  lead,  and  a  certain  quantity  of  calamine.  The 
gHlena  is  smelted  in  rererberatory  furnaces,  and  afibids  a  l«td  tar  from  rich  in  silrer, 
vhich  was  therefore  seldom  subjected  to  cupellation,  until  the  introduction  of  Fattin- 
son's  process  of  desilverising.  The  lodes,  coursing  E.  and  W.,  are  intersected  by 
several  great  cross  reins,  which  may  be  traced  for  many  miles,  and  only  exceptionally 
yield  ore.  None  of  the  lead  veins  appear  to  be  prolonged  into  the  subjacent  slate 
rocks.    At  the  Orme's  Head,  cupriferous  reins  hare  also  been  worked  in  the  limestone. 

Mines  of  galena  and  calamine  hare,  from  a  very  early  period,  been  worked  in  the 
Mendip  Hills,  to  the  south  of  Bristol,  but  are  now  almost  entirely  idle. 

Besides  the  metallic  mines  just  enumerated,  the  formation  of  the  metalliferous  lime- 
stone presents,  in  England,  especially  in  the  counties  of  Northumberland  and  Cumber- 
Und,  seams  of  coal,  generally  rery  thin  and  anthracitic.  Far  more  important  are  the 
red  and  brown  oxides  of  iron,  which  this  formation  yields  in  vast  qiumtity ;  the  brown 
ore  in  beds  and  veins  in  Alston  Moor ;  hiematite  of  the  richest  kind,  in  irregular 
deposits,  near  Whitehaven,  Cumberland,  and  at  Ulverstone,  Lancashire ;  in  less  im- 
pOTtant  repositories  in  Derbyshire,  Flintshire,  and  on  the  ftinks  of  the  Mendip  Hills ; 
and,  lastly,  excellent  brown  peroxide  in  the  upper  limestone  environing  the  Forest  of 
Dean,  where  it  occupies  a  series  of  deviooa  caverns  and  holes  lying  more  or  less  in  the 
same  plane.  Appearances  of  the  same  kind,  but  on  a  smaller  scale,  fringe  the  southern 
side  of  the  South  Welsh  coal-field. 

MiMKS  OF  THE  lATBB  IloCK  FoBlUTIOKS. 

The  most  important  mines  of  what  used  to  be  termed,  in  the  earlier  days  of  geology, 
the  Secondary  rocks,  and  perhaps  of  all  mineral  formations  whatsoever,  are  those 
worked  in  the  most  ancient  strata  of  that  dirision,  in  the  coal-measures.  Since,  how- 
ever, the  organic  contents  of  the  rocks  have  been  more  fully  studied  and  compared, 
the  coal-measures  have  been  classed  with  the  Faheozoic  systems,  and  that  supposed 
line  of  demarcation  between  them  and  the  older  strata  already  treated  of,  can  only  be 
retained  as  a  matter  of  convenience,  and  as  marking  in  most  coontriea  a  great  change 
in  the  character  of  the  mineral  contents  as  we  ascend  in  the  geological  scale. 

The  British  islands,  France  and  Germany,  frequently  present  ranges  of  the  older 
rocks,  upon  the  flanks  of  which,  sometimes  nnconformably,  repose  the  deposits  of  coaL 
The  principal  of  these  have  become  neat  centres  of  manufacture;  for  Newcastle, 
Birmingham,  Glasgow,  Sheffield,  St.  Etienne,  Sec.,  owe  their  prosperity  and  their 
rapid  enlargement  to  the  coal  raised  as  it  were  at  their  gates  in  enormous  quantities. 
Lancashire,  Wales,  Belgium,  and  Silesia,  owe  equally  to  their  extensive  collieries  a 
great  portion  of  their  activity,  their  wealth,  and  their  population.  Other  coal  dis- 
tricts, less  rich,  or  mined  on  a  less  extensive  scale,  hare  procured  for  their  inhabitants 
less  distinguished,  but  by  no  means  inconsiderable,  advantages ;  such,  for  example,  in 
Great  Britain,  are  Derbyshire,  Cheshire,  Shropshire,  Warwickshire,  the  environs  of 
Bristol,  &c. J  some  ports  of  Ireland;  in  France,  Litry,  department  of  Calvados, 
Comanteric,  Alois,  le  Creuzot,  &c ;  in  Rhine  FmsMa,  Saarbruck,  and  Westphalia ; 
and  several  localities  in  Saxony,  Bohemia,  Spain,  Fortugal,  the  United  States,  &c 

We  need  not  enter  here  into  ampler  details  on  coal  mines ;  these  porticulan  are 
given  in  the  article  Coal. 

Nature  has  frequently  deposited  dose  to  the  coal,  an  ore,  whose  intrinsic  value  alone 
is  very  small,  but  whose  abundance  in  the  neighbourhood  of  fuel  becomes  extremely 
precious  to  man ;  we  allude  to  the  clay-ironstone  of  the  coal-measures.  It  is  ex- 
tracted in  enormous  quantities  from  the  cool-fields  of  Scotland,  Yorkshire,  Staflbrd- 
shire,  Shropshire,  and  South  Wales.  Much  of  it  is  also  raised  from  the  coal-strata  of 
Silesia  and  of  Westphalia,  but  few  coal-flelds  appear  to  be  entirely  deficient  of  it. 
The  iron  works  of  England,  which  are  supplied  in  great  part  from  this  ironstone 
reduced  with  coke  or  cool,  pour  annually  into  commerce  six  millions  and  a  half 
tons  of  pig  iron. 

The  saole,  or  slate-cIay,  of  the  coal-meastires  contains  sometimes  a  very  large  quon- 
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titj  of  pyriUs,  which  decomposing  by  the  action  of  the  air,  -with  or  without  artificial 
heat,  pn>duce8  sulphate  of  iron,  and  sulphate  of  alumina,  whence  copperas  and  alum 
are  manufactured  in  great  abundance. 

The  calcareous  formation  which  surmounts  the  coal-measures,  called  by  geologists 
Zeehttein,  magnesian  limestone,  and  older  Alpine  limestone,  contains  difibrent  deposits 
of  metallic  ores ;  the  most  celebrated  being  the  cupreous  schist  of  Mansfeld,  a  stratum 
of  slightly  calcareous  slate,  from  a  few  inches  to  2  feet  thick,  containing  copper  pyrites 
in  sufficient  quantity  to  afford  2  per  cent,  of  the  weight  of  tiie  ore  of  an  argentiferous 
copper.  This  thin  layer  displays  itself  in  the  north  of  Germany  over  a  length  of  eighty 
leagues,  from  the  shores  of  the  Elbe  to  the  banks  of  the  Bhine.  Notwithstanding  its 
thinness  and  relative  poverty,  skilful  miners  have  contrived  to  establish,  on  difierent 
points  of  this  slate,  a  numbw  of  important  explorations,  the  most  considerable  being 
in  the  territory  of  Mansfeld,  particularly  near  Eothenburg.  They  produce  annually 
2,000  tons  of  copper,  and  20,000  marcs  of  silver.  We  may  also  mention  those  of 
Hessia,  situated  near  frankenberg,  Bieber,  and  Biegelsdorf.  In  the  latter,  the 
cupreous  schist  and  its  accompanying  strata  are  traversed  by  veins  of  cobalt,  mined 
by  the  same  system  of  tmderground  workings  as  the  schist.  These  operations  are 
considerable;  Uiey  extend,  in  the  direction  of  the  strata,  through  a  length  of  8,700 
yards,  and  penetrate  downwards  to  a  very  great  depth.  Three  galleries  of  efflux  are 
to  be  observed ;  two  of  which  potur  their  waters  into  the  Fulde,  and  the  third  into  tho 
Verra.  These  mines  have  been  in  activity  since  the  year  1630.  AnalM^us  mines 
exist  near  Saalfeld  in  Thuringin. 

A  very  remarkable  deposit  of  the  same  priod,  whence  geologists  hare  given  this 
formation  the  name  of  Permian,  occurs  in  the  Russian  government  of  Perm,  the  sand- 
stones containing  disseminated  particles  of  copper  ore,  chiefly  in  the  form  of  carbonate, 
to  the  distance  of  400  or  500  wersts  from  the  diaiu  of  the  Oiuwl.  Some  of  the  thick 
flaggy  grey  grits  contain  as  much  as  2)  per  cent,  of  copper,  and  tho  imperial  zavods 
near  Perm  are  stated  to  yield  260  tons  annually  from  this  source. 

To  the  same  geological  formation  must  probably  be  referred  the  limestone  which 
contains  the  sparry  iron  mine  of  Schmalkalden  at  the  western  foot  of  Thuringerwald, 
whore  there  haa  been  explored  tiom,  time  immemorial  a  considerable  mass  of  this  ore, 
known  by  the  name  of  Stahlberg.  The  working  has  been  executed  in  the  most 
irregular  manner,  and  has  opened  up  enormous  excavations ;  whence  disastrous  '  runs ' 
have  taken  place  in  the  mines. 

At  TamowitE,  14  leagues  S.E.  of  Oppeln  in  Siberia,  the  zechstein  contains,  in  some 
of  its  strata,  considerable  quantities  of  galena  and  calamine;  into  which  mines  have 
been  opened,  that  yield  annually  from  600  to  700  tons  of  lead,  1,000  to  1,100  marcs  of 
silver,  and  much  calamine.  Mines  of  argentiferous  lead  are  noticed  at  Olkutch  and 
Jawomoin  Qallicia,  about  6  leagues  N.E.  of  Cracow,  and  16  leagues  E.N.li.  of  Tamo- 
witz.  From  their  position  these  have  been  referred  to  the  same  period.  The  im- 
portant lead  mines  of  Villach  and  Bleiberg  in  Carinthia  have  been  shown  by  the 
Austrian  geologists  to  belong  to  a  rather  more  recent  formation,  whilst  several  minor 
lead-bearing  localities  of  the  same  province  occur  in  the  Hallstadt  limestone  (Upper 
Trias),  and  Oailthal  limestone  (carboniferous). 

There  has  been  discovered  near  Confoleiu  in  the  department  of  la  Charenie,  in  a 
secondary  limestone,  calcareous  beds,  and  particularly  subordinate  beds  of  quartz, 
which  contain  considerable  quantities  of  galena.  At  Figeae  also,  in  the  department 
of  h  Lot,  deposits  of  galena,  blende,  and  calamine  occur  in  a  secondary  limestone.  At 
la  Vouite,  on  the  banks  of  the  Eh6ne,  there  is  mined,  in  the  lower  courses  of  the  lime- 
stones that  constitute  a  great  portion  of  the  department  of  the  Ardiche,  a  powerful 
bed  of  iron  ore. 

It  used  to  be  supposed  that  it  is  in  the  zechstein,  or  in  the  sandstones  and  trap  rocks 
of  nearly  the  same  age,  that  the  four  great  deposits  of  the  snlphoret  of  mercury,  of 
Idria,  the  Palatinate,  Almaden,  and  Hnaiteaedica  are  mined,  but  more  recent  obser- 
rntions  would  place  some  of  them,  at  least,  in  rocks  contemporaneous  with  the  coal- 
measures.     See  Mehcuhy. 

Theformation  which  separates  the  Zechstein  from  the  lias  {caleaire  it  gryphiies),  called 
Xew  Bed  Sandstone  and  Bed  Marl  in  England,  and  Bunter-sandstdn,  MuschdJcalk,  and 
Kettper  in  Germany,  presents  hardly  any  important  mines  except  those  of  rock-salt ; 
which  enridi  it  in  Cheshire,  and  in  many  parts  of  continental  Europe.  The  mines 
of  Salzburg  belong  to  a  formation  somewhat  higher,  and  those  of  Wieliczka,  Bochnia 
and  of  Transylvania,  ns  well  as  of  Cardona  in  Spain,  are  of  Tertiary  date.  The 
copper-bearing  sandstones  of  Alderley  Edge,  in  Cheshire,  are  of  Triassic  age,  and  at 
Mechemich,  in  Bhenish  Prussia,  galena  is  worked  in  a  conglomerate  belonging  to  the 
Bnnter  series. 

The  lias  often  contains  veiy  pyritous  lignites  and  shales,  which  ore  mined  in  many 
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places,  and  particularly  at  Whitby  and  Ottiaboiough  in  YorkBhiie,  tot  the  manufao- 
tan  of  alnm  and  copperas. 

Within  the  last  few  years,  most  important  beds  of  stratified  iron  ore  have  been 
■worked  in  the  marlstone,  or  middle  lias  in  Clereland,  in  the  north  of  Yorkshire. 

Strata  of  iron  ore  also  occur  in  the  overlying  oolitic  limestones,  in  Yorkshire,  Nor- 
thamptonshire, and  other  parts  of  England.  The  same  formations  have  in  France 
long  been  noted  for  the  supply  of  large  quantities  of  iron  ore. 

The  Lower  Greensand  beneath  the  chalk  formation  is  often  so  strongly  imbued  with 
iron  as  to  have  led  in  former  times  to  extensive  mining  operations  and  iron  smelting  in 
the  sonth-eaatem  part  of  England.  Since  the  general  introduction  of  railways,  attempts 
have  again  been  made  to  utilise  those  iron  deposits. 

The  lowest  beds  of  the  chalk  contain  iron  pyrites,  which  has  become  the  object  of 
an  important  exploration  at  yiasana,  on  the  southern  coast  of  the  Pas-de-Oalais,  where 
it  is  converted  into  sulphate  of  iron.  The  waves  turn  the  nodules  out  of  their  bed, 
and  roll  them  on  the  shore,  where  they  ore  picked  up. 

If  the  chalk  be  poor  in  useful  minerals,  this  is  not  the  case  with  the  tertiary 
formation  above  it;  for  it  contains  important  mines.  In  it  are  explored  numerous 
beds  of  lignite  (wood-coal),  and  from  some  of  these  lignite  deposits,  also,  yellow  amber 
is  extmctol.  The  iron  mines  of  the  north-east  of  Ireland,  previously  noticed,  are  in 
deposits  of  basalt  of  miocene  age. 

The  other  tertiary  formations  present  merely  a  few  mines  of  sulphur,  of  iron  and 
bitumen ;  but  it  must  here  again  be  remarked,  Uiat  many  of  the  secondary,  and  even  of 
the  tertiary  strata  have  in  certain  countries  been  subjected  to  metamorphic  action,  of 
such  a  nature  as  to  have  led  to  their  being  classed  with  the  older  rocks ;  and  thus 
some  of  the  metalliferous  formations  of  the  east  of  Europe  and  of  South  America, 
although  still  somewhat  obscure,  ought  without  doubt  in  strictness  to  be  classified 
with  these  more  recent  deposits. 

Several  of  the  secondary  or  tertiary  strata  contain  deposits  of  sulphur,  which  are 
mined  in  various  countries. 

The  formations  of  a  decidedly  volcanic  origin  afford  but  few  mining  materials,  if 
we  except  sulphur,  alum,  and  opals. 

MiNBS  OF  TBB  AtLtTVIAI.  StlUTA. 

This  formation  contains  very  important  mines,  since  from  it  are  extracted  all  the 
diamonds,  and  almost  all  the  precious  stones,  the  platinum,  and  the  greatest  part  of  the 
gold,  with  a  considerable  portion  of  the  tin.  The  diamond  mines  are  confined  nearly 
to  Brazil,  and  to  the  kingdoms  of  Golconda  and  Visapour  in  the  East  Indies.  The 
South-African  diamonds  are  found  partly  in  river-beds,  and  partly  in  'dry  diggings.' 
SeeDiAMOHB. 

The  tin-stream  works  of  Cornwall,  Bohemia,  and  the  East  Indies,  and  the  gold- 
washings,  placers,  or  'diggings'  of  Siberia,  Borneo,  California,  and  Australia, 
belong  to  beds  of  aUuviam  or  drift,  irregularly  deposited  over  the  older  formations. 
See  Gold  ;  Tix. 

MXMUro.  As  the  operations  of  mining  vary  with  the  conditioDS  of  the  rock- 
formations,  in  which  the  minerals  sought  for  by  the  miner  occur,  it  is  necessary  to 
give  a  brief  description  of  the  more  especially  marked  distinctions  which  are  seen  in 
our  geological  formations. 

Geologists  divide  rocks  into  ttratified  and  umtratificd.  Those  mineral  systems, 
which  consist  of  parallel,  or  nearly  parallel  planes,  whose  length  and  breadth  greatly 
exceed  their  thickness,  are  called  stratified  rocks ;  while  to  those  which  occur  in  thick 
blocks,  and  which  do  not  exhibit  those  parallel  planes,  the  term  of  mutratified  rocks 
is  applied.  These  formations  have  been  divided  into  two  other  classes,  namely,  the 
primttry  and  the  secondary.  The  advances  of  geological  science,  however,  and  more 
uecnrate  information,  have  materially  modified  the  views  which  gave  rise  to  those 
divisions ;  and  when  men  have  learned  to  look  on  great  natural  phenomena  without 
the  interposition  of  the  medium  of  some  favourite  theory,  there  is  but  little  doubt 
the  interpretation  will  be  somewhat  different  from  even  that  which  is  now  received. 

A  certain  set  of  rocks  may  be  classed  as  of  truly  igneous  origin.  These  are  the 
traps,  basalt,  and  the  like.  These  have  often  been  termed  primary  rocks.  Yet  we 
have  rocks  of  this  class,  not  merely  forcing  their  way  through  the  superincimibent 
und  more  recent  rocks,  but  actually  overfiowing  them ;  they  in  many  cases,  therefore, 
are  much  more  recent  than  the  secondary  rocks.  Granite  has  commonly  been  classed 
Hs  a  truly  igneous  rock ;  but  &cts  have  lately  been  developed  which  show,  at  all 
events,  the  combined  action  of  water.    See  GnANtTB. 

Orooite  is  usually  classed  with  the  unstratifled  locks ;  but  the  section  of  any 
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granite  qnany  will  exhibit  very  distinct  lines,  oonforming,  more  or  lew,  to  the  hori- 
Kontal — known  to  the  qnarrymen  as  the  bedwcy — which  would  appear  almost  ai^cient 
to  place  those  rocks  for  certain  purposes  amongst  the  stratified  ones. 

It  is  commonlj  stated  that  the  unstratifled  rocks  possess  a  nearly  vertical  pontion, 
the  stratified  rocks  assuming  more  nearly  a  horizontal  one.  There  are  numerous 
examples  adverse  to  this  riew ;  indeed,  it  must  be  regarded  as  a  hasty  generalisatiou 
— the  bedway  of  the  granite  approaching  very  nearly  to  the  horizontal,  while  we 
often  find  the  tmly  stratified  rocks  in  a  vertical  position. 

Where  the  older  rocks  graduate  down  into  the  plains,  rocks  of  an  intermediiite 
character  appear,  which,  though  possessing  a  nearly  vertical  position,  like  the  unstra- 
tified  and  non-fossiliferous  rocks,  contain  a  few  vestiges  of  animal  beings.  These 
were  formerly  called  tramition,  to  indicate  their  being  the  passing  links  between 
the  first  and  second  systems  of  ancient  deposits;  some  of  them  are  distinguished 
by  their  fractured  and  cemented  tcxtnre,  for  which  reason  they  are  sometimes  callud 
conglomerate.  These  transition  rocks  form  part  of  the  Paleosoio  series  of  modem 
geologists. 

fietween  the  older  and  the  secondary  rocks,  another  very  valnable  series  is  inter- 
posed in  certain  districts  of  the  globe ;  namely,  the  coal-measures,  the  paramount 
formation  of  Great  Britain.  The  coal-strata  are  frequently  disposed  in  a  buin-form, 
and  alternate  with  parallel  beds  of  sandstone,  slate-clay,  ironstone,  and  occasionally 
of  limestone. 

As  a  practical  rule  it  may  be  here  stated  that,  in  every  mineral  formation,  the 
inclination  and  direction  are  to  be  noted ;  the  former  being  the  angle  which  it  forms 
with  the  horizon,  the  latter  the  point  of  the  azimuth  or  horizon  towards  which  it  dips, 
as  west,  north-oast,  south,  &c.  The  direction  of  a  bed  is  that  of  a  horizontal  line 
drawn  in  its  plane ;  and  which  is  also  denoted  by  the  point  of  the  compass.  Since 
the  lines  of  direction  and  inclination  aro  at  right  angles  to  each  other,  the  first  may 
always  be  inferred  &om  the  second ;  for  when  a  stratum  is  said  to  dip  to  the  east  or 
west,  this  implies  that  its  direction  is  north  and  south. 

The  following  terms  have  been  used  to  express  dissimilar  conditions  in  mineral 
deposits,  well  known  to  the  practical  miner. 

Masses  aro  mineral  deposits,  not  extonsively  spread  in  parallel  planes,  but  irregular 
heaps,  rounded,  oval,  or  an^^iiBr,  enveloped  in  whole  or  in  a  great  measure  by  rocks 
of  a  different  kind.  Lenticular  masses,  being  frequently  placed  between  two  liori- 
zontal  or  inclined  strata,  have  been  sometimes  supposed  to  be  stratiform  themselves, 
and  have  been  accordingly  denominated  by  the  Germans  Uegende  Stocks,  lying-heaps, 
or  blocks. 

The  orbicular  masses  often  oceor  in  the  interior  of  nnstntifled  mountains,  or  in  tho 
bosom  of  one  bed.  These  bequently  indicate  pre-existing  cavernous  spaces,  which  have 
been  filled  in  with  metalliferous  or  mineral  matter. 

Xssis,  Concretions,  or  Nodules,  are  small  masses  found  in  the  middle  of  strata ;  the 
first  being  commonly  in  a  friable  state ;  the  second  often  kidney-shaped,  or  tuberous ; 
the  third  nearly  round  and  encrusted,  like  the  kernel  of  an  almond. 

Lodes,  or  Veins,  are  fiattened  masses,  with  their  opposite  surfaces  not  always  parallel. 
These  sometimes  terminate  like  a  wedge,  at  a  greater  or  less  distance,  and  do  not  nm 
parallel  with  the  rocky  strata  in  which  they  lie,  but  cross  them  in  a  direetiott  not  £ir 
from  the  perpendicular ;  often  traversing  several  diflerent  mineral  planes.  The  lodts 
are  sometimes  deranged  in  their  conrsc,  so  as  to  pursue  for  a  little  way  the  space 
Ix-tween  two  <|pntiguotis  strata;  at  otlier  times  they  divide  into  several  branches. 
The  matter  which  fills  the  lodes  is  for  the  most  port  entirely  different  ftam  the  rocks 
they  pass  throngh,  or  at  least  it  possesses  peculiar  features. 

This  mode  of  occurrence  suggests  tho  idea  of  clefts  or  rents  having  been  made  in 
the  stratum  posterior  to  its  consolidation,  and  of  tho  vacuities  having  been  filled  with 
foreign  matter,  either  immediately  or  after  a  certain  interval.  There  can  be  no  doubt 
as  to  the  Justice  of  the  first  part  of  the  proposition,  for  there  may  be  observed  round 
many  lodes  undeniable  proofs  of  the  movement  or  dislocation  of  the  rock ;  for  ex- 
ample, upon  each  side  of  the  rent,  the  same  strata  are  no  longer  situated  in  the  same 
plane  as  before,  but  make  greater  or  smaller  angles  with  it ;  or  the  stratum  upon  one 
side  of  the  lode  is  raised  considerably  above,  or  depressed  considerably  below,  its 
counterpart  upon  the  other  side.  With  regard  to  the  manner  in  which  the  rent  hiis 
been  filled,  different  opinions  may  be  entertained.  In  the  lodes  which  are  widest  near 
the  surface  of  the  ground,  and  gradnate  into  a  thin  wedge  below,  the  foreign  matter 
would  seem  to  have  been  introduced  as  into  a  ftinnel  at  the  top,  and  to  have  carried 
along  with  it  portions  of  rounded  gravel,  and  sometimes,  though  rarely,  organic  re- 
mains. In  other,  bnt  very  exceptional,  cases,  lodes  are  largest  at  their  under  part, 
and  become  progressively  narrower  as  they  approach  the  sur&ce.  From  this  cir- 
cooutsncs,  it  has  be«o  inferred  that  the  rent  has  been  caused  by  an  expannve  force 
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acting  from  vitlun  the  earth ;  and  that  the  foreign  matter,  having  been  in  a  fluid 
state,  has  aftenrarda  slowly  ciTstallised.  Accurate  obserration  shows  that  in  the  large 
majority  of  cases  the  metalliferous  deposits  are  of  aqueous,  and  not  of  igneous  origin. 

In  the  lodes,  the  principal  matters  which  fill  them  are  to  be  distingiushed  from  the 
accessory  substances ;  the  latter  being  distributed  irregularly,  amidst  the  mass  of  the 
first,  in  crystals,  nodules,  grains,  seams,  &c.  The  non-metalliferous  portion,  which  is 
often  the  largest,  is  called  gangve,  ttata  the  Gorman  Gang,  vein.  The  position  of  a 
vein  is  denoted,  like  that  of  the  stratum,  by  the  angle  of  inclination,  and  the  point  of 
the  horizon  towards  which  it  dips,  whence  the  direction  is  deduced.  In  popular  lan- 
guage a  lode  may  be  described  to  be  a  crack  or  fissure,  such  as  is  formed  in  the  drying 
of  a  pasty  mass,  extending  over  a  considerable  extent  of  country,  and  penetrating  to  a 
great  depth  into  the  earth. 

A  metalliferous  substance  is  said  to  bo  dineminaied  when  it  is  dispersed  in  crystals, 
spangles,  scales,  globules,  &c,  through  a  large  mineral  mass.  Tin  is  not  unfirequently 
thus  disseminated  through  granite  and  clay-slate  rocks. 

Certain  ores  which  contain  the  metals  most  indispensable  to  human  necessities, 
have  been  treasured  up  by  the  Creator  in  very  bountiful  deposits ;  constituting 
either  great  masses  in  rocks  of  different  kinds,  or  distributed  in  lodes,  veins,  nests, 
concretions,  or  beds  with  stony  and  earthy  admixtures ;  the  whole  of  which  become 
the  objects  of  mineral  exploration.  These  stores  occur  in  different  stages  of  the 
geological  formations ;  but  their  main  portion,  after  having  existed  abundantly  iu 
the  several  orders  of  the  older  stntta,  cease  to  bo  found  towards  the  middle  of 
the  secondary  rocks.  Iron  ores  are,  with  a  few  exceptional  cases,  the  only  ones 
which  continue  among  the  more  modern  deposits,  even  so  high  as  the  beds  imme- 
diately beneath  the  ^alk,  when  they  exist  almost  entirely  as  colouring-matters  of 
the  tertiary  beds. 

Oianite,  gneiss,  mica,  and  clay-slate,  constitute  in  Europe  the  grand  metallic 
domain.  Thera  is  hardly  any  kind  of  ore  which  does  not  occur  in  those  in  sufficient 
abundance  tu  become  the  object  of  mining  operations,  and  many  are  found  in  no 
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A  general  view  of  mining  opentioni  at  given  la  YllIc-FoEao'i  *  Sor  la  Rlctaease  Ulntailc.' 

other  rocks.  The  transition  rocks,  and  the  lower  part  of  the  secondary  ones,  are 
not  so  rich,  neither  do  they  contain  the  same  variety  of  ores.  But  this  order  of 
things,  which  is  presented  by  Great  Britain,  Germany,  France,  Sweden,  and  Korway, 
is  far  fh]m  forming  a  general  law ;  since  in  equinoctial  America  the  gneiss  is  but 
little  metalliferous ;  whiS  the  superior  strata,  sncn  as  the  clay-schists,  the  syenitic  por- 
^yriee,  the  limestones,  which  complete  the  transition  series,  as  alw  several  secondaiy 
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deposits,  include  the  greater  portion  of  the  immense  mineial  wealth  of  that  region  of 
the  globe. 

All  the  substances  of  -which  the  ordinary  metals  form  the  basis,  are  not  eqnally 
abundant  in  nature ;  a  great  proportion  of  the  nnmorous  mineral  species  which  figure 
in  our  classifications  arc  mere  rarieties  scattered  up  and  down  in  the  cavities  of  the 
great  masses  or  lodes.  The  workable  ores  are  few  in  number,  being  mostly  solphidei^ 
oxides,  and  carbonates.  These  occasionally  form  of  themselves  very  large  masses, 
but  more  frequently  they  are  blended  with  lumps  of  quartz,  felspar,  and  carbonate  of 
lime,  which  form  the  main  body  of  the  deposit.  The  ores  in  that  case  are  arranged 
in  small  layers  parallel  to  the  strata,  or  in  small  veins  which  traverse  the  rock  in  all 
directions,  or  in  nests  or  concretions  stationed  irregularly,  or  finally  disseminated  in 
hardly-visible  particles.  These  deposits  sometimes  contain  only  one  species  of  ore, 
sometimes  several,  which  must  be  mined  together,  as  they  seem  to  be  of  contempora- 
neous formation;  whilst  in  other  cases  they  are  separable,  having  been  probably 
formed  at  different  epochs. 

In  mining,  as  in  architecture,  the  best  method  of  imparting  instruction  is  to  display 
the  master-pieces  of  the  respective  arts.  It  is  not  so  easy,  however,  to  represent  at 
once  the  general  effect  of  a  mine  as  it  is  of  an  edifice ;  because  there  is  no  point  of 
sight  from  which  the  former  can  be  sketched  at  once,  like  the  latter.  The  subterra- 
nean explorations  certainly  afibrd  some  of  the  finest  examples  of  the  useful  labours  of 
man  ;  but,  however  curious  and  grand  in  themselves,  they  cannot  become  objects  of  a 
panoramic  view.  It  is  only  by  the  lights  of  geometry  and  geology  that  mines  can  be 
contemplated  and  surveyed,  either  as  a,  whole  or  in  their  details ;  and,  therefore, 
these  marvellous  subterranean  regions,  in  which  roads  are  cut  which,  with  their 
sinuosities,  extend  at  different  levels  over  many  hundred  miles,  are  altogether  un- 
known or  disregarded  by  men  of  the  world.  Should  any  of  them,  perchance,  from 
curiosity  or  interest,  descend  into  these  dark  recesses  of  uie  earth,  they  are  prepared 
to  discover  only  a  few  insulated  objects,  which  they  may  think  strange  or  possibly 
hideous;  but  they  cannot  recognise  either  the  symmetrical  disposition  of  mineral 
bodies,  or  the  laws  which  govern  geological  phenomena,  and  serve  as  sure  guides  to 
the  skilful  miner  in  his  adventurous  search.  It  is  only  by  exact  plans  and  sections  of 
subterraneoiu  workings,  that  a  knowledge  of  the  nature,  extent,  and  distribution  of 
mineral  wealth  can  be  acquired. 

General  Ohtervationi  on  the  LocalUiet  iff  0ns,  and  on  th»  Bidteations  of 
Metallic  Mine*. 

1.  Tin  exists  in  the  primary  rocks,  appearing  either  in  interlaced  veins,  in  beds, 
as  a  constituent  part  of  the  rock  itself,  or  in  distinct  veins.  Tin  ore  is  found  in  allu- 
vial land,  filling  up  low  situations  between  lofty  mountains ;  but  this  tin  (stream-tin) 
has  been  derived  from  the  older  rocks  of  the  neighbourhood.     See  Tin. 

2.  Gold  occurs  either  in  beds,  or  in  veins,  frequently  in  primary  rocks ;  though  in 
other  formations,  and  particularly  in  alluvial  deposits,  it  is  also  found.  When  this 
metal  exists  in  the  bosom  of  primitive  rocks  it  is  particularly  in  schists ;  it  is  not 
found  in  serpentine,  but  it  is  met  with  in  groywacke  in  Transylvania.  The  gold  of 
allurial  districts,  called  stream-gold  or  plocer-gold,  occurs,  as  well  as  alluvial  tin, 
among  the  dibris  of  the  more  ancient  rocks.    See  Goij>. 

3.  Silver  is  found,  particularly  in  veins  and  beds,  in  primitive  and  transition 
formations;  though  some  vfins  of  this  metal  occur  in  secondary  strata.  The 
rocks  richest  in  it  are  gneiss,  mica-slate,  clay-slate,  greywacke,  and  old  alpine  lime- 
stone. Localities  of  silver  ore  itself  are  not  numerous,  at  least  in  Europe,  among 
secondary  formations ;  but  silver  occurs  in  combination  with  the  ores  of  copper  or 
of  load.    See  Silvbb. 

4.  Copper  exists  in  the  three  mineral  epochs :  1,  in  primary  rocks,  principally  in 
the  state  of  copper  pyrites,  in  lodes  or  veins  ;  2,  in  transition  districts,  sometimes  in 
masses,  usually  in  veins  of  copper  pyrites ;  3,  in  secondary  strata,  especially  in  beds  of 
cupreous  schist  The  Kupfertciiiefer  is,  however,  of  palaeozoic  age,  but  copper  ores  are 
also  found  in  true  secondary  strata,  as  at  Alderley  £dge.    See  Coppek. 

5.  Lead  occurs,  also,  in  each  of  the  three  mineral  epochs ;  abounding  particularly 
in  primary  and  transition  grounds,  where  it  usually  constitutes  lodes,  and  occasion- 
ally beds  of  sulphide  of  lead  (galena).  The  same  ore  is  found  in  strata  or  in  veins 
among  secondary  rocks,  associated  now  and  then  with  ochreons  iron-oxide  and  cala- 
mine (carbonate  of  zinc) ;  and  it  is  sometimes  disseminated  in  grains  through  more 
recent  strata.    See  Lead. 

6.  Iron  is  met  with  in  four  different  mineral  eras,  but  in  different  ores.  Among 
primary  rocks  magnetic  iron  ore  and  specular  iron  ore  occur  chiefly  in  beds,  sometimes 
of  enormous  mze;  the  ores  of  red  or  brown  oxide  of  iron  (hematite)  are  fouud 
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sotnetimeB  in  veioB,  but  occasionally  in  very  large  masses,  both  in  primitiTe  and  tran- 
sitioD  locks ;  as  also  sometimes  in  secondary  strata ;  but  more  frequently  in  the  cool- 
measure  strata,  as  beds  of  clay-ironstone,  or  globular  iron  oxide,  and  carbonate  of 
iron.  In  aUnvial  districts  we  find  ores  of  day-ironstone,  granular  iron  ore,  bog- 
ore,  swamp  ore,  and  meadow  ore.  The  iron  ores  which  belong  to  the  primitiye 
period  have  almost  always  the  metallic  aspect,  with  a  richness  amounting  to  75  per 
cent,  of  iron,  while  the  ores  in  the  posterior  formations  become,  in  general  more  and 
more  earthy,  down  to  those  in  allurial  soils,  some  of  which  present  the  appearance  of 
a  common  stone,  and  aSbii  not  more  than  20  per  cent,  of  metal,  though  its  quality  ia 
often  excellent.    See  Iron. 

7.  Mercury  oecurs  principally  among  secondary  strata,  iff  disseminated  masses, 
along  with  combustible  substances ;  though  the  metal  is  met  with  occasionally  in 
primitive  countries.    See  Mbrccbt. 

8.  Cobalt  belongs  to  the  three  mineral  epochs;  its  most  abundant  deposits  are 
reins  in  primary  rocks ;  small  reins  containing  diis  metal  are  found,  however,  in 
secondary  strata. 

9.  Antimony  occurs  in  lodes  among  the  older  and  transition  rocks. 

10.  11.  Bismuth  and  Nickel  do  not  often  constitute  the  predominating  substance  of 
any  mineral  deposits  ;  but  they  commonly  accompany  cobalt. 

12.  Zinc  occurs  in  three  several  formations,  namely:  as  sulphide  or  blende,  par- 
ticularly in  primary  and  transition  rocks  ;  as  calamine,  in  secondary  strata,  usually 
along  with  oxide  of  iron,  and  sometimes  with  sulphide  of  lead. 

The  study  of  the  mineral  substances,  called  gatiffuei  or  vein-stones,  which  usually 
accompany  the  different  ores,  is  indispensable  in  the  investigation  and  working  of 
mines.  These  ganguet,  such  as  quartz,  calcareous  spar,  fluor  spar,  heavy  spar,  &c., 
and  a  great  number  of  smaller  substances,  although  of  small  value  in  themselves, 
become  of  great  consequence  to  the  miner,  either  in  pointing  out  by  their  presence 
lihat  of  certain  useful  minerals,  or  by  characterising  in  their  several  associations 
different  deposits  of  ores  of  which  it  majr  be  possible  to  follow  the  traces,  and  to  dis- 
criminate the  relations,  often  of  a  complicated  kind,  provided  we  observe  assiduously 
the  accompanying  aangues, 

Among  the  indications  of  mineral  deposits,  some  are  proximate,  and  others  remote. 
The  proximate  are  an  efiBorescence,  so  to  speak,  of  the  subjacent  metallic  masses ; 
the  frequent  occurrence  of  fragments  of  particular  ores,  &c.  The  remote  indications 
consist  in  the  geological  character,  and  in  the  oatoro  of  ibe  rocks.  From  the  examples 
previously  adduced,  marks  of  this  kind  acquire  new  importance  when,  in  a  district 
susceptible  of  including  deposits  of  workable  ores,  the  ganguea  or  vein-stones  are  met 
with  which  usually  accompany  any  particular  metaL  The  general  aspect  of  moun- 
tains whose  flanks  present  gentle  and  continuous  slopes,  the  frequency  of  sterile  veins, 
the  presence  of  metalliferous  sands,  the  neighbourhood  of  some  known  locality  of 
an  ore ;  but  when  ferruginous  or  cupreous  waters  issue  from  sands  or  clays,  such 
characters  merit  in  general  little  attention,  because  the  waters  may  flow  from  a  great 
distance.  No  greater  importance  can  be  attached  to  metalliferons  sands  and  saline 
springs. 

In  speaking  of  remote  indications,  we  may  remark  that  in  several  places,  and  par- 
ticularly near  Clausthal  in  the  Hartz,  a  certain  ore  of  oxide  of  iron  occurs  above 
the  most  abundant  deposits  of  the  ores  of  lead  and  silver;  whence  it  has  been 
named  by  the  Germans  the  iron-hat.  It  appears  that  the  iron  ore  rich  in  silver, 
which  is  worked  in  America  under  the  name  of  pacos,  has  some  analogy  with  this 
substance ;  but  iron  ore  is  in  general  so  plentifully  diffused  on  the  surfiue  of  the 
soil  that  its  presence  can  be  regarded  as  only  a  remote  indicadon  relative  to  other 
mineral  substances,  except  in  the  case  of  clay-ironstone  with  coal.  The  gossans  of 
Cornwall,  occurring  in  the  upper  portions  of  lodes,  axe  analogous  formations  to  the 
eiserne  But  of  the  German  miners. 

Mineral  veins  are  subject  to  derangements  in  their  course,  which  are  called  shifts 
ot  faults.  Thus,  when  a  transverse  vein  throws  out,  or  intercepts,  a  longitudinal  one, 
we  must  commonly  look  for  the  rejected  vein  on  the  side  of  the  obtuse  angle  which 
the  direction  of  the  latter  makes  with  that  of  the  former.  When  a  bed  of  ore  is 
deranged  by  a  fault,  we  must  observe  whether  the  slip  of  the  strata  be  upwards  or 
downwards ;  for,  in  either  circumstance,  it  is  only  by  pursuing  the  direction  of  the 
£iult  that  we  can  recover  the  ore ;  in  the  former  case  by  mounting,  in  the  latter  by 
descending  beyond  the  dislocation. 

When  two  veins  intersect  each  other,  the  direction  of  the  offcast  is  a  subject  of 
interest  both  to  the  miner  and  tlie  geologist.  In  Saxony  it  is  considered  as  a  general 
fact  tiiat  the  portion  thrown  out  is  always  upon  the  side  of  the  obtuse  angle,  a  cir- 
cumstance which  holds  also  in  Comwall ;  and  the  more  obtuse  the  angle,  the  out- 
throw  is  the  more  considerable.    A  vein  may  be  thrown  out  on  meeting  another  vein, 
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in  a  line  which  spproaeheg  either  towarcU  its  indinatioD  or  its  diitetion.  The  Cornish 
Riinera  nse  tiro  di^rent  terms  to  denote  these  two  modes  of  rejection ;  for  the  first 
case  they  say  the  rein  is  heaved,  for  the  second  it  is  started. 

The  great  copper  lode  of  Carharack  {d,  fig.  1447),  in  the  parish  of  Gwennap,  is  an 

instructivu  example  of  intersection.     The  thickness 

%  jl  1147  f  t     °^  '^'^  ^^'^  ''  ^  feet;  its  direction  is  nearly  east 

\  /     and  west,  and  it  dips  towards  the  north  at  an  in- 

\  /^  cliuatioD  of  2  feet  per  fathom ;  its  upper  part  being 

\  N  ff^  '"  '^^  ItilXai  (a  greenish  clay-slate),  its  lower  part 

^^\  £  in  the  granite.    The  lode  has  suffered  two  inter- 

^^\  g  sections :  the  first  produced  by  meeting  the  vein  h, 

\^^'^r™™g  ;alled  Stevtns's  flackan,  which  runs  from  north-vest 

*  •  to  south-east,  and  wliich  throws  the  lode  several 

fathoms  out ;  the  second  rein  is  produced  by  another 

rein,  <,  almost  at  right  angles  with  the  first,  and  which  occasions  another  out-throw 

of  20  fathoms  to  the  right  side.     The  fall  of  the  rein  occurs  therefore  in  the  one 

case  to  the  right,  and  in  the  other  to  the  lelt ;  bnt  in  both  it  is  towards  the  side  of 

tlie  obtuse  angle.    This  distribution  is  very  singular,  for  one  part  of  the  vein  appears 

to  have  mounted  while  the  other  has  descended.    K,  s,  denotes  north  and  south,    d  is 

the  copper  lode  mnning  east  and  west ;  A,  t,  are  systems  of  day-slate  veins  called 

fiuekatu ;  the  line  over  s  represents  the  downthrow,  and  <f  the  up-throw. 

There  is  a  great  want  of  exactness  of  expression  in  the  terms  used  to  describe  the 
phenomena  of  dislocations.  The  foregoing  paragraphs  are  strictly  according  to  the 
technical  language  of  the  miner,  who  usually  reganis  the  cross-courses,  here  called 
flueiant,  as  being  the  catue  of  the  alteration  in  the  mineisl  reins,  whereas  they  are 
themsdyes  merely  the  effect  of  the  general  movement  of  the  rock  masses.  The  sin- 
gularity alluded  to  disappears  if  the  woodcut  be  regarded  as  a  cross-section  repre- 
senting the  result  of  two  distinct  movements  in  a  direction  from  the  obsorror.  See 
Fatots. 

In  different  districts  in  this  country  the  terms  used  to  distinguish  mineral  veins 
vary  considerably.  The  following  terms  prevail  in  Derbyshire  and  the  north  of 
England. 

Lodes  or  mineral  veins  are  usually  distinguished  by  the  miners  of  these  districts 
into  at  least  four  spedes:  1.  The  rake  vein;  2.  The  pipe  vein;  3.  The  flat  or 
dilated  vein ;  and  4.  The  interlaced  mass  {Stock-iBerke),  indicating  the  union  of  a 
multitude  of  small  veins  mixed  in  every  possible  direction  with  eaw  other,  and  with 
the  rock. 

1.  The  raA:8  vein  is  a  mineral  fissure;  and  is  the  form  best  known  among  prac- 
tical miners.  It  commonly  runs  in  a  straight  line,  beginning  at  the  superfices  of  the 
strata,  and  catting  them  downwards,  generally  further  than  can  be  reached.  This 
vein  sometimea  stands  quite  perpendicular ;  but  it  more  usually  indines  or  hangs 
over  at  a  greater  or  smaller  angle,  or  slope,  which  is  called  by  the  miners  the  hade  or 
hading  of  the  vein.  The  line  c^  direction  in  which  the  fissure  runs,  is  called  the 
bearing  of  (he  vein. 

2.  The  j»pe  vein  resembles  in  many  respects  a  hnge  irregular  cavern,  pushing 
forward  into  the  body  of  the  earth  in  a  sloping  direction,  under  various  inclinations, 
from  an  angle  of  a  few  degrees  to  the  horizon,  to  a  dip  of  46°,  or  more.  The  pipe 
does  not  in  general  cut  the  strata  across  like  the  rake  vein,  bnt  insinuates  itself  be- 
tween tiiem ;  so  that  if  the  plane  of  the  strata  be  nearly  horizontal,  the  bearing  of  the 
pipe  vein  will  be  conformable ;  but  if  the  strata  stand  up  at  a  high  angle,  the  pipe 
shoots  down  nearly  headlong  like  a  shaft.  Some  pipes  are  very  wide  and  Ugh, 
others  are  very  low  and  narrow,  sometimes  not  larger  than  a  common  mine  or  drift. 

3.  The  flat  or  dilated  vein,  is  a  space  or  opening  between  two  strata  or  beds  of 
stone,  the  one  of  which  lies  above,  and  the  other  bdow  this  vein,  like  a  stratum  of  coal 
between  its  roof  and  pavement :  so  that  the  vdn  and  the  strata  are  placed  in  the  same 
plane  of  inclination.  Those  veins  are  subject,  like  coal,  to  bo  interrupted,  broken,  and 
thrown  up  or  down  by  slips,  dykes,  or  other  interruptions  of  the  regular  strata. 
In  the  case  of  a  metallic  vein,  a  slip  often  increases  the  chance  of  finding  more 
treasure.  Such  vdns  do  not  preserve  the  parallelism  of  their  beds,  cbarncteristic 
of  coal  seams ;  but  vary  excessively  in  tluckness  within  a  moderate  space.  Flat  veins 
occur  frequently  in  limestone,  either  in  a  horizontal  or  declining  direction.  The  flat 
or  stnita-veins  open  and  close,  as  the  rake  veins  also  do. 

4.  The  interlaced  mass  has  been  already  defined.  The  interlaced  strings  ore  more 
frequent  in  primitive  fbrmations,  than  in  the  others. 

To  these  may  be  added  the  accumulated  vein,  or  irregular  mass  {Sutcenieerke),  a 
grave  deposit  placed  without  any  order  in  the  bosom  of  the  rocks,  apparently  fllling 
up  cftTtrnons  spaces. 
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In  Comirall  and  DeTonahin,  when  diflbrant  oonditions  prarail,  other  teraw  ate 

employed. 

The  lode,  or  mineral  rein,  is,  as  in  ihe  former  innaneee,  a  great  line  of  dislocation, 
accompanied  by  minor  lines  of  fracture.  Of  these  ^  H.  Ce  la  Beche  says,  '  It  could 
scarcely  be  supposed  that  the  great  lines  of  fracture  would  be  unaccompanied  by 
smaller  dislocations,  mnning  from  them  in  various  directions  according  to  modifying 
resistances,  which  would  depend  upon  the  kinds  of  rock  traversed  by  the  great  frac- 
tures, the  direction  in  which  they  are  carried  through  them  as  regard  the  bearing  of 
their  strata  should  they  be  stratified,  and  other  obvious  causes.'  The  great  fractures 
would  often  also  tend  to  split  in  various  directions,  and  reunite  into  main  lines,  as  in 
the  annexed  sketdi  (J!g.  1448),  in  which  a  b  represeota  the  line  of  principal  fracture, 

1448 


splitting  at  ft  ft  firom  local  causes,  and  uniting,  both  towards  a  and  ft,  minor  cracks 
running  into  the  adjoining  rocks  at  o,  e,  e,  o.  These  are  known  as  side4ode»,  tlringa, 
ftederi,  and  branchea. 

These  itringt  are  sometimes  very  curiously  developed,  and  illustrate  the  peculiar 
force  of  crystalline  action,  and  all  ike  phenomena  of  heavet  ■^^^^a 

and  fitults.    The  following  figure  (1449)  furnishes  a  good 
illustration. 

It  represents  a  specimen  of  strings  of  ondeof  tin  in  elate 
from  St.  Agnes,  Cornwall,  h  h  illustrating  the  heavet  alluded 
to.  Sir  Henry  de  la  Beche  is  disposed  to  refer  those  to 
the  ioct  of  oxide  of  tin  recementing  fractured  masses  of 
slate.  We  think  we  have  sufficient  evidence  for  referring 
the  action  to  the  crystallogenic  force  enlarging  a  fissure,  or 
small  crack,  producing  those  lateral  cracks,  which  again,  by  the  operation  of  the  same 
force,  dislocate  or  heave  the  original  flssoro. 

In  these  lodes  we  find  peculiar  mechanical  arrangements,  which  are  known  by 
various  names ;  a  lode  is  said  to  be  eomby  when  we  nave  the  crystals  of  quartz  or 
other  mineral  dovetailing,  as  it  were,  with  the  metalliferous  masses.  Bunehei  are 
isolated  masses  of  ore  found  in  the  lode  surrounded  by  earthy  minerals.  The 
upper  port  of  a  lode  is  known  as  its  bach,  and  the  accumulations  of  ferruginous 
matter  which  very  commonly  occur  in  the  baeke  and  near  the  surface  are  known  as 
gosiani.  These  are  to  the  experienced  miner  important  guides  as  indicating  the 
olmractcrs  of  the  lode  at  a  greater  depth.  The  country  signifies,  with  the  Cornish 
roiuer,  the  rock  throogh  which  the  mineral  vein  runs,  and  accordingly  as  he  is  pleased 
with  the  indications  he  speaks  of  its  being  kindly  or  the  contrary.  The  softer  rocks, 
whether  of  clay-slate  or  granite,  are  spoken  of  as  plumb,  and  a  plumb  granite,  or  elvan, 
is  groiitly  preferred  to  the  harder  vanetieo,  and  spoken  of  as  being  more  .kindly. 

The  rock  forming  the  sides  of  a  lode  are  known  as  its  vxUU  or  ^eeke.  The  latter 
term  we  have  heard  of  late  years  in  Cornwall,  but  we  believe  it  to  be  imported  by 
miners  who  have  worked  in  the  north  of  England.  As  all  mineral  veins  incline 
more  or  less,  the  sides  are  spoken  of  as  the  upper  and  under  walls,  the  upper  being 
usually  termed  the  hanqiiuj  watt,  and  the  lower  the  foot-vxUl. 

The  following  woodcuts,  figs.  1450,  1451,  will  servo  to  assist  the  reader  in 
understanding  the  peculuirities  of  mining  operations  in  our  metalliferous  mines.  In 
fig.  1451,  which  is  a  section  of  one  of  the  lead  mines  of  Cardiganshire,  the  shafts, 
which  have  been  sunk  on  the  lode  are  shown,  at  varied  angles  from  the  vertical 
and  the  several  horizontal  levels.  In  this  instance  these  levdt  or  gaUeriet  have  been 
worked  at  irregular  distances.  In  Cornwall  thev  are  usually  ten  fathoms  apart. 
The  smaller  shafts  connecting  the  levels  one  with  t^e  other  are  called  winces.  They 
servo  for  exploring  the  lode,  or  for  purposes  of  ventilation,  when  the  excavations  are 
going  forward.  When  those  smaller  connected  shafts  ore  worked  upwards,  as  they 
sometimes  are,  they  are  called  '  risings,'  and  the  miner  is  said  to  be  working  on  the 
'  rise.'  In  this  woodcut  the  lightest  shading  is  to  indicate  a  portion  of  this  particular 
mine  which  was  worked  out  by  the  Bomans.  The  darker  shaded  masses  indicate  portions 
of  the  lode  which  have  been  very  productive  of  metalliferous  matter,  and  which  have 
consequently  been  removed.  The  term  counter  or  counter  lode  is  given  to  such  lodes 
as  dip  at  a  considerable  angle  with  the  direction  of  the  other  lodes  in  its  vicinity. 
Snch  a  Iwle  is  tshova.fig.  1450,  which  is,  however,  inserted  principiilly  to  explain  that 
where  the  *  underlie  '  of  the  lode  is  gre'it,  a  vertical  shaft  is  sunk  at  some  distance 
from  it  on  the  surface,  so  as  to  '  cut'  (intersect)  the  lode  at  some  depth,  in  this  instance 
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St  70  fethoms  below  the  adit-lersL     As  the  inclination  of  the  lode  then  akfts,  the 
shaft  is  contiauod  on  the  lodes.    An- 
other fissure  or  lode,  aometimes  called 
u  'dropjper,'  is  seen  to  take  nearly  a 

1150 


Tcrticnl  direction  from  the  60-fathom 
level,  and  from  the  shafts  levels  are 
driven  into  this  lode,  at  about  every  10 
fathoms. 

Fig.  1452  represents  in  plan  the  un- 
derground workings  of  a  Cornish  mine. 
Those  who  are  not  familiar  with  mining 
are  requested  to  suppose  that  the  earth 
is  transparent  so  as  to  enable  us  to  see 
the  leveu  worked  at  various  depths,  from 
tlie  adit-level—  through  which  the  water 
pumped  from  the  mine  is  discharged 
— to  the  126-fathom  level  below  it. 
These  levels  are  numbered  in  the  plan. 
They  are  not  worked  immediately  under 
one  another ;  but,  as  the  lode  inclines, 
in  the  same  way  ns  is  shown  in  the 
Counter  lode  (Jig.  1450),  they  follow  in 
position  this  underlie  of  the  lode.  The 
dark  lines  and  the  dotted  lines  crossing 
the  numbered  lodes,  are  workings  upon 
lodes,  running  in  a  contrary  Erection 
to  the  lode  principally  shown.  This 
plan  shows  the  junction  of  the  granite 
with  the  killas  or  clay-slate  of  Corn- 


Digitized  by  LjOOQ  IC 


MINING  303 

irall,  and  the  oocaRence  of  elvan  coarsea  is  shown  at  the  different  levels.  By  studying 
the  plan,  with  the  horizontal  and  transverse  section,  the  operations  of  metalliferous 
mining  will  be  understood. 

1452 
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Of  Mixing  in  particulab. 

The  mode  of  working  mines  is  two-fold ;  l>j  open  excavaiioni,  and  aubterrantem  ex- 
ploitation. 

Workings  in  the  open  ait  present  few  difficulties,  and  occasion  little  expense,  unless 
when  pushed  to  a  grent  depth.  They  are  always  preferred  for  working  oiDposits  little 
distant  from  the  surface ;  where,  in  fact,  other  methods  cannot  be  resorted  to,  if  the 
substance  to  be  raised  be  covered  with  incoherent  matters.  The  only  rules  to  be 
observed  are,  to  arrange  the  workings  in  terraces,  so  as  to  facilitate  the  cutting  down 
of  the  earth ;  to  transport  the  ores  and  the  rubbish  to  their  destination  at  the  least 
possible  expense :  and  to  guard  against  the  crumbling  down  of  the  sides.  With  the 
latter  view,  they  ought  to  have  a  suitable  slope,  or  to  be  propped  by  timbers  whenever 
they  are  not  quite  solid. 

Open  vxrrkings  are  employed  for  valuable  clays,  sands,  as  also  for  the  alluvial  soils 
of  diamonds,  gold,  and  oxide  of  tin,  iron  ores,  &c.,  limestones,  gypsums,  building 
stones,  roofing  slates,  masses  of  rock  salt  in  some  situations,  and  certain  deposits  of 
ores,  particularly  the  specular  iron  of  the  island  of  Elba  ;  the  masses  of  stanniferous 
granite  of  Geyer,  Altenberg,  and  Seyffen,  in  the  £izgebirge,  a  chain  of  mountains 
between  Saxony  and  Bohemia ;  the  tliick  veins  or  masses  of  magnetic  oxide  of  iron 
of  Nordmarch,  Dannemors,  &c.,  in  Sweden  ;  the  mass  of  cupreous  pyrites  of  Kseraas, 
uear  Drontheim,  in  Norway ;  several  mines  of  iron,  copper,  and  gold  in  the  Ural 
mountains.  Some  of  the  iron  mines  near  Whitehaven,  and  Carclase  tin  mine  in 
Cornwall,  may  also  be  quoted. 

Subterranean  woriitigi  may  be  conveniently  divided  into  five  classes,  viz, : — 

1.  Veins,  or  beds,  much  inclined  to  the  horizon,  vanring  much  in  thickness, 

2.  Beds  of  slight  inclination,  or  nearly  horizontal,  the  power  or  thickness  of  which 
does  not  exceed  two  yards. 

3.  Beds  of  great  thickness,  but  slightly  inclined. 

4.  Veins,  or  beds  highly  inclined,  of  great  tliickness. 

0.  Masses  of  considerable  magnitude  in  all  their  dimensions. 

Subterranean  mining  requires  two  very  distinct  chisses  of  workings :  the  preparatory, 
and  those  for  extraction. 

The  preparatory  consist  in  galleries,  or  in  pits  (shafts)  and  levels  destined  to  conduct 
the  miner  to  the  point  most  proper  for  attacking  the  deposit  of  ore,  for  tracing  it  from 
this  point,  for  preparing  chambers  of  excavation,  and  for  concerting  measures  with  a 
view  to  the  circulation  of  air,  the  discharge  of  waters,  and  the  transport  of  the  ex- 
tracted minerals. 

If  the  vein  or  bed  in  question  bo  placed  in  a  mountain,  and  if  its  direction  forms 
a  veiy  obtuse  angle  with  the  line  of  the  slope,  the  miner  begins  by  opening  in  its 
side,  at  the  lowest  possible  level,  a  gallery  (level)  of  elongation,  which  serves  at  once 
to  give  issue  to  the  waters,  to  explore  the  deposit  through  a  considerable  extent, 
and  then  to  follow  it  in  another  direction ;  but  to  commence  the  real  mining 
oper.itions,  ho  pierces  cither  shafts  or  galleries,  according  to  the  slope  of  the  deposit, 
across  the  first  gallery. 

For  a  stratum  but  little  inclined  to  the  horizon,  placed  beneath  a  plain,  the  first  thing 
is  to  pierce  two  vertical  shafts,  which  are  usually  made  to  arrive  at  two  points  in  the 
ssimo  line  of  slope,  and  a  gallery  is  driven  to  unite  them.  It  is,  in  the  first  place,  for 
the  sake  of  circulation  of  air  that  these  two  pits  are  sunk ;  one  of  them,  which  is  also 
destined  for  the  drainage  of  the  waters,  should  reach  the  lowest  point  of  the  intended 
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working*.  If  a  rein  is  intonected  by  tnnsretM  ones,  the  shafts  ara  placed  so  as  to 
follow,  or,  at  least,  to  cut  thiongh  jthe  intersections.  When  the  mineral  ores  lie  in 
nearly  Tertieal  masses,  it  is  right  to  avoid,  as  far  as  possible,  sinking  pits  into  their 
interior.  These  should  rather  be  perforated  at  one  side  of  their  floor,  even  at  some 
considerable  distance,  to  avoid  all  risk  of  crumbling  the  ores  into  a  heap  of  rubbish, 
and  orerwhelming  the  workmen. 

Witli  a  rein  of  moderate  width,  as  soon  as  the  preparatory  labours  hare  brought 
the  minors  to  the  point  of  the  rein  from  which  the  ulterior  workings  are  to  ramifj:, 
whenever  a  circulation  of  air  has  been  secured,  and  an  outlet  to  the  water  and  the 
matters  mined,  the  first  object  is  to  divide  the  mass  of  ore  into  large  pamllelopipeds, 
by  means  of  oblong  galleries,  pierced  ten  fathom»  below  one  another,  with  pits  of 
communication  opened  up,  30,  40,  or  50  yards  asunder,  which  follow  the  slope  of  tho 
vein.  These  galleries  and  shafts  ore  usually  of  the  same  breadth  as  tho  vein,  unless 
when  it  is  very  narrow,  in  which  case  it  is  requisite  to  cut  out  a  portion  of  the  roof 
or  tho  floor.  Such  workings  serve  at  once  the  purposes  of  mining,  by  affording  a 
portion  of  ore,  and  the  complete  investigation  of  the  nature  and  riches  of  the  vein, 
a  certain  extent  of  which  is  thns  pnpared  before  removing  the  cubical  masses.  It  is 
proper  to  advance  first  of  all,  in  this  manner,  to  the  greatest  distance  from  the  central 
point  which  can  be  mined  with  economy,  and  afterwards  to  remove  the  parallelopipod 
blocks,  in  working  back  to  that  point. 

This  latter  operation  may  be  carried  on  in  two  different  ways ;  of  which  one  con- 
sists in  attacking  the  ore  tcom  above,  and  another  from  below.  In  either  case,  the 
excavations  are  disposed  in  steps  similar  to  a  stair  upon  their  upper  or  under  side. 
The  first  is  styled  a  toorking  in  direct  or  descending  steps ;  and  the  second  a  toorking 
in  reverse,  or  ascending  steps. 

The  descriptions  given  by  Dr.  Ure  relate  chiefly  to  the  processes  carried  forward 
in  the  German  mines.  In  very  many  respects  they  resemble  our  own  processes  of 
mining;  and,  for  the  general  information  these  give  to  the  Englbh  reader,  Dr.  Ure's 
description  has  been  retained. 

1.  Suppose,  for  example,  that  the  post  v,  fig.  1453,  included  between  the  horizontal 
gallery  kc  and  the  shaft  a  b,  is  to  be  excavated  by  direct  steps,  a  workman  stationed 
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upon  a  scaffold  at  tho  point  <t,  which  forms  the  angle  between  the  shaft  and  the  elon- 
gated drift,  attacks  the  rock  in  front  of  him  and  beneath  his  feet  Whenever  he  has 
cut  out  a  parallelopipod  (a  rectangular  mass),  of  from  four  to  six  yards  broad,  and 
two  yards  nigh,  a  second  minor  is  set  to  work  upon  a  scaflfbld  at  o*.  two  yards  beneath 
the  first,  who,  in  like  manner,  excavates  the  rock  under  his  feet  and  before  him.  As 
soon  as  the  second  miner  has  removed  a  post  of  four  or  six  yards  in  width,  by  two  in 
height,  a  third  begins  upon  a  scaffold  at  o"  to  work  out  a  third  step.  Thus,  ns  many 
workmen  are  employed  as  there  are  steps  to  be  made  between  the  two  oblong  hori- 
zontal gallorios  which  extend  above  and  below  the  mass  to  be  excavated  ;  and  since 
they  all  proceed  simultaneously,  they  continue  working  in  similar  positions,  in  floors, 
over  each  other,  as  upon  a  stair  with  very  long  wide  steps.  As  they  advance,  the 
minen  construct  befon  them  wooden  floora  c  oec,  for  the  purpose  of  supporting  the 
rubbish  which  each  workman  extracts  firom  his  own  step.  This  floor,  which  should 
be  very  solid,  serves  also  fbr  wheeling  out  his  barrow  filled  with  on.  The  round 
billets  vhicb  support  the  planks  snstain  the  roof  or  th«  wall  of  th*  mineral  vein  or  bed 
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under  operatioiL  If  the  rnbbuh  be  very  considerable,  as  is  commonly  the  case,  the 
floor  planks  are  lost.  However  strongly  they  may  be  made,  as  they  cannot  be  re- 
pured,  they  sooner  or  later  give  way  under  the  enormous  pressure  of  the  rubbish ; 
and  as  all  the  weight  is  borne  by  the  roof  of  the  oblong  gallery  underneath,  this  must 
be  sufficiently  timbered.  By  this  ingenious  plan,  a  great  many  miners  may  go  to 
work  together  upon  a  vein  without  mutual  interference ;  as  the  portions  which  they 
ietach  have  always  two  faces  at  least  free,  they  are  consequently  more  easily  separable, 
lither  with  gunpowder  or  with  the  pick.  Should  the  rein  be  more  than  a  yard  thick, 
»r  if  its  substance  be  very  refractoiy,  two  miners  are  set  upon  each  step,  bbbb 
indicate  the  quadrangular  masses  that  are  cut  out  successively  downwards ;  and  11, 
2  2,  3  3,  forwards  ;  the  lines  of  small  circles  are  the  sections  of  the  ends  of  the  billets 
which  snpport  the  floors. 

2.  To  attack  a  mass  t,^.  1464,  a  scaffold  m,  is  erected  in  one  of  its  terminal  pits  p, 
at  the  level  of  the  ceiling  of  the  gallery  a  b',  where  it  terminates  bdow.    A  miner 
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placed  on  this  scaffold,  cuts  off  at  the  angle  of  this  mass  a  parallelopiped  1,  from  one 
to  two  yards  high,  by  six  or  eight  long.  When  he  has  advanced  thus  far,  there  is 
placed  in  the  same  pit  upon  another  scaffold  m',  a  second  miner,  who  attacks  the  vein 
above  the  roof  of  the  first  cutting,  and  hews  down,  above  the  parallelopiped  1,  a  paral 
lelopiped  of  the  same  dimensions  1',  while  the  first  is  taking  out  another,  2,  in  advance 
of  1.  When  the  second  miner  has  gone  forward  6  or  8  yards,  a  third  is  placed  also 
in  the  same  pit.  -iHe  commences  the  third  step,  while  the  first  two  miners  are  pushing 
forward  theirs,  and  so  in  succession. 

In  this  mode  of  working,  as  well  as  in  the  preceding,  it  is  requisite  to  support  the 
rubbish  and  the  walls  of  the  vein.  For  the  first  object,  a  single  floor,  n  n  n,  may  be 
sufficient,  constructed  above  the  lower  gallery,  substantial  enough  to  bear  all  the 
rubbish,  as  well  as  the  miners.  In  certain  cases,  an  arched  roof  may  be  substituted ; 
and  in  others,  several  floors  are  laid  at  different  heights.  The  sides  of  the  vein  are 
supported  by  means  of  pieces  of  wood  fixed  between  them  perpendicularly  to  their 
planes.  Sometimes,  in  the  middle  of  the  rubbish,  small  pits  are  left  nt  regular  dis- 
tances apart,  through  which  the  workmen  throw  the  ore  coarsely  picked,  down  into 
the  lower  g^eiy.  The  rubbish  occasionally  forms  a  slope///,  so  nigh  that  miners 
placed  upon  it  can  work  conveniently.  When  the  rich  portions  are  so  abundant  as 
to  leave  too  little  rubbish  to  make  such  a  sloping  platform,  the  miners  plant  them- 
selves upon  moveable  floors,  which  they  carry  forward  along  with  the  excavations. 

These  two  modes  of  working  in  the  step-form  have  peculiar  advantages  and  dis- 
advantages ;  and  each  is  preferred  to  the  other,  according  to  circumstances. 

In  the  dacending  workings,  or  in  direct  steps,  fig.  1453,  the  miner  is  placed  on  the 
veiy  mass  or  substance  of  the  vein ;  he  works  commodiously  before  him  ;  he  ie  not 
exposed  to  the  splinters  which  may  fly  off  from  the  roof ;  but  by  this  plan  he  is 
obliged  to  employ  a  great  deal  of  timber  to  sustain  the  rubbish ;  and  the  wM>d  is  fixed 
forevei 

In  t^e  aicendiiig  viorkings,  or  in  reversed  step*,  fig.  1454,  the  miner  is  compelled  to 
work  in  the  re-entering  angle  formed  between  Uie  roof  and  the  front  wall  of  his  ex- 
cavation, a  posture  sometimes  oppressive ;  but  the  weight  of  the  ore  conspires  with 
his  efforts  to  make  it  fall.  He  employs  less  timber  than  in  the  viorkings  with  direct 
tttpe.  The  urting  of  the  ore  is  more  difficult  than  in  the  descending  tcorking,  because 
the  rich  ore  is  sometimes  confounded  with  the  heap  of  rubbish  on  which  it  &lls. 

When  seams  of  diluvium  or  giavel-mud  occur  on  one  of  the  sides  of  the  vein  or  on 
both,  they  render  the  quarrying  of  the  ore  more  easy,  by  affording  the  means  of  un- 
covering the  mass  to  be  cut  down,  upon  an  additional  face. 
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Should  the  rein  be  very  narrow,  it  is  necessary  to  Tsmore  a  portion  of  the  steriM 
lock  which  encloses  it,  in  order  to  give  the  work  n  sufficient  width  to  enable  the  miner 
to  advance.  If,  in  this  case,  the  vein  be  quite  distinct  from  the  rock,  the  labour  may 
be  £icilitat«d,  as  well  as  the  separation  of  the  ore,  by  disengaging  the  vein,  on  one  <rf 
its  faces  through  a  certain  extent,  the  rock  being  attacked  separately.  This  operation 
is  called  stripping  the  vein.  When  it  is  thus  uncovered,  a  shot  of  gunpowder  is  suffi- 
cient to  detach  a  great  mass  of  it,  unmixed  with  sterile  stones. 

By  the  methods  now  described,  only  those  parallelopipeds  are  cut  out,  either  in 
whole  or  in  part,  which  present  indications  of  richness  adequate  to  yield  a  prospect  of 
benefit.  In  other  cases,  it  is  enough  to  follow  out  the  threads  of  ore  which  occur,  by 
worldngs  made  in  their  direction. 

The  miner,  in  searching  within  the  crust  of  the  eaitli  fat  the  riches  which  it  con- 
ceals, is  exposed  to  many  dangers.  The  rocks  amidst  which  he  digs  are  seldom  or 
never  entire,  bnt  are  almost  always  traversed  by  clefts  in  various  directions,  so  that 
impending  fragments  threaten  to  fall  and  crush  him  at  every  instant.  He  is  even 
obliged  at  times  to  cut  through  rotten  friable  rocks  or  alluvial  loams.  Fresh  atmo- 
spheric air  follows  him  with  difficulty  in  the  narrow  channels  which  he  lays  open 
before  him ;  and  the  waters  which  circulate  in  the  subterranean  seams  and  fissures 
filter  incessantly  into  his  excavation,  and  tend  to  fill  it.  Let  us  now  take  a  view  of 
the  means  he  employs  to  escape  from  these  Uiree  classes  of  dangers. 

1.  0/the  timhermg  of  excawUiont. — The  excavations  of  mines  are  divisible  into 
three  principal  species  :  shafts,  galleries,  and  chambers.  When  the  width  of  these  ex- 
cavations is  inconsiderable,  as  is  commonly  the  case  with  shafts  and  galleries,  their 
sides  can  sometimes  stand  upright  of  themselves ;  but  more  frequently  they  require  to 
be  propped  or  stayed  by  billets  of  wood,  or  by  walls  built  with  bricks  or  stones;  or 
even  by  stuffing  the  space  with  rubbish.  These  three  kinds  of  support  are  called 
iimhering,  walling,  ani  JUling  W. 

Timbering  is  most  used.  It  varies  in  form  for  the  three  species  of  excavations, 
acceding  to  the  solidity  of  the  walls  which  it  is  destined  to  sustain. 

In  a  gallery,  for  example,  it  may  be  sufficient  to  support  merely  the  roof,  by  means 
of  joists  placed  across,  bearing  at  their  two  ends  in  the  rock;  or  the  roof  and  the  tow 
walls  by  means  of  an  upper  joist,  s,  fig.  1466,  which  is  then  called  a  cap  or  cornice  beam, 
resting  on  two  lateral  npright  posts  or  stanchions,  a  b, 
1465  to  which  a  slight  inclination  towards  each  other  is 

given,  so  that  they  approach  a  little  at  the  top,  and  rest 
entirely  upon  the  floor.  At  times,  only  one  of  the  walls 
and  the  roof  need  support  This  case  is  of  frequent 
occurrence  in  pipe  veins.  Pillars  are  then  set  up  only 
on  one  side,  and  on  the  other  the  joists  rest  in  holes  of 
the  rock.  It  may  happen  that  the  floor  of  the  gallery 
shall  not  be  sufficiently  firm  to  affiird  a  sure  foundation 
to  the  standards;  and  it  may  be  necessary  to  make 
them  rest  on  a  horizontal  piece  called  the  soU.  This  is 
timbering  with  complete  frames.  The  upright  poets 
are  usually  set  directly  on  the  sole ;  but  the  extremi- 
ties of  the  cap  or  ceiling,  and  the  upper  ends  of  the 
standards,  are  mortised  in  such  a  manner  that  these 
cannot  come  nearer,  whereby  the  cap  shall  possess  its 
whole  force  of  resistance.  In  friable  and  shivery  rocks 
there  is  put  behind  these  beams,  both  upon  the  ceiling  and  the  sides,  facing  boards, 
which  are  planks  placed  horizontally,  or  spars  of  cleft  wood,  set  so  close  together  as 
to  leave  no  intervaL  They  are  called  fascines  in  French.  In  ordinary  ground,  the 
minor  puts  up  these  planks  in  proportion  as  he  goes  forwards ;  but  in  a  loose  soil,  sudi 
as  sand  or  gravel,  he  must  mount  them  a  little  in  advance.  He  then  drives  into  the 
mass  behind  the  wooden  &amework  thick  but  sharp-pointed  planks  or  stakes,  and 
which,  in  fact,  form  the  sides  of  the  cavity,  which  he  proceeds  to  excavate.  Their  one 
extremity  is  thus  supported  by  the  earth  in  which  it  is  thrust,  and  their  other  end  by 
the  last  framing.  Whenever  the  miner  gets  sufficiently  on,  ho  sustains  the  walls  by 
a  new  frame.  The  size  of  the  timber,  as  well  as  the  distance  between  the  frames  or 
stanchions,  depends  on  the  degree  of  pressnre  to  bo  resisted. 

When  a  gallery  is  to  serve  at  once  for  several  distinct  purposes,  a  greater  height  is 
given  to  it ;  and  a  flooring  is  laid  on  it  at  a  certain  level.  If,  for  example,  a  gallery 
is  to  be  employed,  both  for  the  transport  of  the  ores  and  the  discharge  of  the  waters, 
a  floor,  e  e,fig.  1454  is  constructed  above  the  bottom,  over  which  Qie  carriages  are 
wheeled,  and  under  which  the  waters  are  discharged. 

The  timbering  of  shafts  varies  in  form,  as  well  as  that  of  galleries,  according  to  the 
nature  and  the  locality  of  the  ground  which  tbegr  traverse,  and  the  purposes  \Aicb 
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they  am  meant  to  lerre.  The  shafts  intended  to  be  stayed  'with  timbet  aM  ntuaUj 
square  or  rectangular,  because  this  form,  in  itself  more  convenient  for  the  minw,  ren- 
ders the  execution  of  the  timbering  more  easy.  The  voodwork  consists  generally  of 
rectangular  frames,  the  spars  of  which  are  about  eight  inches  in  diameter,  and  placed 
at  a  distance  asunder  of  &om  a  yard  to  a  yard  and  a  half.  The  spars  are  never  placed 
in  contact,  except  irhen  the  pressure  of  the  earth  and  the  irater  is  very  great.  The 
pieces  composing  the  frames  are  commonly  united  by  a  half-check,  and  the  longw  of 
the  two  pieces  extends  often  beyond  the  angles,  to  be  rested  in  the  rock.  Whether 
the  shaft  is  vertical  or  inclined,  the  framework  is  always  placed  so  that  its  plane  may 
be  perpendicular  to  the  axis  of  the  pit.  It  happens  sometimes  in  inclined  uafts  that 
there  are  only  two  sides,  or  even  a  single  one,  which  need  to  be  propped.  These  are 
stayed  by  means  of  cross  beams,  which  rest  at  their  two  ends  in  the  rock.  When  the 
frames  do  not  touch  one  another  strong  planks  or  stakes  are  fastened  behind  them  to 
sustain  the  ground.  To  these  planks  the  frames  are  firmly  connected,  so  that  they 
cannot  slide.  In  this  case  the  whole  timbering  will  be  supported,  when  the  lower 
frame  is  solidly  fixed,  or  when  the  pieces  from  above  pass  by  its  angles  to  be  abutted 
upon  the  ground. 

In  the  large  rectangular  shafts,  which  serve  at  once  for  extracting  the  ores,  for  the 
discharge  of  the  waters,  and  the  descent  of  the  workmen,  the  spaces  destined  for  these 
several  purposes  are  in  general  separated  by  partitions,  which  also  serve  to  increase  the 
strength  of  the  timberings,  by  acting  as  buttxeaces  to  the  planks  in  the  long  sides  of 
the  framework.  Occasionally  a  partition  separates  the  ascending  from  the  descend- 
ing basket,  to  prevent  their  jostling.  Lastly,  particular  passages  are  left  for  ven- 
tilation. 

As  it  is  desirable  that  the  wood  shall  retain  its  whole  force,  only  those  pieces  are 
squared  which  absolutely  require  it.  The  spars  of  the  frames  in  shafts  and  galleries 
are  deprived  merely  of  their  bark,  which,  by  holding  moisture,  would  accelerate  the 
decomposition  of  the  wood.    The  alburnum  of  oak  is  also  removed. 

Besinous  woods,  like  the  pine,  last  much  shorter  than  the  oak,  the  beech,  and  the 
cheny-tree ;  though  the  larch  is  used  with  advantage.  The  oak  has  been  known  to 
last  upwards  of  40  years ;  while  the  resinous  woods  decay  frequently  in  10.  The 
fresher  the  air  in  mines,  the  more  durable  is  the  timbering. 

The  fys.  1456,  1467  represent  two  vertical  sections  (S  a  shaft,  the  one  at  rig^ 
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angles  to.  the  other,  with  the  view  of  showing  the  mode  of  1457 

■nstaining  the  walls  of  the  excavation  by  timbering.    It  is 

copied  from  an  actual  nune  in  the  Hartz.    There  wo  may 

observe  the  spaces  allotted  to  the  descent  of  the  miners  by 

ladders,  to  the  drainage  of  the  waters  fay  pumps  f,  and  rods 

t,  and  to  the  extraction  of  the  mineral  substances   by 

baskets,    a,  b,  «,/,  h,  k,  are  various  cross  timbers;  a,  c,  s, 

upright  do. ;   e,  pump  cistern ;    v,  w,   corve-ways.    The 

shafts  here  shown,  are  excavated  in  the  line  of  the  vein 

itself, — the  rock  enclosing  it  beitig  seen  in  the  second  figure. 

In  a  great  many  mines  it  is  found  advantageous  to 
support  Sis  excavations  by  brick  or  stone  buildings,  con- 
structed either  with  or  without  mortar.  These  construc- 
tions are  often  more  costly  than  wooden  ones,  but  they 
last  much  longer,  and  need  fewer  repairs.  They  are  em- 
ployed instead  of  timberings,  to  support  the  walls  and  roof 
of  galleries,  to  line  the  sides  of  shafts,  and  to  bear  up  the 
tD(rfb  of  excavations. 

Sometimes  the  two  sides  of  a  gallery  are  lined  with  vertical  walls,  and  its 
supported  by  an  ogee  vault,  01  an  arch.    If  the  sides  of  the  mine  are  solid,  a 
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roof  is 
simple 
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Aich  is  gnffidsnt  to  nutain  fha  tool,  and  at  otbei  Hum  ib«  vbole  ■orfitee  of  s  gallfiiy 

is  formed  of  a  single  elliptic  vaolt,  tlia  great  axis  of  irhich  is  vertical ;  and  the  bottom 
is  surmonntad  by  a  -wooden  plank,  under  which  the  waters  run  off:  seefg.  1458. 

Walled  shafts  also  are  sometimes  constructed  in  a  circular  or  elliptic  form,  which  is 
better  adapted  to  resist  the  pressure  of  the  earth  and  waters.  Rectangular  shafts  of 
all  dimensions,  howerer,  are  frequently  walled. 

The  sides  of  an  ezcayatioir  may  also  be  supported  by  filling  it  completely  with 
rubbish.  Whenerer  the  sides  need  to  be  snppoited  for  some  time  without  the  neces- 
sity of  passing  along  them,  it  is  often  more  economical  to  stuff  them  up  with  rubbish, 
than  to  keep  up  their  supports.  In  the  territory  of  IJige,  for  example,  there  hare 
been  shafts  thus  filled  up  for  several  centuries ;  and  which  are  found  to  be  quite  entire 
when  they  are  emptied.  The  rubbish  is  also  useful  for  forming  roads  among  steep 
strata,  for  closing  air-holes,  and  forming  canals  of  Tentilation. 

Figs.  14S8,  1459,  1460,  represent  the  principal  kinds  of  mason-work  employed  in 
the  galleries  and  shafts  of  mines.    Fig.  1461  exhibits  the  walling  in  of  the  cage  of  an 
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overshot  water-'wheel,  as  mounted  within  a  mine.  Before  beginning  to  build,  an  ex- 
earation  large  enough  must  be  made  in  the  gallery  to  leave  a  space  three  feet  and  a 
half  high  for  the  -workman  to  stand  in,  after  the  brick-work  is  completed.  Between 
the  two  opposite  sides,  cross  beams  of  -wood  must  be  fixed  at  certain  distances  as 
diotds  of  we  vault,  over  which  the  rock  must  be  hollo-wed  out  to  receive  the  arch> 
•tones,  and  the  centring  must  then  be  placed  covered  with  deals  to  reoeire  the 
vouttoin,  beginning  at  the  fianks  and  ending  with  the  keystone.  When  the  vault  is 
finished  through  a  certain  extent,  the  interval  between  the  arch  and  the  rock  must  be 
rammed  full  of  rubbish,  leaving  passages  if  necessary  through  it  and  the  arch,  for 
currents  of  water. 

In  walling  galleries,  attention  must  be  paid  to  the  direction  of  the  pressure,  and  to 
bnild  vertically  or  with  a  slope  accordingly.  Should  the  pressure  be  equal  in  all 
directions,  a  closed  vault,  like  fy.  14S8,  should  .be  formed.  For  walls  not  far  from 
the  vertical,  salient  or  buttressed  arches  are  employed,  as  shown  in  fig.  1460,  called  in 
Qerman  ubenpringende  Bogen ;  for  other  cases,  twin-arches  are  preferred,  with  an 
upright  wall  between. 

Fig.  1469  is  a  transverse  section  of  a  walled  drain-galleiy,  from  the  grand  gallery 
oftheEartz;  see  also  ^i^.  1461.  a  is  the  rock -which  needs  to  be  supported  only  at  the 
sides  and  top ;  b,  the  masonwork,  a  curve  formed  of  Uie  three  circular  arcs  upon  one 
level;  e,  the  floor  for  the  water-course.  Fig.  1458  is  a  cross-section  of  a  waUed  gal- 
lerv,  as  at  Schneeberg,  Sothenburg,  Idria,  &c;  d  is  the  rock,  which  is  not  solid 
either  at  the  fianks,  roof,  or  floor;  e,  the  elliptic  masonwork;  /,  the  vooden  floor 
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tdt  the  waggons,  ■wbieb.  is  sometimes,  however,  arched  in  biiclc  to  allow  of  a  water* 
oonise  beneath  it. 

Fig.  1460  shows  two  Tertical  projections  of  a  portion  of  a  walled  shaft  with  but- 
tresses,  as  built  at  the  mine  Voter  Abraham,  near  Marienberg.  j  is  a  section  in  the 
direction  of  the  vein  ^  h,U>  show  the  roof  of  the  shaft,  i,  a  section  exhibiting  the 
slope  of  the  vein  g  h,  into  which  the  shaft  is  sunk ;  m  is  the  wall  of  the  vein  ;  k  is  the 
roof  of  the  same  vein  ;  n,  buttresses  resting  npon  the  flanks  of  the  shaft ;  g,  great  arcs 
on  which  the  buttresses  bear ;  y,  Tertical  masonwork ;  e,  a  wall  which  divides  the 
shaft  into  two  compartments,  of  which  the  larger  p  is  that  for  extracting  the  ore,  and 
the  smaller  for  the  draining  and  for  the  descent  m  the  miners. 

Fig.  1461.  o  n  is  the  shaft  in  which  the  vertical  crank-rods  c,  g,  e,  d,  move  up  and 
down.  F,  is  a  double  hvdraulic  wheel,  which  can  be  stopped  at  pleasure  by  a  brake 
mounted  npon  the  machine  of  extraction,  a,  is  the  drum  of  the  gig  or  whim  for 
raising  the  eorves  or  tubs  {tonnii) ;  a,  ia  the  level  of  the  ground,  with  the  carpentnr 
which  supports  the  whim  and  its  roof  x,  is  the  keystone  of  the  ogee  arch  whi^ 
covers  the  water-wheel ;  a,  is.  the  opening  or  window,  traversed  by  the  extremity  of 
the  driving  shaft,  npon  each  side  of  the  water-wheel,  through  which  a  workman  may 
enter  to  adjxist  or  repair  it;  b,  line  of  conduits  for  the  streams  of  water  which  fall 
upon  the  hydraulic  wheel ;  e,g,  double  crank  with  rods,  whose  motion  is  taken  ofT 
the  left  side  of  the  wheel ;  e,  a,  the  same  upon  the  right  side.  The  distance  from  h 
to  p  is  about  22  yards, 

Figi.  1462,  1463,  present  two  vertical  sections  of  the  shaft  of  a  mine  walled,  like  the 
mof  of  a  cavern,  communicating  with  the  galleries  of  the  roof  and  the  wall  of  the 
vein,  and  well  arranged  for  both  the  extraction  of  the  ore,  and  the  descent  of  the 
miners.  The  vertical  partition  of  the  shaft  for  separating  the  passage  for  the  corves 
or  tabs  ttam  the  ladders  is  omitted  in  the  figure,  for  the  sake  of  clearness. 

In^.  1462,  A  B  are  the  side-walls  supported  upon  the  buttresses  c  and  v ',  in  fy. 
1463,  B  is  the  masonry  of  the  wall,  borne  upon  the  arch  F  at  the  entrance  to  a  gallery, 
the  continuation  being  at  a,  which  is  sustained  by  a  similar  arch  built  lower. 
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L,  is  the  vault  arch  of  the  roof,  supported  upon  another  vault  it,  which  presents  a 
double  curvature,  at  the  entrance  of  a  gallery  ;  at  a  is  the  continuation  of  the  arch  or 
vault  x,  which  underneath  is  supported  in  like  manner  at  the  entrance  of  a  lower 
gallery. 

'  a,h,e,  d,  fig.  1462,  are  small  nprlght  guidcbais  or  rods  for  one  of  the  corves,  or' 
kibbles. 

f>f>  g,h,ax9  similar  gnide-bars  for  the  other  corf. 

>  t,  are  cross-bars  of  wood,  which  support' the  stays  of  the  ladders  of  descent. 

h  h,  are  also  cross-bars  by  which  the  guide-rods  are  secured. 

(,  a  corf,  or  extraction-kibble,  furnished  with  friction  rollers ;  the  other  corf  is  sup* 
poeed  to  be  drawn  up  to  a  higher  level,  in  the  other  vertical  passage. 

Figa.  1464,  1465  represent  in  a  vertical  section  the  mode  of  timbering  the  galleries 
of  the  silver  and  lead  mines  at  Andreasberg  in  the  Hartz.  Fig.  1464  shows  the  plan 
viewed  from  above.  Upon  the  roof  of  the  timbering,  the  workman  throws  the  waste 
rubbish,  and  in  the  empty  space  below,  which  is  shaded  black,  he  transports  in  his 
Waggoos  or  wheel-burow*  the  ores  towards  the  month  of  the  mine.    Fig,  1465  is  tho 
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eios8-6eetion  of  the  galloy.  In  the  tvo  flgarea,  a  repreients  the  rock,  and  i  the 
timbering ;  round  irhich  there  ie  a  garniture  of  small  spars  or  lathes  for  the  purpose  of 
drainage  and  ventilation,  with  the  view  of  promoting  the  durability  of  the  wood-work. 
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The  working  of  minerals  by  the  mass  w  well  exemplified  a  few  leagues  to  the  north 
of  Siegen,  near  Musan  (Rhenish  Prussia),  in  a  mine  of  iron  and  other  metals,  called 
Stahlberg,  which  forms  the  main  wealth  of  the  country.  The  plan  of  working  is 
termed  the  excavation  of  a  dirtct  or  tramverie  mats.  It  shows  in  its  upper  part  the 
danger  of  bad  mining,  and  in  its  inferior  portion,  the  regular  workings,  by  whose 
Ineans  art  has  eventunlly  prevented  the  destruction  of  a  precious  mineral  deposit, 

Fiff.  1466  is  a  vertical  section  of  the  bed  of  ore,  which  is  a  direct  mass  of  spathose 
iron,  contained  in  Devonian  clay-slate,  a,  a,  a,  are.  pillars  of  the  sparry  ore 
reserved  to  support  the  successive  stages  or  floors,  which  are  munbored  1,  2,  3,  &c.  • 
b,  b,  b,  are  excavations  worked  in  the  ore ;  which  exliibit  at  the  present  day  several' 
floors  of  arches,  of  greater  or  less  magnitude,  according  to  the  localities.  It  may  be 
remarked,  that  where  the  metallic  deposit  forms  one  entire  mass,  rich  in  spathose  iron 
ore  of  good  quality,  there  is  generally  given  to  the  vaulta  a  height  of  8  &thomB ; 
leaving  a  thickness  over  the  roof  of  2  fathoms,  on  account  of  the  Dumerons  flssores 
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which  pervade  the  mass.  But  where  this  rania  is  dii^ded  into  three  principal 
branches,  the  roof  of  the  vault  has  only  1^  fathom  of  thickness,  while  the  excava- 
tion is  3}  fathoms  liigh.  In  the  actual  state  of  the  workings,  it  may  be  estimated 
that  from  all  this  direct  mass,  there  is  obtained  no  more  out  of  evenr  floor  than 
one-third  of  the  mineral.  Two-thirds  remain  as  labours  of  reserve,  which  may  be 
resumed  at  some  future  day,  in  consequence  of  the  regularity  and  the  continuation 
of  the  subterranean  workings.  «  is  a  shaft  for  extraction,  communicating  below 
yith  the  gallery  of  efflux,  k ;  A  is  an  upper  gallery  of  drainage,  which  runs  in 
difisrent  directions  (one  only  being  visible  in  this  section)  over  a  length  of  400 
fathoms ;  the  lower  gallery,  k,  runs  646  fathoms  in  a  straight  line ;  m  m,  represents 
the  mass  of  sparry  iron. 
Figa,  1467,  1468,  1460,  represent  the  cross  system  of  mining,  vbich  consist*  Sa 
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forming  galleries  throngh  a  mineml  deposit,  firam  iu  mil  or  floor  towards  its  roof, 
and  not,  as  usual,  in  the  direction  of  its  lengUi.  This  mode  vas  ooutriTed  towards 
the  middle  of  the  18th  century,  for  workiug  the  very  thick  reins  of  the  Schemnit: 
mine  in  Hungary ;  and  it  i»  now  employed  with  adyantage  in  many  places,  particu- 
larly at  Idria  in  Camiola.  In  the  two  sections,  Jg». 
1467,  1469,  as  well  as  in  the  ground-plan.  Jiff.  1468,  the 
wall  is  denoted  hy  m  m,  and  the  roof  h^  tt.  A  first 
gallery  of  prolongation,  ■  F,  Jig.  1468,  being  formed  to 
the  irall,  traosrerse  cuts,  a  a,  are  next  established  at 
right  angles  to  this  gallery,  so  that  between  oTery  two 
there  may  be  room  enough  to  place  three  others,  b,  o,  b. 
Jig.  1468.  From  each  of  the  cuts,  a,  ore  is  procured  by 
advancing  with  the  help  of  timbering,  till  the  roof,  t.  be 
reached.  When  this  is  done,  these  first  cuts,  a,  are  filled 
up  with  rubbish,  laid  upon  pieces  of  timber  with  which 
the  ground  is  covered,  so  that  if,  eventually,  it  should  be 
wished  to  mine  underneath,  no  downfiall  of  detritus  is  to  be  feared,  These  heaps  of 
rabbish  rise  only  to  within  a  few  inches  of  the  top  of  the  cuts,  a,  in  order  that  the 
working  of  the  upper  story  may  be  easier,  the  bed  of  ore  being  there  already  laid 
open  upon  its  lower  face. 

In  proportion  as  the  eats,  a,  of  the  first  story,  s  f,  are  thus  filled  up,  the  greater 
part  of  the  timbering  is  withdrawn,  and  made  use  of  elsewhere.  The  intermediate 
cuts,  b,  e,  b,  are  next  mined  in  like  manner,  either  beginning  with  the  cuts  e,  or  the 
cuts  b,  according  to  the  localities.  IfVom  fig.  1468  it  appears  that  the  working  may 
be  so  arranged  that,  in  case  of  necessity,  there  may  be  always  between  two  cuts  in 
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activity  the  distance  of  three  cuts,  either  not  made,  or  filled  up  with  rubbish.  Hence, 
all  the  portion  of  the  bed  of  ore  may  be  removed  which  corresponds  to  a  first  story, 
'  'i  fig-  H69,  and  this  portion  is  replaced  by  rubbish. 

The  exploration  of  the  upper  stones  b'  f*,  b*  p",  b'  f",  is  now  prepared  in  a  similar 
manner ;  with  which  view  shafts  h  h',  k  ^,  are  formed  from  below  upwards  in  the 
wall,  fli,  of  the  deposit,  and  from  these  shafts  oblong  galleries  proceed,  established 
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successively  on  a  level  with  the  stories  thus  raised  over  one  another.    See  Jig,  1469. 
The  following  objects  may  be  specified  in  the  figures : — 

a  a,  the  first  cuts  filled  up  with  rubbish,  upon  the  first  story  ■  v,  fig,  1468. 

b  b,  other  cuts  subsequently  filled  up,  upon  the  same  stoiy. 

e,  tho  cut  actually  working. 

d,  the  front  of  the  cut,  or  place  of  actual  excavation  of  the  mineral  deposit 

e,  masses  of  the  barren  rock,  reserved  in  the  cutting,  for  pillars  of  safety. 
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/,  gallerias,  hj  meEuui  of  which  tho  vorkmen  may  turn  loond  the  mass  e,  in  order 
to  form  in  the  roof,  t,  an  excavation  in  the  direction  of  the  deposit, 
rubbish  behind  the  moss  e. 
I  h,  two  shafts  leading  from  the  first  stoiy,  b  f,  to  the  upper  stories  of  the  vork- 
ings,  as  already  stated. 

m,  the  wall,  and  t  the  roof,  of  the  mineral-bed. 

In  the  second  story,  ^  f',  the  gallery  of  prolongation,  t',  jigt.  1467, 1469,  is  not 
entirely  perforated ;  but  it  is  further  advanced  than  that  of  tjie  third  story,  wliich,  in 
its  tnm,  IS  more  than  the  gallery  of  the  fourth. 

From  this  arrangement  there  ia  produced  upon  jig,  1469  the  general  aspect  of  a 
working  by  reversed  steps. 

Whenever  the  workings  of  the  cuts,  e,  in  the  first  story  are  finished,  those  of  the 
second,  o'a',  maybe  begun  in  the  second;  and  thus,  by  mounting  from  stoiyto 
story,  the  whole  deposit  of  ore  may  be  taken  out  and  replaced  with  rubbish.  Out 
great  advantage  of  this  method  is,  that  nothing  is  lost ;  but  it  is  not  the  only  one. 
The  facilities  offered  by  the  system  of  cross-tnorkingi  for  disposing  of  the  rubbish, 
most  frequently  a  nuisance  to  the  miner,  and  expensive  to  get  rid  of,  the  solidity 
which  it  procures  by  the  banking  np,  the  consequent  economy  of  timbering,  and 
saving  of  expense  in  the  excavation  of  the  rock,  reckoning  from  the  second  story,  are 
so  many  important  drcumstances  which  recommend  this  mode  of  mining.  Some* 
times,  indeed,  rubbish  may  be  wanted  to  fill  up,  but  this  may  always  be  procured  by 
a  few  accessory  perforations  ;  it  being  easy  to  establish  in  the  vicinity  of  the  work- 
ings a  vast  excavation  in  the  form  of  a  vault,  or  kind  of  subterraneous  quarry,  which 
may  be  allowed  to  fall  in,  with  proper  precautions,  and  where  rubbish  will  thus  accn- 
'mnlate  in  a  short  time,  at  little  cost. 

'Pig.  1470  represents  a  section  of  the  celebrated  lead  mines  of  Bleiberg  in  Carinthia, 
not  far  firom  Villach. 

b,  c,  is  the  ridge  of  the  mountains 
of  compact  limestone,  in  whose 
bosom  the  workings  are  carried  on. 

e,  is  the  metalliferous  valley, 
running  from  east  to  west,  be- 
tween the  two  parallel  valleys  of 
the  Gail  and  the  Drave,  but  at  a 
level  considerably  above  the  watera 
of  these  rivera. 

/,  g,  is  the  direction  of  a  great 
many  vertical  beds  of  metalliferous 
limestone. 

_  On  considering  the  direction  and 
dip  of  the  marly  schist  and  metal- 
liferous limestone,  in  the  space  to  vi, 
to  the  west  of  the  line   1,   «,  it  • 

would  appear  that  a  great  pcntion  of  this  system  of  mountains  has  suffered  a  slip 
between  1,  s,  and  a  parallel  one  towards  the  east ;  whereby,  probably,  that  vertical 
position  of  the  strata  has  been  produced  which  exists  throu^  a  considerable  extent-. 
The  metalliferous  limestone  is  covered  to  a  certain  thickness  with  a  marly  schist,  and 
other  more  recent  rocks.  It  is  in  this  sohist  that  the  '  flre-marble,'  known  under  the 
name  of  the  ImmacheUa  of  SUiberg,  is  quarried.    This  appears  to  be  of  Liassic  age. 

The  galena  occurs  at  the  bottom  of  Uiis  rock  in  flattened  masses,  or  blocks  of  a  con- 
siderable volume,  which  are  not  separated  from  the  rent  of  the  calcareous  beds  by  any 
seam.  It  is  accompanied  by  sine  ore  (calamine),  especially  in  the  upper  parts  of  the 
mountain. 

Several  of  the  workable  masses  are  indicated  by  r,  H ;  each  presents  itself  as  a 
solid  analogous  to  a  very  elongated  ellipse,  whose  axis  dips,  not  according  to  the 
inclination  of  the  surrounding  rock,  but  to  an  oblique  or  intermediate  line  between 
this  inclination  and  the  direction  of  the  beds  of  limestone ;  as  shown  by  r  w,  r"  ts'. 

The  faults,  called  kluft  {riTit),  at  Bleiberg  are  visible  on  the  surface  of  the  ground. 
Experienced  minera  have  remarked  that  the  rich  masses  occur  more  frequently  in  the 
direction  of  these  faults  than  elsewhere. 

It  is  in  general  by  galleries  cut  horizontally  in  the  body  of  the  mountain,  and  at 
different  levels,  s g,  a/,  that  the  miner  advances  towards  the  masses  of  ore  r,r*. 
Many  of  these  galleries  are  600  fathoms  long  before  they  reach  a  workable  mass. 
The  several  galleries  are  placed  in  communication  by  a  few  shafts,  such  as  i ;  but  few 
of  these  are  sunk  deeper  Uian  the  level  of  the  valley,  e. 

The  total  length  of  the  mines  of  Bleiberg  is  about  10,000  yards,  parallel  to  the 
valley  «r  in  which  Bpac«  thero  are  GOO  concessions  granted  by  the  Oovemment  to 
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varioTiB  individaals  or  jmnt-stock  companies,  either  by  themBelree,  or  associated  vith 
the  GoTemment. 

The  metallifeioiis  Talley  contains  6,000  inhabitants,  all  deriring  subsistence  from 
the  mines ;  800  of  whom  are  occupied  in  the  goTemment  works. 

Each  concession  has  a  number  and  a  name:  as  Antoni,  Christoph,  Hatthsus,  Os- 
wald!, 2,  8,  36,  &c. 

Fig.  1471  is  a  section  of  the  qnicksilrer  nine  of  Idria.  1,  is  the  grey  limestone  j 
2,  is  a  blackish  slate ;  6,  is  a  greyish  slate.  Immediately  above  these  transition  rocks 
lies  the  bed  containing  the  ores,  called  CoraUenerz,  which  consist  of  an  intimate  mix- 
ture of  Bulphuret  of  mercury  and  argillaceous  limestone ;  in  which  four  men  can  cut 
out  in  a  month  2^  toises  cube  of  rock. 

Fig.  1472  represents  a  section  of  part  of  one  of  the  copper  mines  of  Mansfeld ;  con« 
taining  the  cellular  limestone,  called  Battchwackt,  always  with  the  mognesiAn 
limestone,  called  Zechttein ;  the  cupreous  schist,  or  Kwpfertehirjer ;  the  wall  of  groyish- 
white  sandstone,  called  the  uwifM  Liegende ;  and  the  wall  of  red  sandstone,  or  the 
rothe  Liegende.  The  thin  dotted  stratum  at  top  is  vegetable  mould  ;  the  large  dotted 
portion  to  the  right  of  the  figure  is  oolite ;  the  vein  at  its  side  is  sand ;  next  is  Bauch- 
vmcke ;  and  lastly,  the  main  borly  of  fetid  limestone,  or  Siinkstein. 
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Fig.  1473  represents  a  section  of  one  of  the  Hansfeld  copper-schist  mines  in  the 
district  called  Bnrgoemer,  or  Preussboheit :  1.  Vegetable  mould,  with  siliceous 
gravel.  2,  Ferruginous  clay  or  loam.  3.  Sand,  with  fragments  of  qnartz.  4.  Bed 
clay,  a  bed  of  variable  thickness  as  well  as  the  lower  strata,  according  as  the  cupreous 
schist  is  nearer  or  farther  from  the  surface.  6.  Oolite  (Rogenstein).  6.  Newer 
variegated  sandstone  {bunier  Sandetein).  7.  Newer  gypsum ;  below  which,  there  is 
8.  A  bluish  marly  clay.    9.  Stinkstone,   or  lucullite.     10.  Friable  greyish  marl. 

11.  Older  ggrpsum :  a  rock  totally  wanting  in  the  other  districts  of  the  mines  of 
Bothenberg ;  but  abounding  in  Saxon  Mansfeld,  where  it  includes  vast  caverns 
known  among  the  miners  by  the  name  of  Schlottm,  as  indicated  in  the  figure  (1473). 

12.  The  calcareous  rock,  called  Zechetein.  The  lower  part  of  this  stratum  shows 
symptoms  of  the  cupriferous  schist  that  lies  underneath.  It  presents  three  thin 
bands,  differently  modified,  which  the  miner  distinguishes  as  he  descends  by  the 
names  of  the  sterile  or  rotten  (/aiifo)  rock ;  the  roof  {Dachklotz) ;  and  the  main  rock 
(pberberg). 

13.  Is  a  bed  of  cupriferous  schist  {Kvpferschiefer),  also  called  the  biiununo-marly 
schist,  in  which  may  be  noted,  in  going  down,  but  not  marked  in  the  figure — 

a,  the  Lochberg,  a  seam  4  inches  thick. 

b,  the  KammtchaU,  4  of  an  inch  thick. 

c,  the  KopftehaU,  1  inch  thick. 

These  seams  are  not  worth  smelting ;  the  following,  however,  are : — 

d,  the  SchUfer-kopf,  the  main  coppr-schist,  2  inches  thick. 

e,  a  layer  called  Lochen,  1  inch  thick. 

14.  The  wall  of  sandstone,  resting  upon  a  porphyry. 

Fig.  1474  is  a  section  of  Uie  mines  of  Eiegelsdorf  in  Hessia,  presenting — 

1.  Vegetable  mould. 

2.  Limestone  distinctly  stratified,  frequently  of  a  yellowish  colour,  called  Uigerhafter 
Kalkttein. 

■8.  Clay,  sometimes  red,  sometime  blue,  sometimes  a  mixture  of  red,  blue,  and  yellow. 
4.  The  cellular  limestone  (RauhialUc).     This  rock  differs  both  in  nature  and  position 
txQia  the  rock  of  the  same  name  at  llanafeld. 
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6.  CUj.vsaaUj  nd,  contuning  Teina  of  vhite  gypinin,  and  fine  crystals  of  selenit^ 
6.  MassiTe  gypsom  of  recent  formation. 

7.  Fetid  limestone,  compact  and  blackish  grey, 
or  cellulaT  and  yellovish  grey. 

8.  FolTemlent  limestone,  'with  solid  fragments 
intarspened, 

9.  Compact  matl-limestone,  or  Zechstein,  vhicb 
changes  from  a  brownish  colour  above  to  a 
blackish  schist  below,  as  it  comes  nearer  the 
cupreous  schist,  which  seems  to  form  a  part  of  it. 

10.'  Cupreons  schist  {Kvpertchiefer),  of  whi«Ji 
the  bottom  portion,  from  4  to  6  inches  thick,  is 
that  selected  for  metallnrgic  operations.  Be- 
neath it  is  found  the  osoal  wall  or  bed  of  sand- 
atone.  A  Toin  of  cobalt  ore,  a,  which  is  rich 
only  in  the  greyish-'white  sandstone  (irtum 
Lirgcnde),  traverses  and  deranges  the  beds 
'wherever  it  comes. 
Of  working  Minea  by  Fire. — The  celebrated  mine  worked  since  the  10th  .century  in 
the  mouBtain  called  Baramelsborg,  in  the  Hartz,  to  the  south  of  Qoslar,  presents  a 
stratified  mass  of  ores,  among  the  bods  of  the  rock  'which  constitute  that  mountain. 
The  mineral  deposit  is  situated  in  the  earth  like  an  enormous  inverted  'wedge,  so  that 
its  thickness  (power),  inconsiderable  near  the  surface  of  the  ground,  increases  as  it 
descends.  At  about  100  yards  from  its  outcrop,  reckoning  in  the  direction  of  the 
slope  of  the  deposit,  it  is  divided  into  t'wo  portions  or  branches,  which  are  separated 
ftom  each  other,  throughout  the  whole  kno'wn  depth,  by  a  mass  of  very  hard  clay- 
slate,  which  passes  into  flinty  slate.  The  substances  composing  the  workable  mass 
are  copper  and  iron  pyrites,  with  sulphuret  of  lead  (galena),  accompanied  by  quarts, 
carbonate  of  lime,  compact  sulphate  of  baryta,  and  sometimes  grey  copper  ore,  sul- 
phuret of  zinc,  and  arsenical  pyrites.  The  ores  of  lead  and  copper  contain  silrer  and 
gold,  but  in  small  proportion,  particularly  as  to  the  last 

A  mine  so  ancient  as  that  of  Bammelsberg,  and  which  was  formerly  divided  among 
several  adventurous  companies,  cannot  fail  to  present  a  great  many  shafts  and  exca- 
vations; but,  out  of  the  16  pits,  only  two  ar«  employM  for  the  present  'workings, 
namely,  those  marked  ab  and  bt  in^.  1476,  by  irtiieh  the  whole  extraction  and 


1475 


drainage  are  executed.    The  general  system  of  exploitation  by  fire,  as  practised  in 
this  mine,  consists  of  the  following  operations ; — 

1.  An  advance  is  made  towards  the  deposits  of  ore,  successively  at  dif&rent  levels, 
by  transverse  galleries,  wliich  proceed  from  the  shaft  of  extraction,  and  terminate  at 
the  walls  of  the  stratiform  mass, 

2.  There  are  formed  in  the  level  to  bo  worked  large  vaults  in  the  heart  of  the  ore, 
by  means  of  fire,  as  wo  shall  presently  describe. 

3.  The-  floor  of  these  vaults  is  raised  up  by  means  of  terraces,  formed  from  the 
rubbish  in  proportion  as  the  roof  is  scooped  out. 

4.  The  ores  detached  by  the  fire  from  their  bed  are  picked  and  gathered;  some- 
times the  larger  blacks  are  blasted  with  gunpowder. 

6.  Lastly,  the  ores  thus  obtained  are  wheeled  towards  the  shaft  of  extraction,  and 
turned  out  to  the  day. 
Let  ns  now  see  how  the  excavation  by  fixe  is  practised ;  and,  in  that  Tiew,  let  uf 
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eootidei  Hit  state  of  the  workings  in  tho  mines  of  Bammdsberg.  'Wo  may  remailc 
in  fig.  1475  the  legularity  of  the  vaults  preTiously  s«ooped  out  above  the  lerel  bc, 
and  the  other  TaiUbB  which  are  in  foil  actirity  of  operation.  It  is,  therefore, 
towards  the  lower  levels  that  the  new  workings  must  be  directed.  For  this 
purpose,  the  transverse  gallery  being  already  completed,  there  is  prepared  on  the 
first  of  these  floors  a  vault  of  exploitation  at  b,  which  eventually  u  to  become 
■ifflilar  to  those  of  the  superior  levels.  At  the  same  time  there  is  commenced,  at 
the  starUng-point  below  it,  reached  by  a  small  well  dug  in  the  line  of  the  mineral 
depeMt,  a  transverse  salleiy  in  the  rock,  by  means  c^F  blasting  with  gunpowder. 
The  lock  is  also  attatSced  at  the  starting-point  by  a  similar  cut,  which  advances 
to  meet  the  list  perforation.  In  this  way,  whenever  the  vaults  of  the  level  o  are 
exhausted  of  ore,  and  terraced  up  with  rubbish,  those  of  the  level  beneath  it  will  be 
in  full  activity. 

Others  will  then  be  prepared  at  a  lower  level ;  and  the  exploitation  may  afterwards 
be  driven  below  this  level  by  pursuing  the  same  plan,  by  which  the  actual  depth  of 
excavation  has  been  gained. 

In  workings  by  fire  we  must  distinguish :  1,  the  case  when  it  is  necessary  to  open 
a  vault  immediately  from  the  floor ;  2,  the  case  where,  the  vault  haying  already  a 
certain  elevation,  it  is  necessary  to  heighten  its  roof.  In  the  former  case,  the  wall  or 
floor  of  the  mineral  deposit  is  first  penetrated  by  blasting  with  gunpowder.  As  soon 
as  this  penetration  is  efibcted  over  a  certain  length,  parallel  to  the  direction  of  the 
future  vault,  as  happens  at  b,  there  is  arranged  on  the  bottom  a  horizontal  layer  of 
billets  of  firewood,  over  which  other  billets  are  piled  in  nearly  a  vertical  position, 
which  rests  upon  the  ore,  so  that  the  flame  in  its  expansion  comes  to  play  against  tbti 
mineral  mass  to  be  detached.  When,  after  some  similar  operations,  the  flsime  of  the 
pile  can  no  longer  reach  the  ore  of  the  roof  on  account  of  its  height,  a  small  terrace 
of  rubbish  must  be  raised  on  the  floor  of  the  deposit ;  and  over  this  terrace  a  new 
pile  of  faggots  is  to  be  heaped  up  as  above  described.  The  ancient  miners  committed 
the  &ult  of  constantly  placing  such  terraces  dose  to  the  roof,  and  consequently 
arranging  the  &ggot8  against  this  portion  of  the  ore,  so  that  the  flame  circulated 
from  the  roof  down  to  the  floor.  The  result  of  such  procedure  was  the  weakening  of 
the  roof,  and  the  loss  of  much  of  the  ore  which  could  not  be  extracted  {torn  so  unstable 
a  fabric ;  and,  besides,  much  more  wood  was  burned  than  at  the  present  day,  because 
the  action  of  the  flame  was  dissipated  in  part  against  the  whole  mass  of  the  roof, 
instead  of  being  concentred  on  the  ^rtion  of  the  ore  which  it  was  desired  to  dislodge. 
Kow,  the  flame  is  usually  made  to  circulate  from  the  floor  to  the  roof,  in  commencing 
a  new  vault. 

When  the  vault  has  already  a  certain  height,  care  is  always  taken  that  between 
the  loof  of  the  vault  and  the  rubbish  on  which  the  pile  is  arranged,  no  m<x« 
than  two  yards  of  space  should  intervene,  in  order  that  the  flame  may  embrace 
equally  the  whole  concavity  of  the  vault,  and  produce  an  uniform  effect  on  all  its 
parts.  Here,  the  pile  is  formed  of  horizontal  beds,  disposed  crosswise  above  one 
another,  and  presents  four  free  vertical  &cee,  whence  it  has  been  called  a  chest  by 
the  miners. 

It  is  usually  on  Saturday  that  the  flre  is  applied  to  all  the  piles  of  faggots 
distributed  through  the  course  of  the  week.  Those  in  the  upper  floors  of  e:^oi- 
tation  are  first  burned,  in  order  that  the  inferior  piles  may  not  obstruct,  by  their 
vitiated  air,  the  combustion  of  the  former.  Thus,  at  4  o'clock  in  the  morning, 
the  fires  are  kindled  in  the  upper  ranges ;  from  pile  to  pile  the  fireman  and  his 
assistant  descend  towards  the  u>wer  floors,  which  occupies  them  till  3  o'clock  in  the 
afternoon. 

When  the  flame  has  beat  for  a  few  instants  on  the  beds  of  ore,  a  strong  odour  of 
sulphur,  and  sometimes  of  arsenic,  is  perceived ;  and  soon  afterwards  loud  detonations 
are  heard  in  the  vaults.  Suddenly  the  flame  is  seen  to  assume  s  blue  colour,  or  even 
a  white ;  and  at  this  period,  after  a  slight  explosion,  flakes  of  the  ore,  of  greater  or 
less  magnitude,  usually  fall  down  on  the  fire,  but  the  chief  ^rtion  of  the  heated 
mineral  still  remains  fixed  to  the  vault.  The  ores  pass  now  into  a  shattered  and 
divided  condition,  which  allows  them  afterwards  to  be  detached  by  long  forks  of  iron. 
In  this  manner  the  fire,  volatilising  entirely  some  constituents,  such  as  sulphur,  zinc, 
arsenic,  and  water,  changing  the  aggregation  of  the  constituent  parts  of  the  ore,  and 
causing  fissures  by  their  unequal  expansibilities,  facilitates  the  excavation  of  such 
materials  as  resist  by  their  tenadty  the  action  of  gunpowder. 

The  combustion  goes  on,  without  any  person  entering  the  mine,  from  Saturday 
•voning  till  Monday  morning,  on  which  day  the  fireman  and  his  assistants  proceed  to 
extinguish  the  remains  of  the  bonfires.  On  Monday,  also,  some  piles  are  constructed 
in  the  parts  where  the  effect  of  the  former  ones  has  been  incomplete ;  and  they  are 
Ultdled  aAw  ti>9  workmen  bare  9iuitted  the  mines.    On  Tnesday  tU  bands  are  em- 
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ployed  in  detadiing  the  areo,  in  Batting  them,  taking  them  ont,  and  preparing  new; 
piles  against  the  next  Satniday. 

The  labour  of  a  -week  consists,  for  erer^  man,  of  five  posts  daring  the  day,  each  of 
8  hours,  and  of  one  post  of  4  hoars  for  Saturday.  Moreover,  an  extra  allovance  is 
made  to  such  worlunen  as  employ  themselves  some  posts  during  the  night 

The  labour  of  one  compartment,  or  atdier,  ot  the  mine  consists,  therefore,  in 
arranging  the  faggots,  in  detaching  the  ore  which  has  already  experienced  the  action 
of  the  fin ;  in  broaking  the  blocks  obtained ;  in  separating  the  ore  from  the  dibru  of 
the  pile ;  and,  whenever  it  may  be  practicable  or  useful,  in  boring  holes  for  blasting 
with  gunpowder.  The  heat  is  so  great  in  this  kind  of  mine  that  the  men  are  obliged 
to  work  in  it  without  clothing. 

We  have  already  remarked  that,  besides  the  working  by  fire,  which  is  chiefly  used 
here,  recourse  is  sometimes  had  to  blasting  by  gunpowder.  This  is  done  in  order 
either  to  recover  the  bottom  part  or  ground  of  the  vaults  on  which  the  fire  can  act  but 
imperfectly,  to  clear  away  some  projections  which  would  interfere  with  the  e£^t  of 
the  pile,  or,  lastly,  to  strip  the  sorrounding  rofk  fixtm  the  mass  of  the  ore,  and  thence 
to  obtain  schist  proper  for  the  construction  of  the  rubbish-terraces. 

The  blasting-process  is  employed  when  the  foreman  of  the  workshop  or  mine' 
chamber  judges  that  a  hole  well  placed  may  separate  enough  of  ore  to  pay  the  time, 
the  repair  of  tools,  and  the  gunpowder  expended.  But  this  indemnification  is  rarely 
obtained.  The  following  statement  will  give  an  idea  of  the  tenacity  which  the  mineru 
deposit  often  presents : — 

In  a  portion  of  the  Kammelsberg  mine,  the  ore,  consisting  of  extremely  compact 
iron  and  copper  pyrites,  was  attadced  by  a  single  man,  who  bored  a  mining-hole. 
After  1 1  posts  of  obstinate  labour,  occupying  ^together  88  hoars,  the  workman, 
being  vigilantly  superintended,  had  been  able  to  advance  the  hole  to  a  depth  of  no 
more  than  4  inches ;  in  doing  which  he  had  rendered  entirely  unserviceable  129 
punches  or  borers,  besides  26  others  which  had  been  re-tipped  with  steel,  and 
201  which  had  been  sharpened;  6^  lbs.  of  oil  had  been  consumed  in  giving  him 
light ;  and  i  lb.  of  gunpowder  was  required  for  blasting  the  bore.  It  was  found 
£nm  a  calculation  made  upon  these  facts  by  the  administration  of  mines,  that  every 
inch  deep  of  this  hole  cost,  at  their  low  price  of  labour,  nearly  a  florin,  value  two 
shillings  and  sixpence. 

It  is  therefore  evident  that,  though  the  timber,  of  which  the  consumption  is  pro- 
digiously great,  were  much  less  abundant  and  dearer  than  it  still  is  at  Bammelsberg, 
mining  by  fire  would  be  preferable  to  every  other  mode  of  exploitation.  It  is  even 
certain  that,  on  any  suppositipn,  the  employrqent  of  gunpowder  would  not  be  practi- 
cable for  every  part  of  the  mine ;  and  if  fuel  came  to  fail,  it  would  be  requisite  to 
renounce  the  workings  at  Bammelsbeig,  although  this  mountAin  still  contains  a  large 
quantity  of  metals. 

If  in  all  mines  the  &ee  circulation  of  air  be  an  object  of  the  highest  importance, 
we  must  perceive  how  indispensable  it  must  be  in  every  part  of  a  mine  where  the 
mode  of  exploitation  maintains  the  temperature  of  the  air  at  112°  Fahr.,  when  the 
workmen  return  into  it  after  the  combustion  of  the  piles,  and  in  which,  besides,  it  is 
necessary  that  this  combustion  be  effected  with  activity  in  their  absence.  But,  in 
consequence  of  the  extent  and  mutual  ramifications  of  the  workings,  the  number  of 
the  shafts,  galleries,  and  their  differences  of  level,  the  ventilation  of  the  mine  is  in  a 
manner  spontaneoosly  maintained.  The  high  temperature  is  peculiarly  favourable  to 
it.  The  aid  of  art  consists  merely  in  placing  some  doors  judidonsly,  which  may  b» 
opened  or  shut  at  pleasure,  to  carry  on  the  circulation  of  the  air. 

In  considering  the  Bammelsberg  from  its  summit,  which  rises  about  400  yards 
above  the  town  of  Goslar,  we  observe,  first,  beds  of  slaty  sandstone,  which  become 
the  more  horizontal,  the  nearer  they  approach  to  the  sur&ce.  At  about  160  yards 
below  the  top  level  there  occurs,  in  the  bosom  of  the  slaty  greywacke,  a  powerful 
stratum  of  shells  embedded  in  a  ferruginous  limestone.  In  descending  towards  the 
face  of  the  ore,  the  parallel  stratification  of  the  clay-slate,  which  forms  its  walls  and 
roof,  grows  more  and  more  manifest.  Here  the  slate  is  blade,  compact,  and  thinly 
foliated.    The  inclination  of  the  different  beds  of  rock  is  considerable. 

The  ores  are  argentiferens  and  auriferous,  but  very  slightly  so,  especially  as  to 
the  gold.  It  is  the  ores  of  lead  and  copper  which  contain  the  silver,  and  in  th» 
latter  the  gold  is  found,  but  without  its  being  well  ascertained  in  what  mineral  it  is 
deposited.  Somedmes  the  ore  occurs  in  the  native  state,  or  as  copper  of  cementation. 
BeautifU  ctystala  of  sulphate  of  lime  are  found  in  the  old  workings. 

In  fyi.  1476,  1476,  A  B  is  the  shaft  of  extraction,  called  the  Kahnenhthler ;  v  is 
'  the  ventilation-shaft,  called  Breillinfferwettcrsciac/it ;  p  is  the  extraction-shaft,  called 
Ltnier-ichackt. 

B>  is  a  new  extiaction-ihailt  colled  Smertmitekaeht,  by  wUcb  alio  the  water  i» 
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pumped  np ;  hj  kv  and  b  f  the  whole  extzaetion  ai«  carried  on.  The  ores  are  laiaed 
la  tneee  shafts  to  the  lerel  of  the  traggon-gallery  {gaJtmt  da  roulage)  i,  by  the 
whims  I,  q,  provided  with  ropes  and  hnckets.  1,  2, 
3,  4,  fig.  1474,  represent  the  positions  of  four  water- 
wheisls  for  working  the  whims ;  the  first  two  being 
employed  in  extracting  the  ores,  the  last  two  in 
dnuning.  The  driving-stream  is  led  to  the  wheel  1, 
along  ue  drift  I ;  whence  it  falls  in  succession  upon 
the  wheels  2,  8,  4.  The  general  system  of  working 
consists  of  the  following  operations : — 
'  1,  The  bed  of  ore  is  got  at  by  the  transverse 
galleries  m,  n,  o,  g,  r,  i,  which  branch  off  from  the 
extraction-shaft,  and  terminate  at  the  wall  of  the 
main  bed ; 

2.  Great  liiults  are  scooped  out  at  the  level  of  the 
workings,  by  means  of  fire ; 

3.  The  roofs  of  these  vaults  are  progressively 
propped  with  mounds  of  rubbish ; 

4.  The  ores  thus  detached,  or  by  blasting  with  gun- 
powder, are  then  collected ; 

5.  Lastly,  they  are  brought  out  to  the  day,  and 
washed  near  z. 

Of  the  Iiutnmunti  and  Operatioju  of  Subitr- 
rantan  Ifyting. — It  is  by  the  aid  of  geometry,  in  the 
first  place,  that  the  miner  stndies  the  situation  of  the 
minmal  deposits  on  the  sur&ce  and  in  the  interior 
of  the  ground ;  determines  the  several  relations  of 
the  veins  and  the  rocks;  and  becomes  capable  of 
directing  the  perforations  towards  a  suitable  end. 

The  instruments  are : — 

1.  The  magnetic  compass,  which  is  employed  to 
indicate  the  direction  of  a  metallic  lode. 
'    2.  The    graduated    semicircle,    which   serves    to 
measure  the  inclination  oi  dip;  this  instrument  is 
also  called  the  clinometer, 

3.  The  chain  or  cord  for  measuring  the  distance  of  one  point  £rom  another. 

4.  When  the  neighbourhood  of  iron  makes  the  use  of  the  magnet  uncertain,  a  plat« 
or  plane  table  is  employed. 

In  order  to  penetrate  into  the  interior  of  the  earth,  and  to  extract  from  it  the  ob- 
jects of  his  toils,  the  miner  Ifas  at  his  disposal  serexal  means,  which  may  be  divided 
into  three  classes  : — I,  manual  toolt;  2,  gunpowder;  3,  fire. 

The  tools  used  by  the  miners  of  Com-n^  and  Devonshire  are  the  following : — 

Fig.  1477.  The  I^i.  It  is  a  light  tool,  and  somewhat  varied  in  shape  according 
to  circumstances.  One  side  used  as  a  hammer  is  called  the  jmII,  and  is  employed  to 
drive  in  the  gade,  or  to  loosen  and  detach  prominences.  The  point  is  of  steel,  care- 
fully tempered,  and  drawn  under  the  hammer  to  the  proper  form.  The  French  call  it 
pointerelie. 

Fig.  1478.  The  Gad.  It  is  a  wedge  of  steel,  driven  into  crevices  of  rocks,  or  into 
gmaU  openings  made  with  the  point  of  the  pick. 

Fig.  1479,  The  Minet't  Snovel.  It  baa  a  pointed  form,  to  enable  it  to  pene* 
bate  among  the  coarse  and  hard  fragments  of  the  mine-rubbish.  Its  handle  being 
somewhat  bent,  a  man's  power  may  be  conveniently  applied  without  bending  his  body. 

The  blaeting-  or  ihooting-taols  are :— a  iledge  or  mmet,  fig.  1480 ;  borer,  fig.  1481 ; 
dajfing-bar,  fig.  1482 ;  ntedie  or  naxL,  fig.  1483 ;  loraper,  fig.  1484 ;  tamping-bar, 
fig.  1485. 

Besides  these  tools,  the  miner  requires  a  powder-horn ;  he  is  supplied  with  safety- 
fuse  (see  Savbtt-Fuse)  ;  tin  cartridges  for  occasional  use  in  wet  ground ;  now  mora 
frequently  is  he  supplied  with  cartridges  made  with  well  pitched  paper. 

The  borer,  fig.  1481,  is  an  iron  bar  tipped  with  steel,  formed  like  a  thick  chisel, 
and  is  used  by  one  man  holding  it  straight  in  the  hole,  with  constant  rotation  on 
its  axis,  while  another  strikes  the  head  of  it  with  the  iron  sledge  or  mallet,  fig.  1480. 
The  hole  is  cleared  out  fix>m  time  to  time  by  the  scraper,  fig.  1484,  which  is  a 
flat  iron  rod  turned  up  at  one  end.  If  the  ground  be  very  wet,  and  the  hole  gets 
fbll  of  mnd,  it  is  cleaned  out  by  a  stick  bent  at  the  end  into  a  flbrotis  brush,  called 
a  tuab-ttick. 

,    Fig,  14S6  represents  the  plan  of  blasting  the  rock,  and  a  section  of  a  hole  ready  for 
firing.    The  bole  must  be  rendered  as  diy  as  .possible,  which  is  effected  very  simply 
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hy  filling  it  pwtty  viih  tanadoni  clay,  and  then  driviag  into  it  s  tapering  iion 
xod,  -vhidi  nearly  fflls  its  calibre,  called  the  Maying-bar  {fig.  1182).  This  Mng  ftnced  ia 
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vith  great  Tiolence^  condenses  the  clay  into  all  the  orerices  of  the  rook,  and  secures  the 

dryness  of  the  hole.  When  the  hole 
is  dry,  and  the  charge  of  powder  in- 
trodaoed,  the  nail,  a  small  taper  rod 
of  copper,  is  inserted  so  as  to  reach 
the  bottom  of  the  hole,  trhich  is  nov 
ready  for  tamping.  Different  sub- 
stances are  employed  for  tamping, 
or  cramming  the  hc^e,  the  most  usual 
one  being  any  soft  species  of  lock 
free  ^m  siliceous  or  flinty  particles. 
Small  quantities  of  it  only  are  intro- 
duced at  a  time,  and  rammed  very 
hard  by  the  taTnping-bar,  which  is 
held  steadily  by  one  man,  and  strudc 
with  a  sledge  by  another.  The  hole 
being  thns  filled,  the  nail  is  withdrawn  by  putting  a  bar  through  its  eye,  and  strildng 
it  upwards.  Thus  a  small  perforation  or  Tent  u  leit  for  the  safety-fuse  which  com- 
municates the  fire. 

For  conveying  the  fire,  the  large  and  long  green  rushes  which  grow  in  marshy 
ground  were  formerly  used  in  our  mines,  and  are  still  used  in  some  quarries.  A  slit  is 
made  in  one  aide  of  the  rush,  along  which  the  sharp  end  of  a  bit  of  stick  is  drawn, 
so  as  to  extract  the  pith,  when  the  skin  of  the  rush  closes  again  by  its  own  elasticity. 
This  tube  is  filled  up  with  gunpowder,  dropped  into  the  rent-hole,  and  made  ready 
with  a  hit  of  day.  A  paper  tm^t,  adjusted  to  bum  a  proper  time,  is  then  fixed  to 
the  top  of  the  rush-tube,  and  kindled,  when  the  men  of  the  quany  retire  to  a  safe 
distance.    The  '  safety-fiise '  is  now,  however,  almost  universally  employed. 

la  Jig.  1486  the  portion  of  the  rock  which  would  be  dislodged  by  the  explosion  is 
that  included  between  a  and  b.    The  diaige  of  powder  is  included  in  tiiat  part 

1487 


which  fills  the  hole  u|>  to  c ;  from  which  point  to  the  topi  the  hole  is  filled  with 
tamping.    The  old  tmift  is  shown  at  9.       . 
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tia.  1487  i*  AH  iion  bucket,  or,  aa  it  ii  called  ia  ConiiraU,  a  libbU,  in  vhich  the  on 
ia  raised  in  tbe  shafts,  by  machines  called  ibMvu  or  vihiTiueys,  sometimes  -worked  by 
hones,  and  frequently  by  steam-power.  The  best  kibbles  are  made  of  sheet  iron,  and 
Jiold  each  about  three  hundred  veigbt  of  ore :  120  kibbles  are  supposed  to  clear  a 
cubic  fothom  of  rock.  In  place  of  Uie  kibble,  ik^t  running  in  guides  fixed  on  the 
sides  of  the  shafts  are  now  used  in  the  large  and  well-conducted  mines. 

Fiff.  1488  represents  the  wheel-barrow  used  underground  for  conveying  ore  and  waste 
to  the  foot  of  the  shafts.  It  is  made  of  light  deal,  except  the  wheel,  which  has  a 
narrow  rim  of  iron. 

In  all  mines,  to  a  greater  or  1480 

a  less  extent,  there  will  be 
found  accumulations  of  water; 
it  is  necessary,  therefore,  to 
adopt  measures  to  ensure  its 
rcmoTal.  The  mrneral  trea- 
sures, being  brought  to  the 
surface,  necessarily  undergo 
a  process  of  'dressing,'  thnt 
is,  the  separation  of  the  richer 
from  the  poorer  portion.  For 
a  full  account  of  dressing  ma- 
chineiy,     &c.,    see  DBKanra 

OF  OUSB. 

It  sometimes  happens  that 
tho  necessities  of  mining  de- 
mand the  construction  of 
shafta  in  places  covered  with 
water.  Some  years  since  a 
reiy  extraordinary  case  of  this 
kind  was  carried  out  at  the 
Wheny  Mine,  near  Penzance, 
where  a  cylinder  of  wood, 
rising  through  the  sea,  formed 
the  entrance  to  a  shaft  sunk 
into  the  mine.  In  a  storm  a 
ship  ran  against  this  wooden 
structure  and  destroyed  it. 
'  H.  Triger,  en^neer  in  the 
department  of  Maine  and  Loire, 
had  the  idea  of  making  a  well 
in  the  very  bed  of  the  Loire 
by  means  of  compressed  air. 
A  cylinder  of  thin  iron,  fy. 
1489,  serving  as  a  cutting 
machine,  was  sunk  into  the 
alluvium;  it  was  separated 
into  three  compartments  by 
horizontal  partitions.  The  upper  compartment  remained  always  open,  the  lower 
compartment  was  the  workshop,  and  between  them  was  the  middle  one,  which  served 
as  the  chamber  of  equilibrium,  designed  to  be  put  in  communication  with  either 
the  comportment  above  or  the  one  below.  The  things  being  so  disposed,  they  forced 
into  the  bottom  compartment,  air  compressed  by  a  vapour-machine  without  inter- 
mission. This  air  drove  the  water  up  a  tube,  of  which  the  lower  part  was  buried 
in  the  bottom  of  the  excavation,  and  of  which  the  upper  part  was  raised  above 
the  cylinder.  The  workmen  were  then  able  to  penetrate  the  first  apartment  and 
open  tho  second,  which  was  afterwards  hermetically  closed,  and  in  which  the  air  of 
ordinary  pressure  was  put  in  communication  with  the  compressed  air  in  the  third. 
Having  arrived  in  the  third  compartment,  they  excavated  the  sands,  and  caused  the 
machine  to  descend.  As  they  accumulated,  the  sands  excavated  in  the  middle  com- 
partment, they  had  only  to  remove  them  by  shutting  the  communication  with  the 
bottom  and  opening  that  of  the  top.  A  pressure  sufficient  to  balance  the  exterior 
waters  was  maintained  during  the  work,  without  sensibly  incommoding  the  work- 
men. 

It  is  evident  that  wells  dug  in  the  water-saturated  earths  must  immediately  be  cased, 
that  is  to  say,  covered  with  a  casing  of  wood,  of  masonry,  or  of  iron,  solid  and  imper- 
meable, which  is  able  to  resist  the  infiltration  and  pressure  of  the  waters  at  the  same 
time. 
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I  For  a  description  of  the  machine  emplojed  for  Ihdlitating  the  asoent  anddegeent 
of  miners,  see  Man  Ekoths. 

BCnmrO  VOS  C0A&.  The  processes  of  boring,  by  which  it  is  naual  to  begin 
for  the  purpose  of  determining  the  existence  and  depth  of  any  bed  or  beds  of  coal,  have 
been  already  described.    See  Bobino. 

Of  Winning  a  Coal-field. — In  sinking  a  shaft  for  irorking  coal,  the  great  obstacle  to 
be  encountered  is  water,  particularly  in  the  first  opening  of  a  field,  which  proceeds 
from  the  sut&ca  of  the  adjacent  country ;  for  every  coal-stratum,  however  deep  it 
may  lie  in  one  part  of  the  basin,  always  rises  till  it  mfets  the  alluvial  cover,  or  cropt 
out,  unless  it  be  met  by  a  slip  or  dyke.  When  the  basset-edge  of  the  strata  is  covered 
with  gravel  or  sand,  any  body  or  stream  of  water  will  readily  percolate  downwards 
through  it,  and  fill  up  the  porous  interstices  between  the  coal-measures,  till  arrested 
by  the  face  of  a  slip,  which  acts  as  a  natural  dam,  and  confines  the  water  to  one  com- 
partment of  the  basin,  which  may,  however,  be  of  considerable  area,  and  require  a 
great  power  of  drainage.  * 

In  reference  to  water,  coal-fields  are  divided  into  two  kinds :  1,  level  free  ooal ; 
2,  coal  not  level  free.  In  the  practice  of  mining,  if  a  coal-field,  or  portion  of  it,  is  so 
situated  above  the  surface  of  the  ocean  that  a  level  can  be  carried  from  that  plane  till 
it  intersects  the  coal,  all  the  ooal  above  the  plane  of  intersection  is  said  to  be  level 
free ;  but  if  a  coal-field,  though  placed  above  the  surface  of  the  ocean,  cannot,  on 
account  of  the  expense,  be  drained  by  a  level  or  gallery,  such  a  coal-field  is  said  to  ba 
not  level  &ee. 

Besides  these  general  levels  of  drainage,  there  are  subsidiary  levels,  called  off-takes 
or  drifts,  which  discharge  the  water  of  a  mine,  not  at  the  mou&  of  a  pit,  but  at  some 
depth  beneath  the  surface,  where,  from  the  form  of  the  country,  it  maybe  run  off  level 
free.  From  20  to  30  fathoms  off-take  is  an  object  of  considerable  economy  in  pump- 
ing ;  but  even  less  is  often  had  recourse  to ;  and  when  judicioosly  contrived,  ma^  serve 
t9  intercept  much  of  the  crop  water,  and  prevent  it  from  getting  down  to  the  dip  part 
of  the  coal,  where  it  would  become  a  heavy  load  on  a  hydraulic  or  pumping  engine. 

Cay-levels  were  an  object  of  primary  importance  with  the  early  miners,  who  had 
not  the  gigantie  pumping  power  of  the  steam-engine  at  their  command.  Levels  oiight 
to  be  no  less  than  4  feet  wide,  and  from  6  feet  and  a  half  to  6  feet  high :  which  is  laige 
enough  for  carrying  off  water,  and  admitting  workmen  to  make  repairs  and  clear  out 
depositions.  When  a  day-level,  however,  is  to  serve  the  double  purpose  of  drainage, 
and  an  outlet  for  coals,  it  should  be  at  least  5  feet  wide,  with  its  bottom  gutter  for 
drainage  either  covered  over  or  open.  In  other  instances  a  level  not  only  carries  off 
the  water  from  the  colliery,  but  is  converted  into  a  canal  for  bearing  boats  loaded  with 
coals  for  the  market.  Some  subterranean  canals  are  9  feet  wide,  and  12  feet  high, 
with  5  feet  depth  of  water. 

If,  in  the  progress  of  driving  a  level,  workable  coals  are  intersected  before  reaching 
the  seam  which  is  the  main  object  of  the  mining  adventure,  an  air-pit  ma^  be  sunk, 
of  such  dimension  as  to  serve  for  raising  the  coals.  These  air-pits  do  not  in  general 
exceed  9  feet  in  diameter ;  and  they  ought  to  be  always  cylindrical.  Fiff.  1490  repre- 
sents a  coal-field  where  the  winning  is  made  by  a  day-level ;  a  is  the  mouth  of  the 
gallery  on  a  level  with  the  sea ;  i,  c,  d,  «,  are  intersected  coal-seams,  to  be  drained  by 
the  gallery.  But  the  coals  beneath  this  level  must  obviously  be  drained  by  pumping. 
A  represents  a  coal-pit  sunk  on  the  coal  e;  and  if  the  ^llery  be  pushed  forward  the 
coal-seams,  /,  a,  and  any  others  which  lie  in  that  direction,  will  also  be  drained,  and 
then  worked  by  the  pit  A.  The  chief  obetacis  to  the  execution  of  day-levels,  is 
presented  by  quicksands  in  the  allnvial  cover,  near  the  entrance  of  the  gallery.    The 


1490 


1491 


best  expedient  to  be  adopted  amid  this  difficulty  is  the  following : — Fig.  1491  repre- 
sents the  strata  of  a  coal-field  a,  with  the  alluvial  earth  a,  i,  containing  the  bed  of 
quicksand  b.  The  lower  part,  from  which  the  gallery  is  required  to  be  earned,  is 
ahown  by  the  line  n  a.  But  the  quicksand  makes  it  impossible  to  push  forward  tiiia 
day-level  directly.  The  pit  B  c  must  therefore  be  sunk  through  the  quicksand  by 
means  of  iMing  {to  be  presently  described),  and  when  the  pit  has  descended  a  few 
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jtada  into  the  rock,  the  gaUeiy  or  drift  may  then  be  pushed  forward  to  the  point  d, 
when  the  shaft  e  s  is  pnt  down,  after  it  has  been  ascertained  by  boring  that  the  rock- 
heed  or  bottom  of  the  quicksand  at  F  is  a  few  yards  higher  than  the  mouth  of  the 
small  pit  B.  During  this  operation,  all  the  water  and  mine-stuff  are  drawn  off  by  the 
pit  B ;  but  whenererthe  shaft  an  is  brought  into  communication  with  the  gallery,  the 
water  is  allowed  to  fill  it  from  o  to  d,  and  rise  up  both  shafts  till  it  overflows  at  the 
orifice  B.  fVom  the  sorfsce  of  the  water  in  the  deep  shaft  at  o,  a  gallery  is  begun  of 
the  common  dimensions,  and  'pushed  onwards  till  the  coal  sought  alter  is  intersected. 
In  this  war  no  diainage-lerel  is  lost^  This  kind  of  drainage-gallery,  in  the  fonn  of 
an  inserted  qrphpn,  is  called  a  drowned  or  a  blind  level. 

When  a  coal-htsin  is  so  situated  that  it  cannot  be  rendered  level  firee,  the  winning 
must  be  made  by  the  aid  of  machinery.  The  engines  at  present  employed  in  the 
drainage  of  coal  mines  are: — the  water-wheel,  the  water-pressure  engine,  and  tha 
steam-engine.    See  Eti>baui.io  Machikibt. 

The  depth  at  which  the  coal  is  to  be  won,  or  to  be  drained  of  water,  regulates  the 
power  of  the  engine  to  be  applied,  taking  into  account  the  probable  quantity  of  water 
which  may  be  found,  a  rircumstance  which  governs  the  diameter  of  the  working  barrels 
of  the  pumps.  Experience  has  proved,  that  in  opening  collieries,  even  in  new  fields, 
the  water  may  generally  be  drawn  off  by  pumps  of  from  10  to  20  inches  diameter; 
excepting  where  the  strata  are  connected  with  rivers,  sand-beds  filled  with  water,  or 
manh-luids.  As  feeders  of  water  fcom  rivers  or  sand-beds  may  be  hindered  £n>m 
do^w^^i^ing  coal-pits,  the  water  proceeding  from  these  sources  need  not  be  taken  into 
account ;  and  it  is  observed,  in  sinking  shafts,  that  though  the  influx  which  cannot  be 
ent  off  from  the  mine  may  be  at  first  very  great,  even  beyond  the  power  of  the  engine 
for  a  little  while,  yet  as  this  excessive  flow  of  water  is  frequently  derived  ttom  the 
drainage  of  fissures,  it  eventually  beoomes  manageable.  The  pumping  machinery  of 
a  new  colliery  should  be  adequate  to  pump  the  water  in  8  or  10  hours  out  of  the  24. 
In  the  course  of  years  many  watet-lof^ed  fissures  oome  to  be  cut  by  the  woikings,  and 
the  coal-seams  get  excavated  towards  the  outcrop,  so  that  a  constant  increase  of  water 
ensues,  and  thus  a  colliery  which  has  been  long  in  operation,  frequently  becomes 
heavily  loaded  with  water,  and  requires  the  action  of  its  hydraulic  machinery  both 
night  and  day. 

0/ Eitffint^pUs. — ^In  every  winning  of  coal,  the  shape  of  the  engine-pit  deserves  - 
modi  consideration.  For  shafts  of  moderate  depth,  many  forms  are  in  use ;  as  circular, 
oval,  sqnare,  octagonal,  oblong-rectangnlar,  and  oblong-ellipticaL  In  pits  of  incon- 
siderable depth,  and  where  the  earthy  cover  is  firm  and  dry,  any  shape  deemed  most 
convenient  may  be  preferred ;  but  in  all  deep  shaits,  no  shape  but  the  circular  should 
be  admitted.  Indeed,  when  the  water-run  requires  to  be  stopped  by  tubbing  or  cribbing, 
the  circular  is  the  only  shape  whichpreeents  a  uniform  resistance  in  every  point  to  the 
equable  circnmambient  pressure.  The  elliptical  form  is  the  next  best,  when  it  deviates 
little  £rom  the  circle ;  out  even  it  has  almost  always  given  way  to  a  considerable 
pressure  of  water.  The  circular  shape  has  the  advantage,  moreover,  of  strengthening 
the  shaft  walls,  and  is  lees  likely  to  suffer  injury  than  other  figures,  should  any  failure 
of  the  pillars  left  in  working  ont  the  coal  cause  the  shaft  to  he  shaken  by  subsidence 
of  the  strata.  The  smallest  engine-pit  should  be  ten  feet  in  diameter,  to  admit  of  the 
pumps  being  placed  in  the  lesser  segment,  and  the  coals  to  be  raised  in  the  larger  one, 
as  shown  in  fiff.  1492,  which  is  called  a  double  pit.  If  much  work  is  contemphited  in 
drawing  coals,  particularly  if  their  masses  be  large,  it  would  be  advantageous  to  malce 
the  pit  more  than  10  feet  wide.  When  the  area  of  a  shaft  is  to  be  divided  into  three 
compartments,  one  for  the  engine-pumps,  and  two  for  raising  coals,  as  in  Jig.  1498, 
whiui  is  denominated  a  triple  pit,  it  should  be  12  feet  ia  diameter.  If  it  is  to  be 
divided  into  four  compartments,  and  made  a  quadrant  shaft,  as  in  Jiff.  1494,  with  one 
space  for  the  pumps,  and  three  for  ventilation  and 

coal-drawing,  the  total  circle  should  be  16  feet  in     *"^  ""*  ]^ 

diameter.  These  dimensions  are,  however,  governed 
by  local  circumstances,  and  by  the  daily  uschaige 
of  coals.  ' 

If  there  is  a  large  qoantity  of  water  to  pomp,  it 
is  most  desirable  to  appropriate  a  shaft  exclusively 
for  the  jmrpoee.    Another  shaft  being  used  for  raising  coal,  and  as  an  upcast  tot  tJhe 
ventilation  of  the  mine. 

When  only  one  shaft  is  sunk,  and  divided  by  wood  or  stone  partitions,  the  ventila- 
tion of  the  mine  is  dependent  upon  these  slight  divisions  of  the  shaft.  If  the  parti- 
tions of  a  shaft  become  iqjured  or  burnt,  whiim  has  been  the  case  with  wood  partitions, 
the  ventilation  of  the  mine  may  suddenly  be  destroyed.  Hany  lives  have  been  placed 
in  great  jeopardy  by  the  burning  of  wood  partitions,  which  has  destroyed  the  ventila> 
tion  and  raevented  eaeape  up  the  shaft. 

voi.m.  Y 


Digitized  by 


Google 


822  MINING  FOB  C50AL 

The  mart  approrod  anuigament  of  shafts  for  a  large  eollieiy  jridding  explomve  gaa, 
and  where  vatar  has  to  be  tmmped,  is  to  sink  a  shaft  for  pnmpin^,  another  for  raising 
coals,  and  a  third  for  Tentilation  or  npcast ;  at  the  bottom  of  which  is  kept  boraing  a 
large  furnace. 

The  shaft,  as  it  passes  throogh  the  earthy  cover,  should  be  securely  faced  with  masoniy 
of  jointed  ashlar,  Having  its  joints  accurately  bevelled  to  the  centre  of  the  circle. 

When  the  altnvial  cover  is  a  soft  mnd,  recourse  mus^  be  had  to  the  operation  ot 
tubbing.  A  circular  tab,  of  the  requisite  diameter,  is  made  of  planks  from  2  to  8 
inches  thick,  wit^  the  joints  berellM  by  the  radius  of  the  shaft,  inside  of  whidi  are 
cribs  of  hard  wood,  placed  from  2  to  4  feet  asnndw,  as  circumstances  may  require. 
These  cribs  are  constructed  of  the  best  heart  of  oak,  sawn  out  of  the  natural  curvature 
of  the  wood,  adapted  to  the  radius,  in  segments  from  1  to  6  feet  long,  ttcm  8  to  10 
inches  in  the  bed,  and  6  or  6  inches  thick.  The  length  of  the  tub  is  tt«m  9  to  12 
feet,  if  the  layer  of  mud  have  that  thickness ;  but  a  succession  of  such  tubs  must  be 
set  on  each  other,  provided  the  body  of  mud  be  thicker.  The  first  tub  must  have  its 
lower  edge  thinned  all  round,  and  shod  with  sharp  iron.  If  the  ^it  be  previously  se- 
cured to  a  certain  depth,  the  tub  is  made  to  pass  within  the  cradling,  and  is  lowered 
down  with  tackles  tul  it  rests  fair  among  the  soft  alluvium.  It  is  then  loaded  with  iron 
weights  at  top,  to  cause  it  to  sink  down  progressively  as  the  mud  is  removed  from  its 
interior.  Should  a  single  tub  not  xeaoi  the  solid  rock  (sandstone  or  basalt),  then 
another  of  like  construction  is  set  on,  and  the  gravitating  force  is  transferred  to  the 

top.    F^.  149fi,  represents  a  bed  of  qaieksaad 
^^"  resting  on  a  bed  of  impervions  clay,  that  im> 

'iaL—f^.4^  mediately  covers  the  rock,  a  is  a  finished 
shaft ;  a  a,  the  quicksand ;  i  &,  the  excavation 
necessarily  sloping  much  outwards;  o  c,  the 
lining  of  masonry ;  d  d,  the  moating  or  puddle 
of  clay,  hard  rammed  in  behind  the  stone-woik, 
to  render  the  latter  water-tigfaL  In  this  case, 
the  quicksand  being  thin  in  Irady,  has  been  kept 
under  for  a  short  period,  by  the  hands  of  many  men  scooping  it  rapidly  away  as  it  filled 
in.  But  the  most  efiectnal  method  of  passing  through  beds  of  quicksand,  is  by  means 
of  cast^ron  cylinders ;  called  therefore,  cast-iron  tubbing.  When  the  pit  has  a  small 
diameter,  these  tobs  are  made  about  4  feet  high,  with  strong  flanges  and  bolt  holes 
inside  of  the  cylinder,  and  -a,  counterfort  ring  at  the  neck  of  the  flange,  with  brackets : 
the  first  tub,  however,  has  no  flange  at  its  lower  edge,  but  is  rounded  to  fiusilitate  its 
descent  through  the  mud.  Should  the  pit  be  of  large  diameter,  then  the  cylinders 
must  be  cast  in  segments  of  3,  4,  or  more  pieces,  joined  together  with  inside  vertical 
flanges,  well  jmnted  with  oakum  and  white-lead.  When  the  sand-bed  is  thiok,  eighty 
fget,  for  instance,  it  is  customary  to  divide  that  length  into  three  sets  of  cyliodras,  eeca 
thirty  fcet  long,  aud  so  sized  as  to  slide  within  each  other,  like  the  eye-tubes  of  a  telescope. 
These  cylinders  are  pressed  down  by  heavy  weights,  taking  care  to  keep  the  lower  part 
always  further  down  than  the  top  of  the  quicksand,  where  the  men  are  at  work  with  their 
shorels,  and  where  the  bottom  of  the  pumps  hangs  for  withdrawing  the  sni&ce  water. 
Tba  engine-pit  being  secured,  the  process  of  sinking  through  the  rock  is  ready  to  be 
commenced,  as  soon  as  the  divisions  of  the  pit  formed  of  carpentry,  called  brattices, 
are  made.  In  common  practice,  and  where  great  tightness  of  joining  is  not  required, 
for  ventilating  inflammaUe  air,  bars  of  wood  called  buntons,  about  6  inches  thick 
and  9  deep,  are  fixed  in  a  horizontal  position  across  the  pit,  at  distances  from  each 
other  of  10,  20,  or  30  feet,  according  to  circumstances.  Bfflug  all  ranged  in  the  same 
veilic^  plane,  deals  an  inch  and  a  half  thick  are  nailed  to  them,  with  their  joints 
pecfeotly  dose ;  one  half  of  the  breadth  of  a  bunton  being  covered  by  the  ends  of  the 
de^.  In  deep  pits,  where  the  ventilation  is  to  be  conducted  through  the  brattice, 
the  side  of  the  buntons  next  the  pumps  is  covered  witii  deals  in  the  same  way,  and  the 
joints  are  rendered  secure  by  being  caulked  with  oakum,  fillets  of  wood  are  also  fixed 
all  the  way  down  on  each  side  of  Uie  brattice,  constituting  what  is  called  a  double  pt. 
When  a  shaft  is  to  have  8  compartments,  it  requires  more  care  to  form  the  brattice, 
as  none  of  the  buntons  streteh  across  the  whole  space,  but  merely  meet  near  the 
middle,  and  join  at  certain  angles  with  each  other.  As  the  buntons  must  therefore 
sustain  eadi  other,  on  the  principle  of  the  arch,  they  are  not  laid  in  a  horizontal  plane, 
but  have  a  rise  from  the  sides  towards  the  place  of  junction  of  1  or  9  inches,  and  are 
bound  together  by  a  three-tongued  iron  strap.  Fillets  of  wood  are  carried  down  the 
whole  depth,  not  merely  at  the  joinings  of  the  brattice  with  the  sides  of  the  pit,  but 
also  at  their  central  place  of  union ;  while  wooden  pillars  connect  the  centre  of  each 
set  of  buntons  with  those  above  and  below.  Thos  the  carpentry  work  acquires  suffi- 
cient strength  and  stifibess. 
In  quadrant  shafts  the  buntons  cross  each  other  towards  the  middle  of  the  pit,  and 
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MM  mnarally  let  ioto  each  other  about  an  inch,  instead  of  being  half-cheoked.  Fiff. 
1492  ia  a  double  shaft :  ^  the  pomp  pit ;  b,  the  {at  for  laising  ooaL  Fig.  1493  is  a 
triple  shaft ;  in  vhich  A  is  the  pump  compartment;  B  and  o  are  coal  pita.  Fig,  1494 
is  a  quadrant  shaft :  a,  the  pump  pit;  b,  pit  fat  ventilation  or  npcast  for  the  sm<Ae ; 
c  ana  d,  pits  for  raising  coeds. 

Whenerer  the  shaft  is  sunk  so  lov  that  the  engine  is  needed  to  remore  the  crater, 
the  first  set  of  pnmps  may  be  let  down,  by  the  method  repres«ited  in^.  1496  ;  There 
A  is  the  ^nmp ;  aa,  strong  eats  through  whieh  pass  the  iron  rods  con- 
nected Tith  the  spears  ib;  «  e,  are  tt£  ladiings ;  d,  the  hoggar  pomp ; 
<,theh(wgar;//.  the  tackles  ;^^,  the  single  poUeya ;  and  i,  the  pomp- 
spears.  By  this  meehanicalaRangBment  the  pnmps  are  sunk  in  the  most 
gradual  manner,  and  of  their  own  accord,  so  to  speak,  as  the  pit  desoends. 
To  the  arms  of  the  capstans,  sledges  are  fastened  with  ropes  or  chains ; 
the  sledges  are  loaded  with  weights,  as  counterpoises  to  the  weight  of  the 
column  of  pumps,  and  whan  additional  pumps  are  joined  in,  more  weight 
is  laid  on  Uie  sledges.  As  the  sinking  set  of  pumps  is  constantly  descend- 
ing, and  the  point  for  the  delivery  of  the  water  above  always  varying,  a 
pipe,  of  equal  diameter  with  the  pumps,  and  about  11  feet  long,  but 
much  lighter  in  metal,  is  attached  to  «,  and  is  terminated  by  a  hoso  of 
leather,  of  sufficient  length  to  reach  the  cistern  where  the  water  is  de- 
livered. ^  This  is  called  the  hoggar-pipe.  In  sinking,  a  vast  quantity  of 
air  enters  with  the  water,  at  every  stroke  of  the  engine ;  and  therefore 
the  lifting  stroke  should  be  very  slow,  and  a  momentary  stop  should 
take  place  before  the  returning  stroke,  to  Bu£&r  all  the  air  to  escape. 
As  the  working  barrels  are  generally  9  or  10  feet  long,  and  the  ftiU 
stroke  of  the  engine  from  7  to  8  feet,  when  at  regular  work,  it  is  custom- 
ary to  diminish  the  length  of  stroke,  in  sinldng,  to  about  6  feet ;  because, 
while  the  pumpe  are  constantly  getting  lower,  the  bucket  in  the  working 
liarrel  has  its  working  range  progressively  higher. 

Another  method  of  suspending  the  pimips  in  the  sinking  shaft,  in  the 
place  of  the  ropes  and  blocks,  is  by  two  powerful  iron  screws  about 
16  feet  in  lengui,  which  are  suppOTted  at  the  top  of  tho  shaft  by  strong 
beams  of  timber.  As  the  shaft  is  snnk,  the  pnmps  are  lowered  by  the 
screws ;  when  lowered  sufficient  for  a  pnmp  9  feet  in  length,  the  pumps  are  securely 
£istened,  while  the  screws  are  detached  and  screwed  np  ready  for  again  lowering  the 
pumps  as  the  shaft  is  sunk. 

The  water  obtained  in  sinking  through  the  successive  strata  is,  in  ordinary  cases, 
condncted  down  the  walls  of  the  shaft ;  and  if  the  strata  are  compact,  a  spiral  groove 
is  cut  down  the  sides  of  the  shaft,  and  when  it  can  hold  no  more,  the  water  is  drawn 
off  in  a  spout  to  the  nearest  pump-cistern ;  or  a  perpendicular  groove  is  cut  in  the 
side  of  the  shaft,  and  a  square  box-pipe  either  sank  in  it,  flush  with  the  sides  of  the 
pit,  or  it  is  covered  with  deal  boards  well  fitted  over  the  cavity.  Similar  spiral  rings 
are  formed  in  succession  downwards,  which  collect  the  trickling  streams,  and  conduct 
them  into  the  nearest  cistern ;  or  rings  made  of  wood  or  cost  iron,  are  inserted  fiush 
with  the  sides  of  the  pipe ;  and  the  water  is  led  from  one  ring  to  another,  through 
perpendicttlar  pipes,  until  the  nndermost  ring  is  full,  when  it  delivers  its  waters  into 
the  nearest  pnmp-cdstem.  Keeping  the  shaft  dry  is  very  important  to  the  comfort  of 
"  the  miners,  and  the  durability  of  the  work. 

When  an  engine  shaft  happens  to  pass  through  a  great  many  beds  of  coal,  a  gallery 
a  few  yards  long  is  sometimes  driven  into  each  coal-seem,  and  a  bore  then  put  down 
trcaa  one  coal-seam  to  another,  so  that  the  water  of  each  may  pass  down  through  these 
bores  to  the  pump-dstems.  The  water  is  mors  firequently  t^en  down  the  shaft  in 
pipes  to  the  nearest  datem. 

While  a  deep  pit  is  sinking,  a  register  is  kept  of  every  part  of  the  excavations,  imd 
each  feeder  of  water  is  measured  d^y,  to  ascertain  its  rate  of  discharge,  and  whether 
it  increases  or  abates.  .  The  mode  of  measurement  is  by  noting  the  time,  with  a 
seconds  watch,  in  which  a  dstem  of  40  or  SO  gallons  gets  filleol  There  are  modes 
ot  keeping  back  or  stopping  up  these  feeders,  by  plank  tubbing,  iron  tnbbing,  and 
by  oak  cribs.  Let  fig.  1497  represent  the  sinking  of  a  shaft  through  a  varia^  of 
strata,  having  a  top  cover  of  sand,  with  much  water  resting  on  the  rock  summit.  Each 
^ne  of  the  coal-measure  rises  in  a  certain  direction  till  it  meets  the  alluvial  cover. 
Hence  the  pressure  of  the  water  at  the  bottom  of  the  tubbing  that  rests  on  the  summit 
of  the  rock  is  as  the  depth  of  water  in  the  superficial  alluvium ;  and  if  a  stratum  a 
affiirds  a^ireat  body  of  water,  wiiile  the  superjacent  stratum  b,  and  the  subjacent  c,  are 
impervious  to  water ;  if  the  porous  bed  a  be  12  feet  thick,  while  no  water  occurs  in 
tiie  strata  passed  through  from  the  rock-head,  until  the  depth  (supposed  to  be  60 
ftthoms  tfom-iho  jrai&ce  of  the  water  in  the  cover);  in  this  case,  the  tubbing  or 
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cribUag  must  nuituii  the  sun  of  Uie  tiro  wateT-i)ieatiiTei,  or  62  fitthoms ;  tinoe  the 
ttntum  a  meets  the  alluvial  cover  at  d,  the  foDiitsiD>heiid  of  all  the  vater  that  ocean 
in  unking.  Thus  we  perceive,  that  thongh  no  water-feeder  of  any  magnitude  should 
present  itself  till  the  shaft  had  been  sunk  100  &thomB ;  if  this  water  required  to  be 
stopped  up  or  tubbed  off  through  the  breadth  of  a  stratum  only  3  feet  thick,  the 
tubbing  would  need  to  have  a  strength  to  resist  100  &thoms  of  water-pressnre.  For 
though  the  water  at  first  ooies  merely  in  discontinuous  particles  through  the  open 
pores  of  the  sands  and  sandstones,  yet  it  soon  fills  them  up,  like  a  myriad  of  tubes, 
which  transfer  to  the  bottom  the  total  weight  of  the  hydrostatie  column  of  . .  „. 
1 00  &thoms ;  and  experience  shows,  as  we  have  already  stated,  that  what- 
ever water  oocnn  in  coal-jnts,  or  in  mines,  generally  speaking,  pwceeds 
fiom  the  sni&ee  of  the  ground.  Hence,  if  the  cover  be  an  impervious  bed 
of  clay,  ve^  little  water  will  be  met  with  among  the  strata,  in  comparison 
with  what  would  be  found  under  sand. 


1497 


1498 


^        K 


V 


When  sevaial  fathoms  ot  tue  strata  must  be  tubbed,  in  order  to  stop  np  the  water- 
flow,  the  shaft  mtist  be  widened  regnlarly  to  admit  the  kind  of  tubbing  that  is  to  be 
inserted;  the  greatest  width  being  needed  for  plank-tubbing,  and  the  least  for  iron- 
tubbing.  SHg.  1498  represents  a  diaft  excavated  for  plank-tubbing,  where  a,  a,  a,  a  are 
the  impervious  strata,  o,  b  the  porous  beds  water-logged,  and  c,  o  the  bottom  of  the 
excavation,  made  level  and  perfectly  smooth  with  mason  chisels.  The  same  precau- 
lions  are  taken  in  working  m  the  upper  part  of  the  excavation  d,  d.  In  this  opera- 
tion, three  kinds  of  crilw  are  employed ;  called  wedging,  spiking,  and  main  cribo; 
Besides  the  stout  plank  for  making  the  tub,  a  quantity  of  well-seasoned  and  clean 
reeded  deal  is  required  for  forming  the  joints ;  called  sheeting  deal  by  the  workmen. 
This  sheeting  deal  is  always  applied  in  pieces  laid  endwise,  with  the  end  of  the  fibres 
towards  the  area  of  the  pit.  Since  much  of  the  security  &om  water  depends  on  the 
tightness  of  the  tub  at  its  jointing  with  the  rock,  several  plans  have  been  contrived  to 
effect  this  object ;  the  most  approved  being  represented  in  fiff.  1499.  To  make  room 
for  the  lower  wedging  crib,  the  recess  is  excavated  a  few  inches  wider,  as  at  c ;  and 
from  i  to  e,  sheeting  deals  are  laid  all  round  the  circle,  or  a  thin  stratum  of  oalcnm 
is  introduced.  On  this  the  wedging  crib  d  is  applied,  and  neatly  jointed  in  the  radius- 
line  of  the  pt,  each  segment  being  drawn  euctly  to  the  drcle :  and  at  each  of  its 
elements  sheeting  deal  is  inserted.  This  wedging  crib  must  be  10  inches  in  the  bed, 
and  6  inches  deep.  The  vacuity  «,  at  the  back  of  the  crib,  about  2  and  a  half  inches 
wide,  is  filled  with  pieces  of  dry  clean  reeded  deal,  inserted  endwise ;  which  is  regularly 
wedged  with  one  set  of  wedges  all  round,  and  then  with  a  second  and  a  third  set  of 
wedges,  in  the  same  regular  style,  to  keep  the  crib  in  a  truly  circular  posture.  By 
this  process,  well  executed,  no  water  can  pass  downwards  by  the  back  of  the  crib. 
The  next  operation  is  to  fix  spiking  cribs/,  to  the  rock,  about  10  or  12  feet  from  the 
lower  crib,  according  to  the  length  of  the  planks  to  be  used  for  the  tubs.  They  must 
be  set  fair  to  the  sweep  of  the  shaft,  as  on  them  its  true  drcnlar  figure  depends.  The 
tubbing  deals,  k,  must  now  be  fixed.  They  are  S  inches  thick,  6  broad,  and  planed  on 
411  sides,  with  the  joints  accurately  worked  to  the  proper  bevel  for  the  circle  of  the 
pit.  The  main  cribs,  y^,  are  then  to  be  placed  as  counterforts,  for  the  support  and 
Strength  of  the  tabbing.  The  upper  ends  of  the  first  set  of  tab-planks  bieing  cut 
square  and  level  all  roimd,  the  second  spiking  crib,  I,  is  fixed,  and  another  set  of 
tubbing  deals  pnt  round  like  the  former,  having  sheeting  deal  inserted  betwixt  the 
ends  of  the  two  sets  at/.    When  this  is  wedged,  the  cribs,  A  A,  are  placed. 

Oak  cribbing  is  made  with  pieces  of  the  best  oak,  from  3  to  4  feet  long,  10  inches 
tn  the  bed,  and  7  or  8  inches  deep. 

'  The  third  mode  of  tabbing,  by  means  of  iron  cylinders  cast  in  segments,  now 
•upersedes  the  wooden  tubbing,  from  the  great  redaction  in  the  price  of  iron, 
and  its  superior  strength  and  durability.  Each  segment  is  adjusted  piece  to  piece 
in  the  oiroular  recess  of  the  pit  cut  out  fbr  their  reception.  The  flange  for  the 
wedging  joint  is  best  turned  inwards.  In  late  improvements  of  this  plan,  executed 
by  Hr.  Buddie,  when  the  pressure  amounted  to  several  hundred  feet,  the  segments 
were  6  feet  long,  2  feet  broad,  and  an  inch  thick,  eonnterforted  with  ribs  or  raised 
work  on  the  back;  the  lip  of  the  flange  wa»  strong,  and  anppoited  by  Ixacketo. 
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These  segments  of  the  iron  cylinder  aie  set  true  to  the  ladioB  of  the  {nt ;  and  entj 
horizontal  and  perpendicular  joint  is  made  tight  ^th  a  layer  of  sheeting  deal.  A 
-wedging  crib  is  fixed  at  the  bottom,  and  the  segments  are  bnilt  up  r^larl^  trith 
joints  like  ashlar-work.  This  kind  of  tabbing  can  be  carried  to  any  height,  till  the 
water  finds  an  outlet  at  the  surface,  or  till  strata  containing  water  can  be  tubbed  of^  as 
by  the  modes  of  tubbing  already  described.  A  shaft  flnishiad  in  this  manner  present* 
a  smooth  lining-wall  of  iron,  the  flanges  being  turned  towards  the  outside  of  the 
cylinders.  In  this  iron  tubbing,  no  screw  bolts  are  needed  for  joining  the  segments 
together ;  as  they  are  packed  hard  within  the  pit,  like  the  staves  of  a  cask. 

The  veight  of  the  hydrostatic  column  is  not  the  only  pressure  to  -which  the  tubbing 
is  exposed.  There  is  the  pressure  from  accumulated  carburetted  hydrogen  gas, 
which  considerably  exceeds  the  water-pessure.  If  the  tubbing  in  deep  shafts  -was 
put  in  -without  pressure  pipes,  it  would  be  liable  to  be  fractured  by  great  pressure 
iiom  gas.  The  pressure  pipes  are  usually  fixed  to  each  length  of  tubbing ;  strong 
taps  or  cocks  are  first  screwed  into  the  tubbing,  and  malleable  iron  pipes  of  from  1  to 
2  inches  in  diameter  are  fixed  to  the  tops  and  carried  upto  the  sur&ce ;  and  in  manj 
cases  a  continual  overflow  of  gas  and  water  issues.  By  these  means  the  tubbing  u 
only  sulject  to  the  pressure  due  to  the  hydrostatic  column. 

Before  tabbing  a  shaft,  it  is  neoessaiy  to  ascertain  -whether  the  strata  containing 
-water  is  likely  to  be  dislocated,  so  as  to  let  down  the  water  by  working  the  oou 
away ;  in  such  a  case,  tubbing  the  shaft  is  unnecessary.  The  judgment  of  the  mining 
engineer  must  decide  about  this. 

When  a  porous  thin  bed  or  parting  betwixt  two  imperrions  strata  gives  out  much 
water,  or  -when  the  fissures  of  the  strata,  called  cutters,  are  very  leaky,  the  water  can 
be  completely  stopped  up  by  the  improved  process  of  wedging.    The  fissure      .  ,.. 
is  cut  open  with  chisels,  to  a  -width  of  2,  and  a  depth  of  7  inches,  as  . 

represented  in^,  ISOO.  The  lips  being  rounded  off  about  an  inch  and  a 
h^  pieces  of  clean  deal  are  then  driven  in,  -whose  face  projects  no  farther 
than  the  contour  of  the  lips,  -when  the  whole  is  firmly  wedged,  till  the  water 
is  entirely  stopped.  By  sloping  back  the  edges  of  the  fissures,  and  wedging 
back  &om  the  fiuie  of  the  stone,  it  is  not  liable  to  burst  or  crack  off  in  the  operation, 
as  took  place  in  the  old  -way,  of  dri-ring  in  the  wedge  directly. 

Messrs.  Kind  and  Chaudron's  improved  methods  of  sinking  shafts  through  -water- 
bearing strata  and  beds  of  quicksand,  successfully  practised  in  many  of  the  continental 
coal-fields,  aie  fully  described  in  the  article  Bohino. 

Working  of  Coal. — A  stratum,  bed,  or  seam  of  coal,  is  not  a  solid  mass,  of  tuiform 
texture,  nor  al-wsys  of  homt^eneous  quality.  It  is 
often  di-rided  and  intersected,  -with  its  concomitant 
strata,  by  what  are  named  partings,  backs,  cutters, 
reeds,  or  ends.  Besides  the  chief  partings  at  the 
roof  and  pavement  of  the  coal-seam,  there  ore  sub* 
ordinate  lines  of  parting  in  the  coal  mass,  parallel 
to  these,  of  Tariable  dimensions.  These  di-risions 
are  delineated  in^.  1601,  -where  A,  b,  c,  d,  b,  f,  o, 
represent  a  portion  of  a  bed  of  coal ;  the  yefal- 
lelograjn  A  b  s  c  the  parting  at  the  roof,  and  e  r  o 
the  parting  at  the  pavement  ;ab,be,tle,  and  ef,  are  the  subordinate  or  intennediata 
partmgs;  gh,ik,lm,  the  backs;  op,fq,  rs,it,HV,  and  vv>,  the  cutters.  It  is 
tlms  manifest  that  a  bed  of  coal,  according  to  the  number  of  these  natural  divisions,  is 
snbdi-irided  into  solid  figures  of  various  dimensions,  and  of  a  cubical  or  rhomboidal  shape. 

When  the  engine-pit  is  sunk,  and  the  lodgement  formed,  a  heading  or  drift  is  then 
made  in  the  coal  to  me  rise  of  the  field,  or  a  cropping  from  the  engine-pit  to  the  se- 
cond pit.  This  heading  may  be  6  or  8  feet  -wide,  and  carried  either  in  a  line  directly 
to  the  {it  bottom,  or  at  right  angles  to  the  backs  or  web  of  the  coal,  until  it  is  on  a  line 
-with  the  pit,  where  the  heading  is  set  off,  upon  one  side,  to  the  pit  bottom.  This 
heading  is  carried  as  nearly  parallel  to  the  bikclcs  as  possible,  till  the  pit  is  gained. 
Fig.  1602  represents  this  mining  operation.  A,  is  the 
engine-pit.  b,  the  second  or  bye-pit,  a  c,  the  galleiy  or 
heading  driven  at  right  angles  to  the  backs,  c  b,  the 
gallery  set  off  to  the  right  hand,  parallel  to  the  backs. 
The  next  step  is  to  drive  the  main  levels  from  the  engine- 
pit  bottom.  In  this  business  the  best  colliers  are  always 
employed,  as  the  object  is  to  drive  the  gallery  in  a  truly 
level  direction,  independently  of  all  sinkings  or  risings  tf 
the  pavement.  For  coal-seams  of  ordinary  thickness,  this 
gallery  is  usually  not  more  than  6  feet  -wUe ;  observing  to  have  on  the  dip  side  of  ths 
Urel  a  amall  quantitgr  of  -vater,  like  tliat  of  a  gutter,  so  as  to  guide  the  wwfaoea  is 
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driTing  the  level.  Vfhea  the  lerel  is  tbiTen  correctly,  with  the  proper  depth  of  vnter, 
it  is  said  to  bsre  dead  water  at  the  foce.  In  this  operation,  therefore,  the  miner  pays 
no  regard  to  the  badu  or  cutters  of  the  coal ;  but  is  guided  in  his  line  of  direction 
entirely  by  the  water-level,  which  he  must  attend  to  solely,  without  regard  to  slips  or 
dislocations  of  the  strata  throwing  the  coal  up  or  down.  In  the  last  figure,  the  coal-fleld 
is  a  portion  of  a  basin;  so  that  if  the  shape  be  uniform  and  unbroken,  and  if  any  point 
be  assumed  on  the  dip  of  the  crop,  as  D,  the  level  lines  from  that  point  will  be  parallel  to 
the  line  of  crop,  as  n  b,  d  F,  and  the  levels  from  any  point,  whatever  the  dip  or  incli- 
nation of  strata,  will  be  also  parallel  to  these ;  and  hence,  were  the  coal-fieldan  entile 
elliptical  basin,  the  dip-head  levels  carried  &om  any  point  would  be  elliptical,  and  parallel 
to  the  dop.  If,  as  is  more  commonly  the  case,  the  ooal-field  be  merely  a  portion  of  a 
basin,  formed  by  a  slip  of  the  strata,  as  represented  in 
1603  ^  i503_  where  a,  a,  a  is  the  crop  and  a  b,  a  slip  of  great 

magnitude,  forming  another  coai.'fleld  on  the  side  c,  then 
the  crop  not  only  meets  the  aUnvial  cover,  but  is  cut  off 
_  by  the  slip  at  a  and  at  b.  Should  emy  point,  therefore, 
^  be  assigned  for  an  engine-pit,  the  levds  from  it  will 
proceed  in  a  line  parallel  to  the  crop,  as  od,  s  e ;  and  the  level  on  both  sides  of  the 
engine-pit  will  be  also  cut  off  by  the  slip  A  b.  In  this  fignre,  the  part  included  be- 
tween tne  two  curve  lines  is  the  breadth  or  breast  of  coal-field  won  by  the  engine-pit 
D  ;  what  is  not  included  is  termed  the  under-dip  coal,  and  can  be  worked  only  by  one 
or  more  new  winnings  towards  the  dip,  according  to  drcomstances. 

In  Britidk  practice,  there  are  four  different  systems  of  working  coal-mines. 
'    1.  Working  with  pillars  and  rooms  or  boards,  styled  post  and  stall,  yrhtae  the 
pillars  left  bear  such  proportion  to  the  coal  excavated  aa  is  just  adequate  to  the  sup- 
port of  the  incumbent  strata. 

2.  Working  with  post  and  stall,  where  the  pillars  are  left  of  an  extra  sice,  and 
stronger  than  may  be  requisite  for  bearing  the  superior  strata,  with  the  intention  ot 
removing  a  considerable  portion  of  each  massive  pillar,  whenever  the  regular  working 
of  poet  and  stall  has  been  finished  in  the  colliery. 

3.  Working  with  poet  and  stall,  or  with  comparatively  narrow  rooms  or  boards, 
wh^eby  an  uncommonly  large  proportion  of  coal  is  left,  with  the  view  of  working  back 
towards  the  pits,  whenever  t^e  colliery  is  worked  in  this  manner  to  the  extent  of  the 
coal-field,  and  then  taking  away  every  pillar  completely,  if  possible,  and  allowing  the 
whole  superincumbent  strata  to  crush  down,  and  follow  the  miners  in  their  retreat. 

4.  Working  the  long  way,  being  the  Shropshire  and  Derbyshire  method ;  which  leaves 
no  pillars,  but  takes  out  all  the  coal  progressively  as  the  workings  advance.  On  this 
plan  the  incumbent  strata  crush  down,  creeping  very  close  to  the  heads  of  the  miners. 

OThe  post-and-stall  system  is  practised  with  coals  of  every  thickness.  The  long-woric 
method  is  adopted  generally  with  thin  coals  ;  for  when  the  thickness  exceeds  6  or  7 
feet,  and  there  is  only  little  refuse  made  in  excavating  the  coal  to  cart  into  the  exca- 
vated part,  this  mode  has  been  found  impracticable. 

The  following  considerations  must  be  had  in  view  in  establishing  a  coal-mine : — 

1.  The  lowest  coal  stratum  of  the  winning  should  be  worked  in  such  a  manner  as 
not  to  iqjore  the  working  or  the  value  of  the  upper  coals  of  the  field;  but,  if  this 
cannot  be  done^  the  upper  coals  should  be  worked  in  the  &nst  place.  There  are,  how- 
ever, cases  where  an  upper  seam  of  coal  can  be  worked  more  advantageously  by 
working  a  lower  seam  first  on  the  long-wall  method. 

2.  The  coals  must  be  examined  as  to  texture,  hardness,  softness,  the  number  and 
openness  of  the  backs  and  cutters, 

8.  The  nature  of  the  pavement  of  the  coal-seam,  particularly  aa  to  hardness  and 
softness ;  and  if  soft,  to  what  depth  it  may  be  so. 

4.  The  nature  of  the  roof  of  the  coal-seam,  whether  compact,  flrm,  and  strong ;  or 
weak,  and  liable  to  fall ;  as  also  the  nature  of  the  superincumbent  strata. 

6.  The  nature  of  the  alluvial  cover  of  the  ground,  as  to  water,  quicksands,  &c. 

6.  The  situation  of  rivers,  lakes,  or  marshes ;  particularly  if  any  be  near  the  oat- 
crop  of  the  coal-strata. 

7.  The  situation  of  towns,  villages,  and  mansion-houses,  upon  a  coal-fteld  as  to  the 
chance  of  their  being  iqjnred  by  any  particular  mode  of  mining  the  coaL 

Mr.  Bald  gives  the  following  genenil  rules  for  determining  the  best  mode  of  work- 
ing coal  by  post  and  stall : — 

'1.  If  the  coal,  pavement,  and  roof,  are  of  ordinary  hardness,  the  pillars  and 
rooms  may  be  proportioned  to  each  other,  corresponding  to  the  depth  of  the  super- 
incumbent strata,  providing  all  the  coal  proposed  to  be  wrought  is  taken  away  by  the 
first  working,  as  in  the  first  system  ;  but,  if  the  pillars  are  to  be  winged,  or  partially 
worked  afterwards,  they  must  be  left  of  an  extra  strength,  as  in  the  second  system. 

'  3.  If  the  pavement  is  soft,  and  the  coal  and  roof  strong,  pillars  of  an  extra  size 
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must  ht  left,  to  pnrent  the  pillan  rinldng  into  the  parement,  and  producing  a 

CVMp. 

*  8.  If  the  coal  is  Tery  soft,  or  has  nomeions  open  backs  and  entteis,  the  pillais 
mnst  be  left  of  an  extra  size,  othenrise  the  pressure  of  the  superincumbeDt  strata  Till 
make  the  pillars  fly  or  break  off  at  the  backs  and  cntters,  the  result  of  -which  would 
he  a  total  destruction  of  the  pillars,  termed  a  crush  or  sit,  in  -which  the  roof  sinks  to 
the  pavement,  and  doses  up  tne  -work. 

1 4.  If  the  roof  is  very  bad,  and  of  a  soft  texture,  pillars  of  an  extra  sise  are  re- 
quired, and  the  rooms  or  boards  comparatively  very  narro-w. 

'  In  short,  keeping  in  view  all  the  circumstances,  it  may  be  stated  generally,  that 
when  the  coal,  pavement,  and  roof,  are  good,  any  of  the  systems  before  mentioned 
may  be  pursued  in  the  -working ;  but  if  they  are  soft,  the  plan  is  to  work  with  rooms 
of  a  niMerate  width,  and  -with  pillars  of  great  extra  strength,  by  which  the  greater 
part  of  the  coal  may  be  got  out  at  the  last  of  the  work,  when  the  ^ninera  retreat  to  the 
pit  bottom,  and  there  finish  the  workings  of  a  pit.'  ^■r~'^M 

Fig,  1604  represents  the  eSect  of  pillars  sinking  into  the  pave-    ^B^^H  ^^Oi 
ment,  and  producing  a  creep ;  andj^.  1606  exhibits  large  pillais    ^^■S'^^^ 
and  a  loom,  with  the  roof  stratum  bending  do-wn  before  it  &lls 


at  A    Thus  the  roads  will  be  shut  up,  the  air-eourses  destroyed,    IHT^HSf  1505 
and  the  whole  economy  of  the  mining  opeiadons  deranged.  ^^1 — ^*- 

In  the  '  Bepovt  ttom.  the  Select  Committee  of  the  House  of  Lords,  appointed  to  take 
into  consideration  the  state  of  the  Goal  l^ade  in  the  United  Kingdom,'  printed  in 
Jane  1829,  under  the  head  of  Mr.  Buddie's  evidence,  we  have  an  excellent  description 
of  the  nature  and  progress  of  creeps,  which  we  have  adverted  to  in  the  preceding  ac- 
count.   The  anneiMd  figore  (1606)  exhibits  the  creep  in  all  its  progressive  stages, 


1.  Fbit  stage  otsotiTOonqi. 

2.  Beoond  do. 

3.  TUiddo. 

4.  VrarUido. 


t,  TbB  metal  lUfeclMsd,  sad  tlMotwp  beginning 

to  settle. 
6  and  7.  The  oreop  settled,  the  metal  ridges  being 

doselj  oompnand,  and  nipportlng  tbe  roof. 


bom  its  commencement  until  it  has  completely  closed  all  the  -workings,  and  crushed 
the  pillars  of  coal.  The  section  of  the  figures  supposes  ns  standing  on  the  level  of 
the  difierent  galleries  which  are  opened  in  the  seam.  The  black  is  the  coal  pillars 
between  each  gallery ;  -when  these  are  weakened  too  much,  or,  in  other  words,  when 
their  bases  become  too  narrow  for  the  pavement  below,  by  Uie  pressure  of  the  in- 
cumbent strata,  they  sink  down  into  the  pavement,  and  the  first  appearance  of  creep 
is  a  little  curvature  in  the  bottom  of  each  gallery :  that  is,  the  first  symptom  obvious 
to  sight ;  but  it  may  generally  be  heard  before  it  is  seen.  The  next  stage  is  when  the 
pavement  begins  to  open  -with  a  crack  longitudinally.  The  succeeding  stage  is  when 
that  crack  is  completed,  and  it  assumes  the  shape  of  a  metal  ridge.  The  next  is 
when  the  metal  ndge  reaches  the  roof  The  following  stage  is  when  the  peak  of  the 
metal  ridge  becomes  fiattened  by  pressure,  and  forced  into  a  horizontal  direction, 
and  becomes  qmte  dose ;  just  at  this  moment  the  coal  pillars  begin  to  sustain  part  of 
the  pressure.  The  next  is  -when  the  coal  pillars  take  part  of  the  pressure.  The  last 
stage  is  -when  it  is  dead  and  settled ,  that  is,  when  the  metal  or  fiictitioua  ridge,  formed 
by  the  sinking  of  the  pillar  into  the  pavement,  bears,  in  common  -with  the  pillars  of 
coal  on  each  side,  the  nil  pressure,  and  the  coal  becomes  cmshed  or  cracked,  and  can 
be  no  longer  woriced,  except  by  a  very  expensive  and  dangerous  process. 

The  proportion  of  coal  worked  out,  to  that  left  in  the  pillars,  when  all  the  coal 
intended  to  be  removed  is  taken  out  at  the  first  -working,  -varies  from  four-fifths  to 
two-thirds ;  but,  as  the  loss  of  even  one-third  of  the  whole  area  of  coal  is  far  too  much, 
the  bettar  mode  of  working,  suggested  in  the  third  system,  ought  to  be  adopted. 

The  proportion  of  a  -winning  to  be  worked  may  be  thus  calculated : — Let  Jig.  1607 
be  a  small  portion  of  the  pillars,  rooms,  and  tlurlings,  formed  in  a  coal-field ;  a,  a, 
are  two  rooms ;  b,  the  pillars ;  o,  the  thirlings  (or  area  worked  out).  Suppose  the 
rooms  to  be  12  feet  -wide,  the  thirlingb  to  be  the  same,  and  the  pillars  12  feet  on  each 
side ;  adding  the  &ce  of  the  pillar  to  the  width  of  the  room,  the  sum  is  24 ;  and  also 
the  end  of  the  pillar  to  the  -width  of  the  thirling,  the  sum  is  likewise  24;  then 
24x24^676;  and  the  area  of  the  piUaris  12x  12'>144;  and  as  676  divided  by  144 
give*  4  for  a  quotient,  the  result  is,  that  one-fourth  of  the  coal  is  left  in  pillars,  and 
three-fourths  extracted.  Let  d,  <,/,  ff,  be  one  winning,  and  g,e,k,h,  another.  By 
inspecting  the  figure,  we  percdve  the  workings  of  a  coal-field  are  resolved  into  quadr 
rangular  areas,  having  a  pillar  sitnated  in  one  of  the  angles. 
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In  forming  th«  pillars  and  carrying  forwardg  the  board*  with  regularity,  eipeeially 
where  the  backs  and  cutters  are  very  distinct  and  nomerons,  it  is  of  importance  to 


1507 


IfiOS 


1609 


3    f  '^"m'*^  ti£*.%mwmm\ 

voile  the  lOomB  at  right  angles  to  the  backs, 
and  the  thirlings  is  the  direction  of  the  cntters,  . 

howerer  oblique  these  may  be  to  the  backs,  as/^  ■  ■  ■  B  ■  bB:^'  B  B  B  i 
tbe  rooms  are  by  this  means  conducted  with  the^ 
greatest  regularity  with  regard  to  each  other, 
kept  eqnidistant,  and  the  pillars  are  strongest  under  a  giren  area.  At  the  same  time, 
however,  it  seldom  happens  that  a  back  or  cutter  occurs  exactly  at  the  place  where  a 
pillar  is  formed ;  but  this  is  of  no  consequence^  as  the  shearing  or  cutting  made  by  the 
miner  ought  to  be  in  a  line  pantllel  to  the  backs  and  cutters.  It  frequently  happens 
that  the  dip-head  leyel  intersects  the  cutters  in  its  progress  at  a  Tery  oblique  angle.  In 
this  case,  iHien  rooms  and  pillars  are  set  off,  the  face  of  the  pillsf  and  width  of  the 
room  must  be  measored  off  an  exact  breadth  in  proportion  to  the  obliquity,  as  in  jig. 
1508.  By  neglect  of  this  mle  much  confusion  and  irregular  work  is  often  produced. 
It  is,  moreover,  proper  to  make  the  first  set  of  pillars  next  the  dip-head  level  much 
stronger,  even  whwe  there  is  no  obliquity,  in  order  to  protect  that  level  from  being 
iigured  by  any  accidental  crush  of  the  strata. 

We  shall  now  explain  the  different  systems  of  working :  one  of  the  simplest  of  which 
is  shown  in  fig.  1509  :  where  A  represents  the  engine-pit;  b,  the  bye-pit ;  o,  v,  the 
dip-bead  levels,  always  carried  in  advance  of  the  rooms ;  and  ■,  the  rise-  or  crop- 
gallery,  also  carried  in  advance.  These  gaUeriee  not  only  open  out  the  work  for  the 
miners  in  the  coal-bed,  but,  being  in  advance,  afford  sufficient  time  for  any  requisite 
operation,  should  the  mines  be  obstructed  by  dykes  or  hitches.  In  the  example  Wore 
us,  the  room  or  boards  are  worked  from  the  dip  to  the  crop ;  the  leading  rooms,  or 
those  most  in  advance,  are  on  each  side  of  the  crop-gallery  ■ ;  all  the  other  rooms 
follow  in  succession,  as  shown  in  the  figure  :  consequently,  as  the  rooms  advance  to 
the  crop,  additional  rooms  are  began  at  the  dip-head  level,  towards  c  and  d.  Should 
the  coat  work  better  in  a  level-course  direction,  then  the  level  rooms  are  next  the 
dip-head  level,  and  the  other  rooms  follow  in  succession.  Hence  the  rooms  are 
carried  to  the  crop  or  rise  in  the  one  case,  till  the  coal  is  cropped  out,  or  is  no 
longer  workable ;  and  in  the  other,  they  are  extended  as  &r  as  the  extremity  of  the 
dip-head  level,  which  is  finally  cut  off)  either  by  a  dyke  or  slip,  or  by  the  boundary  of 
the  coal-field. 

ISg.  1610  represents  a  part  of  a  collisrv  laid  out  in  four  panels,  according  to  the 
improved  method  of  the  north  of  England.  To  render  it  as  distinct  as  possible, 
the  line  of  the  boards  is  at  right  angles  with  the  dip-head  level,  or  level  course  of 
the  coal,  a  is  the  engine^haft,  divided  into  three  compartments,  an  engine-pit  and 
two  coal-pits,  like>!^.  1493.  One  of  the  coal-jnts  is  the  down-cast,  by  yftaay  the  atmo- 
spheric air  is  drawn  down  to  ventilate  the  works ;  the  other  coal-jnt  is  the  up-cast 
shaft,  at  whose  bottom  the  furnace  for  rarefying  the  air  is  placed,  b  c;  is  the  dip- 
head  level ;  A  B,  the  rise-  or  crop-gallery ;  x,  x,  the  panel-waus ;  F,  o,  are  two  panels 
completed  as  to  the  first  work ;  n,  is  a  panel,  with  the  rooms  a,  a,  a,  in  regulu  pro- 
gress to  the  rise ;  e,  is  a  panel  fUly  worked  out,  whence  nearly  all  the  coal  na^ 
been  extracted  :  the  loss  amounting  in  general  to  no  more  than  a  tentii,  instead  of 
a  third,  or  even  a  half,  by  the  old  method.  By  this  plan  of  Hr.  Buddie's  also,  the 
pillars  of  a  panel  may  be  worked  ont  at  any  time  most  suitable  for  the  economy  of  the 
mining  operation. 

In  Mr.  Buddie's  system  the  pillars  are  very  laive,  and  the  rooms  or  boards  narrow ; 
the  pillars  being  in  general  12  yards  broad,  and  24  yaids  long ;  the  boards  4  yards 
wide ;  and  the  walla  or  thirlings  cut  through  the  pillars  from  one  board  to  another, 
only  5  feet  wide,  for  the  purpose  of  ventilation.  In  the  figure,  the  rooms  are  repre- 
sented as  proceeding  from  the  dip  to  the  crop,  and  the  panel-walls  act  as  bamers 
thrown  round  the  area  of  the  panel  to  prevent  the  weight  of  the  superincumbent 
strata  from  over-mnning  the  ac^oining  panels.  Again,  when  the  pillars  of  a  panel 
are  to  be  worked,  one  range  of  pillars,  as  at  i  (in  r),  is  first  attacked  ;  and,  as  the 
wmlunen  cut  away  the  furuiest  pillars,  columns  of  prop-wood  are  erected  betwixt  the 
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psTcment  and  tbe  Toof,  'within  a  few  feet  of  each  other  (as  sho«n  by  the  dots^  till  ac 
area  of  above  100  ymda  aqnare  is  cleared  of  piUare,  presenting  a  body  of  strata  per- 
haps 130  fathoms  thick,  suspended  clear  and  without  support,  except  at  the  line  of 
the  surrounding  pillars.  This  operation  is  termed  working  the  goaf.  The  only  use 
of  the  prop-wood  is  to  prerent  the  stratum,  which  forms  the  ceiling  over  the  workmen's 
heads,  from  falling  down  and  killing  them  by  its  splintery  fra^ents.  Experience 
has  proved  that  befors  proceeding  to  take  away  another  set  of  pillars,  it  is  necessary 
to  allow  the  last-made  goaf  to  f^  The  workmen  then  begin  to  draw  out  the  props, 
i^ch  is  a  most  hazardoos  employment.  They  begin  at  the  more  remote  props,  and 
knock  them  down  one  after  another,  retreating  quickly  under  the  protection  of  the 
temalDing  props.    Ueanwhile  the  roof-stratum  begins  to  break  by  the  sides  of  the 
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pillars,  and  falls  down  in  immense  pieces  ;  while  the  workmen  still  persevere,  boldly 
drawing  and  retreating  till  every  prop  is  removed.  Nay,  should  any  props  be  so  firmly 
fixed  by  the  top  pressure  that  they  will  not  give  way  to  the  blows  of  heavy  mauls, 
thejr  are  cut  through  with  axes ;  Uie  workmen  making  a  point  of  honour  to  leave  not 
a  single  prop  in  the  goaf.  If  any  props  are  left  in  the  goaf  it  causes  an  irregular 
subsidence  of  the  strata,  and  tlm>ws  more  pressure  on  the  ad^jacent  pillars.  The 
miners  next  proceed  to  cut  away  the  pillars  nearest  to  the  sides  of  the  goa^  setting 
prop-wood,  then  drawing  it,  and  retiring  as  before,  until  every  panel  is  removed, 
excepting  small  portions  of  pillars  which  require  to  be  left  under  dangerous  stones  to 
protect  Om  retreat  of  the  workmen.  While  this  operation  is  going  forward,  and  the 
goaf  extending,  the  superincumbent  strata,  being  exposed  without  support  over  a 
large  area,  break  progressively  higher  up ;  and  when  strong  beds  of  sandstone  are 
thus  giving  way,  the  noise  of  Uie  rending  rocks  is  very  peciUiar  and  terrific ;  at  one 
time  loud  and  sharp,  at  another  hollow  and  deep. 

As  die  pillars  of  the  panels  are  taken  away,  the  panel- walls  are  also  worked  pro- 
^reasiTely  backwards  to  the  pit-bottom ;  so  that  only  a  very  small  proportion  of  coal 
IS  eventually  lost. 

The  fourtn  system  of  working  coal  is  called  the  h*g  way,  the  long-wall,  or  the 
Shropshire  and  Derbyshire  method. 

The  plject  of  this  system  is,  to  begin  at  the  {nt-bottom,  and  to  cut  away  at  once 
every  inch  of  coal  progressively  forward,  and  to  allow  the  whole  superincumbent 
strata  to  crash  down  behind  and  over  the  heads  of  the  workmen.  This  plan  is 
panned  chiefly  with  coals  that  are  thin,  from  4  to  6  feet  being  reckoned  the  most 
ravonmble  thickness  for  proceeding  with  comfort,  amidst  ordinary  circumstances,  as 
to  roof,  ^vement,  &c.  When  a  pit  is  opened  on  a  coal  to  be  treated  by  this  method, 
the  position  of  the  coals  above  the  lowest  seam  sunk  to  must  first  be  considered ;  if 
the  coal-beds  be  contagnons  it  will  be  proper  to  work  the  upper  one  first,  and  the  rest 
in  succession  downwaids ;  but  if  they  are  8  fathoms  or  more  apart,  with  strata  of  strong 
texture  betwixt  them,  the  working  of  the  lower  coals  in  the  first  place  will  do  no  iqjnry 
to  that  of  the  upper  coals,  except  breaking  them,  perhaps,  a  little.  In  many  instances, 
indeed,  by  this  operation  on  a  lower  coal,  npper  coals  are  rendered  mote  easily  worked. 
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When  the  operation  is  eonuneneed  by  working  on  the  long-wall  plan,  the  dip-head 
levels  are  driren  in  the  osnal  manner,  and  very  large  bottom-pilldra  are  formed,  as 

represented  in  ^.  1511.  Along  the  rise-side  of  the 
dip-head  level,  chains  of  trail,  or  long  pillars,  are 
also  made,  &om  8  to  10  yards  and  upwards  in 
breadth,  and  only  mined  Uiroagh  occasionally,  for 
the  sake  of  ventilation,  or  of  forming  new  roads.  In 
other  cases  no  pillars  ate  left  upon  the  rise-side  of 
the  level ;  bnt,  instead  of  them,  buildings  of  stone 
are  reared,  4  feet  broad  at  the  base,  and  0  or  10 
feet  £com  the  deep  side  of  the  level.  Thon^  the 
roads  are  made  9  feet  wide  at  first,  they  are  reduced 
to  half  that  width  after  the  full  pressure  of  the 
strata  is  upon  them.  Whenever  these  points  are 
secured,  the  operation  of  cutting  away  the  whole 
body  of  the  coal  begins.  The  place  where  the  coal 
is  removed,  is  named  the  gobb  or  waste ;  and 
ffoibin,  or  gobb-stu£^  is  stones  or  rubbish  taken  away  from  the  coal,  pavement, 
or  roof,  to  fill  up  that  excavation  as  much  as  possible,  in  order  to  prevent  the  crush 
of  superincumbent  strata  from  causing  heavy  falls,  or  following  the  workmen  too  fast 
in  their  descent.  Coals  mined  in  this  manner  work  most  easily  according  to  the  way 
in  which  the  widest  backs  and  cutters  are ;  and  therefore,  in  the  Shropshire  mode, 
the  walls  stand  sometimes  in  one  directioD,  and  sometimes  in  another;  the  mine 
always  turning  out  the  best  coals  when  die  open  backs  and  cntters  face  the  workmen. 
As  roads  must  be  maintained  through  the  gobb  or  goaf  to  the  working  taee,  pillars 
of  stone,  called  packs,  are  formed  along  each  side  of  the  road  of  several  feet  in  width ; 
and  the  rock  over  head  along  this  road  is  blasted  down  of  sufSdent  height,  so  that 
when  the  superincumbent  strata  have  sunk,  theie  may  be  ample  height  to  convey  the 
coals  with  ponies.  In  many  cases  these  roads  are  6  to  7  feet  high,  and  seldom  less 
than  4  feet.  In  some  coal-fields  stone  cannot  be  got  in  the  mine  to  build  the  load 
{ollars  or  padcs ;  but  a  substitute  is  found  in  cord  wood,  which  is  formed  into  a  pillar 
on  each  side  of  the  road  by  bnilding  it  up,  and  making  it  as  solid  as  possible  with 
small  coal  and  other  small  refuse.  The  pressure  of  the  strata  soon  makes  this  a  very 
compact  pillar.    This  method  is  common  in  the  Leicestershire  coal-field. 

There  are  two  principal  modifications  of  Uie  long-wall  plan.  The  first,  or  the 
original  system,  was  to  open  out  the  wall  round  the  pit-bottom ;  and,  as  the  wall  face 
extended,  to  set  off  main  roads  and  branches,  very  like  the  branches  of  a  tree.  These 
roads  were  so  distributed,  that  between  the  ends  of  any  two  branches  there  should  be 
a  distance  of  30  or  40  yards,  as  might  be  most  convenient  {tee  fig.  1611).  EaA  space 
of  coal  betwixt  the  roads  is  called  a  wall ;  and  one  half  of  ^e  coals  produced  &om 
each  wall  is  carried  to  the  one  road,  and  the  other  half  to  the  other  road.  This  is  a 
great  convenience  when  the  roof  is  bad ;  and  hence  a  distance  of  only  20  yards  be- 
twixt the  roads  is  in  many  instanceg  preferred.  In  fig.  1511,  ▲  represents  the  shaft; 
B  B,  the  wall-&ce ;  a,  the  dii>-head  level ;  b,  the  loads,  from  20  to  40  yards  asnnder ; 
e,  the  gM  or  waste,  with  buildings  along  the  sides  of  the  roads ;  and  a,  the  pillars. 

The  other  plan  is  represented  in  fig.  1512,  where  k  shows  the  pit,  with  the  bottom 
pillars ;  b,  the  dip-heaa  levels ;  c,  the  off-break  from  the  level,  where  no  pillars  are 
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left ;  d,  the  off-break,  where  pillars  remain  to  se- 
core  the  level.  All  roads  are  protected  in  the 
sides  by  stone  buildings,  if  they  can  be  had,  laid 
off  9  feet  wide.  After  the  cmdi  settles,  the  roads 
generally  remain  permanently  good,  and  can,  in 
many  cases,  be  travelled  through  as  easily  50 
years  after  they  have  been  made  as  at  the  first. 
Should  stones  not  be  forthcoming,  coals  must  be 
substituted,  which  are  built  about  20  inches  in  the 
base.  In  this  method,  the  roads  are  likewise  from  20  to  40  yards  apart;  bnt  instead 
of  ramifying,  they  are  amnged  parallel  to  each  other.  The  miners  secure  the  waste 
by  gobbing ;  and  three  rows  of  props  are  carried  forwards  next  the  wall  faces  a,  with 
pillars  of  stone  or  of  coal  reared  betwixt  them.  This  mode  has  a  more  regular  appearance 
than  the  other;  though  it  is  not  so  generally  practised  in  Shropshire  as  in  Derbyshire. 
In  the  post-and-stall  system,  each  man  has  his  own  room,  and  performs  all  the 
labour  of  it ;  but  in  that  of  Shropshire,  there  is  a  division  of  labour  among  the  work- 
men,  who  are  generally  divided  into  three  companies.  The  first  set  curves,  holes,  or 
pools  the  coal  along  the  whole  line  of  walls,  laying  in  or  pooling  at  least  3  feet,  and 
frequently  45  inches,  or  5  quarters,  as  it  is  called.  These  men  are  named  holen.  As 
the  crush  is  coxwtantly  following  them,  and  impending  over  their  heads,  causing  f^e- 
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^neot  &lls  of  coal,  tlie^  plant  prope  of  wood  for  their  protection  at  regular  distances 
in  an  oblique  direction  between  the  pavement  and  wall  &ce,  called  tpramivg.  Indeed, 
as  a  farther  precaution,  staples  of  coal,  about  10  inches  square,  are  leu  at  ever;  6  or  8 
yards,  till  the  line  of  holing  or  earring  is  completed.  The  walls  are  then  marked  off 
into  spaces  of  from  6  to  8  yards  in  length ;  and  at  each  space  a  shearing  or  vertical 
cut  is  made,  as  deep  as  the  holing;  and  when  this  is  done,  the  holer's  work  is  finished. 
The  set  who  succeed  the  holers  are  called  getters.  These  commence  their  operations 
at  the  centre  of  the  wzdl  divisions,  and  dnve  out  the  giibs,  or  sprage,  and  staples. 
They  next  set  wedges  along  the  roof,  and  bring  down  progressively  each  division  of 
coal ;  or,  if  the  roof  be  haid-bound,  the  coal  is  blown  down  with  gunpowder.  When 
the  roof  has  a  good  parting,  the  coals  will  frequently  fall  down  the  moment  the  gibbs 
are  struck ;  iriiich  makes  the  work  very  easy.  The  getters  are  relieved  in  their  turn 
by  the  third  set,  named  butty-men,  who  break  down  the  coals  into  pieces  of  a  proper 
size  for  sending  up  the  shaft,  and  take  charge  of  turning  out  the  coal  from  the  wall 
face  to  the  ends  of  the  roads.  This  being  done,  they  build  up  the  stone  pillars,  fill  up 
the  gobb,  set  the  trees,  or  props,  clear  the  wall  fitees  of  all  obstructions,  set  the  gibbs, 
and  make  eveiything  clear  and  open  for  the  holers  to  resume  their  work.  If  the  roads 
are  to  be  hei^tened  by  taking  down  the  loof,  or  removing  the  pavement,  these  butty- 
men  do  this  work  also,  building  forwards  the  sides  of  the  roads,  and  securing  them 
with  the  requisite  prope.  When  a  coal  has  a  following  or  roof  stone,  which  regularly 
separates  with  the  eoal,  this  facilitates  the  labour,  and  saves  much  of  the  coal ;  and 
shoidd  a  soft  bed  of  fire-day  occur  a  foot  or  two  beneath  the  coal-seam,  the  holing  is 
made  in  it,  instead  of  into  the  coal,  and  the  stone  betwixt  the  holing  and  the  coal 
benched  down,  which  serves  for  pillars  and  cobbing. 
In  this  way  all  the  vendible  coal  becomes  available. 

Another  form  of  the  Shropshire  system  is,  for  each 
miner  to  have  from  6  to  12  feet  of  coal  before  him, 
with  a  leading-hand  man  ;  and  for  the  several  work- 
men to  follow  in  succession  like  the  steps  of  a  stair. 
When  the  coal  has  open  backs  and  cutters  this  work 
goes  on  very  regularly,  as  represented  in  fig.  1618, 
where  the  leading  miner  is  at  a,  next  to  the  outcrop, 
and  b  h,  See.  are  the  wall  faces  of  each  workman ;  a 
being  the  shaft,  and  b  the  dip-head  level.  In  this 
case  the  roads  are  carried  either  progressively 
through  the  gobb,  or  the  gobb  is  entirely  shut  up ;  and  the  whole  of  the  coals  are  brouglit 
down  the  wall-feces,  either  to  the  dip-head  level  or  the  road  e  e.  This  m^od  may 
be  varied  by  making  the  walls  broad  enough  to  hold  two,  three,  or  four  men,  when 
each  set  of  miners  performs  the  whole  work  of  holing,  getting,  breaUng  down,  and 
carrying  off  the  coals. 

It  is  estimated  that  from  one-eighth  to  one-twelfth  part  only  of  the  coals  remains 
undeiinonnd  by  the  long-wall  plan ;  nay,  In  favourable  drcnmstances,  almost  every 
inch  of  coal  may  be  taken  out,  as  its  principle  is  to  leave  no  solid  pillars  nor  any  coal 
below,  except  what  may  be  indispensable  for  securing  the  gobb.  Indeed,  this  system 
might  be  applied  to  coal-seams  of  almost  any  ordinary  thickness,  providing  stuff  to  flU 
up  the  gobb  could  be  conveniently  procured. 

When  coals  do  not  exceed  20  feet  in  thickness,  and  have  good  roofs,  they  are  some- 
times worked  as  one  bed  of  coal ;  but  if  the  eoal  be  tender  or  free,  it  is  worked  as  two 
beds.  One-half  of  such  thick  coal,  however,  is  in  general  lost  in  pillars ;  and  it  is 
very  sddom  that  less  than  one-third  can  be  left.  When  the  coal  is  free  and  ready 
to  crumble  by  the  incumbent  pressure,  as  well  as  by  the  action  of  the  air,  the  upper 
portaoD  of  the  coal  is  first  woAed,  then  a  scaffi>lding  of  coal  is  left,  2  or  3  feet  thick, 
according  to  the  compactness  of  the  coal ;  and  the  lower  part  of  the  coal  is  now  worked, 
as  shown  in  fig.  \6H.  As  soon  as  the  woridngs  are  completed  to  the  proposed  extent, 
the  coal  Beaffi>lding8  are  worked  away,  and  as  much  of  the  pillars  as  can  be  removed 
with  safety.  As  propwood  is  of  no  use  in  coal-seams  of  such  a 
height,  and  as  falls  tram  the  roof  would  frequently  prove  fatal  to  ^"^* 

the  miners,  it  is  customary  with  tender  roofi  to  leave  a  ceiling  of 
coal  from  2  to  3  feet  thick.  This  makes  an  excellent  roof;  and 
should  it  break,  gives  warning  beforehand,  by  a  peculiar  crack- 
ling ndse,  very  dlffirent  from  that  of  roof-stone  crushing  down. 

One  of  the  thickest  coals  in  Great  Britain,  worked  as  one  bed  from  roof  to  pave- 
ment, is  the  very  remaAable  seam  near  the  town  of  Dudley,  known  by  the  name  of 
the  Ten-yard  cml,  about  7  miles  long  and  4  broad.  Ko  similar  coal  has  been  found 
in  the  island ;  and  the  mode  of  working  it  is  quite  peculiar,  being  a  species  of  panel 
work,  totally  different  from  the  modem  Newcaistle  system.  A  compartment,  or  panel, 
formed  in  woiAiiig  the  ooal,  is  called  a  side  of  work;  and  as  the  ^ihole  operation  is  ex- 
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bibited  in  one  of  theM  oompartmento,  it  irill  be  proper  to  describe  tbe  mode  of  taking 

the  coal  from  one  of  them,  before  describing  the  wholeeztent  of  the  workings  of  a  mi  Mb 

Let  fig,  1616  represent  a  side  of  Tork :  A,  the  ribs  or  walls  of  coal  left  standing, 

round,  constituting  the  side  of  voik;  a,  the  pillais,  8  yards  square ;  c,  the  stalls,  11 

yards  wide;  i,  the  cross  openings,  or  through 
puts,  also  11  yards  wide ;  «,  the  bolt-hole,  cue 
through  the  rib  £com  the  main  road,  by  which  bolt- 
hole  the  side  of  work  is  opened  up,  and  aU  the 
coals  temoTed.  Two,  three,  or  even  four  bolt- 
holes  open  into  a  side  of  work,  according  to  its 
extent ;  tiiey  are  about  8  feet  wide  and  9  feet 
high.  The  working  is  in  a  great  measure  regu- 
lated by  the  natural  fissures  and  joints  of  the 
coal-seam ;  and  though  it  is  30  feet  thick,  the 
lower  band,  of  2  feet  3  inches,  is  worked  first ;  tbe 
miners  choosing  to  confine  themselves  witiiin  this 
narrow  opening,  in  order  to  gain  tbe  greater  ad- 
vantage afterwards,  in  workinjg  the  supenacent 
coaL  Whenever  the  bolt-hole  is  cut  through,  the 
work  is  opened  up  by  driving  a  gallery  fSrward, 
1 1  4  feet  wide,  as  shown  by  the  dotted  lines.    At  the 

sides  of  this  gallery  next  the  bolt-hole,  each  miner 
breaks  off  in  succession  a  breast  of  coal,  two  yardis  broad,  as  at//,  by  means  of  which 
the  sides  of  the  rib-walls  A,  are  formed,  and  tile  area  of  the  pillars.  In  this  way  each 
collier  follows  another,  as  in  one  of  the  systems  of  the  Shropshire  plan.  When  the 
side  of  work  is  laid  open  along  the  rib-walls,  and  the  faces  and  sides  of  the  pillars 
have  been  formed,  the  upper  coals  are  then  begun  to  be  worked,  next  the  rib-wall. 
This  is  done  by  shearing  up  to  a  bed  next  the  bolt-hole,  and  on  each  side,  whereby  the 
head  coals  are  brought  regularly  down  in  large  cubical  masses,  of  such  thickness  as  suits 
with  the  free  partings  or  subordinate  divisions  of  the  coals  and  bands.  Props  of  wood, 
or  even  stone  pillars,  are  placed  at  convenient  distances  for  the  security  of  the  miners. 
In  working  the  ten-yard  coal,  a  very  large  proportion  of  it  is  left  underground,  not 
merely  in  pillars  and  rib-walls,  but  in  the  state  of  small  coal  produced  in  breaking  out 
Che  coal.    Hence  &om  four-tenths  to  a  half  of  the  total  amount  is  lost  for  ever. 

The  thick  or  ten-yard  coal  has,  however,  been  worked  on  the  long-wall  method  by 
Mr.  Gibbons,  near  Dudley,  with  great  advantage  in  the  yield.  He  works  12  to  14 
feet  of  the  upper  part  of  the  seam  first ;  and  after  allowing  the  strata  to  become 
somewhat  consolidated,  the  lower  part  is  worked,  leaving  2  to  3  feet  of  coal  for  a 
roof,  some  portion  of  which  is  picked  out  of  the  gpbb.  About  12  per  cent  of  the  coal 
is  left  by  this  method. 

MgtcoaLt,  which  are  nearly  perpendicular,  are  worked  in  a  peculiar  manner;  for, 
the  collier  stands  upon  the  coal,  having  the  roof  on  the  one  hand,  and  the  floor  on  the 
other,  like  two  vertical  walls.  The  engine-pit  is  sunk  in  the  most  powerful  stratum. 
In  some  instances  the  same  stratum  is  so  vertical  as  to  be  sunk  through  for  the  whole 
depth  of  the  shaft. 

Whenever  the  shaft  has  descended  to  the  required  depth,  galleries  are  driven  across 
the  strata  firom  its  bottom,  till  the  coals  aro  intersected,  as  is  shown  in  fig.  1616,  where 
we  see  the  edge  coals  at  a,  a ;  a,  the  engine-pit ;  o,  h,  the  trans- 
verse galleries  from  the  bottom  of  the  shaft;  and  o,  e,  upper 
transverse  ^Ueries,  fbr  the  greater  convenien<n;  of  working  the 
coal.  The  princiral  edge-coal  works  in  Great  Britain  lie  in  the 
neighbourhood  of  £dinbuigh. 

^e  modes  of  carrying  coals  from  the  point  where  they  are 
excavated  to  the  pit-bottom,  are  nearly  as  diversified  as  the 
systems  of  working. 

One  method  employs  hutches,  or  baskets,  having  slips  or  cradle  feet  shod  with  iron, 
containing  from  2  to  8  hundred  weight  of  coals.  These  baskets  are  dragged  along 
the  floor  by  ropes  or  leather  harness  attached  to  the  shoulders  of  the  workmen,  who  are 
either  the  colliers  or  persons  hired  on  purpose.  This  method  is  used  in  several  small 
collieries ;  but  it  is  extremely  ii^udicious,  exercising  the  muscular  action  of  a  man  in 
the  most  unprofitable  manner.  Instead  of  men,  horses  oro  sometimes  yoked  to  these 
basket-hurdles,  which  are  then  made  to  contain  firom  4  to  6  hundred  weight  of  coals  ; 
but  from  the  magnitude  of  the  friction  this  plan  cannot  be  commended.  This  method 
is  now  almost  entirely  extinct. 

An  improvement  on  this  system,  whero  men  draw  the  coals,  is  to  place  the  basket  or 
corve  on  a  small  four-wheeled  carriage,  called  a  tram,  or  to  attach  wheels  to  the  corve 
itself.  Thus  much  mora  work  is  performed,  provided  the  floor  be  hard ;  but  not  on  a 
Mft  pavement,  unless  some  land  of  wooden  railway  be  hud. 
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The  traiuiport  of  coals  from  the  wall-face  to  the  bottom  of  the  shaft  vas  greatly 
fbdlitated  by  the  introdnction  of  cast-iron  railways,  in  place  of  wooden  roads,  first 
bronght  into  practice  by  Hr.  John  Carr  of  Sheffield.  The  rails  are  called  tram-rails, 
or  pLite-rails,  consisting  of  a  plate  from  3  to  4  inches  broad,  with  an  edge  at  right 
anj^es  to  it  about  two  inches  and  a  half  high.  Each  rail  is  from  3  to  4  feet  long,  and 
is  fixed  either  to  cross-bearers  of  iron,  called  sleepers,  or  more  usually  to  wooden 
bearers.  In  some  collieries,  the  miners,  after  working  out  the  coals,  drag  them  along 
these  railways  to  the  pit>bottom ;  but  in  others,  two  persons  called  trammers  are  em- 
ployed to  transport  the  coals ;  the  one  of  whom,  in  front  of  the  corve,  draws  with 
haniess ;  and  the  other,  called  the  patter,  pushes  behind.  The  instant  each  corre 
arriTes  from  the  wall-face,  at  a  central  spot  in  the  system  of  the  railways,  it  is  lifted 
from  the  tram  by  a  crane  placed  there,  and  placed  on  a  carriage  called  a  rolloy,  which 
generally  holds  two  oorres.  Whenever  three  or  four  rolleys  are  loaded,  they  are 
hooked  together,  and  the  roUey  driyer,  with  his  horse,  takes  them  to  the  bottom  of  the 
engine-shah.  The  rolley  horses  hare  a  peculiar  kind  of  shafts,  commonly  made  of 
iron,  named  libers,  the  purpose  of  which  is  to  prevent  the  carriage  from  overrunuing 
them.  One  of  these  uiafts  is  represented  in  Jig.  1617.  The  hole 
shown  at  a,  passes  over  an  iron  peg  or  stud  in  front  of  the  rolley,  so  ^^^i 

that  the  horse  may  be  quickly  attached  or  disengaged.  By  these 
arrangements  the  work  is  carried  on  with  surprising  regularity  and 
despatch.  Where  the  roads  are  well  constructed,  a  horse  will  con- 
.rey  a  load  of  7  to  8  tons  on  the  level. 

We  shall  now  describe  briefly  the  modes  of  working  coal  dip  of  or  on  the  deep 
4>f  the  engine-pit  bottom.  Headings  are  driven  either  on  the  full  dip  of  the  mine, 
or  any  convenient  angle  to  it,  the  requisite  distance.  The  water  is  pumped  up 
these  dip  headings  by  the  pumping-engine  on  the  surface.  A  pump-rod  or  spear 
passes  down  the  side  of  the  shaft,  and  is  attached  to  a  quadrant  at  the  bottom  of 
the  shaft,  which  quadrant  transfers  the  perpendicular  motion  of  the  spears  in  the  shaft 
to  the  spears  or  pump-rods  in  the  dip  headings.  The  quadrant  is  constructed  so  that 
the  stroke  of  the  pump  in  the  dip  headings  can  be  lengthened  or  shortened  as  required. 

In  level  free  coals,  these  pumps  may  be  worked  by  a  water-wheel  stationed  near  the 
bottom  of  the  pit,  impelled  by  water  falling  down  the  shaft,  to  be  discharged  by  the 
level  to  the  day  (day  level). 

When  the  above  arrangements  are  applied  for  pominng,  the  coals  are  drawn  from 
the  deep  either  by  horses  or  an  engine  placed  on  the  surface. 

Where  operations  are  very  extensive,  some  mining  engineers  place  the  engine  under- 
ground for  working  the  dip  coal ;  and  it  both  pumps  the  water  and  draws  the  coal  to 
the  bottom  of  the  shaft. 

High-pressure  engines  are  employed  for  this  purpose,  working  at  a  pressure  of 
from  80  to  fiO  lbs.  per  square  inch.  These  machines  are  quite  under  command,  and, 
producing  much  power  in  little  space,  they  are  the  most  applicable  for  underground 
work.  An  excavation  is  made  for  them  in  the  strata  and  isolated  from  the  coal,  and 
the  air  used  for  the  furnace  under  the  boiler  is  the  returned  air  of  the  mine  ventila- 
tion if  the  mine  is  free  from  explosive  gas.  If  the  mine  yields  explosive  gas,  the  boiler 
funace  is  supplied  with  fresh  air.  In  the  dip  road  a  double  tram-road  is  laid ;  so  that 
while  a  number  of  loaded  corves  are  ascending,  an  equal  number  cf  empty  ones  are 
going  down.  Although  this  improved  method  has  beian  introduced  only  a  few  years 
back,  dip  workings  have  been  already  executed  more  than  an  English  mile  to  the  dip 
of  the  engine-pit  bottom  in  the  Newcastle  coal-fields.  It  may  hence  be  inferred,  that 
this  mode  of  working  is  susceptible  of  most  extensive  application ;  and  in  place  of 
sinking  pits  of  excessive  depth  upon  the  dip  of  the  coal,  at  an  almost  ruinous  expense, 
much  of  the  dip  c(»l  will  in  future  be  worked  by  means  of  the  pite  sunk  on  the  rise. 
In  the  Newcastle  district,  ooals  are  now  working  in  an  engine-pit  115  &thoms  deep, 
and  dip  of  the  engine-pit  bottom,  above  1,600  yards,  and  fully  80  &thoms  of  perpen- 
dicular depth  more  than  the  bottom  of  the  pit. 

The  deep  pit  in  Dukinfield  is  2,004  feet  below  the  snr&ce  to  the  point  where  it 
intersects  the  Black  Mine  coal-seam,  which  is  4  feet  6  inches  thick,  and  of  Uie  best 
quality  for  domestic  and  manufacturing  purposes — and  a  farther  depth  of  500  feet 
has  been  attained  by  means  of  an  engine-plane  in  the  bed  of  coal,  which  dips  at  an 
angle  of  27°,  so  that  a  great  portion  al  the  coal  is  now  worked  there  at  the  depth  of 
2,504  feet  below  the  snriiuse. 

The  shafts  at  Pendleton  are  1,635  feet  deep,  and  in  like  manner  a  further  depth  has 
been  reached  of  about  500  feet,  amounting  in  the  aggregate  to  2,135  feet,  at  which 
point  a  large  quantity  of  coal  is  daily  worked. 

The  Bose  Bridge  Pite  near  Wigia  intersect  the  cannel  at  1,773  feet  below  the  sur- 
face— ^which  varies  in  thickness  from  2  feet  8  inches  to  3  feet,  and  is  of  excellent  quality. 

M  tlie  most  esteniiye  collieries  in  the  north  of  Ei^Iand,  enpne-powei  is  not  omy 
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applied  for  the  transit  of  coal*  from  the  dip,  but  along  the  main  IstbI  loadi  of  the 
mine,  by  means  of  endless  wire  ropes.  The  economy  of  staam-pown  has  superseded 
horses  at  many  collieries.  Steam-power  can  only  be  applied  with  adrastage  where 
large  quantities  of  coal  hare  to  be  removed. 

If  an  engine-pit  be  sunk  to  a  given  coal  at  a  certain  depth,  all  the  other  coals  of  the 
coal-field,  both  above  and  below  the  coal  sunk  to,  can  bo  drained  and  worked  to  the 
same  depth  by  driving  a  level  crosscut  mine,  both  to  the  dip  and  rise,  till  all  the 
coals  are  intersected,  as  represented  in  fig,  1618,  where  a  is  uie  engine-pit  bottom 

1618 


reaching  to  the  coal  a ;  and  i,  e,  i,  «,/,  coals  lying  above  the  eoal  a ;  the  coals  which 
lie  below  it,  jr,  A,  t ;  Ic  is  the  forehead  of  the  cross-cut  mine,  intersecting  all  the  lower 
coals  ;  and  I,  the  other  forehead  of  the  mine,  intersecting  all  the  upper  coals. 

MXaiUK.  Ked  oxide  of  lead,  obtained  by  roasting  metallic  lead  or  its  carbonate. 

MUIT  (Saucon  mynet,  money  or  stamped  coin ;  Danish  munt,  mini,  coin.  The 
word '  mint'  is  doubtless  a  derivative  from  mine,  or,  Latin,  mansla,  &om  the  same  root). 
The  place  where  money  is  coined  by  public  authority. 

Muting  or  coining  is  the  term  applied  to  the  processes  employed  in  the  mannftcture 
of  money.  It  is  proposed  to  describe  the  present  mode  of  manufKtnre ;  but  it  may 
be  as  well  to  state,  that  in  remote  periods  money  was  made  by  cutting  ont  a  piece  of 
metal  somewhat  of  tlie  form  of  the  intended  coin,  and  imparting  the  device  to  it  by 
the  blow  of  a  sledge-hammer.  For  this  porpose  the  blank  piece  of  metal  was  laid 
upon  a  die,  say  the  obverse,  fixed  into  a  block  of  wood  or  stone,  supposed  to  have  been' 
so  large  as  to  absorb  the  vibration  caxued  by  the  blow,  and  to  k  great  extent  prevent 
the  quivering  which  wonld  naturally  arise,  and  cause  unsteadiness.  The  workman 
then  took  the  other  die,  say  the  reverse,  and  passing  it  through  a  folded  sheet  of  lead, 
in  order  to  avoid  the  shock  to  the  hand,  he  placed  the  engraved  part  on  the  blank, 
which  was  resting  on  the  lower  die,  and  held  it  firmly  while  another  woricman  struck 
it  with  a  sledge-hammer.  It  is  worthy  of  remark  that  a  piece  of  lead  such  as  that 
described  is  in  the  Museum  of  Dies  at  the  Boyal  Mint ;  and  although  its  surface,  by 
the  action  of  the  atmosphere  and  other  causes,  is  now  converted  into  carbonate  <n 
lead,  indentations  caused  by  the  tips  of  the  workman's  fingers  are  evident.  This  piece 
is  believed  to  have  been  used  with  a  die  of  Edward  IV.  At  a  later  period  the  upper 
die  was  held  in  a  twisted  hazel  stick.  After  each  blow  the  dies  were  what  is  technic^y 
termed  locked  together ;  that  is,  the  lower  and  upper  dies  were  made  to  fit  into  the 
partly-formed  coin,  so  that  neither  die  could  turn  without  turning  the  whole  mass,  and 
then  a  second  or  third  blow  was  given,  till  the  coin  was  completed.  An  improvement 
on  this  method  was  effected  by  fitting  the  two  dies  into  rods  of  iro'n,  which  may  be 
represented  as  a  pair  of  tongs ;  the  flat  parts  which  are  used  to  take  a  coal  would  then 
show  the  position  occupied  by  the  dies.  This  plan  saved  the  operator  some  risk  oi 
bruised  fingers,  but  the  process  was  essentially  the  same  as  the  original  one ;  and  to 
money  produced  by  either  means  was  applied  the  term  hammered  money,  in  contra- 
distinction to  milled  money;  that  is,  money  which  was  made  tzoai  blanks  obtained 
tiom  fillets  which  bad  been  rolled  in  a  very  rough  kind  of  rolling  mill,  driven  by  horse- 
power— the  germ  firom  which  sprang  the  present  machinery.  On  this  point  it  is 
perhaps  of  interest  to  quote  a  passage  from  the  Beport  made  to  the  Lords  of  ~ths 
Treasury  in  1695  by  Mr.  William  Lowndes,  who  says: — '  All  the  moneys  we  have  now 
in  England,  both  gold  and  silver,  are  reducible  to  two  sorts,  one  stiunped  with  the 
hammer,  and  the  other  pressed  with  an  engine  called  the  mill.  The  gold  or  silver  of 
the  hammered  money  is  firat  oast  from  the  melting-pot  into  long  bars,  those  bars  are 
cut  with  shears  into  sevoal  squarepieces  of  exact  weight  for  sovereigns,  angels, 
crowns,  half-crowns,  shillings,  &c.  Then  with'tongs  and  hammer  they  are  forged  into 
a  roimd  sha^,  after  which  tJiey  are  blanched  (that  is,  made  white  or  refnlgent  by 
nealing  or  boiling),  and  afterwaids  stampt  or  impressed  with  an  hammer  to  make  them 
perfect  money.  This  method  of  making  money  with  the  hammer  (as  appears  in  ths 
said  red  book)  was  practised  in  the  reign  of  King  Edward  the  First '  [the  book  referred 
to  is  in  tiie  Exchequer]  .  ,  .  'and  this  kind  (rf  hammered  money  continued  through 
all  the  reigns  of  succeeding  Kings  and  Queens  till  abont  the  year  of  our  Lord  1668, 
when  by  several  warrants  and  command  of  ths  King,  Charles  the  Second:  to  wit,  by 
one  warrant,  dated  the  fifth  of  November  1662;  one  warrant,  dated  the  eighth  of 
April  1663;  and  a  third  wanaat,  dated  the  twMity-iburth  of  December  166S;  ths 
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otlwr  BOit,  called  miUed  tnonejf,  ma  fint  &brioated  to  be  etuient  in  England  in  this 
manner :  firat,  the  gold  or  silTer  ia  cast  out  of  the  melting-pot  into  long  flat  bars, 
vhich  bars  are  draira  through  a  mill  (-vrrought  by  a  horse),  to  produoe  the  just  thick- 
ness  of  guineas,  half-guineas,  crowns,  half-crowns,  shillings,  &o.  Then  with  forcible 
engine*  called  outten,  which  answer  exactly  to  the  reepectiTe  tiies  or  dimensions  of 
the  money  to  be  made,  the  round  pieces  are  cut  out  from  the  flat  bar,  shaped  as  afore- 
said (the  residue  whereof,  called  suel,  is  melted  again),  and  then  every  piece  is  weighed 
and  made  to  agree  exactly  with  the  intended  weight,  and  afterwards  carried  to  other 
engines  (wrought  secretly),  which  put  the  letters  upon  the  edges  of  the  larger  silver 
pieces,  and  mark  the  edges  of  the  rest  with  a  graining.  The  next  thing  is  the  blanching, 
perfonned  as  above ;  and  at  last  every  piece  is  brought  to  the  press,  which  is  called 
the  TiaU  (wrought  of  the  strength  of  men),  and  there  recuves  the  impression,  which 
makes  it  perfect  miUed  money.' 

The  processes  now  used  are  as  elaborate  as  the  old  methods  wero  simple ;  but  con- 
sidering the  requirements  of  the  present  day,  and  the  enormous  quantity  of  money 
prodoeed,  it  must  not  be  expected  that  our  coins  will,  for  depth  of  engraving,  bear 
comparison  with  those  of  the  Bomans,  who,  though  sncceeding  in  producing  finished 
works  of  art,  seem  to  have  forgotten  the  wear  and  tear  to  which  they  would  be  sub- 
jected, and  so  left  them,  as  a  rule,  free  from  a  protaoting  edge ;  hence  they  would  lose 
their  image  and  superscription  at  a  far  earlier  date  from  their  birth  or  manufacture 
than  would  well-made  coins  of  the  present  period. 

It  was  formerly  believed  that  gold  could  be  sent  to  the  Iffint  to  be  ooiaed  f^  of 
charge  to  the  importer ;  such,  however,  was  not  the  case.  By  the  Act  88  Viot.  cap. 
10,  several  Acts  relating  to  the  coinage  were  repealed,  and  all  persons  obtained  the  right 
to  send  gold  to  the  Mint  on  certain  specifled  conditions.  The  standard  for  gold  coin  is 
fixed,  by  the  Act  now  referred  to,  at '  twenty-two  carats  fine  and  two  carats  of  alloy  in 
the  pound  weight  Troy.'  The  same  that  has  obtained  since  18th  Charles  II.  Silver 
is  also  maintained  at  the  former  standard,  '  eleven  ounces  two  pennyweights  fine  silver 
and  eighteen  pennyweights  of  alloy  in  every  pound  weight  Troy.'  The  Bank  of 
England  is  practically  the  only  'importer'  ai  bullion  to  the  Mnt,  and  by  coinage 
makes  a  considerable  profit  merely  ^m  its  exceptional  circumstances  ;  but  for  full 
details,  we  refer  the  reader  to  Ansell's  '  Royal  Mint,'  (3rd  edition,  Effingham  Wilson), 
where  will  be  found  elaborate  discussions  upon  the  various  modes  of  proceeding,  as 
well  as  on  the  loss  and  gain  in  the  different  operations :  subjects  which  are  manifestly 
unfitted  for  this  work. 

When  the  authorities  of  the  Bank  of  England  desin  to  coin  gold  they  send  at  stated 
intervals  '  importations '  of  200  or  800  ingots,  each  weighing  about  180  ounces  Troy, 
and  previously  assayed.  Upon  arrival  at  the  Mint  these  ingots  are  again  weighed  and 
assayed,  and  in  accordance  with  the  amount  of  gold  they  contain  they  are  alloyed  with 
copper  or  enriched  by  the  addition  of  fine  gold,  to  bring  them  to  the  fineness  of 
standard  or  crown  gold,  so  that  each  coin  when  formed  shall  contain  22  parts  of  pure 
gold  and  2  parts  of  alloy.  The  ingots  having  been  thus  *  potted'  or  rated  are  token 
to  the  melting-house,  where  their  individuality  is  finally  lost,  for  it  is  here  that  they 
are  fonned  into  bars  for  coining. 

In  the  Hint  there  are  many  fiimaces ;  each  furnace  being  12  inches  1519 

square,  and  24  inches  deep  to  the  top  of  the  bars.  The  melting  of 
the  gold  is  effected  in  a  plumbago  crucible,  a,  shown  inyi^.  1519, 
It  is  9^  inches  deep,  and  7  inches  across  the  top  of  the  inside. 
The  pot  previously  annealed  is  placed  on  a  bottom  which  stands 
upon  the  two  centre  fire-bars.  The  bottom  is  intended  to  protect 
the  base  of  the  pot  a  iiom.  the  stream  of  air  which  is  necessaiyto 
the  combustion  of  the  fuel,  but  which  would  destroy  the  pot  The 
pot  is  then  covered  by  its  muffle,  b,  and  lid  c,  and  surrounded  by 
nel,  which,  as  it  bums  up,  warms  and  then  heats  the  pot  to  redness, 
but  so  gradually  that  thero  is  no  great  risk  of  breaking  the  pot. 
When  tiie  pot  has  become  of  a  full  red  heat  the  ingots  are  oarefhlly 
placed  in  it,  and  the  alloy  added  by  means  of  a  funnel  to  prevent 
any  being  thrown  on  one  side ;  the  pot  is  then  cov^ed  np  and  allowed  to  remain 
till  the  ^ole  mass  of  metal  has  liquefied.  The  forentao  then  stirs  it  with  a  rod 
made  of  the  same  substance  as  the  pot,  which  is  a  compound  of  blacklead  and 
Stourbridge  clay,  and  is  fully  described  under  CBVcma.  The  fluid  metal  is  allowed 
to  remain  in  the  furnace  till  it  has  acquired  a  peculiar  appearance,  known  by  experience 
as  indicating  the  temperattnn  to  be  such  that  the  metal  when  poured  into  the  moulds 
will  produce  solid  and  workable  bare.  At  this  point  the  firing  ia  removed,  and  the 
lid  and  mufBe  taken  from  the  pot,  which  is  lifted  from  the  ftimace  by  an  assistant  bj 
a  hand  crane.  The  foreman  wen  conveys  the  pot  with  its  contents  by  means  of  a  pair 
of  tongs,  which  clamp  it  to  the  frame  of  menlos,  when  his  asnstant  brings  forward  » 
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loop  of  iron,  mupended  by  a  chain  and  oord  from  the  odltng,  and  pasting  the  loop  of 
iion  OTer  a  bntton  on  the  end  of  the  tongs,  as  shown  at  a,  fig.  1620,  supports  the 
veight  of  the  pot,  and  regulates  its  height,  while  the  foreman  pours  the  metjQ  into  the 
moulds,  B,  fixed  in  the  frame,  c,  which  runs  on  wheels  in  a  tramway.  Three  pieces  of 
pUned  iion  form  two  moulds,  as  shown  in  fig,  1521,  where  D*,E*,F",  show  the  form 
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of  these  planed  piece*,  and  the  manner  ot  placing  them  together.  The  bars  are  solidified 
immediately,  and  when  all  the  moulds  have  been  filled,  they  are  taken  to  pieces,  and 
the  bars  plunged  into  cold  water,  as  in  the  case  of  silrer,  to  be  described.  From  the 
bars  obtained  from  each  pot,  two  pieces  are  cut  off  for  assaying,  by  the  assayers,  the 
bars  being  numbered  according  to  the  pot  from  which  they  were  poured,  aod  lettered 
distinctiToly,  according  to  the  day  on  which  they  were  melted.  Should  the  assay 
prove  unsatisfactory,  the  metal  is  adjusted  and  re-melted.  If  the  assays  are  satisfac- 
to:^,  the  bars  are  forwarded  to  the  coining  department. 

FreTionsly  to  melting,  pieces  of  chareoal  are  placed  at  the  bottom  of  the  pot  for  the 
purpose  of  reducing  any  oxide  that  may  be  present  in  the  alloy,  because  oxide  of 
copper  renders  some  kinds  of  gold  perfectiy  brittle  and  unworkable.  In  order  to  pre- 
vent this  charcoal  &om  falling  into  the  moulds  with  the  gold  the  assistant  holds  a 
piece  of  stick  at  the  mouth  of  the  pot,  thus  allowing  the  gold  to  flow  while  he  detains 
the  charcoaL 

SUrer  is  bought,  through  the  brokers,  by  the  Master  of  the  Hint,  either  in  the  form 
of  foreign  c(nn  (6-&anc  pieces  are  preferred)  or  ingots ;  and  to  the  silver  so  obtained 

is  added  so  much  copper  or  pure  silver 
as  shall  bring  the  whole  mass  up  to  the 
standard  silver  of  the  realm,  which  con- 
sists of  220  parts  of  silver  and  1 8  parts  of 
copper.  The  metal  so  arranged  is  weighed 
out  into  charges  of  about  4,000  ounces  for 
the  wronght-iron  plumbago  is  now  used) 
melting-pot,  which  is  represented  mfig.  1S22, 
as  seen  in  the  furnace  b,  standing  on  the 
■  bottom,'  A,  which  rests  on  the  fire-bars,  and 
is  made  partially  cup-shaped,  and  filled  with 
powdered  coke,  that  the  bottom  of  the  pot, 
B,  may  be  perfectly  supported,  while  at  the 
same  time  it  is  protected  £rom  the  current 
of  air  which  is  supplied  to  the  Aimaoe. 
Powdered  coke,  being  a  bad  conductor, 
prevents  the  free  passage  of  heat  from  the 
base  of  the  pot  to  the  'Ix^tom,'  and  the 
consequent  probable  fusion  of  the  two 
through  the  agency  of  the  oxide  of  iron, 
which  forms  and  accumulates  whenever  iron  is  repeatedly  heated,  n  is  the  lid  of  the 
pot ;  and  c,  the  muffle  or  funnel,  against  tJie  sides  of  which  the  metal  rests  during  the 
process  of  f^on,  to  prevent  its  fiUling  over  into  the  burning  coke.    The  pot,  when 
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ehaigod,  is  alloved  to  remain  in  tlie  furnace  till  the  metal  haa  fused,  and  the  tempe- 
latoA  has  risen  to  a  point  little  short  of  that  which  would  so  far  soften  the  wrought- 
iron  pot  as  to  cause  it  to  lose  its  shape.  The  pot  is  lifted  by  the  tongs,  t,  of  the  ciane, 
8,  from  the  furnace,  f,  jig.  1523,  (after  the  fire  has  been  removed  by  displacing  some 
of  the  fire-bars),  swung  round  and  dropped  into  the  cradle,  m,  when  it  is  secured  by  a 
screw,  which  draws  tight  the  band  at  the  top.  The  melted  nlrer  is  then  thoroughly 
Btirred  with  an  iron  rod ;  and,  all  being  ready,  the  frame  of  moulds,  A,  is  run  under  the 
cradle-stand  so  far  as  to  allow  the  rack,  B,  to  work  into  the  wheel  n.  The  foreman 
then,  by  means  of  the  handle  D,  which  communicates  by  k  with  the  cradle  in  which 
the  pot  is  fixed,  raises  the  pot,  and  tilts  it  so  much  as  is  necessary  to  pour  the  fluid 
silver  into  the  mould  until  it  is  filled  ;  he  then  lowers  the  pot,  and  waits  while  an 
assistant  by  the  handle  o,  connected  with  the  cogwheel  N,  moves  the  moulds  forward 
as  they  are  required  to  be  filled.  The  moulds  are  ranged  side  by  side  in  the  frame, 
and  pressed  firmly  together  by  screws  at  the  ends  of  the  mould-frames,  and  secured 
in  front  by  two  bars  of  iron,  o,  iriuch  fit  into  wedge-shaped  grooves,  slanting 
forwards, 

1923 


The  metal  solidifies  immediately,  and  the  pot  having  been  emptied,  the  carriage  of 
moulds  is  run  on  its  wheels,  Q,  from  under  the  cradle-frame,  and  the  screws  having 
been  loosened,  the  moulds  are  caused  to  fall  to  pieces,  and  each  bar  as  it  b  exposed  is 
taken  by  tongs  and  plunged  into  cold  water,  as  much  to  save  time  as  to  soften  and 
case-harden  uie  bar  by  sudden  cooling.  Tlie  bars  produced  from  the  whole  pot  of 
metal  are  numbered  with  a  distinctive  figure  to  designate  the  pot,  and  with  two  letters 
to  indicate  the  day's  melting ;  assay-pieces  are  then  cut  from  the  first,  middle,  and  last 
bars  of  the  set. 

The  bars  for  different  denominations  of  coins  are  proportioned  in  width  so  as  to 
admit  of  two  rows  of  blanks  being  cut  from  the  fillets  produced  from  them.  Space, 
however,  hardly  admits  of  our  giving  detailed  measurements  ;  but  it  may  be  expected 
that  a  uniform  thickness  of  \  an  inch  will  at  last  bo  adopted  by  the  Hint  autho- 
rities for  all  bars,  both  of  gold  and  silver,  as  they  now  admit  the  advantage  of 
using  ^-inch  bars  for  the  gold  coinage. 

The  '  assay-pieces '  are  assayed  to  determine  that  they  contain  the  proportion  of 
gold  or  of  silver  required  by  law,  and  it  is  assumed  that  these  pieces  give  a  fair 
average  of  the  bars ;  hence,  that  the  coin  produced  will  be  accurate.  For  a  full 
description  of  the  processes  adopted,  see  Qold  ;  bat  it  should  be  here  noticed  that 
the  operation  has  been  much  simplified  by  the  improvements  to  which  we  now  invito 
attention. 

Messrs.  .Tobnson,  Hatthey,  and  Co.  have  invented  a  tray  of  platinum  capsules  or 

VoL.m.  Z 


Digitized  by 


Google 


338  MINT 

thimbles,  into  wbirh  the  assay-pieces  ore  placed  for  treatment  with  acid,  instead  of 
into  the  ordinary  glass  Tessets  over  ga^-burners.  The  advantages  of  this  invention 
are  too  manifest  to  require  elaboration ;  bnt  saving  of  acid,  gas,  labour,  and  risk  of 
error  are  amongst  the  chief  of  them ;  and,  besides,  the  plan  has  been  in  successful 
operation  in  their  own  assay  offices  in  Hatton  Garden,  as  well  as  in  other  impor- 
tant assay  offices,  for  several  years  past.  The  first  cost  would  seem  to  be  the 
principal  objection  to  this  plan  of  Messrs.  Johnson,  Matthcy,  and  Co. ;  but  this  is 
really  a  small  matter,  for  the  appnmtus  becomes  stock-in-trade,  and  its  cost  should 
be  viewed  simply  as  so  much  capibil,  whose  interest  is  paid  by  Uie  saving  effected  in 
glass,  but  more  especially  by  the  smaller  amount  of  acid  actually  employed,  while 
the  platinum  can  at  all  times  be  sold,  for  nearly  its  original  cost,  as  old  metal. 

The  mode  of  operation  is  as  follows  : — A  stand  of  slate  is  so  arranged  that  a  means 
of  heating  is  made  to  rest  on  its  base.  For  this  purpose  a  jet  of  gas  is  preferred ; 
where,  however,  gas  cannot  be  obtained,  an  ordinary  oil  lamp  or  a  charcoal  fire  may 
be  used.  On  a  shelf  over  the  sonice  of  heat  are  placed  two  or  three  receptacles  of 
platinum,  each  communicating  with  a  vessel  made  of  porcelain,  provided  witli  three 
necks  and  an  overflow-pipe.  There  is  a  kind  of  sieve  or  tray  of  platinum,  so  arranged 
as  to  carry  from  16  to  100  thimbles  of  platinum,  and  provided  with  a  handle,  so  that 
this  tray,  with  its  charge,  can  be  manipulated  at  pleasure.  The  thimbles  vary  in 
size  according  to  taste,  but  each  one  is  slit  or  cut  at  the  bottom,  so  that  the  solu- 
tion of  silver  as  it  is  formed  may  by  its  density  fall  out,  and  allow  the  clean  acid  to 
take  its  place. 

"When  an  operation  is  to  be  performed,  the  tray  filled  with  the  charged  thimbles — 
that  is,  containing  the  assay-pieces — is  placed  in  one  of  the  platinum  receptacles  or 
boilers,  and  heat«l  to  a  fitting  temperature ;  when  the  desired  efieet  is  produced,  the 
tray  is  lifted  into  another  receptacle,  and  again  heated  ;  this  may  be  carried  to  three 
times  if  necessary.  The  products  of  decomposition  of  the  acid  go,  with  the  acid  which 
evaporates,  into  the  porcelain  vessel,  where  the  free  acid  falls  through  the  overflow- 
pipe  into  a  proper  chamber,  while  the  acid  fumes  pass  into  the  flue  through  the  third 
neck  before  spoken  of.  The  parted  assays  having  been  washed  by  several  immersions 
in  boiling  distilled  water,  without  removal  from  their  thimbles,  have  now  to  be  dried 
and  annealed  in  a  platinum  muffle,  so  formed  as  to  fit  into  an  ordinary  muffle,  and, 
after  annealing,  to  be  weighed  in  the  usual  manner,  having  saved  at  least  76  per  cent, 
of  the  usual  trouble. 

It  is  almost  needless  to  add  that  the  system  of  proofi  must  be  used  with  this  pro- 
cess. 

The  assay  for  silver  is  not  so  tedious,  as  it  is  finished  at  the  point  where  it  leaves 
the  mufKe  on  the  cupel ;  but  up  to  this  point  it  passes  through  precisely  the  same 
process  as  the  gold. 

The  Master  of  the  Mint,  on  receipt  of  the  assay  reports,  determines  if  the  metal  has 
been  found  within  the  limits,  or  remedy  allowed  for  error;  and,  if  he  be  satisfied, 
signs  the  reports,  and  thus  enables  the  bars  to  be  forwarded  for  coining.  And  from 
this  point  gold  and  silver  undergo  nearly  the  same  operations ;  to  follow,  then,  the 
practice  used  for  sovereign-bara  will  suffice  for  all. 

The  sovereign-bars  having  been  weighed  by  the  officer,  and  given  by  him  to  his 
men,  are  wrought  in  sets  of  twenty;  each  set  is  called  a  batch,  and  each  bar  in  the 
Ifatch  undergoes  precisely  the  same  process.  The  bar  is  passed  into  an  opening  of 
the  breaking-down  mill.  Jig.  1524,  where  it  receives  a  considerable  compression,  for 
the  rollers  a,  seizing  its  end,  drag  it  forward,  while  they  roll  back  and  retard  the  pro- 
gress of  that  part  of  the  bar  which  is  not  between  them.  The  result  is  that  the  bar 
is  lengthened,  but  not  widened  materially,  so  that  length  is  gained  at  the  expense  of 
the  thickness,  which  is  regulated  by  the  distance  between  the  roUen,  The  rollers 
are  driven  by  shafts  and  adjusting-couplings,  which  are  themselves  driven  by  the 
geared  wheels.  The  distance  between  the  rollers  is  determined  by  the  action  of  the 
lever  a,  which,  by  the  endless  wheels  on  its  axle  fitting  into  geared  wheels,  gives 
motion  to  powerful  screws  shown  at  F,  which  terminate  in  cups  on  the  upper  port  of 
the  upper  brasses  of  the  loUera  A,,  as  may  be  seen  at  c.  The  upper  brasses  are  kept 
always  against  the  ends  of  the  screws  by  weights,  s,  which  are  beneath  the  mill, 
but  from  which  levers  and  rods,  b,  terminate  at  the  lower  part  of  the  upper  brasses, 
at  about  the  position  indicated  by  dotted  lines,  so  that  the  upper  roller  has  motion 
either  upwards  or  downwards  at  pleasure,  but  the  motion  upwards  is  arrested  by 
the  powerful  screw  r,  and  this  pomt  once  determined  by  the  reading  of  a  soile,  is 
fixed  by  the  clamp  near  o.  The  thickness,  therefore,  of  each  bar  in  a  batch  is 
determined  within  certain  limits ;  and,  when  each  bar  in  the  batch  has  been  rolled, 
the  mill  is  altered,  rofixed,  and  again  the  rolling  goes  on  till  each  bar  has  passed 
several  times;  at  varying  pinches,  through  these  rollers.  Owing  to  the  wear  of  the 
moulds  in  which  tlie  bars  are  cast — and  which  is  largely  due  to  the  presence  of 
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ninnte  portions  of  ADtimoDy  in  the  gold — the  ban  are  never  of  nnirorm  thickneM; 
hence  bars  of  ererj  denonunation  are  passed  tbrongh  the  rollers  on  their  edge,  so  as 


1524 
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to  reduce  them  to  one  vinifbrm  thickness,  otherwise  the  fillets  resulting  would  be 
ragged,  and  of  unequal  widths,  which  defect  would  cause  them  to  produce  blanks  out 
of  rtmedy  as  to  weight. 

When  the  metal  is  poured  into  the  moulds,  it  almost  immediately  solidifies,  and 
while  solidification  is  going  on  contzacts  in  volume,  lea-ring  a  kind  of  cup  of  metal, 
or  hollow  part,  on  the  top  of  the  bar.  In  the  act  of  rolling,  the  bar  maintains  an 
equable  width  until  this  hollow  part  is  reached,  when  it  suddenly  expands,  and  at 
this  point  the  workman  shears  ofiT  the  defective  part  of  the  bar,  because  it  would 
ultimately  cause  dumb  works.  This  operation  is  now  performed  in  the  melting- 
house,  before  the  bar  is  rolled,  thus  saving  labour  and  loss  of  metaL 

The  shears  may  be  regarded  as  large  edssors,  driven  by  a  drum  on  the  same  shaft 
that  carries  the  (mving-wheel  for  d.  The  drum  is  excentric,  so  that  at  each  revolu- 
tion the  shears  are  caused  to  open  and  shut. 

The  sheared  bars  for  half-sovereigns  are  placed  in  copper  tubes,  the  tops  of  which 
are  luted  on  with  clay.  It  is  imperative  that  the  copper  tubes  should  be  made  without 
solder,  because  this  fuses  at  a  temperature  below  Ihnt  which  is  required  to  anneal  the 
gold ;  if  present  it  would  run  down  upon  the 
hot  gold,  and  cause  it  to  fuse  and  alloy  with 
the  solder,  thus  spoiling  the  work  and  entailing 
expense  upon  the  coiner.  The  tubes  which 
were  used  in  the  Boyal  Mint  were  made  by 
Messrs.  Benhams  and  Froud,  of  Chandos 
Street,  Strand,  who,  after  considerable  pains, 

arrived  at  a  method  of  making  the  tubes  in 

such  a  manner  as  to  entirely  satisfy  the  re- 
quirements of  the  Mint     The  tubes,  A,  are 

pUiced  on  an  iron  carriage,  b,  which  is  then 

run  into  tlie  furnace,  as  shown  in  fy.  1525. 

Tlie  door  of  the  furnace,  c,  is  closed  by  raising 

the  counterpoise;  the  heat  of  the  furnace  is 

regulated  by  a  damper.    Alter  remaining  in 

this  furnace  for  twenty  minutes,  the  cnrriagu 

is  mthdmwn,  and  the  tubes,  l;aken  with  toiigs, 

are  plunged  into  cold  water,  to  cool  the  gold 

ns  rapidly  as  possible.    The  rapid  cooling  of 

gold  and  silver  gives  to  each  metal  a  peculiar 

character,  which  is  of  value  in  the  after  pro- 
cesses, and  prevents  the  access  of  the  atmo- 
sphere, which,  in  prolonged  cooling,  wouldcauso 

the  oxidation  and  consequent  removal  of  so 

much  copper  that  the  alloyed  metal  would 

become  too  rich  in  gold  for  circulation  as  coin. 

are  now  called  fillet*,  go  again  to  the  breaking-down  mill,  through  which  they  are 

li 
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After  annoiiliug,  the  bars,  which 


Digitized  by 


Google 


340 


MINT 


pawed  twice,  and  are  then  submitted  to  another  pinch  without  altering  the  scale  at 
all ;  ifo  that  what  is  called  a  tpring-pineh  is  giren,  with  the  intention  of  effecting 
the  redaction  of  the  fillet  to  one  uniform  thickness,  for  the  breaking  down  and  suh- 
sequent  rolling  cause  the  fillets  to  became  much  thicker  in  their  middle  than  at 
their  sides.  The  widening  of  the  fillet  is  very  trifling ;  but  width  may  be  gained  to 
any  desired  extent  at  the  will  of  the  workman  If  the  bars  be  submitted  to  a  heavy 
pinch  instead  of  a  series  of  light  ones.  The  fillet  having  been  submitted  to  the  fourth 
spring-pinch,  is  gauged  on  its  side  by  a  steel  instrument,  of  which  ^.  1526  is  a  repre- 
sentation.   It  is  a  hollow  wedge,  which  is  graduated  to  the  thousandth  of  an  inch. 

1526 


Supposing  that  the  opening  firom  A  to  B  vere  extended  until  it  were  one  inch  wide  at 
A,  the  space  would  be  divided  between  it  and  B  into  1,000  parts,  and  then  every  fillet 
passed  into  this  opening  would  stop  at  a  given  point,  say  for  instance,  at  140 ;  such 
being  the  case,  every  part  of  the  same  fillet  shoiild  be  arrested  precisely  at  the  same 
point  The  fillets  are  reduced  till  they  measure  117  on  this  gauge,  and  are  conse- 
quently 0117  inch  thick.  They  are  then  passed  to  the  next  mill,  and  then  to  a 
third  mill,  where  they  receive  very  light  pinches.  They  then  pass  to  another  mill, 
still  finer  than  any  of  the  preceding,  and  here  are  submitted  to  very  light  pinches,  by 
which  they  are  reduced  to  0'058  inch,  and  are  finally  finished  at  the  sixth  or  gauging 
mill,  where  they  receive  three  pinches,  and  are  then  0-0S3  inch  thick. 

The  gauging  mill  is  of  different  construction  from  the  other  mills,  as  may  be  seen  by 
reference  to  Jig.  1527,  where  the  rollers,  a,  b,  are  seen  in  the  act  of  reducing  a  fillet. 
The  upper  roUer  is  fixed  in  brasses  loosely  clamped  together ;  the  upper  brass,  s,  being 
firmly  bolted  to  the  main  frame  of  the  mill  by  screws,  while  the  lower  one,  which 
carries  the  weight  of  the  roller  when  it  is  running  empty,  is  supported  by  spiral  springs 
not  shown.  The  lower  roller  works  on  a  brass,  which  rests  on  a  wedge  shown  at  e ;  the 
brass  being  cut  to  fit  the  wedge,  so  that  it  may  become  similar  to  a  solid  mass,  irre-  - 
spectire  of  any  motion  given  to  the  wedge.    By  this  mode  of  adjusting,  a  difference  of 

1527 
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the  0-001  of  an  inch  may  be  made  with  ease  between  the  distance  of  the  rollers,  and 
consequenUy  in  the  thickness  of  fillets  which  may  pass  between  them.  The  wedge  < 
is  moved  forward  and  backward  by  the  screw/,  which  itself  has  motion  from  the  gear 
work,  g.  Directly  a  fillet  is  passed  between  the  rollers,  the  topmost  one  is  forced 
against  its  upper  brasses,  and  further  upward  motion  becomes  impossible.  As  the 
gauger  of  fillets  requires  other  tests  besides  that  of  the  thickness  of  the  edge  of  the 
fillet,  he  punches  out  a  blank  from  an  occasional  fillet  by  a  hand-press  ;  uie  blank 
falling  tlm>ugh  the  bolster  of  the  cutter  is  caught,  and  is  then  weighed  in  the  hand 
scales  a^nst  a  standard  weight,  from  which  it  must  not  vary  more  than  O'SO  grain. 
Be  liss,  in  addition  to  the  gauge  represented  by  fig.  1626,  one  of  great  accuracy,  by 
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which  to  meMore  the  fillets  at  tny  point,  as  to  iridth  and  thickness.  This  gauge  will 
ha  more  intelligible  by  reference  to  fig.  1 528.  a  is  the  handle,  which  is  hollow ;  b  is 
a  leror  attach^  to  the  flat  rod  of  copper  c,  which  at  B  is  cut  with  a  rack,  into  which 
a  pinion,  f,  is  made  to  work.  The  pinion,  F,  works  on  a  shaft,  the  npper  end  of  which 
carries  a  hand  provided  with  a  vemier,  o.  If  now  the  handle,  i.,  be  firmly  held  by 
the  hand,  while  the  thumb  be  made  to  press  the  lever,  b,  towards  the  end  of  the 
handle,  the  rod,  c,  is  set  in  motion,  and  causes  the  Temier,  a,  to  travel  over  the  dial- 
plate.  The  rod,  c,  rests  on  another  rod,  d,  made  of  steel,  and  so  long  as  to  pass  into 
the  handle  of  the  instrument.  The  ends  of  the  rods,  c  and  d,  are  fitted  at  a  with  steel 
shoulders,  and  are  then  continued,  as  represented.  If  it  be  desired  to  measure  the 
thickness  of  a  fillet,  the  points  are  caused  to  open  by  pressure  applied  to  B,  and  the 
fillet  is  placed  between  them,  when  a  spring  bnngs  back  the  rod,  c,  as  soon  as  b  is 
gently  released,  Eind  encloses  the  fillet.  The  separation  of  the  points  by  the  fillet 
causes  the  hand  or  indicator,  a,  to  stand  at  a  point  from  zero,  which  is  then  read.    The 

1628 


o   c 


D       C              ,          .^^ 

,  ■^-            p-j fl 

Tv-^-V^ 

|±xii     <r ....;.;;.::-:. 

E^^EEEE^^E^ifc 

.:::;::;:::;:::::;  r::! 

r" 

I  *•" 

i-^^^^izi 

scale  is  divided  into  600  parts ;  and  if  the  points  be  opened  0'60  inch,  the  hand  makes 
one  revolution ;  so  that  the  -001  of  an  inch  is  gained  by  one  reading.  But  each  O'OOl 
is  subdivided  by  the  vernier  into  ten,  so  that  a  ten-thousandth  part  of  an  inch  is  read 
without  trouble.  To  measure  the  diameter  of  a  blank  coin,  or  the  width  of  a  fillet, 
it  mnst  be  placed  between  the  points  ;  but  since  the  extreme  graduation  of  this  gauge 
is  0*50  inch,  it  is  necessary  if  it  be  desired  to  meamire  a  larger  diameter,  to  press  back 
the  lerer,  b,  till  the  zero  of  the  vernier,  o,  reaches  0'600  on  the  scale,  and  hold  it  there 
while  a  dampis  made  fast  at  the  spot  indicated  by  a,  to  prevent  the  motion  of  o 
without  D.  When  the  clamp  is  fixed,  the  rod,  d,  mnst  be  drawn  out  till  the  zero  of  tlie 
vernier  reaches  that  of  the  scale,  when  the  screws,  h,  must  be  tightened  to  retain  T>  in 
its  new  pomtion,  with  half  an  inch  permanent  opening  between  the  points.  In  a  new 
measurement,  that  permanent  0*600  miut  be  added  to  the  reading.  This  ansngement 
admits  of  measuring  up  to  3'SOOO  inches,  to  which  limit  the  gauge  ia  extremely  accu- 
rate. The  instrument  was  invented  by  Mr.  Q.  F.  Ansell,  because  he  found  it  difficult 
to  convince  the  men  that  the  fillet  was  thickest  in  its  middle,  and  consequently  heavier 
there  than  it  should  be ;  and  the  production  of  this  instrument  at  once  overcame  all 
those  difficulties. 

The  fillets  are  weighed  from  the  roUing-i-oom  to  the  drag-room,  where  they  are 
finally  adjusted;  for  with  every  energy,  discretion,  and  skill,  JUlett  cannot  be 
obtained  of  vniform  ihieknen  by  simple  roUing.  In  the  drag-room  the  fillets  are 
taken  to  the  sniall  shears,  by  which  one  end  of  each  fillet  is  trimmed  so  as  to  render 
it  square.  The  fillets  having  been  trimmed  so  as  to  render  their  ends  square,  are  next 
passed  to  the  extent  of  about  two  inches  between  the  rollers  of  a  fiatting  mill,  shown 
mfiga.  1629,  1630,  1631,  which  reduce  that  part  of  the  fillet  to  about  two-thirds  its 
thickness.  A-  b  represent  a  pair  of  small  rollers,  the  upper  one  of  which  is  cut  with 
three  fiat  faces,  so  that  it  has  three  rounding  and  three  iaX  surfeces  ;  hence,  when  both 
rollers  are  revolving,  there  ar?  spaces  with  openings  between  them ;  but  when  th» 
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roundiog  faces  come  dowD,  those  openings  are  macli  narrowed,  so  tJiat  any  fillet  placed 
between  them  becomes  thiiined  to  just  such  an  extent  as  may  be  deemed  necessary. 


1629 


1630 


1631  Thu  roUcT.s  tnivfl  i:i  oiiinxtite  (lircctious,  so  as  to  cause  the 

I'xpnihiun  of  a  fillet  placed  between  them.  The  fillets  are 
rested  on  i,  while  being  flatted,  and  are,  after  flatting, 
placed  in  a  trough,  from  which  tliey  are  taken  to  a  rolling- 
mill  in  the  drag-room,  of  precisely  the  same  construction 
as  tliat  exhibited  at  fig.^  1527,  to  be  passed  twice  through 
at  equal  pinches,  with  a  view  to  render  them  still  more 
accurate  than  they  were  when  leaving  the  rolling-room, 
as  well  as  to  reduce  them  to  the  exact  thickness  at  which 
the  tryer  has  found  t.bey  will  produce  the  best  work  at 
the  diaw-bench,  to  which  they  are  now  taken  for  final 
atljustment.  The  rolling-mill  in  the  drag-room  was 
provided  witli  steel  rollers,  which  hare  been  wisely 
abandoned. 

Figs.  1532,  1633,  represent  the  head  of  the  draw-icnch, 
the  name  of  which  is  retained,  as  being  in  fact  its 
only  appropriate  one.  The  flatted  end  of  each  fillet  is 
passed  into  the  opening  shown.  The  dog,  fig.  1632,  is  then  run  up  till  its  teeth  seize 
the  fillet  The  lerer  is  depressed  until  one  of  the  hooks,  /,  catches  a  bar  of  the  dr- 
cubiting  chain,  B,  which  in  its  onward  motion  drags  the  dog,  and  causes  it  to  bite  the 
fillet  and  draw  it  through  the  opening  at  which  it  has  been  entered,  b  gets  its  motion 
from  a  notched  cam,  the  axle  of  which  is  shown  at  o.  There  are  two  distinct  chains 
to  each  draw-bench,  and  there  are  two  distinct  draw-benches,  so  that  one  description 
does  for  both  double  ones,  c  is  a  cogged  wheel,  the  shaft  of  which,  o,  carries  two 
notched  drums,  and  each  drum  gives  motion  to  a  chain,  so  that  both  chains  travel  at 
the  same  pace,  c  is  set  in  motion  by  the  pnion,  D,  on  the  shaft  which  is  driven  by 
the  wheel  s,  fig.  1634.  b  is  driven  by  h,  which  is  on  the  shaft  driven  by  the  strap 
and  drums  o.  Fig.  1633  is  a  representation  of  the  head  of  the  draw-bench,  and  in 
studying  this  engraving  it  will  be  well  to  refer  at  the  some  time  to  fig.  1632,  The 
do^  takes  its  name  from  its  resembUnce  to  the  head  of  a  bull-dog.  It  consists  of  a 
pair  of  levers,  whose  long  arms  extend  beyond  the  axle-tree  of  the  wheels  d,  and 
whose  shortest  arms  are  formed  by  the  passing  of  the  other  axle-tree  thiongh  the 
lever.  The  teeth  are  set  n  t  the  front  of  the  short  arms.  The  axle-tree  near  dia  fixed 
to  the  bars  forming  e,f,  auX  runs  loosely  between  the  long  arms  of  the  lever,  so  that 
when  e,f  is  pulled  forcibly  it  caoses  the  axle-tree  to  open  the  long  end  of  the  leven« 
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and  thereby  to  close  the  short  end  or  teeth  of  the  do^  the  more  rigidly  in  proportion 
to  the  presenre  exerted.  Directly  the  fillet  has  passed  thiongh  the  cylinders,  the  dog 
springs  slightly  by  the  elasticity  of  the  fillet,  and  thus  releasee  itself  from  the  chain 
B ;  at  the  instant  of  release  the  weight,  h,  met  the  foremost  wheels  falls,  and  by  its 
&11  lifts  the  hooks/ so  high  as  to  admit  of  their  escaping  contact  with  the  circulating 
chain  b.    The  position  of  the  teeth  of  the  dog  is  shown  between  x,  x,  in  fy.  1633. 


[31      Ql      OJ] 


The  flatted  part  of  the  fillet  is  jnst  so  thin  as  to  admit  of  its  passing  easily  between 
the  cylinders  until  seized  by  the  dog,  but  the  part  which  is  not  tliinned  comes  against 
the  cylinders,  x,  and  requires  considerable  force  to  drag  it  between  them.  The  cylin- 
ders do  not  rotate ;  in  fact,  they  may  be  considered  as  forming  part  of  a  solid  mass. 
Ab  the  cylinder  wears,  the  screws  of  f  may  be  loosened  to  permit  the  shifting  of  the 
abraded  part,  so  that  the  whole  circumference  of  the  cylinder  may  be  used.  The 
lower  cylinder  is  laid  on  the  bed  d,  and  is  clamped  there  by  a  cheek  fastened  on  to  f 
by  three  screws,  the  holes  for  which  are  shown  on  x ;  the  upper  cylinder  is  fixed  to 
the  mass,  d,  by  a  precisely  similar  arrangement.  The  beds  c,  D,  are  held  perpendicu- 
larly by  the  points  of  the  screws  e  ;  and  we  may  now  view  the  cylinders  as  secured  to, 
and  forming  part  of,  their  beds.  The  distance  between  the  cylinders  is  regulated  by 
the  capstans,  h,  which  separate  the  beds  of  the  cylinders,  and  so  separate  the  grlinders. 

1634 


The  accuracy  of  this  atijustment  is  all-important,  because  the  distance  between  the 
cylinders  determines  the  thickness  of  the  fillet  which  passes  between  them.  The  bed, 
D,  of  the  upper  cylinder  is  required  to  be  moveable  at  pleasure ;  it  is  therefore  pro- 
vided with  four  wedges,  two  of  which,  c,  o,  are  cut  so  tliat  if  looked  upon  from  the 
top  a  roimd  hole  shows  itself,  and  through  this  hole  the  end  of  the  screw  a,  which 
at  this  point,  i.,  is  plain,  and  has  a  neck  turned  in  it,  passes,  with  its  head  beneath 
the  wedges  and  against  the  upper  D.  So  soon  as  this  is  effected  the  wedges  A,  b, 
are  pressed  into  their  places,  and  these  holding  o  c  together,  cause  them  to  securo 
a  by  its  neck ;  if,  therefore,  a  be  now  caused  to  rise,  the  block  d  must  rise  with  it, 
but  the  head  of  this  screw  rests  on  the  solid  block  d,  while  its  neck  is  just  so  long 
as  to  admit  of  this  without  itself  being  pressed  against  the  wedges  o,  c.  o  is  a  very 
fine-cut  screw,  -which  fits  into  »  female-screw  cut  in  the  frame  of  the  head  of  the 
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drav-bench ;  it  is  moved  to  any  distance  yaiying  from  the  100,000th  port  of  an  incli 
(0-00001)  and  upwards  by  the  wheel  H,  which  receives  a  very  minute  motion  from  the 
pinion  p  by  means  of  a  lever,  o,  fitting  into  the  capstan-head  H.  x  was  originally 
intended  to  be  used  to  set  or  fix  the  screw  o  when  it  had  been  brought  to  its  proper 
position,  but  it  is  not  used ;  for,  in  fact,  the  cylinders  wear  away  appreciably  by  the 
passage  of  the  fillets,  so  that  they  constantly  require  to  be  brought  nearer  together  to 
moke  up  for  this  wear.  With  some  species  of  gold  the  friction  is  so  great  that, 
although  oil  is  used,  the  cylinders  become  so  hot  as  to  render  the  gold  pasty ;  in  such 
case  a  Idnd  of  welding  taJces  place,  which  causes  the  tearing  of  the  fillet.  If  this 
extreme  point  be  not  reached,  as  indeed  it  seldom  is,  the  cylinders  become  of  varying 
temperatures,  and  so  great  is  the  efiect  of  this  that,  in  order  to  compensate  for  it,  the 
upper  cylinder  has  to  be  continually  raised  or  depressed.  The  beds  which  carry  the 
cylinders  become  worn  by  the  strain  and  fret,  and  require  grinding  out  at  intervals ; 
therefore,  to  allow  for  the  difference  wliich  this  would  make,  screws,  v,  are  provided, 
by  which  the  cylinder  in  the  lower  bed  can  always  be  raised  to  ita  proper  position. 
We  cannot  but  admire  the  ingenious  productions  of  inventive  minds ;  and  surely,  if 
ever  there  were  a  marvellous  machine  for  assisting  the  coiner,  it  is  this ;  indeed,  it 
may  be  doubted  whether  a  more  admirable  instrument  for  its  purpose  can  be  con- 
trived. Sir  John  Barton,  who  invented  and  directed  the  making  of  it,  took  into 
consideration  every  circumstance  which  could  possibly  arise,  but  he  never  saw  prac- 
tically the  full  advantage  of  his  conception.  There  are  some  persons  who  smile  at 
the  draw-bench,  but  it  is  one  of  those  inventions  which  will  outlive  its  detractors,  at 
least  so  long  as  economy  and  perfeclioa  are  points  to  be  studied  in  coining.  Foreign 
mints  are  said  to  have  found  no  advantege  in  the  use  of  the  draw-bench.  It  is  to  be 
regretted  that  this  instrument  has  not  yet  been  efBciently  used.  Mr.  J.  Slartin,  of  the 
Paris  mint,  has  recently  made  some  very  accurate  experiments  with  the  draw-bench, 
and  has  produced  results  every  way  in  accordance  with  those  obtained  by  Mr.  Ansell 
in  the  Boysl  Mint,  and  ii  convinced  that  the  draw-bench  may  be  considered  as  the 
coiner's  right  hand. 

When  the  fillets  have  passed  between  the  cylinders 
1536  of  the  draw-bench,  they  are  sheared  into  four  lengths 

by  a  pair  of  hand-shears  affixed  to  the  bench,  and 
the  pieces  passed  on  to  the  tryer  who,  by  a  hand 
cutting-out  press,  shown  at  fig.  1535,  punches  out 
one  or  more  blanks  from  each  piece  of  fillet,  and 
weighs  it  in  a  delicate  balance,  placed  close  beside 
him,  that  he  may  judge  if  the  fillet  be  likely  to 
produce  good  blanks.  The  fillet  is  placed  for  this 
purpose  on  the  bolster,  a,  and  is  held  in  the  left 
hand,  while  with  the  right  he  seizes  the  handle,  c, 
and  pulls  it  suddenly  towards  him,  when  its  motion 
causes  a  screw  with  which  it  is  provided  to  depress 
the  cutter,  B,  which  cuts  a  blank  and  pushes  it 
through  A,  the  tiyer  at  the  same  moment  placing  his 
hand  under  the  bench  to  catch  the  blank  as  it  &lls. 
The  spring,  n,  is  so  powerful  as  to  carry  back  the 
handle  to  its  original  position  while  the  tiyer  is 
catching  the  falling  blank. 
The  fillets,  notwithstanding  the  draw-bench,  cannot  bo  brought  to  perfect  accuracy ; 
and,  to  meet  such  variations  as  arise,  a  diflference  is  made  in  two  of  the  cutting-out 
punches,  by  altering  their  diameters  to  such  an  extent,  that  a  blank  cut  by  them  from 
a  standard  fillet  would  vary  in  weight  from  a  blank  cut  by  them  from  an  ordinary 
fillet.  One  cutting-ont  punch  is  so  altered  that  a  blank  would  be  0'125  grain,  and 
the  other  that  a  blank  would  be  0-250  grain  heavier.  This  admite  of  a  fillet  other- 
wise too  thin  being  used ;  but  if  the  fillet  be  found  to  err  on  the  other  side,  it  is 
passed  once  more  either  through  the  draw-bench,  or  through  the  mill  at  a  spring- 
pinch.  The  tryer  should  be  selected  as  a  peculiarly  steady  man,  possessing  a 
calm  judgment,  with  considerable  energy,  as  upon  him  depends  the  accuracy  of 
the  whole  process  of  coining ;  he  has  not  unfrequently  so  to  manage  his  work  that, 
upon  5,000,000  of  sovereigns  coined,  he  should  arrive  to  -within  one  sovereign  of  the 
calculated  value. 

The  fillete,  having  been  thrown  by  the  tryer  into  the  rece|Aacles  which  indicate  the 
particular  cutting-out  punches  to  which  they  are  to  be  taken,  are  fetched  by  a  man, 
who  wipes  ofiT  the  oil,  and  then  carries  them  to  the  cutting-ont  room,  where  the  fillets 
are  cut  into  blanks  and  scissel.  The  cnttdng-out  presses  used  in  the  Boyal  Mint  are 
very  cumbersome,  and  when  in  operation  are  terribly  noisy;  it  is  therefore  hoped  that 
ft  no  djltant  period  they  may  be  replaced  by  some  of  a  for  more  simple  construction ; 
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but  it  18  believed  tbftt  iinder  all  ciTCtunstances  it  will  be  found  wise  to  adhere  to  the 
plan  of  cutting  out  a  single  blank  at  each  descent  of  the  punch.  For  bronze  it  is  well 
to  obtain  five  or  more  blanks  at  each  blow,  bnt  the  limited  variation  of  weight  allowed 
by  law  on  blanks  of  the  predoua  metals  wonld  render  this  false  economy.  Fiff.  1636 
represents  one  of  the  twelve  cntting-out  presses,  which  are  all  driven  by  a  wheel  pro- 
vided with  a  series  of  cams  on  its  outer  nm  ;  one  of  these  cams  is  in  the  act  of  striking 
the  fiiction-roller,  f,  which  is  attached  to,  and  forms  part  of,  the  lever  D.  D  is  fixed 
to  an  upright  shaft,  which  at  e  is  cut  with  a  screw-thread  working  into  a  female-screw 
fitted  into  the  main-shoulder  of  the  press  at  c.  If  now  the  cam  strikes  F,  and  throws 
it  outwards,  it  causes  the  shaft  D  to  take  a  part  of  a  rerolation,  and  in  so  doing  the 
screw  B  makes  it  rise  and  cany  with  it  the  block  n,  whose  tendency  to  circular  motion 
is  prevented  by  a  plug  fitting  into  its  groove,  and  fixed  in  the  guide  o.  The  lower 
end  of  K  carries  a  screwed  cap, 

which   supports   the   cutting-out  ^<'"" 

punch,  so  that  when  e  rises  it         fUfa^  ~  ' 

carries  the  cutting-out  punch 
through  just  the  same  distance 
that  itself  travels  upwards.  The 
cutting-out  punch  is  now  ready 
for  aAioD,  and  is  released  by  the 
continued  revolution  of  the  wheel ; 
but,  as  it  could  not  fall  with  suf- 
ficient force  of  itself,  assistance  is 
rendered  by  the  pressnxe  of  the 
atmosphere,  as  \nll  be  seen  by 
the  following  arrangement.  The 
lever  d  is  provided  at  K  with  a 
loop  of  iron  travelling  on  a  screw, 
so  Out  it  may  be  moved  farther 
from,  or  nearer  to,  the  centre  of 
action,  and  thus  admit  of  the  in- 
crease of  power.  This  loop  of 
iron  is  represented  by  E,  and  is 
continued  by  a  rod  of  iron  across 
the  upper  part  of  the  room,  and 
through  a  hole  in  the  wall  to  a 
system  of  levers,  team  which  a  rod 
is  suspended,  the  lower  end  being 
connected  with  a  piston  working 
in  a  chamber.  The  chamber  is  an 
hermetically-closed  vessel  secured 
to  a  stone  firmly  fixed  in  the 
floor.  The  piston  works  in  this 
chamber,  and  is  covered  with 
about  2  inches  of  oil,  which  pre- 
vents the  access  of  the  atmosphere 
by  leaks  to  any  part  beneath  the 
piston.  If  the  piston,  therefore, 
bo  mised  from  the  baJse  of  tlie  chamber,  a  vacuum  is  produced  in  that  portion  &om 
which  the  piston  is  removed,  and  consequently  the  atmosphere  presses  on  the  surface 
of  the  oil,  which  in  its  turn  presses  on  the  piston,  and  carries  it  down ;  in  its  fall  the 
piston  pulls  down  the  cuttor,  which  has  been  raised ;  for  the  same  blow  which  raises 
the  cuttor  also  raises  this  piston ;  therefore,  when  the  cutter  is  raised  the  workman  places 
the  fillet  from  which  blanks  are  to  be  cut  on  the  bolster,  shown  beneath  o,  and  holds 
it  firmly  while  the  cutter  descends  and  punches  out  a  blank,  which  falls  through  the 
bolster  into  a  drawer.  By  the  time  that  the  down-stroke  of  the  cutting-out  punch  is 
complete,  the  wedge  B  has  entered  a  slit  in  the  spring  b,  and  strikes  the  spring,  thus 
throwing  the  machine  back,  and  preparing  it  to  start  when  the  cam  shall  strike  the 
friction-roller  r.  The  point  at  which  B  may  strike  b  is  determined  by  a  screw  near 
the  left  hand  p.  The  upright  shaft  D,  which  is  partly  hollow,  terminates  at  a  flat 
cogged  wheel,  and  the  upper  part  of  ■  is  made  to  pass  into  D ;  while  at  s  is  an 
arrangement  which  serves  to  detach  or  connect  these  pieces,  that  the  cuttor  may  upon 
occasion  be  used  by  the  hand  by  means  of  the  lever  T,  as  well  as  to  admit  of  the 
necessary  alterations,  as  the  punches,  by  regriuding,  become  shorter.  The  cutting-ont 
punch,  when  it  rises,  carries  with  it  the  fillet  from  which  the  blank  has  been  punched, 
until  the  fillet  comes -against  the  guard  b,  which  detaches  it. 
The  flUets  from  which  the  blanks  have  been  punched  have  the  appearance  of  ribbons 
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perforated  with  round  holes,  and  are  now  called  tciaael  (from  the  Latin  leiiulo,  to  cnt). 
These  are  taken  at  intervals,  and  bound  up  by  strips  of  the  same  into  bundles  of  180 
ounces — in  the  case  of  silver  360  ounces — ready  for  re-melting.  The  cutting-out 
press  is  set  at  liberty  to  start  by  the  workman  pressing  his  foot  on  a  lever  in  connection 
with  the  line  and  spring ;  and  so  long  as  he  keeps  this  lever  down,  the  preM  is  worked 
continuously,  but  when  he  releases  it  the  spring  catches  the  extreme  end  of  D  at  o, 
and  motion  is  arrested.  The  blanks  which  accumulate  in  the  box  are  collected  at 
frequent  intervals  and  examined,  to  see  that  their  edges  are  smooth ;  if  they  be  ragged, 
as  may  happen  &om  the  wear  or  fracture  of  the  edge  of  either  the  cutter  or  bolster, 
a  loss  of  weight  would  be  entailedsubsequently  which  would  cause  the  coin  to  be  outside 
the  preecribed  limit,  and  to  pass  at  an  illegal  weight  into  circulation,  as  the  rough 
edges  would  be  removed  after  the  coining  of  the  blanks  had  been  effected.  Accord- 
ing to  the  quality  of  the  work— the  character  of  the  gold — under  operation,  the  tiyer 
tests  more  or  less  frequently  the  variations  of  weight  in  a  given  number  of  blanks. 
This  process  is  called  pounding,  and  is,  next  to  the  trying,  tie  most  important  of  hia 

1637 


duties;  if  such  an  expressiion  can  bo  admitted,  ho  has,  by  trying,  fired  his  shot,  and 
here  determines  if  he  has  hit  tlie  bull's-eye,  all  depending  on  his  own  unaided  judg- 
ment The  gauge,  fig.  1628,  is  found  of  great  service  in  detecting  invgulontiss  ns  to 
diameter  and  thickness,  which  would  not  be,  and  ore  not,  dotect«l  by  weight,  for  the 
weight  may  remain  equal,  although  both  diameter  and  thickness  may  vary.  All  these 
points  require  considerable  care  on  the  part  of  those  whose  duty  it  is  to  attend  to 
them ;  for  the  quality  of  a  coinage  is  determined  in  this  room :  blanks  which  once 
leave  it  cannot  ho  ailerwards  altered.  The  subsequent  operations,  being  purely  me- 
chanical, would  be  quite  as  well  performed  by  automaton  machines. 

The  completing  processes  form  undoubtedly  the  prettiest  and  most  interesting  part 
of  the  operation  of  coining ;  nevertheless  the  processes  already  described  constitute  its 
moit  essential  features.    The  blanks  are  weighed  from  this  room  in  drafts  of  about 
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7S0  onnees,  and  placed  in  tags ;  each  bag,  therefore,  contains  four  joumegt  t>t  about 
180  oonces  each.  These  ba^  are  placed  on  trucks  and  taken  into  the  marking-room, 
-where  they  are  emptied,  and  the  Ranks  submitted  to  the  action  of  a  machine  whose 
operations  reduce  the  diameter  of  each  blank  by  compressing  its  edge.  It  is  called 
Jones's  Edge  Compressor.  Fig.  1637  represents  Mr.  Jones's  machine.  The  blanks 
are  placed  in  the  llopper  A,  and  fall  bj  an  incline  into  a  tube  B  until  they  rest  at  c, 
on  a  notched  wheel  s.  As  d  revolves  each  of  its  notches  carries  away  the  bottom 
blank  of  the  pile  from  the  tube  b,  and  leaves  it  to  slide  down  the  tube  e  till  it  reaches 
the  block  f.  The  block  f  is  cnt  with  a  narrow  grooTe,  which  exactly  corresponds 
with  the  groove  o*  on  the  plate  or  disc  o.  The  disc  o  revolves,  and  as  the  blank  slides 
down  and  comes  with  some  little  impetus  against  the  groove  in  the  block  F,  the 
groove  0*  catches  it,  and  caoses  it  to  take  two  revolutions  between  the  disc  o  and  the 
block  F,  finally  permitting  its  escape  at  H,  when  it  falls  into  i,  being  now  rednced  in 
diameter  and  thicker  on  the  edge,  but  its  centre  remaining  as  it  was  before.  The 
machine  is  driven  by  j,  the  shaft  of  which  carries  a  rednced  rigger  for  the  driving  of 
X.  The  hopper  is  supported  by  the  rod  i.  The  distance  between  F  and  o  represents 
the  diameter  of  the  blank  after  its  edge  is  compressed,  this  distance  being  determined 
by  the  screws  seen  at  m.  Blanks  of  all  diameters  may  be  compressed  at  this  machine 
if  the  block  F  and  the  plate  or  disc  o  be  removed  and  replaced  by  others,  neither 
operation  taking  many  minutes.  The  edges  of  the  blanks  are  compressed  at  the  rate 
of  700  per  minute.  A  boy  of  fourteen  could  work  this  perfectly  well,  and  with  more 
convenience  now  that  the  hopper  is  replaced  by  snch  an  one  as  is  used  to  supply  Mr. 
Cotton's  wei^ng  machine.  The  edge  of  the  blank  is  compressed  with  a  view  to 
vrepaie  it  for  the  ermatmg  to  be  given  by  the  collar  in  the  after  process  of  conversion 
into  a  orin. 

The  blanks  are  conveyed  finm  the  edge-compressor  to  the  annealing-room,  where 
they  are  freed  from  oil  and  placed  in  copper  tubes,  some  charcoal  being  sprinkled  on 
them  to  prevent  the  action  of  atmospheric  oxygen  on  the  alloy  so  &t  as  possible. 
The  tubes  are  then  placed  on  iron  carriages,  and  run  into  reverberatoiy  furnaces, 
heated  by  Juckse's  smoke-consuming  apparatus,  where  they  remain  for  an  indefinite 
period.  The  furnaces  are  like  that  represented  in  the  rolling-room  for  annealing  the 
tillots  in  copper-tubes.  To  anneal  the  blanks,  the  temperature  should  be  raised 
rapidly  until  the  tubes  attain  a  full  red  heat ;  and  the  time  allowed  for  the  operation 
should  be  from  twenty  to  twenty-five  minutes  at  the  utmost.  After  the  heating,  the 
tubes  are  withdrawn  &om  the  fbmace  and  placed  on  the  floor  of  the  room,  tiU  the 
blanks  are  assumed  to  have  become  cool.  The  charcoal  is  then  sifted  away,  and  the 
blanks  cleaned  and  taken  to  the  press-room  to  be  coined.  There  are,  nevertheless, 
some  soiled  blanks,  which  are  blanched  in  dilute  sulphuric  acid. 

The  blanks  taken  from  the  annealing-room  are  each  by  a  dnsle  blow  of  the  coining 
press  converted  into  coins  possessing  the  obverse  and  reverse  impressions,  as  well  as 
the  crmated  edge,  which  is  one  of  the  means  employed  to  protect  the  coin  from  the 
peculations  of  the  clippers,  those  enemies  to  coin  of  all  ages  and  all  conntries,  but 
whose  business  has  departed,  not  so  much  from  the  crenated  edge  as  from  the  better 
balances  placed  in  the  hands  of  almost  every  man — certainly  within  reach  of  every 
man.  The  crenated  edge  is  known  to  bo  no  protection  against  the  plan  called 
'  sweating,'  and  which  is  effected  by  shaking  the  now  coins  in  bogs,  when  perhaps  an 
ounce  of  gold  may  be  obtained  from  1,000  new  sovereigns.  The  sovereigns  thus 
treated  are  passed,  and  the  operator  makes  his  profit,  but  the  light  gold  is  detected 
by  the  balance,  not  by  the  eye.  This  is  not  the  place  to  discuss  su<£  a  question,  so 
that  we  pass  on  to  a  description  of  the  machine  which  is  used  to  give  the  image  and 
superscription  to  coins  which  will  be  current  in  accordance  with  the  law. 

The  engraving  illustrates  Mr.  Boulton's  screw  coining  press,  which  alone  we 
describe,  although  there  are  also  lever  presses  in  the  Mint  The  blank  is  laid  by  the 
automaton  hand  l,  on  the  lower  die ;  l,  retires,  and  the  collar  then  rises  and  encloses 
the  blank,  while  the  upper  die,  fixed  to  the  main  screw  of  the  press  by  the  securing 
apparatns  4,  comes  down  with  a  blow  estimated  to  be  about  forty  tons,  and,  striking 
the  blank,  causes  its  particles  to  re-arrange  themselves,  and  to  assume  the  form  given 
by  the  engraving  on  the  dies  and  the  crenated  collar  which  surround  them ;  in  other 
words,  the  plain  blank  becomes  by  one  blow  a  coin  in  every  way  complete.  The 
following  description  will  convey  to  the  reader  an  explanation  oT  the  processes  as  they 
arise.  The  press  having  been  set  at  rest,  with  the  fullest  space  between  the  dies,  is 
called  up — that  is  to  say,  the  upper  die  has  been  raised  from  the  lower  die,  and  in 
this  position  the  automaton  hand  i,  has  conveyed  a  blank  from  the  tnbe  K  to,  and 
holds  it  over,  the  lower  die ;  npon  the  first  motion  of  the  press  downwards,  the 
eccentric  wheel  or  cam  7  causes  the  lever  h,  which  works  on  the  pivot  1,  to  withdraw. 
The  lever  h  may  be  lengthened  or  shortened  at  pleasure  by  an  arrangement  at  the 
lower  end.    The  flnt  motion  towards  the  withdrawal  of  l  causes  its  finger  or  hand 
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to  open,  and  to  releaae  the  blank,  which  falls  upon  the  £sce  of  the  lower  die.  The 
opening  of  the  finger,  or  hand,  is  effected  by  a  pin  which  works  in  a  slit  in  the  moTeable 
finger  of  i.  The  continuation  of  the  motion  which  draws  back  i.,  causes  the  rods  b, 
which  are  carried  by  the  main  screw  d,  to  release  the  collar  by  the  levers  g.  The 
collar  being  thus  relieved  from  do\mward  pressure,  rises  by  the  elasticity  of  the 
springs  until  it  wholly  encloses  the  blank  which  has  been  left  on  the  lower  die.  The 
rods  B  pass  through  Uie  shoulder  of  the  ftame  of  the  press,  and  are  destined  for 

1538 


another  service  betides  that  just  described;  for  the  main  sciew  b,  which  travels 
through  a  female-screw  fixed  in  the  frame  of  the  press,  thereby  receives  its  power  to 
rise  or  fall  upon  each  part  of  a  revolution,  whereas  the  upper  die  must  strike  the 
blank  a  blow  just  such  as  would  be  struck  by  a  hammer,  and  without  a  twisting 
motion  ;  therefore  that  motion  of  D  is  lost  just  below  the  lower  D,  where  D  fits  into  a 
cup  suspended  rigidly  on,  and  is  prevented  from  twisting  by,  the  tods  i,as  shown  at  P. 
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To  the  lower  part  of  the  cup  is  fastened  4,  -which  csiries  the  npper  die.  So  that,  just 
at  the  moment  that  the  levers  o  hare  permitted  the  collar  to  enclose  the  blank,  the 
npper  die  reaches  the  full  force  of  its  blow,  and  comes  upon  the  blank.  The  force  of 
the  blow,  by  converting  the  blank  into  a  coin,  causes  an  instantaneous  recoil  of  the 
screw  n,  which  is  assisted  in  its  rise  by  a  kind  of  balance  just  equal  to  its  weight. 
The  nature  of  this  arrangement  will  bo  better  understood  by  reference  to  fig.  1538, 
where  the  funnel-shaped  tube  A  is  seen  to  be  traversed  by  a  rod  h!,  which  terminates 
in  the  head  of  the  screw  s ;  the  opening  in  the  funnel  being  for  the  convenience  of 
fixing  this  rod  to  D.  At  the  top  is  a  swivel,  where  the  twisting  motion  is  lost.  It  is 
connected  at  its  npper  end  with  a  balanced  beam,  the  other  end  of  which  is  in  com- 
munication with  a  partially-exhausted  chamber:  an  arrangement  which,  while  it 
becomes  a  counterpoise  to  the  weight  of  the  press,  is  used  as  a  regulator  of  the  blow 
to  be  given,  so  that  it  is  quite  passible  to  coin  blanks  of  differing  denominations  by 
the  agency  of  this  chamber  without  altering  the  vacuum  in  the  large  vessel ;  for  it 
must  be  explained  that  the  motive  power  of  the  press,  that  which  brings  down  the 
die  with  force,  is  gained  by  the  pressure  of  the  at|nosphere. 

As  the  coined  Sioney  issues  tcora  the  press  it  is  collected  in  trays  and  examined ; 
all  imperfect  coins,  curiously  termed  '  brockages,'  are  picked  out ;  and  the  good  coins 
weighed  into  drafts  of  701  sovereigns,  equal  in  weight  to  about  180  ounces  ;  these  are 
at  present  sent  to  the  weighing-room,  where  they  are  examined  for  imperfect  coins,  by 
passing  over  a  kind  of  blanket,  so  arranged  on  a  series  of  rollers  that  each  coin  lying 
on  its  surface  can  be  seen  as  the  blanket  revolves. 


Fig.  1539  gives  a  view  of  the  milled  collars,  b  being  a  representation  of  the  lower 
die,  with  its  long  neck  which  fits  nicely  into  the  milled  collar  A.  c,  the  upper  die, 
also  passes  to  a  small  distance  into  the  collar,  so  that  at  the  moment  of  the  blow  the 
blank  is  absolutely  endoeed.  The  blow,  which  is  estimated  at  40  tons,  forces  the  metal 
into  every  engraved  part  of  the  collar  and  dies.  The  press,  which  has  been  described 
with  as  few  technical  terms  as  possible,  coins  from  60  to  80  blanks  per  minute,  finish- 
ing by  one  blow  the  obverse  and  reverse  impressions,  and  adding  the  milled  edge. 
(For  the  manufacture  of  dies,  see  Diss.) 

The  coins  when  struck  are  collected  at  frequent  intervals  and  carefully  overlooked 
to  find  any  which  may  be  defective,  for  with  sJl  the  beauty  of  the  mechanism  of  the 
press,  accidents  cannot  be  avoided,  and  it  is  found  that  about  one  coin  in  200  is  im- 
perfect in  its  finish  whatever  its  size  or  value.  The  imperfect  coins  are  returned,  with 
the  ends  cut  from  the  bars,  the  scissel,  and  the  imperfect  and  out-of-remedy  blanks, 
to  the  melting-house  every  morning.  The  coins  are  weighed  into  bags,  each  containing 
701  sovereigns,  and  at  intbrrals,  depending  on  the  requirements  of  the  Sank,  sent  to 
the  weighing-room,  where  each  coin  is  weighed  separately  in  Mr.  Cotton's  balance. 

Mr.  Cotton's  wei^ng-machines  form  perhaps  the  most  elegant  and  clever  invention 
of  modem  times.  They  effect  the  process  of  weighing  far  more  accurately  than  man 
can  hope  to  do ;  and  with  extraordinary  accuracy  determine  the  weight  of  about  23 
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coins  p«r  minate.  Peculiarly  adminble  ai  an  these  machine*,  tbeb  perfeelion  has 
heen  greatly  increaied  by  improTemeDte  suggested  by  Hr.  Kicbard  Filther,  who  hns 
immediate  charge  of  those  in  the  Boyal  Mint.  Hr.  Pilcher,  whose  inventive  genius  is 
only  equalled  by  his  desire  to  give  to  the  public  the  benefit  of  liis  inventions,  has  ren- 
dered these  automaton  balances  serviceable  to  the  Hint ;  whereas,  when  they  left  the 
hand  of  Mr.  William  Cotton,  they  were  of  great  service  to  the  Bank  of  England 
alone,  for  there  only  two  determinations,  or  in  fiu:t  one  determination  is  necessary. 
In  that  institution  it  is  required  to  show  that  the  coins  issued  by  it  are  not  below 
the  legal  weight  for  circulation,  whereas  the  Mint  must  guarantee  that  coins  leave 
its  works  neither  above  nor  below  the  limits  fixed  liy  law;  hence  the  necessity 
for  the  incorporation  of  Mr.  Pilcher^s  improvements  with  Mr.  Cotton's  beautiAU  in- 
vention. 

Fig.  1540  exhibits  a  view  of  a  model  of  Cotton's  automaton  machine,  for  the 
purpose  of  illustration  ;  and  it  should  be  mentioned  that  Messrs.  D.  Napier  and  Sons 
are  the  malLsn  of  the  machines  actually  in  use. 

•       1640 


The  whole  theory  of  this  balance  rests  on  the  fact  that  the  centre  of  gravity  and 
the  centre  of  action  are  in  one  line :  either  being  disturbed,  the  balance  is  no  longer 
equal.  The  machine  gains  its  motion  from  a  shaft  fixed  to  the  ceiling  of  the  room. 
Steam  contained  in  a  boiler  exists  under  an  ever-vaiying  pressure,  arising  firom  the 
amount  of  work  which  it  may  be  necessary  for  the  engine  to  perform,  or  from  the 
irregular  combustion  of  the  fuel  as  well  as  from  other  causes.  Since  it  is  of  the 
utmost  importance  that  the  automaton  balance  shonld  be  made  to  muntain  a  uni- 
form pace,  Messrs.  Napier  and  Sons  found  it  necessary  to  drive  the  shaft  which 
gives  it  motion  by  a  small  atmospheric  engine,  which  is  placed  in  the  weighing- 
room.  It  has  been  found  that  a  chamber  may  be  kept  equably  exhausted  of  air, 
if  the  atmosphere  be  admitted  to  it  by  a  uniformly-weighted  valve.  Such  a  chamber 
is  used  in  the  Hint  for  other  purposes,  and  Hessrs.  Kapier  conducted  from  this  a 
pipe,  by  the  agency  of  which  the  atmospheric  engine  is  worked  with  a  far  more 
even  and  steady  motion  than  could  be  obtained  by  steam ;  in  fact,  the  exhausted 
chamber  becomes  a  regulated  spring,  which  softens  down  the  variations  in  the  motion 
of  the  steam-engine.  The  shaft  supported  by  the  ceiling  conveys  its  motion  to  Uie 
weighing-machine  by  a  line  which,  passing  over  firiction-wheels,  circulates  round  a 
stepped-wheel,  which  runs  loose  on  the  shaft  communicating  with  i.  The  line  is 
maintained  with  sufficient  rigidity  by  a  weight  which  is  suspended  at  the  end  of  the 
lover  carrying  friction-wheels.  The  weight  is  just  sufBcient  to  insure  the  continuous 
working  of  the  machine,  but  it  is  so  light  as  to  permit  the  line  to  slip  in  the  event  of 
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anything  going  wrong  in  the  -woAm  of  the  balance.  When  the  machine  is  to  be  sot 
in  motkin,  a  kind  of  cheek  is  made — by  screiriiig — to  touch  the  face  of  the  stepped- 
wheel,  and  thus,  by  frictjon,  gives  motion  to  the  wheel  j.  This  is  an  elegant  mode  of 
meeting  a  chance  of  accident,  for  in  the  event  of  the  ireight  proving  to  be  too  heavy, 
any  extra  foice  simply  disconnects  this  cheek  from  the  face,  and  so  stops  the  machine. 
The  machine  having  been  set  in  motion,  the  small  wheel  ^  (by  commumcation  with  the 
larger  wheels,  j,  all  of  which  are  driven  by  it),  causes  the  cam  x  a  to  posh  forward 
the  lever  L,  triiich  poshes  forward  the  flattened  continuation  of  T  indicated  by  dotted 
lines,  until  it  moves  a  coin  placed  in  the  collar  at  the  bottom  of  the  hopper  H,  on  to  the 
scale-pan  f,  which,  for  the  sake  of  clearness,  is  isolated,  and  will  be  seen  in  fig.  1541. 
So  soon  as  the  coin  has  been  placed  on  the  scale-pan  F,  the  cam  p  lowers  a  lever, 
p,  the  office  of  which  is  to  permit  the  opening  of  the  forceps  o,  and  thus  to  release  the 
rod  D,  dependent  from  f  npon  the  knife-edge  c.  The  forceps  are  closed  by  the  cam  p, 
which  iBiBeB  V,  and  by  it  compresses  an  attached  spring.  The  forceps  are  intended  to 
hold  tki$  nxl,  d,  while  the  coin  is  placed  on  f,  because  the  friction  caused  by  the 
placing  of  the  coin  would  have  a  tendency  to  posh  r  £com  the  knife-edge  on  wiiich 
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it  is  suspended,  and  thns  blunt  its  delicate  edge.  While  the  forceps  are  opened  the 
cam  o,  by  its  partial  revolution,  lifts  the  rod  n,  which  is  steadied  in  its  motion  by  a 
pin  rising  from  it  and  entering  the  inverted  arch  ;  its  lower  extremity  working  into 
a  socket  on  the  table  on  which  the  whole  iraino  of  the  machine  stands. 

Towards  its  lower  extremity  the  rod  n  will  be  seen  to  branch  out  right  and  left, 
until  each  end  passes  tbrougli  a  kind  of  step  in  the  rods  D,  B,  indicated  more  dis- 
tinctly in  fg.  1941.  The  office  of  this  rod  is  to  bring  the  beam,  from  which  the  rods 
D,  B,  are  dependent,  to  a  dead  level,  as  well  as  to  release  both  ends  of  the  beam  by  one 
action.  At  the  moment  that  the  forceps  q  have  released  the  rod  d,  the  cam  o,  by  K, 
releases  both  the  rods  D,  b,  by  rising  from  the  steps,  thus  permitting  the  beam  to 
determine  the  weight  of  the  blank  placed  on  F.  A  dose  inspection  of  tiie  illustration 
will  show  that  the  rods  i.  are  suspended  from  and  rest  upon  the  knife-edges,  c,  of  the 
beam,  A,  which  has  a  centre  knife-edge,  T,  by  which  the  whole  mass  is  supported  and 
poised.  The  knife-edges  are  made  to  find  their  own  planes  or  resting-places  npon 
curved  or  hollow  pieces  cf  steel,  thus  securing  the  smallest  point  of  contact  with  a 
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csTtiu'ntY  of  the  smallest  amonnt  of  fiiction.  In  otdtDMy  balances  the  sabstanoe  to 
be  weighed  is  placed  in  a  pan,  which  is  on  the  same  lerel  as  the  pan  which  conbuns 
the  counterpoise ;  but  in  Mr.  Cotton's  balance  this  condition  is  of  no  consequence,  so 
that  the  counterpoise  rests  ultimately  upon  a  point  which  is  at  the  same  distance  from 
the  centre  of  action  as  the  point  upon  which  the  matter  to  be  weighed  rests.  The 
counterpoise,  o,  is  placed  in  a  kind  of  cage,  and  any  variation  from  this  standard 
is  at  once  indicated,  even  if  it  reach  only  to  tlie  thousandth  part  of  a  grain.  By  law, 
the  weight  of  a  coin  may  -vary  to  a  certain  extent  from  a  standard  weight ;  the 
variation  or  latitude  allowed  is  called  remedi/,  from  the  Latin  ad  rtnudiam ;  and  in 
weighing,  this  remedy  is  taken  advantage  of  by  a  contrivance  much  simplified  by 
Mr.  Fildier.  The  weight  of  a  sovereign  is  123'274  grains,  but  it  may  by  law  be 
cither  123-474  grains,  or  it  may  fall  to  123-074  grains.  Mr.  Pilcher  therefore  re- 
duced the  counterpoise  to  the  minimum  allowed,  thus  avoiding  the  pladog  of  a 
remedy-wire  for  the  light  side ;  and  he  then  made  the  remedy-wire  o  (shown  in  the 
first  enlarged  portion  on  the  left-hand  side  of  the  illustration),  whi^  is  placed  on 
the  stand  i,  upon  a  peculiarly-formed  point  indicated  in  fig.  IMS,  so  heavy  that 
any  blank  which  would  not  raise  it  and  the  counterpoise,  mnit  be  within  the  remedy 
on  the  heavy  side.  In  accordance  with  this  arrangement,  the  continaaJJon  of  the  rod 
B  is  terminated  by  a  cage,  so  that  if  a  coin  be  so  light  as  to  be  unable  to  raise  the 
counterpoise  until  the  stirrup  comes  in  contact  with  the  remedy,  it  is  too  light  to  make 
a  legal  coin.  This  fact  being  determined,  the  motion  of  the  maohine  causes  the  cam 
K  to  bring  back  the  rod  i,  that  it  may  be  ready  when  required  to  push  forward 
another  coin,  and  the  forceps  o  to  grasp  the  rod  D,  while  the  cam  b  permits  the 
falling  of  the  rod  s,  which  is  nearly  counterpoised  by  the  ball  m  (the  precise  length 
of  the  rod  being  regulated  by  the  screw y),  until  its  finger  rests  upon  the  indicator. 
The  depth  to  which  s  shall  fiUl  is  fixed  by  the  step  (shoini  in  the  enlarged  portion  of 
fig.  1641).  This  is,  of  course,  determined  b^  the  forceps,  securing  d  at  the  position 
indicated  by  the  weight  of  the  blank.  The  indicating-finger  having  come  to  rest,  the 
continued  motion  of  the  machine  causes  the  cam,  w,  to  permit  the  shoot,  n,  to  fill  until 
one  of  its  steps,  t,  comes  into  contact  with  the  indicating-finger,  when  the  lower  part 
of  the  shoot  most  be  exactly  over,  and  form  part  of,  one  of  the  tubes  which  terminate 
in  boxes  labelled  respectively  '  heavy,'  '  light,'  '  medium.'  The  shoot  having  taken  its 
position,  the  continued  motion  of  the  machina  causes  the  cam  x  to  induce  Uie  placing 
of  another  coin  on  the  scale-pan  i,  and  this  coin,  by  advancing,  poshes  off  the  one 
just  weighed,  which,  &lling  into  and  thiongh  the  shoot,  passes  to  the  compartment 
reserved  for  it.  Suppose  the  newly-placed  coin  to  be  too  heavy  for  forming  a 
legal  coin,  the  same  operation  goes  on,  but  it  now  lifts  not  only  uie  counterpoise, 
but  also  causes  the  stirrup  at  K  to  lift  the  remedy-weight.  This  is  a  most  deli- 
cate operation,  for  if  a  blow,  however  slight,  be  given,  it  would  cause  unsteadiness 
in  the  beam.  Mr.  Filcher  therefore  determined  to  make  the  carriage,  w,  fig.  1542, 
which  supports  the  remedy-wire,  stand  upon  micrometer  screws,  by  which  the 
remedy-wire  is  made  just  to  toudi  the  stirrup,  without  pressure,  while  it  also  rests 
upon  the  most  minute  points,  formed  by  cutting  away  mecy  part  of  i  which  is  not 
actually  required — ^in  fact,  shelving  it  out.  The  scale-pan  r  is  protected  from  draught 
by  a  lantern,  while  the  coins  are  directed  into  the  collar  by  a  gnard,  as  they  sUde 
down  the  hopper. 

Some  new  maohines  have  recently  been  supplied  to  the  Mint  by  Mr.  James  Napier, 
but  it  is  not  certain  that  these  are  cheaper  than  the  old  ones.  That  they  are  lower  in 
price  may  be  admitted,  and  they  are  certainly  more  convenient  in  use,  from  the  &ct 
chat  the  wheels  shoim  at  F  are  placed  at  the  back.  It  is,  however,  to  be  regretted 
that  Mr.  Napier  did  not  introduce  into  these  new  machines  the  recent  inventions 
of  Mr.  William  Bradshaw,  which  are  supremely  simple  ;  and,  now  that  they  are 
effected,  one  cannot  but  wonder  that  so  many  minds  having  been  engaged  on  these 
machines,  improvements  such  as  these  have  not  earlier  seen  the  light  To  Hr. 
Bradshaw,  particularly,  great  credit  is  due,  for  he  was  obliged  to  overcome,  not 
only  innate  difiSculties,  but  difficulties  of  position,  and  these  latter  were  of  no 
mean  kind.  It  is  to  the  credit  of  the  Mint  authorities  that  they  finally  adopted 
these  improvements,  and  ordered  the  necessary  alterations  to  be  made  in  <dl  the 
machines, 

Mr.  Bradshaw's  improvements  enable  the  automaton  balances  to  weigh  80  per  cent, 
more  coins  in  the  same  time ;  yet  they  permit  each  coin  to  occnpy  a  longer  space 
of  time  in  being  weighed.  This  would  appear  to  be  a  mechanical  contradiction ; 
but  if  reference  be  mode  to  fig.  1540,  it  will  be  seen  that  the  cam  K  pushes  forward 
the  lever  l,  which  ultimately,  by  the  slide,  pushes  the  blanks  on  to  the  scale-pan  p. 
By  altering  the  shape  of  the  cam  K,  Mr.  Bradshaw  causes  it  to  do  its  wool  more 
rapidly,  and  thus  leaves  the  piece  un  f  longer  than  before ;  but  that  this  tame  may 
not  be  loet,  he  alters  also  the  shapes  of  tho  cam  f,  and  of  tlie  cam  o,  so  that  the 
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foiceiM  Q  are  opened,  and  tliA  beam  it  released  more  rapidly :  thus  the  balance  ■woa\d 
be  longer  in  action ;  but  to  ntiliie  tbe  time  ready  to  be  laved,  he  alters  also  the 
driTing-polLey  J,  cansing  the  machine  to  make  30  per  cent,  more  determinations  per 
minnte,  and  that  this  may  be  effected  with  greater  certainty  he  reduced  the  depth  of 
the  step,  shown  at  t,  to  just  one-hal(  so  that  the  beam  has  to  travel  only  half  the 
distance  it  formerly  traTelied  to  determine  the  position  of  the  light,  heavy,  or  medium 
piece.  He  next  proceeded  to  alter  the  rod  ir,  beeaosa  ha  obawved  that  it  received  a 
tilting  motion,  arising  fh>m  its  being  lifted  by  a  shoulder,  as  shown  in  the  woodcut. 
To  overcome  this  defect  he  made  the  rod  straight  up  to  a  certain  point,  where  he 
divided  it  into  a  kind  of  loop  which  passed  over  the  cam  o,  which,  as  it  revolves,  lifts 
this  tod  perpendicularly.  He  still  found  that  the  cam,  o,  had  a  tendency  to  push  this 
rod  against  its  bearings,  so  he  placed  a  spring  of  brass  between  the  top  of  its  loop 
and  the  cam  o,  and  by  this  contrivance  made  the  cam  to  lift  the  bisss,  and  that  in  its 
turn  to  raise  the  rod  K.  There  was  yet  another  difficulty,  caused  by  an  occasional 
stoppage  of  the  action  of  the  spring  which  softens  the  descent  of  the  bearing  of  the 
rod,  H,  into  its  lower  socket ;  this  he  removed  by  cutting  a  holft  in  the  side  of  the 
socket,  so  that  it  can  be  seen  at  once  if  the  spring  be  in  action. 

Great  inconvenience  arose  from  the  coUecboQ  of  dust,  spangles  of  bullion,  and  other 
foreign  matter  on  parts  of  the  balance.  This  Mr.  Bradshaw  overcame  by  two  simple 
contrivances :  first,  he  pierced  the  bottom  of  the  grooved  trays,  so  that  these  sub- 
stances might  in  a  great  measure  fall  through  while  the  blanks  were  being  arranged 
in  rouleaux,  thus  separating  the  largest  pieces,  which,  falling  down  the  shoot,  would 
stop  its  action ;  and,  secondly,  he  placed  a  glass  shelf  midway  between  the  table  and 
the  beam,  that  is,  beneath  the  hopper  x,  where  it  terminates,  and  above  the  beam  A, 
where  it  is  seen  near  the  forceps  o,  thus  protA^ng  the  beam  and  forceps.  These  may 
appear  to  be  trifling  alterations  :  they  are,  nevertJieless,  to  Cotton's  balance  what  the 
compound  metal  balance-wheel  is  to  a  watch.  Mr.  Pilcher  was  granted  an  honorarium 
of  402.  for  his  invention  of  the  file  (to  be  described),  but  it  is  hoped  that  he  and 
Mr.  Bradshaw  will  be  rewarded  more  generously  for  their  imraovements  in  Cotton's 
balance ;  for  if,  by  judicious  liberality,  enoouragemente  are  oneted  to  those  in  the 
Civil  Service  to  give  to  the  country  the  benefit  of  their  inventions,  we  may  hope 
that  Government  institutions  will  bear  comparison  with  ordinary  commercial  manu- 
factories as  regards  the  developement  of  inventive  genius.  Nor  is  this  a  small 
matter,  for  all  the  working  improvements  in  the  Cotton  balance  have  been  made 
by  those  whose  duty  it  is  to  attend  to  their  working;  yet  no  acknowledgment, 
either  direct  or  indirect,  has  been  made  to  the  officers  concerned.  It  is  said  that 
their  salaries  cover  all  tiiair  time  and  energy.  This  may  be  true,  but  such  a  policy 
is  not  calculated  to  result  in  great  steps  towards  perfecting  either  machines  or  pro- 
cesses. 

It  is  well  to  state  that  the  beam  in  Vi.  Cotton's  balance  is  8*90  inches  in  length, 
and  that  its  weight  is  288'41  troy  grains. 

After  overlooking,  the  coins  are  rung  as  blanks  used  to  be,  and  then  weighed  sepa- 
rately, all  the  rejected  going  to  the  melting-pot,  by  which  a  waste  of  60  per  cent,  is 
incnned  at  the  extreme  end  of  an  elaborate  process  ;  but  this  unwise  course,  it  is  to 
be  hoped,  will  soon  be  abandoned  when  its  expensive  and  perfectly  useless  extrava- 
gance is  considered.  After  the  various  operations  of  the* weighing-room,  the  coin  is 
collected  and  weighed  into  separate  bags,  each  containing  701  sovereigns  ;  the  exact 
weight  of  the  contents  of  eacn  bag  is  noted  ;  and  the  bags,  having  been  placed  in  a 
trudc,  are  taken  to  the  Mint  Office,  where  they  undergo  what  is  called  pyxing,  which 
is  simply  the  selecting  izom  each  and  every  bag  a  pound  weight,  firom  which  two  coins 
are  t^en ;  each  coin  is  weighed,  and  its  weight  recorded.  Of  these  coins  one  is 
placed  in  the  hands  of  the  assayer,  to  determine  its  value  as  to  per-centage  of  gold, 
and  the  other  is  sealed  in  a  packet,  which  is  placed  in  a  jij/x  for  the  trial  of  tbb 
FIX  at  Westminster — an  ancient  process  now  useless,  because  an^  skilled  man  can 
detect  by  assay  a  deterioration  of  tne  coin.  These  particulars  having  been  taken,  the 
coin  is  in  due  course  delivered  to  the  of&cers  of  the  Bank  of  England,  who  conduct  it 
in  amonnts  of  about  140,0002.  to  the  Bank  in  a  waggon. 

It  is  to  be  regretted  that  the  system  so  long  adopted,  and  founded  on  the  experience 
of  years,  has  been  altered,  to  the  manifest  disadvantage  of  the  public ;  for  it  will  be 
observed  that  nnder  the  circumstances  which  now  obtain,  there  must  be  an  enor- 
mous waste  at  the  extreme  end  of  a  tedious  and  expensive  process.  For  all  coins 
which  exceed  the  limits  of  the  remedy,  on  either  the  light  or  the  heavy  side,  are 
obliged  to  be  remelted,  because  there  is  no  practicable  means  by  which  the  light 
pieces  can  be  increased  in  weight,  or  the  heavy  pieces  reduced,  so  as  to  bring  them 
within  the  remedy.  Thus,  therefore,  as  much  as  60  per  cent.  <^  finished  coin  is  use- 
lessly sacrificed.  If  this  loss  became  one  of  money  value  alone  it  would  be  hard  to 
bear,  bst  it  has,  in  addition,  the  effect  of  reducing  the  ont-tnm  of  the  Hint,  and  hat 
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tlins  caused  considoiablo  disntisfaetion  amongst  the  eommenaal  worid  by  pndncingf  a 
great  scarcity  of  coin,  for  it  has  happened  that  so  much  ns  70  per  cent,  of  all  the  work 
done  has  required  to  be  remelted.  Now  it  can  be  understood  if,  say  60  per  cent,  of 
the  work  produced  be  lost,  it  amounts  to  a  practical  reduction  of  the  powers  of  the 
Mint,  and  this  reduction,  wilfully  incurred,  has  been  used  as  an  argument  for  the 
necessity  of  building  new  mint  premises ;  instead  of  so  expensiTe  a  plan  being  con- 
tinued, the  Mint  authorities  should  return  to  the  proper  system  of  coining,  by  which 
the  blanks  were  weighed  before  coining,  and  thus  sudi  pieces  as  were  too  heavy  could 
be  reduced  by  the  file. 

This  file  was  invented  by  Mr.  I41eher,  who,  bung  the  officer  of  this  room,  con- 
siders his  duty  to  be  neglected  if  there  be  any  improvement  capable  of  being  made, 
but  which  is  left  undone:  he  never  tires  till  the  invention  is  complete,  and  the 
machine  made.  Mr.  Albert  Barre,  the  distdnguished  engraver  to  the  fans  Mint,  de- 
clares this  file  to  have  surmounted  all-  the  difficulties  he  has  met  with  in  this  part 
of  the  process.  In  his  own  words,  '  It  leaves  the  £ue  of  the  blank  untouched,  and 
free  to  develope  the  work  of  the  engraver,  which  no  other  file  does  or  can  effect, 
because  any  metal  which  is  ploughed  out  from  the  fiuw  of  a  blank  leaves  a  hole  which 
is  not  filled  up  in  coinins;.' 

Feeling  that  this  much-desired  le-introduction  will  take  place,  it  is  thought  wise  to 
give  the  following  description  of  Pilcher's  file,  which,  if  not  deeited  for  the  benefit  ot 
our  own  Mint,  mil  be  adopted  by  other  coining  countries  :—FUf.  1643  is  a  representa- 
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tion  of  this  compact  machine.  The  blanks  are  placed  in  rouleaux  in  a  tube,  b,  which 
is  open  at  top  and  at  bottom ;  through  the  opening  at  the  bottom  the  blanks  rest  their 
edffei  on  the  file,  a,  which,  as  it  revolves  about  1,000  times  per  minute,  files  off  metal 
ftem  the  edge  of  the  blank.  Each  machine  has  two  tubes,  and  when  both  have  been 
filled  the  rod,  c,  which  carries  a  triangular  knife-edge,  is  released  by  a  lever,  and  the 
knife-edge  resting  upon  the  upper  edge  of  the  blanks,  b,  with  the  intention  of  offering 
resistance  to  their  rotary  motion,  enables  the  operator  to  remove  much  or  little 
metnl  ftom  their  edges  at  pleasure  by  increasing  the  resistance  which  c  offers  by 
adding  a  weight,  p,  on  to  the  gallery,  d  is  a  glass  dish  into  which  the  dust,  as  it  is 
removed  from  the  edges  of  the  blanks,  falls,  thus  insuring  a  perfect  separation  of  the 
diat  from  the  blanks.  The  blanks  in  b  are  kept  in  their  position  by  small  blocks  of 
ebony,  which  are  secured  by  the  thumb-screws,  o.  Motion  is  given  by  the  wheel.  J, 
which  communicates  with  the  driving  pulley  by  a  cord  or  cat^t.  The  whole  machine 
stands  on  a  block  of  mahogany  secured  to  a  table  of  oak.  A  hopper  of  brass  shown 
by  dotted  lines  is  provided,  with  a  view  to  catch  fiying  particles  of  the  precious  metals. 
&ch  file  reduces  260  sovereign  blanks  per  minute. 

The  coined  moneys  are  rung  by  boys  to  detect  any  which  may  be  dumb  or  cracked, 
and  which  are  rejected  for  mdting.    Dumb  or  eta^ed  pieces  arise  when  bubbles  of 
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sir  ars  enclosed  in  the  bus  st  the  time  of  pouring  the  fluid  metal  into  the  moulds  in 
the  melting-bouse. 

Besidra  this  souice  of  dnmb  woA,  may  be  mentioned  another  of  laige  oocnnence  in 
silver,  and  occasionally  met  irith  in  gold,  which  results  from  an  impezfect  mixture  of 
the  alloy  at  the  time  of  melting,  andderelopes  itself  at  the  draw-bench,  where  whole 
fillets,  of  six  feet  long,  may  be  seen  to  separate  into  two  complete  layers  of  metal,  the 
inner  sor&ces  being  coated  with  a  thin  film  of  copper,  frequently  quite  pure,  but  some-' 
times  in  the  form  of  suboxide.  It  would  thus  appear  that  a  globnleof  copper  becomes 
enveloped  in  a  volume  of  fluid  gold  or  silver,  and,  in  the  act  of  pooring,  this  globule  is 
drawn  out  into  a  kind  of  wire,  perhaps  extending  some  inches  in  length,  enclosed  in 
precious  metaL  When  this  is  rolled  it  is  all  flattened  together,  but  there  is  no  adbosion 
between  the  surfaces,  so  that  when  the  fillet  passes  through  the  draw-bench,  the  lateral 
motion  given  to  the  atoms  of  the  metal  causes  the  slip  which  finally  separates  the  two 
surfaces  of  metal,  and  the  eye  at  once  detects  the  existence  of  the  fault. 

The  law  enacts  that  20  lbs.  weight  troy  of  standard  or  crown  gold  shall  be  made 
into  081-50  sovereigns,  and  this  proportion  gives  the  means  of  determining  the 
theoretical  weight  of  one  sovereign ;  for  if  the  20  lbs.  troy  weight  produce  934*50 
coins,  it  is  only  necessary  to  divide  by  that  number  the  number  of  grains  in  20  Ibe. 
troy,  and  the  quotient  will  represent  the  weight  of  a  single  sovereign,  vie, 
12S-274478S306581059  troy  grains ;  therefore  the  journey  of  701  sovereigns  should 
weigh  180-032102728731842215  troy  ounces,  and  a  million  256821-829855377  troy 
ounces,  equal  to  7-8618927806797  tons  avoirdupois;  hence  the  War  Indemnity  of 
France  weighed  1672-37855  tons. 

The  following  measurements,  taken  from  a  set  of  proof  coins  of  the  present  reign, 
will  convey  an  idea  of  the  |nobable  size  of  any  coin  of  the  realm  ;  but  tcom  the  reason 
before  stated,  a  man  need  not  be  disappointed  should  he  find  the  diameters  differ  from 
any  he  may  examine  by  an  accurate  gauge.  While  stating  the  diameters  (which  never 
vary  beyond  a  few  thousandths  of  an  inch),  it  is  tbon|^t  proper  to  give  the  legal  weight 
and  le^  tender  of  each  denomination  of  coin  current  in  Qreat  Britain : — 


Deoomlaatton  of  Coin 

Weiglit  in  Troy 

Legsl  Tender 

inches 

grains 

ounces 

To  the  valoe  of — 

2 

Sovereign 

0-8680 

123-2744 

0-2668 

The  highest  snm 

<B 

Half-sovereign 

0-7622 

61-6372 

0-1284 

known. 

'Crown     . 

1-6048 

486-3636 

0-9090 

Half-crown     . 

1-2714 

218-1818 

0-4646 

Florin     . 

1-1826 

174-6464 

0-3636 

Shilling  . 

0-9296 

87-2727 

0-1818 

Sixpence . 

0-7648 

48-6363 

0-0909 

1. 

Fonrpence 

0-6466 

29-0909 

0-0606 

Forty  shillings 

1 

Threepence     . 

0-6388 

21-8181 

0-4545 

sterling. 

OQ 

Maundy 

Fourponce 

0-6967 

29-0909 

0-0605 

Threepence 

0-8883 

21-8181 

0-4646 

Twopence 

0-6294 

14-5464 

0-0303 

Penny     . 

0-4888 

7-2727 

0-0151 

I 

Penny     . 

1-8802 

291-6666 

0-6076 

One  shilling  sterlg.^ 

Halftienny 

Farthing. 

1-1186 

146-8333 

0-3038 

Sixpence          „ 

1 

§•' 

0-8676 

72-9166 

0-1619 

Sixpence          „ 

1  ■ 

o 

Half-farthing  . 

0-6963 

36-4683 

0-0759 

Sixpence         „     J 

a 

'Penny      . 

1-2000 

146-8333 

0-8038 

One  shilling    „ 

M 

Halfpenny 

1-0000 

87-5000 

0-1822 

One  shilling    „ 

.Farthing . 

0-8000 

43-7600 

00911 

One  shilling    „ 

It  appears  that  the  Boyol  Hint  should  sustain  less  loss  than  any  other  mint  by  the 
coining  of  gold  and  silver.  If  allowance  be  made  for  the  sals  of  the  sweep  or  dust 
which  results  from  a  coinage,  the  total  loss,  inclusive  of  every  operation  in  coining, 
should  be  so  small  that  it  might  be  passed  without  notice  ;  in  &ct,  there  ought  to  be 
a  minute  increase  of  weight  from  traces  of  oil  which  are  left  on  the  fillets  to  enable 
them  to  pass  through  the  cylinders  of  the  draw-bench.  By  melting  there  seems  to  be 
some  loss  of  metid :  this  should  reach  about  100/.  per  million  coined ;  such  loss 
would  bo  wholly  explained  by  refining,  through  the  removal  of  copper  by  oxidation  ; 
idthongh  this  is  minute,  still  it  is  enough  to  explain  the  loss  which  is  thus  indicated. 

>  Pniolaimed  illegal  dnoe  31st  December  186S. 
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If  the  awajB  i»  domly  iratehed  there  can  be  no  loai,  for  the  taul  of  the  prx  in- 
Tftriabl;  shows  the  gold  coin  to  err  on  the  side  of  purity.  Therefore,  if  the  Master 
of  the  Hint  should  determine  to  issue  gold  of  exact  standard,  he  may  &irly  cover 
every  source  of  loss,  and  coin  money  without  waste  of  metal.  Each  gnin  that  is 
found  in  excess  of  the  standard  upon  the  pound  weight  of  gold  causes  a  loss  of  about 
liOl.  upon  each  million  coined.  The  moneyers  formerly  sustained  a  loss  of  about 
>700{.  for  each  million  coined,  such  loss  being  exclueiye  of  melting.  This  hae  never 
been  entirely  satisfactory;  and  the  loss  by  coining  alone  rarely  reached  so  high  an 
amount,  although  3731.  per  million  would  seem  to  have  been  determined  by  some 
careful  experiments  as  the  necessary  loss.  This  gold,  it  will  be  easily  conceived,  was 
lost  by  volatilisation,  and  by  other  small  sonroe8(^  water  in  so  extensive  an  operation 
as  that  of  coining.  Although  it  is  perhaps  impossible  to  avoid  all  loss,  it  apj^ears  to 
be  reduced  to  a  miDimnm  by  the  great  attention  that  is  now  paid  to  every  division  of 
the  process. — Q-.  P.  A. 

tMXMAMSUB,  A  genus  of  plants  belonging  to  the  natural  order  NyeUuinuuiea. 
They  are  known  to  the  French  as  BeUa  de  nuit.  The  Peruvian  species  Mirabilit 
jalapa,  or  &lse  jalap,  has  a  purgative  root,  which  was  formerly  mistaken  for  the  tme 
jalap.  M.  dichoioma  is  the  weU-known  garden  flower  commonly  called  the  '  Marvel 
of  Peru,'  or  Uie  linir  it  quatrtt  heuns  of  the  French. 

MXSBAn,  assavoa  OVi  A  &ncy  name  under  which  M.C.CoUas,  of  Pari% 
sold  nitrobenzol. 

BBXBXOBS.  Under  Qlass  KAHCTiLCTrBB,  the  process  of  casting  the  large  plates 
for  mirrors  has  been  described.  We  have  therefore  only  to  describe  in  this  place  the 
preparation  of  the  plate  glass  and  its  silvering. 

The  smoothing  of  the  plates  is  effected  by  the  use  of  moist  emery  washed  to  succes- 
sive degrees  of  fineness,  for  the  various  stages  of  the  operation ;  and  the  polishing 
process  is  performed  by  rubbers  of  hat-felt  and  a  thin  paste  of  coloothar  and  water. 
&e  colcothar,  called  also  crocus,  is  red  oxide  of  iron  prepared  by  the  ignition  of 
copperas,  with  grinding  and  elutriadon  of  the  residuum.    See  Cou»thab. 

^e  last  part,  the  polishing  process,  is  performed  by  hand.  This  is  managed  by 
females,  who  slide  one  plate  over  another,  while  a  little  moistened  putty  of  tin  finely 
levigated  is  thrown  between. 

lATge  mirror-plates  are  now  the  indispensable  ornaments  of  eve^  large  and  sump- 
tuous apartment ;  they  diffiise  lustre  and  gaiety  around  them,  by  reflecting  the  rays  of 
Ught  in  a  thousand  lines,  and  by  multiplying  indefinitely  the  images  of  objects  pUced 
between  opposite  parallel  planes. 

The  tUvering  oi  plane  mirrors  consists  in  applying  a  layer  of  tin-foil  alloyed  witlx 
mercury  to  their  posterior  surface.  The  workshop  for  executing  this  operation  is  pro- 
vided with  a  great  many  smooth  tables  of  fine  freestone  or  marble,  truly  levelled,  having 
round  their  contour  a  rising  ledge,  within  which  there  is  a  gutter  or  groove  which  ter- 
minates by  a  slight  slope  in  a  spout  at  one  of  the  comers.  These  tables  rest  upon  an 
axis  of  wood  or  iron,  wnich  runs  along  the  middle  of  their  length ;  so  that  they  may 
be  inclined  easily  into  an  angle  with  Uie  horizon  of  12  or  13  degrees,  by  means  of  a 
band-screw  fixed  below.  They  are  also  furnished  with  brushes,  with  glass  rules,  with 
rolls  of  woollen  stufll  several  pieces  of  flannel,  and  a  great  many  weights  of  stone  or 
cast-iron. 

The  (^ass-tinner,  standing  towards  one  angle  of  his  table,  sweeps  and  wipes  its  surface 
with  the  greatest  care,  along  the  whole  surface  to  be  occupied  by  the  mirror-plate ;  then 
taking  a  sheet  of  tin-foil  adapted  to  his  purpose,  he  spreads  it  on  the  table,  and  applies 
it  closely  with  a  brush,  which  removes  any  folds  or  wrinkles.  The  table  being  hori- 
Eontal,  he  pours  over  the  Un  a  small  quantity  of  quicksilver,  and  spreads  it  with  a  roll 
of  woollen  stuff;  so  that  the  tin-foil  is  penetrated  and  apparently  dissolved  by  the  mer- 
cury. Placing  now  two  rales,  to  the  right  and  to  the  left,  on  the  borders  of  the  sheet,  he 
pours  on  the  middle  a  quantity  of  mercury  sufficient  to  form  everywhere  a  layer  about 
the  thickness  of  a  crown  piece ;  then  removing  with  a  linen  rag  the  oxide  or  other  im- 

Snrities,  he  applies  to  it  Uie  edge  of  a  sheet  of  paper,  and  advances  it  about  half  an  inch, 
[eanwhile  another  workman  is  occupied  in  d^ng  very  nicely  the  surface  of  the  glass 
that  is  to  be  silvered,  and  then  hands  it  to  the  master  workman,  who,  laying  it  flat,  places 
its  anterior  edge  first  on  the  table,  and  then  on  the  slip  of  paper ;  now  pushing  the  glass 
forwards,  he  takes  care  to  slide  it  along  so  that  neither  air,  nor  any  coat  of  oxide  on  the 
mercury  can  remain  beneath  the  plate.  When  this  has  reached  its  position,  he  fixes  it 
there  by  a  weight  applied  on  its  side,  and  gives  the  table  a  gentle  slope,  to  run  off  all 
the  loose  quicksilver  by  the  gutter  and  spout.  At  the  end  oi  five  minutes  he  covers 
the  mirror  with  a  piece  of  flannel,  and  loads  it  with  a  great  many  weights,  which  are 
left  upon  it  for  24  nonrs,  under  a  gradually-increased  inclination  of  the  table.  By  this 
time  the  plate  is  ready  to  be  taken  off  the  marble  table,  and  laid  on  a  wooden  one  sloped 
like  a  reading-desk,  with  its  under  edge  resting  on  the  ground,  while  the  npper  is 
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Tailed  roceesBiTelj  to  dijfereiit  elerations  by  means  of  a  cord  painng  oTer  a  pulley 
in  the  ceiling  of  the  room.  Tbns  the  mirror  has  its  slope  gmtnated  from  day  to 
day,  till  it  finally  arrives  at  a  vertical  position.  Abont  a  month  is  required  for 
draining  out  the  superfluous  mercuiy  from  large  mirrors ;  and  ftom  18  to  20  days 
from  those  of  moderate  size.  The  sheets  of  tin-foil  being  always  somewhat  larger  than 
the  glass-plate,  their  edges  must  be  pared  smooth  off,  before  the  plate  is  liited  off  the 
marble  table. 

Procas  for  Silvering  Concave  Mirrors. — Having  prepared  some  very  fine  Paris  plaster 
by  passing  it  through  a  silk  sieve,  and  some  a  little  coarser  passed  through  hair-clotb, 
the  first  is  to  be  made  into  a  creamy  liquor  with  water,  and  after  smearing  the  concave 
surface  of  the  glass  with  a  film  of  olive-oil,  the  fine  plaster  is  to  be  poured  into  it,  and 
spread  by  turning  about,  till  a  layer  of  plaster  be  formed  about  ^^th  of  an  inch  Uiick. 
The  second  or  coarse  plaster,  being  now  made  into  a  thin  paste,  poured  over  the  first, 
and  moved  about,  readily  incorporates  with  it,  in  its  imperfectly-hardened  state.  Thus 
an  exact  mould  is  obtained  of  the  concave  surface  of  the  glass,  which  lies  abont  }  of 
an  inch  thick  upon  it,  but  is  not  allowed  to  rise  above  its  outer  edge. 

The  mould,  being  perfectly  dried,  must  be  marked  with  a  point  of  coinddence  on 
the  glass,  in  order  to  permit  of  its  being  exactly  replaced  in  the  same  position,  after 
it  has  been  lifted  out  The  mould  is  now  removed,  and  a  round  sheet  of  tin-foil  is 
applied  to  it,  so  large  that  an  inch  of  its  edge  may  project  beyond  the  plaster  all 
round  ;  this  border  being  necessary  for  fixing  the  tin  to  the  contour  of  the  mould  by 
pellets  of  white  wax,  softened  a  little  with  some  Venice  turpentine.  Before  fixing  the 
tin-foil,  however,  it  must  be  properly  spread  over  the  mould,  so  as  to  remove  every 
wrinkle ;  which  the  pliancy  of  the  foil  easily  admits  of,  by  uniform  and  well-directed 
pressure  with  the  fingers. 

The  p;lass  being  placed  in  the  hollow  bed  of  a  tight  sack  filled  with  fine  sand,  set  in 
a  well-jointed  box  capable  of  retaining  quicksilver,  its  concave  surfiu»  must  be  dusted 
with  sifted  wood-ashos,  or  Spanish-whito  contained  in  a  small  cotton  bag,  and  then 
well  wiped  with  dean  linen  rags  to  free  it  firom  all  adhering  impurity,  and  particularly 
the  moisture  of  the  breath.  The  concavity  must  be  now  filled  with  quicksilver  to  the 
very  lip,  and  the  mould  being  dipped  a  littie  way  into  it  is  withdrawn,  and  the  adher- 
ing mercury  is  spread  over  l£e  tin  with  a  soft  flannel  roll,  so  as  to  amalgamate  and 
brighten  its  whole  sur&ce,  taking  every  precaution  against  breathing  on  it.  When- 
ever this  brightening  seems  complete,  the  mould  is  to  be  immersed,  not  vertically,  but 
one  edge  first,  and  thus  obliquely  downwards  till  the  centres  coindde ;  the  mercury, 
meanwhile,  being  dowly  displaced,  and  the  mark  on  the  mould  bdng  brought  finally 
into  coinddence  with  the  mark  on  the  glass.  The  mould  is  now  left  to  operate  by  its 
own  weight  in  expelling  the  superfluous  mercuiy,  which  runs  out  upon  the  sand-bag, 
and  thence  into  a  groove  in  the  bottom  of  the  box,  whence  it  overflows  by  a  spout 
into  a  leather  bag  of  reception.  After  half  an  hour's  repose  the  whole  is  cautiously 
inverted,  to  drain  off  the  quicksilver  more  completely.  For  this  purpose  a  box  like 
the  first  is  ]>rovided,  with  a  central  support  rising  an  inch  above  its  edges ;  the  upper 
sur&ce  of  the  support  being  nearly  equal  in  diameter  to  that  of  the  mould.  Two 
workmen  are  required  to  execute  the  following  operation.  Each  steadies  the  mould 
with  the  one  hand,  and  raises  the  box  with  the  other,  teking  care  not  to  let  the  mould 
be  deranged,  which  they  rest  on  the  (convex)  support  of  the  second  box.  Before  in- 
verting t£e  first  apparatus,  however,  the  reception-bag  must  be  removed,  for  fear  of 
smiling  the  mercury.  The  redundant  quicksilver  now  drains  off;  and,  if  the  weight 
of  the  sand-bag  is  not  thought  sufBcient,  snpplementery  weights  are  added  at  pleasure. 
The  whole  is  left  in  this  position  for  two  or  three  days.  Before  separating  the  mirror 
tcom  its  mould  the  border  of  tin-foil,  fixed  to  it  with  wax,  must  be  pared  off  with  a 
knife.  Then  the  wdght  and  sand-bag  being  removed,  the  glass  is  bfted  up  with  its 
interior  coating  of  tin-amalgam. 

For  Silvering  a  Convex  Sutfaee. — A  concave  plaster  monid  is  made  on  the  convex 
glass,  and  their  points  of  coincidence  are  defined  by  marks.  The  monld  is  to  be  lined 
with  tin-foil,  with  the  precautions  above  described  ;  and,  the  tin  surface  being  first 
brightened  with  a  little  mercury,  the  mould  is  then  filled  with  the  liquid  metal.  The 
glass  is  to  be  wdl  deaned,  and  immersed  in  the  quicksilver-bath,  which  will  expel  the 
greater  part  of  the  metal.  A  sand-bag  is  now  to  be  laid  on  the  glass,  and  the  whole 
is  to  be  inverted,  as  in  the  former  case,  on  a  support;  when  wdghte  are  to  be  applied 
to  the  mould,  and  the  mercury  is  left  to  drain  off  for  several  days. 

If  the  glass  be  of  large  dimensions,  30  or  40  inches  for  example,  another  method 
is  adopted.  A  drcular  frame,  or  hollow  ring  of  wood  or  iron,  is  prepared,  of  twice 
the  diameter  of  the  mirror,  supported  on  three  feet.  A  circular  piece  of  new  linen 
doth  of  dose  texture  is  cut  out,  of  equal  diameter  to  the  ring,  which  is  hemmed 
stoutly  at  the  border,  and  famished  round  the  edge  with  a  row  of  small  holes,  for 
lacing  the  doth  to  the  ring,  so  as  to  leave  no  folds  in  it,  bat  without  bndjig  it  so 
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tightly  as  to  deprire  it  of  tlie  elasticitj  necoaeaiy  for  making  it  into  a  mould.  This 
apparatus,  being  sat  horizontally,  a  leaf  of  tin-foil  is  spread  over  it,  of  sufficient  size 
to  coTer  tlie  surface  of  the  glass ;  the  tin  is  brightened  with  mercury,  and  then  as 
much  of  the  liquid  metal  is  poured  on  as  a  plane  mirror  requires.  The  convex  glass, 
well  cleaned,  is  now  set  down  on  the  cloth,  and  its  own  weight,  joined  to  some 
additional  weights,  gradually  presses  down  the  cloth,  and  causes  it  to  assume  the 
form  of  the  glass,  which  thus  comes  into  close  contact  with  the  tin  submersed  under 
the  quicksilver.  The  redundant  quicksilver  is  afterwards  drained  off  by  inversion,  as 
in  common  cases. 

The  following  recipe  has  been  given  for  silvering  the  inside  of  glass  globes : — Melt 
in  an  iron  ladle  or  a  crucible  equal  parts  of  tin  and  lead,  adding  to  the  fused  alloy 
one  part  of  bruised  bismuth.  Stir  the  mixture  well,  and  pour  iuto  it  as  it  cools  two 
parts  of  dry  mercury ;  agitating  anew,  and  skimming  off  the  drossy  film  from  the 
■ur&ce  of  uie  amalsam.  The  inside  of  the  glass  globe  being  freed  from  all  sdheiing 
dust  and  humidity,  is  to  be  gently  heated,  while  a  Uttle  of  the  semi-fluid  amalgam  is 
introduced.  The  liquidity  being  increased  by  the  slight  degree  of  heat,  the  metallic 
coating  is  applied  to  all  the  points  of  the  glass,  by  turning  round  the  globe  in  every 
direction,  but  so  slowly  as  to  favour  the  adhesion  of  the  alloy.  The  silvering  is  not 
so  substantial  as  that  of  plane  mirrors ;  but  the  form  of  the  vessel,  whether  a  globe, 
an  ovoid,  or  a  cylinder,  conceals  or  palliates  the  defects  by  coimter- reflection  from  the 
opposite  surfaces. 

Several  processes  have  been  introduced,  and  some  of  them  patented,  for  precipi- 
tating nlver  on  glass.  These  have  not  all  been  entirely  sneoetsfnl,  but  the  pheno- 
mena involved  are  of  such  an  interesting  character,  that  this  article  would  be  incom- 
plete without  some  notice  of  them. 

Mr.  Brayton  patented  a  process  of  the  following  character : — A  solution  of  nitrate 
of  silver,  rendered  neutral  by  the  addition  of  a  little  ammonia,  was  floated  over  a  plate 
of  glass  ;  or  a  vessel  intended  to  be  silvered  was  filled  with  this  fluid ;  some  spirits  of 
wine  was  mixed  with  it,  and  then  a  small  quantity  of  the  oils  of  cloves  and  cassia 
added.  By  a  complicated  action,  partly  physical  and  partly  chemical,  metallic  silver 
was  separated  £rom  the  salt  in  solution,  and  precipitated  over  the  entire  sur&ce  of  the 
glass.  The  metallic  film  being  of  sufficient  thickness,  the  solution  was  poured  off,  the 
coating  well  washed,  dried,  and  protected  fjrom  abrasion  by  a  thick  varnish  or  paint 
laid  on  the  back.  The  defect  in  mirrors  thus  prepared  was  that  small  specks  appeared 
in  the  diver,  which  became  little  centzes  of  chemical  action ;  the  silver  tarnishing, 
and  circular  spots  extending  from  these  points ;  so  that  the  mirror,  either  for  use  or 
ornament,  was  ruined.  The  cause  of  this  may  be  traced  to  the  compound  character 
of  the  solutions  employed.  Nitrate  of  silver,  ammonia,  spirits  of  wine,  and  essential 
oils,  with  water,  form  a  very  mechanical  mixture,  and  as  the  silver  fell,  it  no  doubt 
entangled  some  of  the  organic  matter,  and  this,  however  small,  became  the  starting- 
point  of  those  stains  which  eventually  destroyed  the  mirror.  Br.  Stenhouse  show^ 
that  a  large  number  of  bodies  possess  the  singular  power  of  precipitating  silver  from 
its  solution ;  amongst  others,  the  following :  gum-arabic,  starch,  salicine,  gum-guaia- 
cum,  saccharic  acid,  aldehyde,  oils  of  pimento,  turpentine,  or  laurel,  and  especially 
grape-sugar, 

Mr.  Hale  Thomson  patented  a  silvering  process  which  involved  the  use  of  grape- 
sugar.  A  certain  portion  of  grape-sugar  is  put  into  a  solution  of  nitrate  of  silver, 
rendered  as  neutral  as  possible,  and  a  little  heat  is  applied.  By  this  means  a  beau- 
tiful film  of  very  pure  silver  is  spread  over  the  glass.  By  a  process  analogous  to  this 
Foucault  proposed  to  silver  reflectors  for  lighthouses,  and  for  telescopes.  A  process 
has  also  been  patented  involving  the  use  of  tartaric  acid  as  the  precipitating  agent. 

A  method  of  coating  glass  with  platinum,  instead  of  silver,  has  been  introduced  in 
France,  and  carried  out  to  some  extent  by  Cresswell  and  Tavernier.  A  solution  of 
bichloride  of  platinum  is  spread  with  a  fine  brush  over  the  surface  of  the  glass,  and 
the  metal  is  precipitated  by  means  of  oil  of  lavender. 

KZSPXOXBK  is  arsenicil  pyrites.    See  Absbnic  ;  Ftbitbs. 

BSXTTZiSB'8   OMMMK,      This  colour  has   bcNi  mode  in   France  in  limited 


quantities,  for  many  years  past,  under  the  name  of  emerald  green  {vert  iimeraude), 
by  MM.  Fannetier  and  Binct,  who  kept  their  process  secret.  The  great  beauty  of 
the  product  induced  many  to  attempt  its  imitation.  But  its  nature  remained  un- 
discovered ;  partly,  no  doubt,  because  the  colour  was  observed  to  darken,  and  to  emit 
■team  when  heated  ;  circumstances  which  gave  rise  to  an  impression  that  it  contained 
oi^onic  matter.  When,  at  length,  M.  Guignet  discovered  the  nature  of  the  article, 
and  the  method  of  its  production,  he  immediately  patented  his  discovery,  and,  thus 
protected,  was  emboldened  to  enter  upon  its  manufacture  od  a  great  scale,  producing 
tons  where  the  secret  system  had  produced  only  pounds. 
The  preparation  of  Mittler's  green  is  conducted  in  the  following  manner : — 
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A  miztnre  itf  bieliroinate  of  potash  and  boiacic  add,  in  the  pioportion  of  eight  equiva- 
lents  of  CTyBtallised  boiacic  acal  to  one  eqniralent  of  the  bichromate,  or  three  parts  crya- 
talliaed  boracie  acid  to  one  part  of  the  bichromate,  is  calcined  at  a  red  heat.  Oxygen 
and  vater  an  evolved,  and  a  mass  is  obtained,  ivhich  may  be  regarded  as  a  double  salt 
consisting  of  potassio-chromic  borate.  This  is  treated  with  irater,  which  dissolves  out 
boiacic  acid  and  borate  of  potash,  leaving  an  insoluble  chromic  hydiate,  which,  when 
dried  at  a  gentle  heat  and  finely  pulverised,  constitutes  the  product  in  question. 

The  boiacic  add  is,  of  course,  recovered  from  the  wash  of  wsten  by  the  ordinary 
means  for  use  in  succeeding  operations. 

The  mode  of  printing  with  this  powder  is  similar  to  that  adopted  in  printing  with 
the  ultiamarines,  albnmen  bdng  geneiaUy  employed  as  the  fixing  agent.  Its  use 
was  at  the  outset  attended  wiui  considerable  practical  difficulty,  which,  however, 
M.  Keetner  is  stated  to  have  now  in  a  great  measure  overcome.  The  precise  che- 
mical constitution  of  this  pigment  is  not  yet  fully  elucidated,  especially  as  to  th« 
question  whether  or  not  it  retains  any  portion  of  boracie  acid.  On  this  snlnect,  M. 
Guignel,  after  having  described  the  process  of  its  manu&cturp,  observes  that  his 
product,  like  the  hyd»ted  binoxides  of  chromium,  is  converted  by  heat,  first  into  the 
black  binoxide,  and  subsequently  (at  a  red  heat)  into  the  anhydrous  oesquioxide.  The 
loss  of  water  during  this  transformation  appears,  from  the  mean  of  thiee  analyses,  to 
be  18-6  pel  cent. ;  corresponding  to  the  formula,  Cr^O'.  2H0  (CxH>*.  aK'O),  for  the 
hydrate.  This  would  show  a  proportion  of  water  less  than  that  of  the  ordinary  hydrate, 
of  which  it  nevertheless  pieeents  the  general  character.  On  the  other  hand,  M.  Qnignet 
conceives  that  it  may  possibly  retain  traces  of  boracie  add,  the  presence  of  which, 
however,  he  has  found  difficult  to  prove.  Boradc  add,  acting  at  a  red  heat  upon 
bichromate  of  potash,  may,  he  remarks,  produce  siinnltaneonsly  chromic  and  potassie 
borate,  or  even  a  double  compound  of  the  two.  TheoreticaUy,  this  would  yield  to  water 
soluble  potassie  borate,  leaving  behind  only  the  insoluble  bydrated  oxide;  but,  in 
practice,  a  complete  exhanstion  of  the  mixed  mass  is  hardly  probable. 

H.  Salvetat,  who  has  studied  the  vert  de  Guignet,  assumes  the  formation  to  be  a 
double  compound  of  potassie  borate  and  chromic  borate. 

Finding  that  the  predse  composition  of  this  compound  was  thus,  in  fact,  unknown, 
and  that  no  complete  analysis  of  it  was  extant,  Dr.  Hofmann  was  led  to  request  Ur. 
Shipton,  a  young  chemist  working  in  his  laboratory,  to  analyse  the  spedmen  exhibited 
in  1862  by  M.  Kestner,  and  placed  by  that  gentleman  at  Dr.  Hoiinann's  disposaL 

The  presence  of  boiacic  add  in  this  spedmen  was  at  once  unmistakably  indicated 
by  the  appeoianoe  of  the  characteristic  green-edged  flame,  when  a  portion  of  it  was 
exposed  on  a  piece  of  platinum-foil,  to  the  action  of  a  strong  red  heat 

Dried  at  100°  Cent  the  substance  lost  a  small  percentage  of  water  (from  7*43  to 
7'46  per  cent),  which  loss  was  increased  by  ignition.  As,  however,  the  doterminatioa 
of  water  hy  ignition  would,  in  this  case,  have  been  attended  with  uncertainty,  seeing 
that  the  partial  transformation  of  the  sesquioxide  into  the  binoxide  of  chromium 
would  have  caused  the  percentage  of  water  expelled  to  appear  less  than  it  really  is, 
Hr.  Shipton  determined  the  water  directly  by  strongly  heating  a  portion,  dried  at 
100°  Cent  in  a  current  of  air,  and  collecting,  in  a  chloride  of  caldom  tube,  the  water 
thus  evolved.  The  chromium  was  converted  by  ftision  into  chromic  add,  and  tlie 
latter  determined  in  the  form  of  chromate  of  lead.  The  boradc  add,  lastly,  was  esti> 
mated  by  difference  as  loss. 

Mr,  Shipton  arrived  in  this  manner  at  the  following  percentages : — 

Compotition  of  Vert  de  Gvtgnet  (ffter  hamtff  been -dried  at  100°  Cent. 

I.  n.  Uean. 

Oxide  of  chrominm 76-39  7666  76-47 

Boradc  acid 11-89  12-30  12-10 

Water        ........    11-72  11-14  11-43 

10000  100-00  100-00 

KOOBA  8TOVB.    See  Aoatk. 

MOXAZX  is  the  hair  of  a  goat  which  inhabits  the  mountains  is  the  vidnity  of 
Angora,  in  Asia  Hinor. 

We  are  indebted  for  this  account  of  mohair  to  the  '  History  of  the  Wonted  Hann* 
factnre  of  England,'  by  James. 

Very  much  akin  to,  and  in  Yorkshire  rising  into  importance  afaoot  the  same  time 
as  that  of  alpaca,  the  mohair  manufacture  demands  attention. 

The  goat  is  among  the  earliest  animals  domesticated  by  man,  and  undoubtedly, 
from  the  veiy.  earliest  ages,  the  fabrication  of  stufEs  from  its  hair  was  practised  by  the 
nations  of  antiquity.  Throughout  the  middle  ages  the  art  of  making  beautiful  stuffii 
tfvm  the  covering  of  the  goat  prevailed. 
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After  the  Angora  goats  have  completed  their  fliBt  year,  they  are  dipped  annnally, 
in  April  and  Hay,  and  yield  proeTessiyely  from  1  lb.  to  about  4  lbs.  weight  of 
hair.  That  of  the  female  is  oonsiaered.  better  than  the  male's,  bat  both  are  mixed 
together  for  the  market,  with  the  exception  of  the  tao-year-old  the-goafa  fleece,  which 
is  kept  with  the  picked  hair  of  other  white  goats  (of  which,  perliaps,  6  lbs.  may  be 
chosen  out  of  1,000^,  for  the  natire  manufactnre  of  the  most  delicate  articles ;  none 
being  ever  exported  m  any  nnwrought  state.  Gammon  hair  is  sold  in  the  Angola  bazaar 
for  9  piastres,  or  abont  U.  Sid.  the  oke  (that  is,  2}  lbs.),  whilst  the  fineat  picked 
wool  of  the  same  growth  fetched  14  piastres  the  oke.  When  the  fleeces  are  shorn, 
the  women  separate  the  clean  hair  from  the  dirty,  and  the  latter  only  is  washed, 
after  which  the  whole  is  mixed  together,  and  sent  to  the  market.  That  which  is  not 
exported  raw  is  bonght  by  the  women  of  the  labouring  families,  who,  after  pulling 
portions  loose  with  their  fingers,  ^ass  them  snccessirely  through  a  large  and  fine 
toothed  comb,  and  spin  it  into  skeins  of  yam,  of  which  six  qnalities  are  made.  An 
oke  of  Kos.  I  and  3  fetched  in  the  Angora  bazaar  &om  21  to  25  piastres,  and  the  like 
weight  of  Nos.  3  to  6  from  38  to  40  piastres.  Threads  of  the  first  three  Nos.  had 
been  usually  sent  to  France,  Holland,  and  Germany ;  those  of  the  last  three  qualities 
to  England.  The  women  of  Angora  moisten  the  hair  with  much  spittle  before  they 
draw  it  firom  the  distafii  and  they  assert  that  the  quality  of  the  thread  greatly  depends 
upon  this  operation. 

Formerly  there  was  a  prohibition  aguost  the  export  firam  Turkey  of  the  Angora 
hair  except  when  wrought,  or  in  the  form  of  homespun  yam ;  but  abont  the  time  of 
the  Greek  revolution,  this  prohibition  was  removed.  Up  to  that  period,  however, 
there  had  been  little  demand  for  the  raw  material  in  Europe,  so  that  it  sold  in  the 
year  1820  at  only  lOi^  per  pound  in  England.  The  reason  of  the  raw  material  not 
being  in  request  arose  from  the  belief  that,  owing  to  the  peculiarity  of  the  fibre,  it 
could  not  be  spun  by  machinery.  It  soon,  however,  became  apparent  that  mohair 
could  be  thus  spun  in  England,  and  thjs  was  to  be  more  desired,  because  the  Angora 
q)un>yara  had  so  many  imperfections,  from  being  thick  and  uneven,  as  to  detract 
greatly  from  its  value.  This  object,  however,  has  been  obtained,  mainly  by  the  per- 
sereranoe  of  Mr.  Southey,  the  eminent  London  wool-broker.  Since  then  the  use  of 
the  Angora  wool  has  mndi  extended,  whilst  the  importation  has  much  decreased,  the 
English  spun-yam  being  preferred. 

The  demand  for  Angora  hand-spun  yam  has  almost  ceased,  and  its  value  in  Turkey 
has  &Uen  to  one-half.  Mohair  is  transmitted  to  England  chiefiy  from  the  ports  of 
Smyrna  and  Constantinople.  In  colour  it  is  the  whitest  known  in  the  trade,  and 
is,  consequently,  peculiarly  adapted  for  the  fiibrication  of  a  certain  class  of  goods. 
Besides  Angora,  quantities  of  an  inferior  sort  of  mohair  are  received  from  other  parts 
of  Asiatic  Turkey ;  a  very  fine  description  of  goat's  hair  is  also  sent  from  that  country. 

In  England  mohair  is  mostly  spun,  and  to  some  extent  manufactured,  at  Bradford, 
and  also,  in  a  less  degree,  spun  at  Norwich.  Scotland  is  also  engaged  in  working  up 
mohair-yam.  At  first  great  difficulty  occurred  in  sorting  and  preparing  the  material 
for  spinning,  but  by  patient  e:roeriment  this  has  been  effectually  surmounted,  and  a 
fijie  and  even  thread  produced,  fitted  for  the  most  delicate  webs. 

The  price  of  Angora  goat's  hair  has,  since  its  importation  into  this  country,  fluctuated 
Terr  much,  partly  from  the  variations  in  demand,  and  partly  owing  to  the  supply. 

The  Imfortation  of  goat's  haii  or  wool— which  will  include  muiair— in  1873  was 
aa  follows: — 

Ibi.  Ttlne 

From  Turkey 6,006,016  je7&2,621 

„     British  Possessions  in  South  Africa .       348,266  28,850 

„     Other  countries       ....       183,900  12,535 

Total        .        .        .    6,488,182  £780,006 

Kumerous  articles  are  mann&ctnred  from  mohair.  For  instance,  many  kinds  of 
camblets,  which,  when  watered,  exhibit  a  beanW  and  brilliancy  of  surface  unap- 
proachod  by  fabrics  made  from  English  wools.  It  is  also  manufiMtured  into  plush, 
as  weU  as  for  coach  and  decorative  laces,  and  also  extensively  for  buttons,  braidings, 
and  other  trimmings  for  gentlemen's  coats.  Besides,  it  is  made  up  into  a  light  and 
&shionable  doth,  suitable  for  paletots  and  such-like  coats,  combining  ele^nce  of 
texture  with  the  advantages  of  repelling  wet  A  few  years  since,  mohair  stnped  and 
checked  textures,  for  lames'  dresses,  possessing  nnriv^ed  glossiness  of  appearance, 
were  in  request;  but  of  late  these  have  been  superseded  by  alpaca.  For  many  years 
the  export  of  English  mohair-yam  has  been  considerable  to  France. 

The  trade  is  enjoyed  by  Bradford  and  Norwich,  but  chiefly  by  the  former  place. 
This  yarn  is  manufactured  in  France  into  a  kind  of  lace,  which,  in  a  great  measure, 
is  sabstituttA  for  the  cOBtly  fabrics  of  Valeodeiwes  and  Chantilly,     The  Angora 
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goat^a-hair  ]m«  is  as  ttrilliant  as  that  made  from  silk,  and  costing;  only  aboat 
1«.  2d.  the  piece,  has  come  into  veiy  general  wear  among  the  middle  classes. 
Mohair  is  also  manufactured  into  fine  shawls,  selling  &om  41.  to  16L  each.  Also 
large  quantities  of  what  is  termed  Utrecht  yelvet,  suiUible  for  hangings  and  fur- 
niture-linings for  carriages,  are  made  A^>m  it  abroaid.  Becentlj,  this  kind  of  velvet 
has  begun  to  be  manufactured  at  Coventry,  and  it  is  fully  anticipated  that  the 
English-made  azticle  will  snocesafhlly  compete  with  the  foreign  one  in  every  essen- 
tial quality. 

MorBB  is  the  name  given  to  the  best  watered  silks.  These  silks  are  mads  in  the 
same  way  as  ordinary  silks,  but  always  much  stouter,  someldmes  weighing,  for  equal 
sUT&ee,  several  times  heavier  than  the  best  ordinary  silks.  They  are  always  made 
of  double  width,  and  this  is  indispensable  in  obtaining  the  bold  watering  for  these 
depend  not  only  on  the  quality  of  the  silk,  but  greatly  on  the  way  in  wiuch  they  are 
folded  when  subjected  to  the  enormous  pressure  in  watering.  They  should  be 
folded  in  such  a  manner,  that  the  air  which  is  contained  between  the  folds^  of  it 
should  not  be  able  to  escape  easily ;  then  when  the  pressure  is  applied  the  air,  in  try- 
ing to  effect  its  escape,  drives  before  it  the  little  moisture  which  is  used,  and  hence 
causes  the  watering.  Care  must  also  be  taken  so  to  fold  it  that  every  thread  may  be 
perfectly  parallel,  for  if  they  ride  one  across  the  other,  the  watering  will  be  spoiled. 
The  pressure  used  is  from  60  to  100  tons. 

MOXSaa  BnTAULXQVB,  called  in  this  eonntiy  eiystaUised  tin-plate,  is  a 
variegated  primrose  appearance,  produced  npon  the  snrfMie  of  tin-plate,  by  applying  to 
it  in  a  heated  state  some  dilute  nitro-muriatic  add  for  a  few  seconds,  then  crashing  it 
with  water,  drying,  and  coating  it  with  lacquer.  The  figures  are  more  or  lees  beau- 
tiful and  divenified,  according  to  the  degree  of  heat,  and  relative  dilution  of  the  add. 
This  mode  of  ornamenting  tin-plate  is  much  less  in  vogue  now  than  it  was  a  few 
years  ago. 

MO&ABSa  is  a  sandstone  belonging  to  the  miocene  strata,  employed  under  that 
name  by  the  Swiss  for  building. 

MO&&SSBS  is  the  brown  visdd  uncrystallisable  liquor  which  drains  from  cane- 
sngar  in  the  coloniei.  It  is  employed  for  the  preparation  of  spirits  of  wine.  See 
SroAB. 

MOZiTBSJUi  UM  (Jto^/hdint,  Fr. ;  Jiolj/hdSn,  a«r.)  is  a  rare  metal  which 
occurs  in  nature  sometimes  as  a  sulphide,  sometimes  as  molybdic  add,  and  at  others 
as  molybdate  <^  lead.  Its  reduction  from  the  add  state  by  charcoal  requires  a  veiy 
high  beat,  and  affimis  not  very  satisfactory  results.  When  reduced  by  passing  hydro- 
gen over  the  ignited  add,  it  appears  as  an  ash-grey  powder,  susceptible  of  acquiring 
metallic  lustre  by  bdng  rubbed  with  a  steel  burnisher ;  when  reduced  and  fused  with 
charcoal,  it  possesses  a  silver-white  colour,  is  very  brilliant,  hard,  brittle,  of  spedfic 
gravity  8-6 ;  it  melts  in  a  powerful  air-iVimane,  oxidises  with  heat  and  air,  bums  at  an 
mtense  heat  into  molybdic  add,  dissolves  in  neither  dilute  sulphuric,  muriatic,  nor 
fluoric  adds,  but  in  the  concentrated  sulphuric  and  nitric. 

_  The  protoxide  consists  of  86'69  of  metal  and  I4'81  of  oxygen ;  the  binoxide  con- 
sists of  7S  of  metal  and  26  of  oxygen ;  and  the  peroxide,  or  molybdic  acid,  of  66-6 
of  metal  and  33-4  of  oxygen.  This  metal  is  top  rare  at  present  to  be  used  in  any 
mannfiusture. 

MOXTBSJUi  UM  B&VB.  One  of  the  preparations  from  the  bisulphide  of 
molybdenum. 

MOana  or  MUmtr^  A  odour  prepared  from  asphalts.  It  was  supposed  that 
the  asphalte  taken  from  the  Egyptian  mummies  made  the  finest  colour. 

KOOVBTOWa,  a  transparent  or  translucent  variety  of  felspar.  It  contains  bluish- 
white  spots,  which,  when  hud  to  the  light,  present  a  pearly  or  silvery  play  of  colour, 
not  unlike  that  of  the  moon.  The  moonstone  is  held  in  some  estimation  as  an 
ornamental  stone,  but,  in  common  with  the  other  varieties  of  felspar,  it  is  so  soft  that 
few  lapidaries  know  how  to  work  it  to  the  greatest  advantage.— H.  W.  B. 

MoaWAWT,  in  dyeing  and  calico-printing,  denotes  a  body  which,  having  a  twofold 
attraction  for  organic  fibres  and  colouring  portides,  serves  as  a  bond  of  union  between 
them,  and  thus  gives  fixity  to  certain  colouring  substances,  constituting  them  dyes.  In 
order  properly  to  appreciate  the  utility  and  the  true  functions  of  mordants,  we  must  bear 
in  mind  that  many  colouring  matters,  even  those  forming  dark-coloured  solutions, 
have  no  afl^ity  for  the  fibre  to  be  dyed.  When  the  goods  are  passed  through  such 
a  coloured  solution,  they  become  stained  only  to  the  extent  in  which  they  retain  the 
solution,  and  if  they  are  afterwards  put  into  water,  the  colour,  being  soluble,  is  all 
washed  out  Suppose  the  coloured  solution  to  be  a  decoction  of  logwcwd,  and  that  the 
stuif  is  passed  into  it  It  may  be  slightly  coloured ;  but  on  being  washed  with  water, 
all  the  colour  is  removed.  But  if,  previous  to  being  put  through  the  logwood  solu- 
tion, the'  staff  b«  passed  thxongh  a  solution  (tf  piotwhloride  of  tin,  a  portion  of  the 
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tin  is  retained  by  it,  in  virtue  of  an  inflaence  (a  condition  of  capillarity)  between  the 
flbro  and  the  salt.  There  will  now  be  formed  a  beautiful  wine-coloured  compound, 
between  the  logwood  and  the  tin  upon  the  goods,  when  they  are  placed  in  the  logwood- 
bath,  which  washing  with  water  will  not  remove,  the  compound  being  insoluble.  The 
tin  in  this  case  constitutes  the  mordant.  It  is  not  always  essential  that  the  mordant  be 
put  upon  the  fibre  previous  to  being  put  into  the  coloured  solution  ;  they  may  be  mixed 
together,  and  the  goods  placed  in  the  miztnre,  when  much  of  the  coloured  compound 
will  combine  with  or  adhere  to  the  fibre ;  but,  in  general,  this  mode  of  applying  the 
mordant  is  not  so  effective.  If,  as  is  usually  said,  the  mordant  enters  into  a  real 
chemical  union  with  the  stuff  to  be  dyed,  the  application  of  the  mordant  should 
obviously  be  made  in  such  circumstances  as  are  known  to  be  most  favourable  to  the 
combination  taking  place ;  and  this  is  the  principle  of  every  day's  practice  in  the  dye- 
house. 

Mordants  are  in  general  found  among  the  metallic  bases  or  oxides ;  whence  they 
might  be  supposed  to  b«  very  numerous,  like  the  metals ;  but  as  they  must  unite  the 
twofold  condition  of  possessing  a  strong  affinity  for  both  the  colouring-matter  and  the 
organic  fibre,  and  as  the  insoluble  bases  are  almost  the  only  ones  fit  to  form  insoluble 
combinations,  we  may  thus  perceive  that  their  number  may  be  very  limited.  It  is  well 
known,  that  although  lime  and  magnesia,  for  example,  have  a  considerable  affinity  for 
colouring  particles,  and  form  insoluble  compounds  with  them,  yet  they  cannot  be  em- 
ployed as  mordants,  because  they  possess  no  affinity  for  the  textile  fibres. 

It  will  be  observed  from  the  above  remarks,  that  the  mordant  serves  a  higher  pur- 
pose than  the  mere  bond  of  union  between  the  colour  and  fibre ;  that  it,  in  fact,  consti- 
tutes a  principal  element  in  the  colour.  The  colour  forming  the  dye,  in  Uie  case 
with  the  logwood  and  tin,  is  not  that  of  heematoxylin,  the  colouring-matter  of  lo^ood ; 
but  of  the  compound  formed  between  it  and  tin,  and  thus  logwood,  by  diiferent 
mordant  bases,  gives  a  variety  of  colours,  from  a  grey  to  a  black,  and  from  a  light 
lavender  to  a  deep  purple,  &c.  When  an  organic  coloaring-matter  is  imparted  to  any 
fibre  without  the  intervention  of  a  mordant,  it  can  only  produce  one  tint,  which  cannot 
be  varied  except  in  being  light  and  dark. 

Experience  has  proved,  that  of  all  the  bases,  those  which  succeed  best  as  mordants 
are  alumina,  tin,  and  oxide  of  iron. 

Blue-btaek  dj/e.^--Th6  mordant  much  employed  in  some  parts  of  Germany  for  this 
dye,  with  logwood,  galls,  sumach,  &c,  is  Iron-aliun,  so  called  on  account  of  its  having 
the  crystalline  form  of  alum,  though  it  contains  no  alumina.  It  is  prepared  by  dis- 
solving 78  pounds  of  red  oxide  of  iron  in  117  pounds  of  sulphuric  acid,  diluting  this 
compound  with  water,  adding  to  the  mixture  87  pounds  of  sulphate  of  potash,  evapo- 
rating the  solution  to  the  crystallising  point.  This  potassa-sulphate  of  iron  has  a  fine 
amethyst  coloni  when  recently  prepand ;  and  though  it  gets  coated  in  the  air  with  a 
yellowish  crust,  it  is  none  the  worse  on  this  account.  As  a  mordant,  a  solution  of  this 
salt,  in  from  6  to  60  parts  of  water,  serves  to  communicate  and  fix  a  great  variety  of 
uniform  ground  colours,  from  light  grey  to  brown,  blue,  or  jet  black,  with  quercitron, 
galls,  logwood,  sumach,  &c,  separate  or  combined.  The  above  solution  may  be  use- 
niUy  modified  by  adding  to  every  10  pounds  of  the  iron-<Uum,  dissolved  in  8  gallons 
(80  pounds)  of  warm  water,  10  pounds  of  aetata  (sugar)  of  lead,  and  leaving  the 
mixture,  after  careful  stirring,  to  settle.  Sulphate  of  lead  falls,  and  the  oxide  of  iron 
temaitiS  combined  with  the  acetic  acid  and  the  potash.  After  passing  through  the 
above  mordant,  the  cotton  goods  should  be  quickly  dried. 

Colours  of  the  above  class  are,  however,  mostly  insoluble  in  water,  and  have  to  be  dis- 
solved or  extracted  by  an  alkaline  solvent :  and  in  this  state  have  no  affinity  eitherfor 
the  fibre  or  a  mordant.  Safflower  is  an  instance  of  this  kind ;  the  red  colouring-matter 
oi  this  vegetable  is  extracted  by  a  weak  alkaline  lye,  into  which  the  goods  to  be  dyed 
are  afterwards  put ;  and  the  alkali  being  neutralised  by  an  acid,  the  colouring-matter 
is  thus  rendered  insoluble  in  the  liquor,  in  a  state  of  minute  division,  and  is  gradually 
absorbed  by  the  fibre,  which  becomes  dyed  of  a  red  colour  in  depth  according  to  the 
quantity  of  colour  absorbed. 

Indigo  is  another  dye  of  this  sort  requiring  an  alkaline  solvent,  and  not  dyed  with 
mordants.     (See  Dtxino.) 

The  following  remarks  will  illustrate  some  of  the  necessary  requirements  of  a  mor- 
dant, which  should  be  attended  to  by  the  dyer,  in  their  application. 

In  order  tliat  a  combination  may  result  between  two  bodies,  they  must  not  only  be 
in  contact,  but  they  must  be  reduced  to  their  ultimate  molecules.  The  mordants  that 
are  to  be  united  with  stuffs  are,  as  we  have  seen,  insoluble  of  themselves,  for  which 
reason  their  particles  must  be  divided  by  solution  in  an  appropiate  vehicle.  Now 
this  solvent  or  menstruum  will  exert  in  its  own  favour  an  affinity  for  die  mordant, 
which  will  prove,  to  that  extent,  an  obstacle  to  its  attraction  for  the  stuff.  Hence  we 
Btoit  select  such  solvents  as  have  a  weaker  affinity  for  the  mordants  than  the  mordants 
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b»m  for  the  stuff).  Of  all  the  acids  which  can  be  employed  to  dissoWe  alomina,  tat 
example,  vinogar  is  the  one  which  will  retain  it  with  least  energy,  for  which  reason 
the  acetate  of  alnmina  is  now  generally  substituted  for  alum,  because  the  acetic  acid 
gives  up  the  alnmina  with  such  readiness  that  mere  eleration  of  temperature  is  suffi- 
cient to  effect  the  separation  of  these  two  substances.  Before  this  substitution  of  the 
acetate,  alum  alone  was  employed ;  but  without  knowing  the  true  reason,  all  the 
French  dyers  preferred  the  alum  of  Borne,  simply  regarding  it  to  be  purest ;  and  it  is 
not  many  years  since  they  have  understood  the  real  grounds  of  this  preference.  This 
alum  has  not,  in  fact,  the  same  composition  as  the  alnms  of  France,  England,  and 
Germany,  'but  it  consists  chiefly  of  cubic  alum  having  a  larger  proportion  of  base. 
Kow  this  extra  portion  of  base  is  held  by  the  sulphuric  acid  more  feebly  than  the 
lest,  and  hence  it  is  more  readily  detached  in  the  form  of  a  mordant.  Nay,  when  a 
solution  of  cubic  alum  is  heated,  this  redundant  alumina  falls  down  in  the  state  of 
a  snbsulphate,  long  before  it  reaches  the  boiling  point.  This  dif&rence  hod  not,  how- 
ever, been  recognised,  because  Boman  alum,  I»ing  usually  soiled  with  ochre  on  the 
surface,  gives  a  turbid  solution,  whereby  the  precipitate  of  snbsulphate  of  alumina 
escaped  observation.  When  the  liquid  was  filtered,  and  crystallised  afresh,  common 
octahedral  alum  alone  was  obtained  ;  whence  it  was  most  erroneously  concluded,  that 
the  preference  given  to  Boman  alum  was  unjustifiable,  and  that  its  only  superiority 
was  in  being  freer  £ram  iron.    See  Aj,xni. 

Here  a  remarkable  anecdote  iUustrates  the  necessity  of  extreme  caution,  before  we 
venture  to  condemn  from  theory  a  practice  found  to  be  useful  in  the  arts,  or  set  about 
changing  it  When  the  French  were  masters  in  Borne,  one  of  their  ablest  chemists 
was  sent  thither  to  inspect  the  different  manufactures,  and  to  place  them  upon  a  level 
with  the  state  of  chemical  knowledge.  One  of  the  fabrics,  which  seemed  to  him 
furthest  behindhand,  was  precisely  that  of  alum,  and  he  was  particularly  hostile  to  the 
construction  of  the  ihmaces,  in  which  vast  boilers  received  heat  merely  at  their 
bottoms)  and  oodld  not  be  made  to  boil.  He  strenuously  advised  them  to  be 
modelled  upon  a  plan  of  his  own ;  but,  notwithstanding  his  advice,  which  was  no 
doubt  vary  scientific,  the  old  routine  kept  its  ground,  supported  by  utility  and  reputa- 
tion, and  very  fortunately,  too,  for  the  maniifacture ;  for  had  the  higher  heat  been 
given  to  the  boilers,  no  more  genuine  cubical  alum  would  have  been  made,  since  it  is 
decomposed  at  a  temperature  of  about  120°  F.,  and  common  octahedral  alum  would 
alone  have  been  produced.  The  addition  of  a  little  alkali  to  common  alum  brings  it 
into  the  same  basic  state  as  the  alum  of  Bome. 

The  two  principal  conditions,  namely,  extreme  tenuity  of  particles,  and  liberty  of 
action,  being  found  in  a  mordant,  its  operation  is  certain.  But  as  the  combination  to 
be  eficicted  is  merely  the  result  of  a  play  of  affinity  between  the  solvent  and  the  stuff 
to  be  dyed,  a  sort  of  partition  must  take  place,  proportioned  to  the  mass  of  the  solvent, 
as  well  as  to  its  attractive  force.  Hence  the  stuff  will  retain  more  of  the  mordant 
when  its  solution  is  more  concentrated,  that  is,  when  the  base  diffused  through  it  is 
not  so  much  protected  by  a  large  mass  of  menstruum ;  a  fact  applied  to  very  valuable 
uses  by  the  practical  man.    On  impregnating  in  calico-printing,  for  example,  different 

nof  the  same  web  with  the  same  mordant  in  different  degrees  of  concentration, 
is  obtained  in  the  dye-bath  a  depth  of  colour  upon  these  spots  intense  in  propor- 
tion to  the  strength  of  their  various  mordants.  Thus,  with  the  solution  of  acetate  of 
alumina  in  different  grades  of  density,  and  with  madder,  every  shade  can  be  prodnce<l, 
from  the  fullest  red  to  the  lighest  pink ;  and,  with  acetate  of  iron  and  madder,  every 
shade  from  block  to  pale  violet. 

We  hereby  perceive  that  recourse  must  indispensably  be  had  to  mordants  at  different 
stages  of  concentration :  a  drctuistance  readily  realised  by  var^ng  the  proportions  of 
the  watery  vehicle.  (See  CALioo-FBnrmio  and  MiinDEB.)  When  these  mordants  are 
to  be  topically  applied,  to  produce  partial  dyes  upon  cloth,  they  must  be  thickened  with 
starch  or  gum,  to  prevent  their  spreading,  and  to  permit  a  s\^£cient  body  of  them  to 
become  attached  to  the  stuff  Sbirch  answers  best  for  the  more  neutral  mordants,  and 
gum  for  the  addulous ;  but  so  much  of  them  should  never  be  used  as  to  impede  the 
attraction  of  the  mordant  for  the  doth.  Kor  should  the  thickened  mordants  be  of  too 
desiceative  a  nature,  lest  they  become  hard,  and  imprison  the  chemical  agent  before  it 
has  had  an  opportunity  of  combining  with  the  cloth,  during  the  slow  evaporation  of 
its  water  and  add.  Hence  the  mordanted  goods,  in  such  a  case,  should  be  hung  up  to 
dry  in  a  gradual  manner,  and  when  oxygen  is  necessary  to  the  fixation  of  the  l»se, 
they  should  be  largely  exposed  to  the  atmosphere.  The  foreman  of  the  factory  ought, 
therefore,  to  be  thoroughly  conversant  with  all  the  minutise  of  chemical  reaction.  In 
cold  and  damp  weather  he  must  raise  the  temperature  of  his  drying-house,  in  order  to 
command  a  more  decided  evaporation  ;  and  when  the  atmosphere  b  onusnally  diyand 
warm,  ho  should  add  deliquescent  correctives  to  his  thickening.  But,  supposii^  the 
application  of  the  mordant  and  its  desiccation  to  have  been  properly  managed,  th« 
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opeiataon  is  by  no  means  complete ;  najjr,  what  remains  to  be  done  is  not  the  least 
important  to  success,  nor  the  least  delicate  of  execution.  Let  us  bear  in  mind  that 
the  mordant  is-intended  to  combine  not  only  with  the  organic  fibre,  but  aiterwards 
also  with  the  colouring-matter,  and  that,  consequently,  it  must  be  laid  entirely  bare, 
or  scraped  clean,  so  to  speak,  that  is,  completely  disengaged  from  all  foreign  sub> 
stances  which  might  invest  it,  and  obstruct  its  intimate  contact  with  the  colooring- 
mattars.  This  is  the  principle  and  the  object  of  two  operations,  to  which  the  names 
tS  dunging  and  dearing  have  been  given.    See  CAuoo-pBDrmn}. 

If  the  mordant  applied  to  the  surface  of  the  cloth  were  completely  decomposed,  and 
the  whole  of  its  base  brought  into  chemical  union  with  it,  a  mere  rinsing  or  scouring 
in  water  would  sufBce  for  removing  the  viscid  substances  added  to  it  but  this  never 
happens,  whatsoever  precautions  may  be  taken ;  one  portion  of  the  mordant  remains 
untouched,  and  besides,  one  part  of  the  base  of  tiie  portion  decomposed  does  not  enter 
into  combination  with  the  stnf^  but  continues  loose  and  superflnous.  All  those  par- 
ticles, therefore,  must  be  removed  without  causing  any  ii^ury  to  the  dyes.  If  in  this 
predicament  the  stoff  were  merely  immersed  in  water,  the  free  portion  of  the  mordant 
would  dissolve,  and  would  combine  indiscriminately  with  all  the  parts  of  the  cloth  not 
mordanted,  and  which  should  be  carefully  protected  from  such  combination,  as  well  as 
the  action  of  the  dye.  We  must  therefore  add  to  the  sconring-water  some  substance 
that  is  capable  of  seizing  the  mordant  as  soon  as  it  is  separated  from  the  doth,  and  of 
forming  with  it  an  insoluble  compound ;  by  which  means  we  shall  withdraw  it  £n>m 
the  sphere  of  action,  and  prevent  its  affijcting  the  rest  of  the  stn£E  or  interfering  with 
the  other  dyes.  This  result  is  obtained  by  the  addition  of  cow-dung  to  the  scouring- 
bath :  a  substance  which  contains  a  sufficiently  large  proportion  c3  soluble  anim&l 
matters,  and  of  colouring  particles,  for  absorbing  the  aluminous  and  ferruginous  salts. 
The  heat  given  to  the  dung-bath  accelerates  this  combination,  and  determines  an  in- 
soluble ana  perfisctly  inert  coegulum. 

Thus  the  dung-bath  produces  at  ones  the  solution  of  the  thickening  paste ;  a  more 
intimate  union  between  the  alumina  or  iron  and  the  stuff,  in  proportion  to  its  eleva- 
tion of  temperature,  which  promotes  that  union  ;  an  effectual  subtraction  of  the  unde- 
composed  and  superfluous  part  of  the  mordant,  and  perhaps  a  commencement  of 
mechanical  separation  of  the  particles  of  alumina,  which  are  merely  dispersed  among 
the  fibres ;  a  separation,  however,  which  can  be  completed  only  by  the  proper  scour- 
ing, which  is  done  by  the  dash-wheel  with  such  agitation  and  pressure  (see  Blbachimo) 
as  vastly  facilitate  the  expulsion  of  foreign  particles. 

Before  concluding  tliis  article,  we  may  say  a  word  or  two  about  astringents,  and 
especially  gall-nuts,  which  have  been  ranked  by  some  writers  among  mordants.  It  is 
rather  dubsnlt  to  account  for  the  part  which  they  play.  Of  course  we  do  not  allude 
to  their  operation  in  the  black  dye,  where  they  give  the  well-known  purple-black 
colour  with  salts  of  iron ;  but  to  the  circumstance  of  their  employment  for  a  variety 
of  dyes,  and  also  of  dye-drugs,  as  sapan  and  Brazil-wood,  madder,  and  logwood,  and 
especially  in  the  dye  Adrianople  or  Turkey  red.  All  that  seems  to  be  clearly  estab- 
lished is,  that  the  astringent  principle  or  tannin,  whose  peculiar  nature  in  this 
respect  is  unknown,  combines  like  mordants  with  the  sti^,  and  fixes  a  greater 
<]nantity  of  the  base  upon  it,  and  thus  adds  depth  to  the  colour,  as  well  as  certain 
peculiarities  of  tint ;  but  as  this  tannin  has  itself  a  brown  tint,  it  will  not  suit 
for  white  grounds,  though  it  answers  quite  well  for  pink  grounds.  When  whits 
spots  are  desired  upon  a  cloth  prepeu«d  with  oil  and  galls,  tbey  are  produced  by  an 
oi^genoQS  discharge,  effected  either  through  chlorine  or  chromic  add.  See  Calico- 
FoMTiKO,  and  the  various  Mobdamts  there  particularised  under  their  respective 
heads.— J.N. 

MOSaaV.    A  stout  woollen  stuff,  which  is  chiefly  employed  for  curtains. 

MOBnraA  OTTSirOUUl.  This  was  first  imported  into  Glasgow,  from 
India,  some  years  ago.  It  occuis  in  pieces  of  from  2  to  8  centimeters  in  length,  and 
from  fi  to  10  millimeters  thick.  Externally  it  is  brown,  internally  yellow :  the  pig- 
ment, or  colouring-matter,  is  exdusively  concentrated  in  the  bark;  its  colour  is 
orange-yellow,  and  it  has  been  named  morindin. 

The  morindin  is  extancted  fh>m  the  root  by  exhausting  with  boiling  alcohol ;  on 
cooling,  the  colouring-matter  is  deposited  as  an  impure  fiocculent  material,  mixed 
with  a  red  substance.  This  crude  material  is  purified  by  repeated  re-ciystallisation, 
first  from  ^cohol  at  60  per  cent,  and  finally  from  stronger  alcohol  addulated  with 
hydrochloric  acid.  Thus  obtained,  the  substance  forms  satin-like,  needle-shaped, 
yellow  crystals.  Morindin  is  sparingly  soluble  in  cold  water,  more  readily  in  boiling, 
but  is  deposited,  on  cooling,  as  a  ^latinous  mass.  It  is  sparingly  soluble  in  alcohol 
when  cold,  but  readily  when  boiling,  and  best  in  a  weaker  spirit, ;  it  is  insoluble  in 
ether.  The  aqueous  solutions  are  coloured  orange  by  alkalis ;  lime-  and  baryta-water 
yieU  Md  jced^tatea ;  while  acetate  of  lead  forms  a  crimson  predpitate ;  a  mixture  of 
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a  few  drops  of  ammdnia  added  ta  peiehloride  of  iion,  eaveea  a  brown  ptedpitate  in 
the  aqueons  Bolntion;  wliile  ammoniated  alum  yields  a  reddbh-yellow  precipitate. 
Morindio  diisolyos  in  ooncentrated  sulphuric  acid  irith  a  deep  pnrple-red  colour; 
the  solution,  after  having  been  kept  for  24  hours,  yields,  on  addition  of  water,  a 
yellow  pecipitate,  inMlnJXe  in  water,  which  re-dissolres  in  ammonia  with  a  Tiolet 
colonianoD. 

If  submitted  to  the  action  of  beat,  morindin  first  fuses,  and  then  enters  into  ebulli- 
tion, emitting  beautiful  orange-Tapours,  which  condense  to  beautiful  red  needle-shaped 
crystals,  insoluble  in  water,  libt  soluble  in  alkaline  liquids,  with  a  violet  colour,  lliis 
substance,  which  Dr.  Anderson  calls  morindin,  seems  to  be  the  same  as  that  formed 
under  the  influence  of  sulphuric  acid.  The  ammoniacal  solution  of  morindin  yields, 
with  alum,  a  red  lake,  and  ^ves,  upon  the  addition  of  baryta-water,  a  blue  precipi- 
tate. Morindin  is  dissolved  by  cold  nitric  acid,  and  decomposed  by  that  liquid  at 
boiling  temperature.    See  Air.. 

MOSnrB.  This  is  the  name  given  by  Oerhaidt  to  the  principal  colouring-matter 
of  the  Morui  tinctoria  or  old  fitttie,  a  loi^  tree  which  grows  in  many  parts  of  the 
West  Indies,  and  on  the  American  Continent.  It  is  used  principally  for  dyeing 
woollens  or  silks,  seldom  or  ever  as  a  solitary  colour,  but  as  a  ground-work  for  other 
colours,  as  in  the  dyeing  of  wools  and  silks  black,  iu  which  process  it  greatly  improTes 
the  black.  It  is  used  with  indigo  to  form  a  green,  and  with  salts  of  iron  to  yield  an 
olive  hue.  The  colouring-matter  was  first  separated  by  Chevreul.  It  is  extracted 
from  the  wood  by  boiling  water,  which,  on  cooling,  when  concentrated,  deposits  it  as 
yellow  crystalline  powder,  which  must  be  purified  by  several  crystallisations.  It  has 
the  composition  C**H"0"  (0"B"0").  It  possesses  a  sweetish  and  astringent  taste ; 
one  part  dissolves  in  6'4  parts  of  cold  water,  and  in  2-14  parts  of  boiling  water.  The 
solution  is  slightly  acid,  and  precipitates  salts  of  iron  of  a  dark  green  colour ;  with 
salts  of  lead  and  protochloride  of  tin,  it  forms  deep  yellow  precipitates.  It  is  not 
precipitated  by  alum  until  after  the  addition  of  carbonate  of^  potash,  when  a  yellow 
lake  IS  formed. 

Concentrated  sulphnric  acid  dissolves  it  in  the  cold,  forming  a  yellow  eolation,  firom 
which  it  is  again  precipitated  by  diluting  with  water.  It  is  readily  soluble  in  alcohol 
and  ether;  insoluble  in  spirits  of  turpentine  and  the  fatty  oils.  Alkalis  deepen  the 
colour  of  its  solutions.    See  Frsno. 

MOBXWttA.  The  seeds  of  the  Moringa  fterygoipetma  have  been  used  for  the 
oil  they  contain.  These  have  been  examined  and  reported  on  by  Mr.  Dugald 
Campbell,  who  says  of  the  oil  they  yield : — ■  This  oil  is  the  very  opposite  to  a  dry 
oil,  being  extremely  rich  in  fatty  substances,  and  is  of  specific  gravity  91S'60  at 
60°  Fahr.,  water  t^n  as  I'OOO.  When  it  is  kept  cooled  for  a  short  time  to  44° 
it  becomes  opaque,  from  crystals  of  the  fatty  substances  forming  throoghont  it, 
and  it  is  now  vary  viscid  and  thick.  In  this  state  it  may  be  heated  np  to  65° 
before  it  assumes  its  original  brightness.  It  is  nearly  tastele^,  and  almost  with- 
out odour.'  This  oil  is  called  Oil  of  Ben,  and  is  much  used  by  watchmakers.  Sea 
Bek  Oil. 

XOBOOOO.    See  Leatrbb. 

MOXPBXVS.  £^. Morphia.  {Morfhine.'ET. ;  Morphin,Qer.)  C"H"KO' ■(■  2 aq. 
(0"B"VO' .  K*0).  An  organic  base,  contained  (amongst  others)  in  opium.  As  it 
is  the  substance  npon  which  the  sedative  properties  of  opium  depend,  great  atten- 
tion has  been  paid  to  its  extraction.  Numerous  processes  have  been  devised  for  the 
purpose  ;  but  perhaps  that  of  Gregory  is,  in  facility  and  economy,  as  good  as  any. 
The  aqueous  inlbsion  is  precipitated  by  chloride  of  calcium  to  remove  the  meconie 
and  suphuric  adds  present.  The  filtered  fluid  is  evaporated  until  the  hydrochlo- 
rata  of  morphine  crystallises  out,  so  as  to  form  a  nearly  solid  mass,  which  is  then 
strongly  pressed :  the  liquid  exuding  contains  the  colouring-matters  and  several 
alkal<£ds.  The  pressed  mass  is  crystallised  and  squeezed  repeatedly,  and,  if  neces- 
sary, bleached  with  animal  charcoaL  The  hydrochlorate,  which  contains  a  little 
codeine,  is  to  be  dissolved  in  water,  and  precipitated  by  ammonia ;  pure  morphia 
precipitates,'  and  the  codeine  remains  in  solution.  The  salts  of  morphia  most  em- 
ployed in  medicine  are  the  hydrochlooite,  the  acetate,  and  the  snlphate.  A  solu- 
tion of  fire  grains  of  morphia  in  one  ounce  of  water  is  about  the  same  strength  as 
laudanum.  Jpomorphia  is  a  remarkable  base,  obtained  by  Matthiessen  and  Wright 
by  beating  morphia  for  several  hours  in  a  closed  tube  with  excess  of  hydrochlorie 
acid.  It  may  also  be  prepared,  by  a  similar  method,  from  codeine.  Apomorphia 
difto  from  morphia  in  containing  H'O'  (B'O)  less;  its  formula  is  therefore 
C"H"NO«  (C"H"iro'). 

MOBTAb.  a  mixture  of  lime  with  water  and  sand.  The  sand  used  in 
making  mortar  should  be  tharp — that  is  angular,  not  round — and  dean — that  is, 
free  foom  all  earthy  matter,  or  other  than  siliceous  particles.    Hence  road-acn^ 
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ingt  alwajns,  as  being  a  nuztnre  of  sand  and  mnd,  and  pUsand  genersll;^,  as 
being  Bcaicely  ever  -withont  a  portion  of  clay,  should  be  trashed  before  they  are 
used ;  which  is  seldom  necessary  with  rtver-iand,  this  being  cleaned  by  the  flowing 
water. 

'I  have  ascertained  by  repeated  experiments  that  1  cubic  foot  of  well-burned 
chalk-lime  ftesh  from  the  kiln,  weighing  85  lbs.,  when  well  mixed  with  3)  cubic 
feet  of  good  river-sand,  and  about  1^  cubic  foot  of  water,  produced  aboTe  3^  cubic 
feet  of  as  good  mortar  as  this  kind  of  lime  is  capable  of  forming.  A  smaller  propor- 
tion of  sand,  such  as  two  parts  to  one  of  lime,  is,  however,  often  used,  which  the 
woikmen  generally  prefer ;  both  because  it  requires  less  time  and  labour  in  mixing, 
which  saves  trouble  to  the  labourers,  and  it  also  suits  the  convenience  of  the  masons 
and  bricklayers  better,  being  what  is  termed  ioughtr,  that  is,  more  easily  worked,  but 
it  does  not  by  any  means  make  such  good  mortar.  If,  on  the  other  hand,  the  snnd  be 
increased  to  more  than  the  above  proportion  of  3J,  it  renders  the  mortar  too  short, 
that  is,  not  plastic  enough  for  use,  and  causes  it  also  to  be  too  friable,  for  excess  of 
sand  prevents  mortar  £rom  setting  into  a  compact  adhesive  mass.  In  short,  there  is  a 
certain  just  proportion  between  these  two  ingredients  which  produces  the  beet  mortar, 
which  I  should  say  ought  not  to  be  less  than  3,  nor  more  than  8^,  parts  of  sand  to 
1  of  lime;  that  is  when  common  chalk-lime,  or  other  pure  limes,  are  used,  for  diflb- 
rent  limes  require  different  proportions.  When  the  proportion  of  sand  to  lime  is 
stated  in  the  above  manner,  wbich  is  done  by  architects  as  a  part  of  their  specification 
or  general  directions  for  the  execution  of  a  bailding,  it  is  always  understood,  when 
no&ing  is  expressed  to  the  contrarv,  that  the  parts  are  by  fair  level  measure  of  the 
lime,  SdA  by  stricken  measure  for  the  sand ;  and  the  lime  is  to  be  measured  in  lumps, 
in  the  same  state  in  which  it  comes  from  the  kiln,  without  slaking,  or  even  breaking 
it  into  smaller  pieces.' — Ptuley. 

WOBTAX,  BTDXAir^ZO,  is  the  kind  of  mortar  used  for  building  piers  or 
walls  under  or  exposed  to  water,  such  as  those  of  docks,  &c.  See  HTSSAirLto 
CBustrr. 

MOSAIC,  (ifotaigue,  Fr. ;  MoBoiieh,  Ger.)  There  are  several  kinds  of  mosaic, 
but  all  of  them  consist  in  imbedding  fragments  of  differently-coloured  substances, 
usually  glass  or  stones,  in  a  cement,  so  as  to  produce  the  e£^t  of  a  picture.  Tho 
beautiful  chapel  of  Saint  Lawrence  in  Florence,  which  contains  the  tombs  of  the 
Hedici,  has  been  greatly  admired  by  artists  on  account  of  the  vast  multitude  of  pre- 
cious marbles,  jaspers,  agates,  aventurines,  malachites,  &c.,  applied  in  mosaic  upon  its 
walls.  The  detailed  discussion  of  this  subject  belongs  to  a  treatise  upon  the  fine  artt^ 
but  the  progress  of  the  invention  is  so  cnnous  that  some  brief  notice  of  mosaic-worlc 
in  general  will  not  be  out  of  ^lace. 

When,  with  his  advancing  intelligence,  man  began  to  construct  ornamental  articles 
to  decorate  his  dwelling,  or  to  adorn  his  person,  we  find  him  taking  natural  produc- 
tions, chiefly  from  tfie  mineral  kingdom,  and  combining  them  in  such  a  manner  as 
will  affiird,  by  their  contrasts  of  colour,  the  most  pleasing  effects.  From  this  arose 
the  art  of  mosaic,  which  appears,  in  the  first  instance,  to  have  been  applied  only  to 
the  combination  of  dice-shaped  stones  (testera)  in  patterns.  This  was  the  opu) 
mtuivum  of  the  Bomans ;  improving  upon  which,  wo  have  the  Italians  introducing 
t^e  more  elaborate  and  artistic  putra  dura,  now  commonly  known  as  Florentine 
work.  It  is  not  our  purpose  to  treat  of  any  of  the  andent  forms  of  mosaic-work, 
farther  than  it  is  necessary  to  illustrate  the  subject  before  us.  The  optu  tettdatum 
consisted  of  small  cubes  of  marble,  worked  by  hand  into  simple  geometrical  figures. 
The  opus  seetUe  was  formed  of  dif^ent  crusts  or  slices  of  marble,  of  which  figures 
and  ornaments  were  made.  The  opus  vermieulatum  was  of  a  far  higher  order  than 
these :  by  the  employment  of  differently-coloured  marbles,  and,  where  great  bril- 
liancy of  tint  was  required,  by  the  aid  of  gems,  the  artists  produced  imitations  of 
figures,  ornaments,  and  pictures,  tho  whole  object  being  portrayed  in  all  its  true 
colours  and  shades. 

The  advance  from  the  opus  vemaoulatum  to  the  fine  inosaio-work,  which  had  its 
origin  in  Bome,  and  is,  therefore,  especially  termed  Boman  mosaic,  was  easy ;  and 
we  find  this  delicate  manufR6ture  arising  to  a  high  degree  of  excellence  in  taa  city 
whore  it  originated,  and  to  which  it  has  been  almost  entirely  confined,  Venice  being 
tho  only  city  which  has  attempted  to  compete  with  Bome.  To  this  art-manu&cture 
we  more  especially  direct  attention,  since  a  description  of  it  will  aid  us  in  rendering 
intelligible  the  most  interesting  and  peculiarly  novel  manufacture  of  mosaic  rug-work, 
as  practised  by  the  Messrs.  Crossleys.  Boman,  and  also  Venetian  enamels,  are  made 
of  small  rods  of  glass,  called  indiscriminately  paste  and  smott.  In  the  first  place, 
cakes  of  glass  are  manufactured  in  every  rarie^  of  colour  and  shade  that  are  likely 
to  be  required.  These  cakes  are  drawn  out  into  rods  more  or  less  attenuated,  as  they 
are  intended  to  be  used  for  finer  or  for  coarser  work,  a  great  number  being  actually 
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throada  of  gl&sa.  Tbese  lodi  and  threads  are  kept  in  bundles,  and  arranged  in  sets 
eorresponding  to  their  colonn,  each  division  of  a  set  presenting  every  desired  sliade. 
A  piece  of  dark  slate  or  marble  is  prepared,  by  being  hollowed  out  like  a  box,  and 
this  is  filled  with  plaster-of-Paris.  Upon  this  plaster  the  pattern  is  drawn  by 
the  artist,  and  the  nwiaieuii  proceeds  with  his  nork  by  remoinng  small  squares  of  the 
plaster,  and  filling  in  these  with  pieces  cut  from  the  rods  of  glass.  Gradually,  in  this 
manner,  all  the  plaster  is  removed,  and  a  picture  is  formed  by  the  ends  of  the  JUa- 
menu  of  coloured  glas» ;  these  are  carefully  cemented  together  by  a  kind  of  mastic, 
and  polished.  In  this  way  is  formed,  not  only  those  exquisitely  delicate  mosaics 
which  were,  at  one  time,  very  fashionable  for  ladies'  brooches,  but  tolerably  large 
and  often  highly-artistic  pictures.  Many  of  our  readers  will  remember  the  mosaic 
landscapes  which  rendered  the  Italian  Court  of  the  Great  Exhibition  so  attractive ; 
and  in  the  Museum  of  Practical  Geology  will  be  found  a  portrait  of  the  late  Emperor 
of  Bussia,  which  is  a  remarkably  goM  illustratiop  of  mosaic- work  on  a  large  scale. 
We  may  remark,  in  passing,  that  the  whole  process  of  glass-mosaic  is  well  illustrated 
in  this  collection. 

The  next  description  of  mosaic-work  requiring  a  word  is  the  manufacture  of 
Tnnbridge.  The  wood-mosaics  of  Tunbridge  are  formed  of  rods  of  wood,  varying  in 
colour,  laid  one  upon  the  other,  and  cemented  together,  so  that  the  pattern,  as  with  the 
glass-mosaics,  is  produced  by  tlie  ends  of  the  rods. 

XOSAXO  OOKS.  For  the  composition  of  this  peculiar  alloy  of  copper  and  zinc, 
called  also  Or-molu,  Messrs.  Parker  and  Hamilton  obtained  a  patent  in  November 
1825.  Equal  quantities  of  copper  and  zinc  are  to  be  '  melted  at  the  lowest  tempera- 
ture that  copper  will  fuse,'  which,  being  stirred  together  so  as  to  produce  a  perfect 
admixture  of  the  metals,  a  further  quantity  of  zinc  is  added  in  small  portions,  until 
the  alloy  in  the  melting-pot  becomes  of  the  colour  required.  If  the  temperature  of  tho 
copper  be  too  high,  a  portion  of  the  zinc  will  fiy  off  in  vapour,  and  the  result  will  be 
merely  spelter  or  hard  solder ;  but  if  the  operations  be  carried  on  at  as  low  a  heat 
as  possiUe,  the  alloy  will  assume  first  a  brassy-yellow  colour ;  then,  by  the  introduc- 
tion of  small  portions  of  zinc,  it  will  take  a  purple  or  violet  hue,  and  will  ultimately 
become  perfectly  white,  which  is  the  appearance  of  the  proper  compound  in  its  fused 
state.  This  alloy  may  be  poured  into  ingots ;  but  as  it  is  difficult  to  preserve  its 
cimracter  when  re-melted,  it  should  be  cast  directly  into  the  figured  moulds.  The 
patentees  claim  exclusive  right  of  compounding  a  metal  consisting  of  from  62  to  66 
parts  of  zinc,  out  of  100. 

Mosaic  gold,  the  aurum  munwm  of  the  old  chemists,  is  a  sulphnret  of  tin.    See 

AlXOTS. 

MOSAIC  ^RTOOlb-'VroXZ.  There  is  no  branch  of  manu&ctun  which  is  of 
a  mora  curious  character  than  the  mosaic  wool-work  of  the  Messrs.  Crossleys  of 
flalifax. 

By  referring  to  the  article  Mosaic  there  will  be  no  difficulty  in  understanding  how 
a  block  of  wood,  which  has  been  constructed  of  hundreds  of  lengths  of  coloured 
specimens,  will,  if  cut  transversely,  produce  a  great  number  of  repetitions  of  the 
original  design.  Suppose,  when  we  look  at  the  transverse  section  presented  by  the 
end  of  a  Tunbridge  block,  we  see  a  very  accurately-formed  geometric  pattern;  this 
is  rendered  perfectly  smooth,  and  a  slab  of  wood  is  glued  to  it.  When  the  adhesion 
is  secure,  as  in  a  piece  of  veneering  for  ordinary  cabinet-work,  a  very  thin  slice  is 
cut  off  by  means  of  a  diculsr  saw,  and  then  we  have  the  pattern  presented  to  us  in  a 
state  which  admits  of  its  being  fashioned  into  any  article  which  may  be  desired  by 
the  cabinet-maker.  In  this  way,  &om  one  block,  a  very  laige  number  of  slices  can 
be  cut  off,  every  one  of  them  presenting  exactly  the  same  design.  If  lengths  of 
worsted  are  substituted  for  those  of  glass  or  of  wood,  it  will  be  evident  that  tho  result 
will  be  in  many  respects  similar.  By  a  process  of  this  kind  the  mosaic  rugs — with 
very  remaikable  copies  from  the  works  of  some  of  our  best  artists — are  produced.  In 
connection  with  this  manufacture,  a  few  words  on  the  origin  of  this  kind  of  work  will 
not  be  out  of  place. 

The  tapestries  of  France  have  been  long  celebrated  for  the  artistic  ezcellenee  of 
the  designs,  and  for  the  brilliancy  and  permanence  of  the  colours.  These  origi- 
nated in  France,  about  the  time  of  Henry  IV.,  and  the  mann&cture  was  much 
patronised  by  that  monarch  and  his  minister  SuUy.  Louis  XIV.  and  Colbert,  how- 
ever, were  the  great  patrons  of  the  beautiful  productions  of  tho  loom.  The  minister 
of  Louis  bought  from  the  brothers  Gobelins  their  manulhctory,  and  transformed  it 
into  a  royal  establishment,  under  the  tiUe  of  Le  Teinturier  Par/ait.  A  work  was 
published  in  1746  in  which  it  was  seriously  told  that  the  dyes  of  the  Gobelins 
had  acquired  such  superiority  that  their  contemporaries  attributed  the  talent  of  these 
eelebtated  artists  to  a  paction  which  one  or  the  other  of  them  had  made  with  the 
deiril. 
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In  tha  QobtlioB  and  BeasTtai  tapesby  we  hav«  examples  of  the  most  aitistie  pro- 
dnetions,  ezeoated  with  a  mechanieal  skill  of  the  highest  order,  when  we  consider  the 
material  in  which  the  work  is  ezecnted.  The  method  of  manufacture,  involviag 
artistic  power  on  the  port  of  the  workman,  great  manipulatoij  skill,  and  tlie  oxpun- 
ditore  M  much  time,  necessarily  remoTea  those  productions  from  the  reach  of  any  but 
the  wealthy.  Various  attempts  have  been  made,  from  time  to  time,  to  produce  a 
textile  fabric  which  should  equal  those  tapestries  in  beauty,  and  which  should  be  sold 
to  the  public  at  much  lower  prices.  Kono  of  these  appear  to  hare  been  successful, 
until  the  increasing  applications  of  india-rubber  pointed  to  a  plan  by  which  high 
artistic  excellence  mij^t  be  combined  with  moderate  cost.  In  Berlin,  and  subse- 
quently in  Paris,  plans  (in  most  respects  similar  to  the  plan  we  are  about  to  describe) 
were  tried,  but  in  neither  instance  with  complete  success.  Of  course,  there  cannot 
now  be  many  of  onr  readers  who  have  not  been  attracted  by  the  many  life-like  repre- 
sentations of  lions  and  dogs  which  hare  for  the  last  few  years  been  exhibited  in  the 
carpet-warehouses  of  the  metropolis,  and  other  large  cities.  While  we  admit  the 
perfection  of  the  manufacture,  we  are  compelled  to  remark  that  the  designs  which 
BaTe  been  chosen  are  not  such  as  appear  to  us  to  be  quite  appropriate,  when  we  con- 
sider the  purposes  for  which  a  rag  is  intended.  HoweTer,  from  their  very  attractive 
character  and  moderate  cost,  those  rugs  find  a  large  number  of  purchasers,  by  whom 
they  are  doubtless  greatly  admired.  It  will,  however,  be  obvious  to  our  readers,  that 
they  are  not  consistent  with  the  principles  of  design,  and  that  there  is  a  want  of  con- 
sistency in  the  idea  of  treading  upon  the  '  monioch  of  the  forest,'  oapied  with  that 
remarkable  life-likeness  which  distinguishes  the  productions  of  Sir  Edwin  Landseer ; 
or  in  placing  one's  feet  in  the  midst  of  dogs  or  of  poultry,  when  the  resemblances 
are  sumcienUy  striking  to  impress  yon  with  the  idea  that  the  dogs  will  bark  and  that 
the  cock  will  crow.  We  believe  that  less  picturesque  subjects,  in  accordance  with  the 
law — which  we  conceive  to  be  the  true  one — which  gives  true  beauty  only  ta  that 
which  is,  in  its  applications,  consistent  and  harmonious,  would  be  yet  greater  &- 
Tonrites  than  those  rugs  now  manufactured  by  the  Messrs.  Crossleys.  And  amidst 
the  amount  of  good  which  these  excellent  men  are  doing  to  all  who  come  within 
their  influence,  we  are  certain  they  might,  with  the  means  at  their  command,  in- 
troduce an  arrangement  of  colours  which  might  delight  by  their  harmonious  blend- 
ing, and  a  system  of  designs  which,  pure  and  consistent,  should  ever  charm  the  eye, 
without  attempting  to  deceive  either  it,  or  any  of  the  senses.  Every  attempt  to  ad- 
vance the  taste  of  a  people  is  worthy  of  all  honour ;  and  having  the  power,  as  the 
mannfscturers  of  the  mosaic  rugs  have,  of  producing  works  of  the  highest  artistic  ex- 
cellence, we  should  be  rejoiced  to  see  them  employing  that  power  to  cultivate  amongst 
all  classes  a  correct  perception  of  the  true  and  the  beautiful  ' 

With  these  remarks  we  proceed  to  a  description  of  the  manufacture. 

Every  lady  who  has  devoted  herself  for  a  season,  when  it  was  the  fashion  to  do  so, 
to  BerUn  wool-work,  will  appreciate  the  importance  of  a  careful  arrangement  of  all 
the  coloured  worsteds  which  are  to  be  used  m  the  composition  of  her  design.  Here, 
where  many  hundreds  of  colours,  combinations  of  colours,  and  shades  are  required, 
in  great  quantities  and  in  long  lengths,  the  utmost  order  is  necessary ;  and  the  system 
adopted  in  this  establishment  is  in  tliis  reroect  excellent.  We  have,  for  example, 
grouped  under  each  of  the  primary  colours,  all  the  tints  of  each  respective  colour  that  ' 
the  dyer  can  produce,  and  between  each  large  division  the  mixtures  of  colour  pro- 
ducing the  neutral  tones,  and  the  interblending  shades  which  may  be  required  to  copy 
the  artist  with  fidelity.  Skeins  of  worsted  thus  arranged  are  ever  ready  for  the 
English  moiaieiiti  in  mg-work.  Such  is  the  materiaL  Now  to  describe  the  manner 
of  proceeding.  In  the  first  place  an  artist  is  employed  to  copy,  of  the  exact  sixe  re- 
quired for  the  rug,  a  work  of  Landseer's,  or  any  other  master,  which  may  be  selected 
for  the  purpose.  Although  the  process  of  copying  is  in  this  case  me<u>anical,  con- 
siderable skill  is  required  to  produce  the  desired  result.  This  will  be  familiar  to  all 
who  hare  observed  the  peculiar  characteristics  of  the  Berlin  wool-work  patterns. 
The  picture  being  completed,  it  is  ruled  over  in  squares,  each  of  about  twelve  inches. 
These  are  again  interruled  with  small  squares,  which  correspond  with  the  threads  of 
which  the  finished  work  is  to  consist.  This  original  being  completed,  it  is  copied 
upon  lined  paper  by  girls  who  ore  trained  to  the  work,  each  ^rl  having  a  square  of 
about  twelve  inches  to  work  on.  These  are  the  copies  which  go  into  the  manu- 
factory. A  square  is  given  to  a  young  woman  whose  duty  it  is  to  match  all  the  colours 
in  wool.  This  is  a  task  of  great  delicacy,  requiring  a  very  fine  appreciation  of  colour. 
It  becomes  necessary  in  many  cases  to  combine  two  threads  of  wool,  especially  to 
produce  the  neutral  tints.  It  is  very  interesting  to  observe  the  care  with  which  every 
variety  of  colour  is  matched.  The  skeins  of  worsted  are  taken,  and  a  knot  or  knob 
being  formed  so  as  to  increase  the  quantity  of  coloured  surface,  it  is  brought  down 
on  the  coloured  picture ;  and  when  the  right  shades  have  been  selected,  they  are 
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Bambered,  and  a  correipondiiig  system  of  nnmbers  are  put  on  the  pattern.  In  manj 
of  the  nigt  one  bondiea  colonrs  are  employed.  Ilie  selector  of  oolours  vorks  under 
the  l^danoe  of  a  master,  \rho  iras  in  this  case  a  German  gentleman,  and  to  his 
oblif^ng  and  painstaking  kindness  we  are  much  indebted.  Without  his  very  exact 
desuription  of  erery  stage  of  the  process,  it  would  not  hare  been  easy  to  render 
this  ran  mosaic-work  intelligible  to  our  readers.  When  all  the  coloured  wools  have 
been  selected,  they  are  handed,  with  the  patterns,  to  young  women,  who  are  termed 
the  'mistresses  of  a  frame,'  each  one  having  under  her  cbargo  three  little  girls. 

The  '  frame '  consists  of  three  iron  stands,  the  two  extreme  ones  being  about  200 
inches  apart,  and  the  other  exactly  in  the  middle.  These  stands  are  made  of  stout 
east  iron,  and  may  be  said  to  consist  of  two  bowed  legs,  with  two  cross  pieces  of  iron, 
one  at  the  top  of  the  legs,  and  the  other  about  fifteen  inches  below,  the  space  between 
them  being  tnat  which  is  to  be  occupied  by  the  threads  of  wool  which  are  to  form  the 
required  square  block  of  wool.  These  frames  are  united  together  by  means  of  cast- 
iron  tubes,  running  from  end  to  end.  The  observer  is  struck  witli  the  degree  of 
strength  which  hai>  been  given  to  these  frames.  It  appears  that,  for  the  purpose  of 
mere^  holding  together  a  few  threads  of  wool,  a  much  slighter  frame  might  have  been 
employed ;  and  we  certainly  were  surprised  when  we  were  informed  that,  at  first, 
many  frames  were  broken,  and  that  they  were  compelled  to  have  the  stronger  ones  at 
present  in  use.  The  cause  of  this  will  be  obvious,  when  we  have  proceeded  a  little 
farther  with  our  description.  At  one  end  of  those  frames  sits  the  '  mistress,'  with  a 
stand  before  her,  on  which  the  pattern  allotted  to  her  is  placed,  and  a  vertical  frame, 
over  ^ich  the  long  coloured  worsteds  are  arranged.  By  the  side  of  this  young 
woman  sits  a  little  girl,  who  receives  each  worsted  from  the  mistress,  and  hands  it  to 
one  of  two  children,  who  are  on  either  side  of  the  frame. 

Commencing  at  one  comer  of  the  pattern,  a  thread  is  selected  of  the  required 
colour,  and  hauded  to  the  first  girl,  wto  passes  it  to  the  second,  whose  duty  it  is  to 
fosten  it  to  a  stif^  but  slight  bu  of  steel,  about  half  an  inch  in  width,  which  passes 
from  the  upper  to  the  under  bar  of  the  fiame.  The  third  girl  receives  the  thread,  and 
carries  it  to  the  lower  end  of  the  frame,  and  fastens  it  to  a  similar  bar  of  steel  at  that 
end.  The  length  of  each  thread  of  worsted  is  rather  more  than  200  inches.  It  is 
well  known  that  twisted  wool  does  not  lie  quite  straight  without  some  force  is  ap- 
plied to  it ;  and  of  course  the  finished  pattern  would  be  incomplete,  if  all  the  threads 
did  not  observe  the  truest  parallelism  to  each  other.  To  effect  this,  a  stretching  force 
equal  to  four  pounds  is  required  to  every  thread.  The  child  who  carries  the  tiiread, 
therefore,  pulls  the  worsted  with  this  degree  of  force,  and  fastens  it  over  the  steel  bar. 
Every  Uoek,  forming  a  foot-square  of  rug-work,  consists  of  fifty  thousand  threads  ; 
therefore,  mnce  every  thread  pulls  upon  the  frame  with  a  force  equal  to  four  pounds, 
there  is  a  direct  strain  to  the  extent  of  250,000  pounds  upon  the  £nune.  "When  this  is 
known,  our  surprise  is  no  longer  excited  at  the  strength  of  the  iron-work ;  indeed,  tbo 
bars  of  hardened  steel,  set  edgeways,  were  evidently  bent  by  the  force  exerted. 

Thread  after  thread,  in  this  way,  the  work  proceeds,  every  tenth  thread  being 
marked  by  having  a  piece  of  white  thread  tied  to  it  By  this  means,  if  the  foreman, 
when  he  examines  the  work,  finds  that  an  error  has  been  committed,  he  is  enabled  to 
have  it  corrected  by  removing  only  a  few  of  the  threads,  instead  of  a  great  number, 
which  wonid  have  been  the  case  if  the  system  of  marking  bad  not  been  adopted. 

This  work,  requiring  much  care,  does  not  proceed  with  much  rapidity,  and  the 
constant  repetition  of  all  the  same  motions  through  a  long  period  would  become  ex- 
ceedingly monotonous,  especially  as  talking  cannot  be  allowed,  because  the  attention 
would  be  withdrawn  from  the  task  in  hand.  Singing  has  therefore  been  encouraged, 
and  it  ia  exceedingly  pleasing  to  see  so  many  young,  happy,  and  healthy  faces  per- 
forming a  dean  and  easy  task,  in  unison  with  some  song,  in  which  they  all  take  a  part. 
Harmonious  airrangemonts  of  colour  are  produced,  under  the  cheerful  influence  of  har- 
monious sounds.  Yorkshire  has  long  been  celebrated  for  its  choristers,  and  some  of 
the  voices  wnich  we  heard  in  the  room  devoted  to  the  construction  of  the  wool- 
mosaics  bore  evidence  of  this  natural  gift,  and  of  a  considerable  degree  of  cultivation. 

The  '  block,'  as  it  is  oilled,  is  eventually  completed.  This,  as  wo  have  already 
stated,  is  about  a  foot  square,  and  it  is  200  inches  long.  Being  bound,  so  as  to  pre- 
vent the  disturbance  of  any  of  the  threads,  the  block  is  cut  by  means  of  a  T«ry  sharp 
knife  into  ten  parts,  so  that  each  division  will  have  a  depth  of  about  20  inches. 
Hearth-mgs  are  ordinarily  about  eight  feet  long,  by  about  two  feet  wide,  often,  how- 
ever, varying  from  these  dimensions.  Supposing,  however,  this  to  represent  the  usual 
size,  twelve  blocks,  from  as  many  different  frames,  are  placed  in  a  box,  with  the  threads 
in  a  vertical  position,  so  that,  looking  down  upon  the  ends,  we  see  the  ^ttem.  These 
threads  are  merely  sustained  in  their  vertical  order  by  their  juxtaposition.  Each  box, 
therefore,  will  contain  8U0,000  threads.  The  rug  is  now,  so  fu:  as  the  construction  of  the 
pattern  if  required,  completed ;  and  the  cost  of  produdng  th«  '  block,'  sf  200  inches  in 
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deptli,  eight  feet  in  length,  and  two  feet  \ride,  including  the  cost  of  wool,  and  the  par* 
ment  for  labonr,  is  little  short  of  800^.  When,  howeTei,  it  is  known  that  these  threads 
are  subsequently  cut  into  the  length  required  to  form  the  nif,  and  that  these  lengths 
are  but  the  three-sixteenths  of  an  inch  in  depth,  it  will  be  ei'I dent  that  the  number  of 
these  beautiful  carpets  which  can  thus  be  obtained  renders  the  manufacture  fairly  re- 
munerative. The  boxes  into  which  the  rugs  are  placed  are  fixed  on  wheels,  and  they 
have  moveable  bottoms,  the  object  of  which  will  be  presently  understood.  From  the 
upper  part  of  the  immense  building  devoted  to  carpet  manufacture,  in  which  this 
mosaic  rug-work  is  carried  on,  we  descend  with  our  rug  to  the  basement  story.  Hero 
wo  find,  in  the  first  place,  steam  chests,  in  which  india-rubber  is  dissolved  in  cam- 
phine.  It  may  not  be  out  of  place  to  observe  that  camphine  is  actually  spirits  of  tur- 
pentine, carefully  rectified,  and  deprived  of  roach  of  its  smell,  by  being  distilled  from 
either  potash  or  soda.  Becently-preparcd  camphine  has  but  little  of  the  terebinthi- 
nous  odour,  bnt  if  it  is  kept  long,  and  especially  if  it  is  exposed  to  the  air,  it  again 
acquires,  with  the  absorption  of  oxygen,  its  original  smell.  This  is  of  course  avoided 
in  the  manufacture  of  such  an  article  as  an  hearth-rug  as  much  as  possible.  The 
camphine  is  used  as  fresh  as  poesible,  and  in  it  the  indiEi-mbber  is  dissolved,  until  wo 
have  a  finid  aboat  the  consistence  of,  and  in  appearance  like,  carpenter's  glue. 

In  an  adjoining  room  were  numerous  boxes,  each  one  containing  the  rug-work  in 
some  of  the  stages  of  manu&cture.  It  must  now  be  i-omembered  that  each  box  re- 
presents a  completed  rug — the  upper  ends  of  the  thread  being  slmved  off,  to  present 
ns  smooth  a  snrfiuie  as  possible.  In  every  stags  of  the  process  now  all  damp  must 
be  avoided,  as  wool,  like  all  other  porous  bodies,  has  a  tendency  to  absorb  and  retain 
moisture  from  the  atmosphere.  The  boxes,  therefore,  are  placed  in  heated  chambers, 
and  they  remain  there  until  all  moisture  is  dispelled  ;  when  this  is  effected,  a  layer  of 
india-rubber  solution  is  laid  over  the  surface,  care  being  taken  in  the  application 
tliat  every  thread  receives  the  proper  quantity  of  the  caoutchouc ;  this  is  drted  in  the 
warm  chamber,  and  a  second  and  a  third  coat  is  given  to  the  fibres.  While  the  last 
coat  is  being  kept  in  the  warm  chamber,  free  from  all  dust,  sufficiently  long  to  dis- 
sipate some  of  the  camphine,  the  surface  on  which  the  rug  is  to  be  placed  receives 
similar  treatment.  In  some  cases  ordinary  carpet  canvas  only  is  employed ;  in 
others,  a  rug  mode  by  weaving  in  the  ordinary  manner  is  employed,  so  that  eitlicr 
side  of  the  rug  can  be  turned  up  in  the  room  in  which  it  is  placed.  However  this 
may  be,  both  sur&ces  are  properly  covered  with  soft  caoutchouc,  and  the  '  backing '  is 
carefully  placed  on  the  ends  of  worsted  forming  the  rug  in  the  box.  By  a  scraping 
motion,  the  object  of  which  is  to  remove  ^1  air-bubbles,  the  union  is  perfectly 
effected ;  it  is  then  placed  aside  for  some  little  time,  to  secure  by  rest  that  absolute 
union  of  parts  between  the  two  india-rubber  surfaces  which  is  necessary.  The 
separation  of  the  two  parts  is  after  this  attended  with  the  utmost  difficulty ;  the  worsted 
may  bo  broken  by  a  forcible  pull,  but  it  cannot  be  removed  from  the  india-rubber.  The 
next  operation  is  that  of  cutting  off  the  rug ;  for  this  purpose  a  very  admirable,  but  a 
somewhat  formidable  machine  is  required.  It  is  in  principle,  a  drcular  knife,  of 
twelve-feet  diameter,  mounted  horizontally,  which  is  driven  by  steam-power,  at  the 
rate  of  170  revolutions  in  a  minute. 

The  rug  in  its  box  is  brought  to  the  required  distance  above  the  edge  of  the  box 
by  screwing  up  the  bottom.  The  box  is  then  placed  on  a  rail,  and  connected  with  a 
tolerably  fine  endless  screw.  The  machine  being  in  motion,  the  box  is  carried  by  the 
screw  under  the  knife,  and  by  the  rapid  circular  motion,  the  knife  having  a  razor-like 
edge,  a  very  clean  cut  is  effected.  As  soon  as  the  rug  is  cut  off  to  the  extent  of  a 
few  inches,  it  is  &stsned  by  hooks  to  strings  which  wind  over  cylinders,  and  thus 
raise  the  rug  as  regularly  as  it  is  cnt.  This  goes  on  until  the  entire  rug  is  cut  off  to 
the  thickness  of  three-sixteenths  of  an  inch.  The  other  portion  in  the  box  is  now 
ready  to  receive  another  coating,  and  the  application  of  another  surface,  to  form  a 
second  rug,  and  so  on,  until  about  one  thousand  mgs  are  cut  from  the  block  prepared 
as  we  hare  described. 

MOBB  ASATB,  or  MOOBA  STOn.  A  variety  of  chalcedony  enclosing 
dendritic  or  moss-like  markings  of  an  opaqne  brownish-yellow  colour,  which  are  pro- 
duced by  oxide  of  manganese  or  iron.    It  was  the  dendrachata  of  the  ancients. 

aCOTBaB-Or-»m&S&  (Nacre  de  Periet,  Fr.;  Perlmmutter,  Oer.)  it  the 
hard,  silvery,  brilliant  internal  layer  of  several  kinds  of  shells,  particularly  oysters, 
which  is  often  variegated  with  changing  purple  and  azure  colours.  The  large  oysters 
of  the  Indian  seas  alone  secrete  this  coat  of  sufficient  thickness  to  render  their  shells 
available  to  the  purposes  of  manufactures.  The  genus  of  shell-fish  called  Pattadma 
furnishes  the  finest  pearls,  as  well  as  mother-of-pearl ;  it  is  found  in  greatest  per- 
fection round  the  coasts  of  Ceylon,  near  Ormus  in  the  Persian  Gulf,  at  Cape  Comorin, 
and  among  some  of  the  Australian  seas.  The  brilliant  hues  of  mother-of-penri  do 
not  depend  upon  the  Baton  of  the  substance,  but  upon  its  structure.    The  mieroscopio 
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wrinkles  or  tanows  vbicb  run  acrosi  the  luzfiice  of  every  slice  act  upon  the  reflected 
light  in  such  a  way  as  to  prodnce  the  chromatic  effect ;  for  Sir  David  Brewster  ha« 
shown  that  if  we  take  with  very  fine  black  wax,  or  with  the  fosible  alloy  of  D'Arcet, 
an  impression  of  mother-of-pearl,  it  will  possess  the  iridescent  appearance.  Mother- 
of-pearl  is  very  delicate  to  work,  but  it  may  be  fashioned  by  saws,  flies,  and  drills, 
with  the  aid  sometimes  of  a  corrosive  acid,  such  as  tlie  dilute  sulphuric  or  muriatic; 
and  it  is  polished  by  colcothar  of  vitriol. 

MOTBaK-WAXaS  is  the  name  of  the  liquid  which  remains  after  all  the  salts 
that  will  regularly  crystallise  have  been  extracted,  by  evaporation  and  cooling,  from 
any  saline  Mution. 

WtOVXiBU,  UASTZC.  Being  much  engaged  in  taking  casts  from  anatomical 
preparations.  Mi.  Douglas  Fox,  surgeon,  Deri)y,  found  great  difficulty,  principally 
with  hard  bodies,  wfaidi,  iriien  undercut,  or  having  considerable  overlaps,  did  not 
admit  of  the  removal  of  moulds  of  the  ordinary  kind,  except  with  injury.  These  difll- 
coltiee  suggested  to  him  the  use  of  elastic  moulds,  which,  giving  way  as  they  were 
withdrawn  from  complicated  parts  would  return  to  their  proper  shape ;  and  he  ulti- 
mately succeeded  in  making  such  moulds  of  glue,  which  not  only  reeved  him  from 
all  his  difficulties,  but  were  attended  with  great  advantages,  in  oonseqaenca  of  the 
small  number  of  pieces  into  which  it  was  necessary  to  divide  the  mould. 

The  body  to  be  moulded,  previously  oiled,  must  be  secured  one  inch  above  the 
surfiace  of  a  board,  and  then  surrounded  by  a  wall  of  clay,  abont  an  inch  distant  from 
its  sides.  The  clay  must  also  extend  rather  higher  than  the  contained  body :  into 
this  warm  melted  glue,  as  thick  as  possible  so  that  it  will  ran,  is  to  be  poured  so  as  to 
completely  cover  &b  body  to  be  moulded :  the  glue  is  to  remain  till  cold,  when  it  will 
nave  set  into  an  elastic  mass,  just  such  as  is  required. 

Having  removed  the  clay,  the  glne  is  to  be  cut  into  as  many  pieces  as  may  be 
necessary  for  its  removal,  either  by  a  sharp-pointed  knife,  or  by  having  placed  threads 
in  the  requisite  situations  of  the  body  to  be  moulded,  which  may  be  drawn  away 
when  the  glue  is  set,  so  as  to  cnt  it  out  in  any  direction. 

The  portions  of  the  glue-mould  having  been  removed  from  the  original,  are  to  be 
placed  together  and  bonnd  round  by  tape. 

In  some  instances  it  is  well  to  run  small  wooden  pegs  through  the  portions  of  glue, 
so  as  to  keep  them  exactly  in  their  proper  positions.  If  the  mould  be  of  considerable 
size,  it  is  better  to  let  it  be  bound  with  moderate  tightness  upon  a  board  to  prevent 
it  bending  whilst  in  use;  having  done  as  above  described,  the  plaster-of-Faris,  as 
in  common  casUng,  is  to  be  poured  into  the  mould,  and  left  to  set. 

In  many  instances  wax  may  also  be  cast  in  glue,  if  it  is  not  poured  in  whilst  too 
hot ;  as  the  wax  cools  so  rapidly  when  applied  to  the  cold  glne,  that  the  sharpness 
of  the  impression  is  not  injured. 

61ue  has  been  described  as  succeeding  well  where  the  elastic  mould  is  alone  ap- 
plicable; but  many  modifications  ore  admissible.  'When  the  moulds  are  not  used- 
soon  after  being  made,  treacle  should  be  previously  mixed  with  the  glue  (as  employed 
by  printers),  to  prevent  it  becoming  hard. 

The  description  thus  given  is  with  reference  to  moulding  those  bodies  which  cannot 
be  so  done  by  any  other  than  an  elastic  mould ;  but  glue  moulds  will  be  found  greatly 
to  facilitate  casting  in  many  departments,  as  a  mould  may  be  frequently  taken  by  this 
method  in  two  or  three  pieces,  which  would,  on  any  other  principle,  require  many. 

IKOIIWTAnr  BXi1TS>    Blue  copper  ore.    See  Coi^eb, 

MOraVAZH  COBX.    A  form  of  asbestus.    See  AsBHnrrs. 

MOraVAZV  CWIIW.    Malachite,  or  green  carbonate  of  copper.    See  Coppeb. 

IKOIIWTAnr  SbBATBXB.  Asbestus  is  so  called  when  it  is  so  interlaced  that  the 
ftbrons  stracture  is  not  apparent.    See  Asbestus. 

MOmnFAZV  xnaaSTOWB.  A  term  commonly  applied  to  the  carboniferous 
limestone,  on  account  of  its  masses  forming  some  of  our  finest  mountain  scenery.  It 
may  be  regarded  as  the  boundary  rock  of  nearly  all  our  coal-formations.     See  Cabbo- 

MIFBBOVS   LlICESTONB, 

MOOVTAZH'  SOAP  {Savon  de  montagne,  Fr. ;  BergKife,  Oer.)  is  a  tender 
mineral,  soil  to  the  touch,  which  assumes  a  greasy  lustre  when  rubbed,  and  falls  to 
pieces  in  water.  It  consists  of  silica  44,  alumina  26"5,  water  20'6,  oxide  of  iron 
8.  lime  0°fi.  It  occurs  in  beds,  alternating  with  different  sorts  of  clay,  in  the  Isle  of 
iiikye,  at  Billin  in  Bohemia,  &c.  It  has  been  often,  but  improperly,  confounded  with 
steatite. 

mFOZO  ACZB  {Acid  mueiqut,  Fr. ;  ScMeimsdure,  Oer.)  is  the  same  as  the  sac- 
lactic  add  of  Scheele,  and  may  be  obtained  by  digesting  one  part  of  gum  arabic, 
sugar-of-milk,  or  pectic  add,  with  twice  or  thrice  their  weight  of  nitric  acid.  It  forms 
white  gtannlar  crystals,  and  has  not  been  applied  to  any  use  in  the  arts. 

JSVPSBMIS  is  a  solution  in  water  of  gummy  matter  of  any  kind. 
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I  ia  the  earthenwsie  case  or  box,  in  the  assaj  fanactt,  for  receiving  the 
cnpds,  and  protecting  them  from  being  disturbed  by  the  niel.    See  Assay. 

MmMMMMt  OXSt,  A  flavonring  essence  introduced  by  Mr.  Condy,  which 
oonmsts  ohie^  of  snberic  ether.    See  Suberic  Acn>. 

MUXSaBBT  VAVSB.  The  Broutaaneiia  pafn/riftra ;  the  inner  bark  of  this 
specieB  is  nied  in  China  for  the  preparation  of  a  kind  of  paper,  and  in  Polynesia  for 
the  production  of  a  peculiar  cloth. 

anxaanunr  TMB.  The  Moru»  nigra  is  the  common  mulberry,  and  It.  aSba 
the  white  mulberry.    The  leaves  of  both  species  are  used  for  feeding  silkworms. 

WJHiM.    A  machine  for  spinning  cotton.    See  Cotton  Spinniho. 

anrXAOiniB  B&VBi  The  name  given  to  one  of  the  aniline  colours  prepared  by 
Chros,  Benand,  and  Schaeffer,  of  Holhouse.  It  is  formed  by  boiling  the  solution  <» 
rosaniline  salt  (nitrate  is  generally  used)  with  a  solution  of  gnm-lao  and  carbonate 
of  sodium.    See  AmuinL 

A  malt  liquor  made  in  Brunswick  with  wheat  meal  and  oat  and  bean  meal. 
•XO  is  the  name  of  iron  or  arsenical  pyrites  among  Cornish  minors. 
>0  (sometimes  also  termed  Shoddy)  is  the  artifleial  wool  formed  by  tearing 
to  pieces,  and  completely  disintegrating  old  woollen  doths  or  garments,  or  even  pieces 
of  new  doth,  such  as  tailor's  clippings. 

mwraVT  or  East  Indian  madder,  the  Bubia  Munjiita,    See  Haddbb. 

Winr  JXSTXira<  An  orange  colouring-matter  contained  together  with  pnrpurine  in 
munjeet.  This  colouring-matter  has  been  so  thoroughly  investigiated  by  Dr.  Stenhonse, 
that  it  cannot  be  better  described  than  in  his  own  words.  His  papn  in  the '  Proceedings 
of  the  Boyal  Sodety  of  London,'  vol.  xii.  p.  633,  is  entitled  '  Fraliminary  Notice  of  an 
Examination  of  RMa  Munjuta,  the  East  Indian  Madder,  or  Munjeet  of  commerce  : ' 

'  It  is  rather  remarkable  that  while  few  vegetable  substances  have  been  so  frequently 
and  carefully  examined  by  some  of  the  most  eminent  chemists  as  the  root  of  the 
Subia  tmctorum  or  ordinary  madder,  the  Rvhia  Mufujiita  or  munjeet,  which  is  so 
extensively  cultivated  in  India,  and  employed  as  a  dye-8tu£f^  has  been,  comparatively 
speaking,  very  much  overlooked,  never  having  been  subjected,  apparently,  to  anything 
but  a  very  cursory  examination. 

'From  some  inddental  notices  of  munjeet  in  Persoz  and  similar  writers,  and  a  few 
experiments  which  I  made  some  years  ago,  I  was  led  to  suspect  that  the  colouring- 
natters  in  mnigeet,  though  similar,  are  by  no  means  identic^  with  those  of  ordinary 
madder,  and  that  probably  the  alizarine  or  purpurine  of  madder  would  be  found  to  be 
replaced  by  some  corresponding  colouring  prindple.  This  hypothesis  I  have  found 
to  be  essentially  correct,  for  the  colouring-matter  of  muigeet,  instead  of  consisting  of 
a  mixture  of  alizarine  and  purpurine,  contains  no  alizarine  at  all,  but  purpurine  and 
a  beantiiiil  orange  colooring-matter,  crystallising  in  golden  scales,  to  which  I  purpose 
giving  the  name  of  mutgutme.  Munjistine  exists  in  munjeet  in  considerable  quantity, 
and  can  therefore  be  easily  obtained. 

*  The  colouring-matter  of  munjeet  may  be  extracted  in  various  ways :  that  which  I 
have  found  most  suitable  is  as  follows :  each  pound  of  munjeet  in  fine  powder  is 
beiled  for  four  or  five  hours  with  2  pounds  of  sulphate  of  alumina  and  about  16 
pounds  of  water.  The  whole  of  the  colouring-matter  is  not  extracted  by  a  single 
treatment  with  sulphate  of  alumina ;  the  operation  must  be  repeated,  therefore,  two  or 
three  times.  The  red  liquid  thus  obtained  is  strained  through  cloth  filters  while  still 
very  hot,  and  the  clear  liquid  addulated  with  hydrochloric  acid.  It  soon  begins  to 
deposit  a  bright  red  predpitato,  the  quantity  of  which  increases  on  standing,  which 
it  should  be  allowed  to  do  for  about  twelve  hours.  This  precipitate  is  collected  on 
cloth  filters  and  washed  with  cold  water  till  the  greater  portion  of  the  acid  is  removed. 
It  is  then  dried,  reduced  to  a  fine  powder,  and  digested  m  a  suitable  extracting  appa- 
nitus  with  boiling  bisulphide  of  carbon,  which  dissolves  out  the  crystidlisable 
colouring  prindples  of  the  munjeet,  and  leaves  a  considerable  quantity  of  dark- 
coloured  rednous  matter.  The  excess  of  the  bisulphide  of  carbon  having  been 
removed  by  distillation,  the  bright  red  extract,  consisting  chiefly  of  a  mixture  of 
munjistine  and  purpurine,  is  treated  repeatedly  with  moderate  quantities  of  boiling 
water  and  filtered.  The  munjistine  dissolves,  forming  a  clear  yellow  liquid,  while 
almost  the  whole  of  the  purpurine  remains  on  the  filter.  When  the  solution  is 
acidulated  with  hydrochlonc  or  sulphuric  add,  the  munjistine  predpitates  in  large 
yellow  flocks.  These  are  collected  on  a  filter  and  washed  slightly  with  cold  water. 
The  precipitate  is  then  dried  by  pressure  and  dissolved  in  boiling  spirits  of  wine, 
slightly  acidulated  with  hydrochloric  acid  to  remove  any  adhering  alumina.  As  the 
munjistine  does  not  snbddo  from  cold  alcoholic  solutions,  even  when  they  are  largely 
diluted  with  water,  about  three-fourths  of  the  spirit  are  drawn  off  by  distillation, 
when  the  munjistine  is  depodted  in  large  yellow  scales.  By  two  or  three  crygtallisa- 
\xoBf  out  of  spirit  in  the  way  just  described,  the  mugostine  is  rendered  perfectl7  pure. 
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'I  have  likerrise  socceeded  in  eztncting  monjistine  directly  from  mu^eet  by 
boiling  it  -with  water,  filtering  the  solution,  vhich  has  a  dark  brownish  colour,  and 
then  aeidalating  with  hydrochloric  add.  The  precipitate  which  falls  is  collected  on 
a  filter,  washed,  dried,  and  treated  with  boiling  spirits  of  wine,  which  leaves  a  laige 
quanti^  of  pectins  undissolved. 

'The  mD]\jistine  which  dissolves  in  the  alcohol  is  obtained  in  a  pure  atato  by 
lepeated  dystallisations  in  the  way  already  indicated.  The  first  process  which  I 
have  described  is,  however,  by  far  the  best.  The  colouring-matter  of  moqjeet  can 
likewise  be  extracted  with  boiling  solutions  of  alum ;  but  I  find  sulphate  of  alumina 
greatly  preferable,  an  the  alum  by  its  tendency  to  crystallise  very  much  impedes  the 
filtration  of  the  liquids.  I  likewise  attempted  to  employ  Professor  C.  Hope's  process 
with  sulphurous  acid,  which  gives  such  excellent  results  with  ordinary  madder,  but  I 
found  it  wholly  inapplicable  to  munjeet. 

■  Mnnjistine,  prepared  by  the  processes  Qescribed,  when  crystallised  out  of  alcohol, 
forms  golden-yellow  plates  of  great  brilliancy.  It  is  but  moderately  soluble  in  cold, 
but  dissolves  pretty  readily  in  boiling  water,  forming  a  bright  yellow  solution,  from 
which  it  is  deposited  in  flocks  when  the  liquid  cools.  Saturated  solutions  almost 
gelatinise.  It  dissolves  to  some  extent  in  cold,  but  more  readily  in  boiling,  spirit 
of  wine,  and  is  not  precipitated  by  the  addition  of  water.  It  dissolves  in  carbonate 
of  soda  with  a  bright  red  colour.  In  ammonia  it  forms  a  ted  solution  with  a  slight 
tinge  of  brown  caustic  soda,  producing  with  it  a' rich  crimson  ooloor.  Both  its 
aqueons  and  alcoholic  solutions,  when  boiled  with  alumina,  form  beantifal  flakes  of  a 
bnght  orange  colour,  almost  the  whole  of  the  mnnjistine  being  withdmwn  from 
solution.  The  flakes  are  soluble  in  a  large  excess  of  caustic  soda,  with  a  flne 
crimson  colour.  Hunjistine  dyes  cloth  mordanted  with  alumina  a  bright  orange. 
With  iron  mordant  it  yields  a  brownish-purple  colour,  and  with  Turkey-red  mordant 
a  pleasing  deep  orange.  These  colours  are  moderately  permanent,  and  bear  the 
application  of  bran  and  soap  tolerably  weU.  The  mui^istine  sensibly  modifies  the 
colours  produced  by  munjeet,  giving  uie  reds  a  shade  of  scarlet,  as  has  been  long 
observed. 

■  CJommerdal  nitric  add  dissolves  mu^jistane  with  a  yellow  colour,  but  does  not 
appear  to  decompose  it  even  on  boiling,  Fuming  nitric  acid  (1*5)  dissolves 
mnnjistine  in  tiie  cold,  and  on  ajpplication  of  heat  decomposes  it,  no  oxalic  acid  bdng 
produced.  It  readily  dissolved  m  cold  sulphuric  acid  with  a  bright  orange  colour ; 
and  the  solution  may  be  heated  nearly  to  bdling  without  blackening  or  giving  off 
sulphuric  acid ;  it  is  repredpitated  by  water  in  yellow  flocks  apparently  unaltered. 
When  bromine  water  is  added  to  a  strong  aqueous  solution  of  muqjistine,  a  pale- 
colonred  flocculent  precipitate  is  immediately  produced ;  this,  when  collected  on  a 
filter,  washed  and  dissolved  in  hot  spirit,  tonishes  minute  tufts  of  crystals,  evidently 
a  snbstitntion-prodnct.  I  may  remark  in  passing,  that  when  alizarine  is  treated  wiui 
bromine  water  in  a  similaT  way,  it  also  forms  a  snbstitntion-prodnct,  crystallising  in 
needles. 

'  Unnjistine,  in  some  of  its  properties,  bears  considerable  resemblance  to  Bunge's 
madder  orange,  the  rubiacine  of  Dr.  Schunck ;  it  is,  however,  essentially  different  from 
rubiadne  in  several  of  its  properties,  such  as  its  solubility  in  water  and  alcohol,  &C., 
and  in  the  amount  of  its  carbon — rubiadne,  according  to  Di,  Schunck's  analysis,  con- 
taining 67'01  per  cent  of  that  element,  while  mnnjistine  contains  only  64.  The 
spectra  afforded  by  solution  of  the  two  substances,  as  may  be  seen  frvm  the  following 
extract  from  a  letter  received  from  Professor  Stokes,  are  decidedly  different : — 

' "  The  two  substances  are  perfectly  distinguished  by  the  very  different  colour  of 
their  solution  in  carbonate  of  soda,  when  a  small  quantity  only  of  substance  is  used. 
The  solution  of  mnnjistine  is  red,  inclining  to  pinkish  orange,  that  of  rubiacine  a 
claret-red.  The  tints  are  totally  different,  and  indicate  a  different  mode  of 
absorption.  Both  present  a  single  minimum  in  the  spectrum,  but  while  that  of 
rubiadne  extends  from  about  D  to  F,  that  of  mnnjistine  extends  from  a  good  way 
beyond  D  to  some  good  way  beyond  B.  The  beginning  and  end  of  the  band  in  each 
case  are  not  very  definite,  and  vary  of  course  with  the  strength  of  the  solution ;  there 
can  be  no  doubt  of  the  rsdical  difference  in  the  position  of  the  band  of  absorption. 
In  this  way  it  is  easy  to  convince  oneself  that  the  diffitrence  of  the  colour  is  not  to 
be  explained  by  the  possible  admixture  of  some  small  impurity  present  in  one  or 
other  of  the  specimens.  With  caustic  potash,  munjistine  gives  as  nearly  as  possible 
the  same  colour  as  rubiadne,  agreeing  with  the  cofonx  of  rubiacine  in  carbonate  of 
Bocla.  There  appears  to  be  a  i^ght  difference  in  the  speotram  of  the  mnnjistine  and 
rnbiadno  solutions,  but  not  enough  to  rely  on  ;  so  that  the  substances  are  not  to  be 
distinguished  by  their  solutions  in  causlie  alkalis. 

'  A  second  perfectly  valid  distinction  is,  however,  afibrded  by  the  diflferent  colour 
of  the  fluorescent  light  of  the  ethereal  solutions.    The  solid  substances  themselve* 
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and  their  ethereal  solntions  are  fluorescent  to  a  considerable  degree ;  bnt  the  tint  of 
the  fluorescent  light  of  the  ethereal  solntion  of  mbiacineis  orange-yell ov,  vhile  that 
of  the  ethereal  solution  of  munjistine  is  yellow  inclined  to  green.  The  examination 
in  a  pure  spectrum  shows  that  the  diflerence  is  not  due  to  the  admixture  of  a  small 
impurity,  itself  yielding  a  fluorescent  solntion;  bnt  the  tints  may  be  readily  con- 
trasted by  daylight,  almost  without  apparatus,  by  the  method  I  have  described  in  a 
paper,  "  On  the  Kzistence  of  a  Second  Crystallisable  fluorescent  Substance  in  the  Bark 
of  the  Horse-chestnut "  (*'  Quart.  Journal  Chem.  Soc  toL  ii.,  p.  20).  I  consider  either 
of  the  two  points  of  difference  I  have  mentioned  sufficient  by  itself  to  establish  the 
non-identity  of  munjistine  and  mbiacine." 

'Tbepurporine  imich  I  succeeded  in  extracting  from  mnnjeet  and  in  pnriiying 
team  mnigistine  in  the  way  already  described,  formed  beautiiU  dark  crimson  needles 
having  aU  the  usual  properties  of  that  substance.  When  examined  by  Professor 
Stokes,  they  gave  the  Teiy  characteristic  spectra  of  purpurine. 

'  Tinctortal  Poaer  of  Muiyiitine  and  Munjeet. — Professor  Runge  stated  in  1885  that 
muqjeet  contained  twice  as  much  available  colouring-matter  as  the  beet  Avignon 
madder.  This  result  was  so  unexpected,  that  the  Prussian  Society  for  the  Encourage- 
ment of  HannfiictaTes,  to  whom  Professor  Runge's  memoir  was  originally  addressed, 
referred  the  matter  to  three  eminent  Qerman  dyers,  Messrs.  Dannenbergcr,  Bohn,  and 
KobiUng.  These  gentlemen  reported,  as  the  result  of  numerous  and  carefully  con- 
ducted experiments,  that  so  far  Arom  mnnjeet  being  richer  in  colouring-matter  than 
ordinary  madder,  it  contained  considerably  less.  This  conclusion  has  been  confirmed 
by  the  experience  of  my  friend  Hr.  John  Thorn,  of  Birkacre  near  Chorley,  one  of  the 
most  skilfiil  of  the  Lancashire  printers. 

'  From  a  numerous  series  of  experiments  I  have  just  completed,  I  find  that  the 
garandna  firam  munjeet  has  about  half  the  tinctoral  power  of  the  garandne  made 
from  tibe  best  madder,  vis.  Naples  roots.  These,  however,  yield  only  about  30  to  33 
per  cent,  of  garandne,  while  muigeet,  according  to  my  friend  Hr.  Higgin  of 
Mandiester,  yields  fhnn  62  to  fi5  per  cent.  Taking  the  present  prices,  therefore,  of 
madder  at  36  shillings  per  cwt.  and  munjeet  at  30  shillings,  it  will  be  found  that 
there  will  be  scarcely  any  pecnniary  advantage  in  using  munjeet  for  ordinary 
madder-dyeing.  The  colours  &om  mni\jeet  are  certainly  brighter,  but  not  so  durable 
OS  those  &om  madder,  owing  to  the  substitution  of  purpurine  for  alizarine.  There  is, 
howerer,  gnat  reason  to  believe  that  some  of  the  Turkey-red  dyers  are  employing 
garandne  from  munjeet  to  a  considerable  extent.  When  this  is  the  case  they 
evidently  sacrifice  fiutness  to  brilliancy  of  colour.  By  treating  such  a  garandne  wiu 
boiling  water,  and  precipitating  by  an  add  in  the  way  already  described,  its  sophisti- , 
cation  with  miu^eet  may  very  readily  be  detected.  The  actual  amount  of  colouring- 
matter  in  munjeet  and  the  best  madder  is  very  nearly  the  same ;  but  the  inferiority 
of  mnnjeet  as  a  dye-stuff  results  from  its  containing  only  the  comparatively  feeble 
colouring-matters,  purpurine  and  munjistino,  a  small  portion  of  the  latter  being  usefil, 
whilst  the  presence  of  munjistine  in  Uuge  quantities  appears  to  be  poatively  injurious. 
So  mudl  is  this  the  case  that  when  the  greater  part  of  the  mui^istine  is  removed  from 
muigeet-garandne  by  boiling  water,  it  yields  much  richer  shades  with  alumina  mor- 
danta  thwi  beftwfe.'  ' 

MUJi'lVS  BHTAXi  A  bcasa  composed  generally  of  40  parts  of  zino  to  60  of 
copper.  These  proportions  may  be  somewhat  varied,  but  the  above  are  commonly 
regarded  as  the  most  favourable  fur  rolling  into  sheets.  The  metal  being  properly 
melted  is  cast  into  ingots,  heated  to  a  red  heat,  and  rolled  into  sheathing,  andT  worked 
into  ship's  bolts  at  that  heat.  It  will  not  work  well  at  a  lower  heat.  This  metal 
was  originally  patented  by  the  late  O.  F.  Munts,  of  Birmingham,  in  183S.  It  has  to 
a  large  extent  superseded  the  use  of  copper  sheathing,  as  being  cheaper,  and  at  the 
game  time  keeping  the  ships'  bottoms  deaner. 

mnmc.    Ttaa  genus,  belonging  to  the  Hollusca,  contains  manybeautifiil  shells, 
from  which  the  Tyrianpurple  of  the  ancients  was  probably  obtained. 
msaX&SB.    The  purpuric  add  of  Front. 

mmaziBa.  a^-PttrfurateofjImmoHia.  C'H'KH)"  (cnraro*).  Murex- 
ide  is  one  of  those  substances  which,  although  investigated  by  many  chemists  of  great 
reputation,  has  long  been  regarded  as  of  uncertain  constitution.  This  is  the  more 
remarkable  from  the  fact  that,  owing  to  its  extreme  beauty  it  has  always  attracted  a 
large  amount  of  attention.  It  is  invariably  formed  when  the  product  of  the  action  of 
moderately  strong  nitric  add  on  uiic  add  is  treated  with  ammonia.  This  process, 
however,  is  rather  valuable  as  a  test  of  the  presence  of  uric  acid  than  as  a  method  of 
procuring  murexide.  Dr.  Gregory  who  has  given  much  attention  to  the  best  meUiods 
of  preparing  the  substance  in  question,  has  published  the  following  formula  for  work- 
ing on  the  small  scale :  — '  Four  grains  of  alloxantine  and  seven  grains  of  hydi»t«d 
ailosan  are  dissolved  together  in  naif  an  ounce  by  nMamre  of  water  by  bdling,  and  the 
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hot  solntion  is  added  to  on«-sizth  of  an  onnce  by  mdaflore  of  a  aatmated  or  nearly 
ntnrated  solution  of  carbonate  of  ammonia,  the  latter  being  cold.  This  mixture  has 
exactly  the  proper  temperature  f  cv  the  formation  of  mnrexide ;  and  it  does  not, 
owing  to  its  small  bnlk,  remain  too  long  hot.  It  instantly  becomes  intensely  pnrple, 
while  carbonic  add  is  expelled ;  and  as  soon  as  it  begins  to  cool  the  beantiful  green 
and  metallic-looldng  crystals  of  mnrexide  begin  to  appear.  As  soon  as  the  liquid 
in  eold,  these  may  'be  collected,  washed  with  a  little  cold  water,  and  dried  on  filtenng- 
I»per.' 

The  analyses  of  mnrexide  are  rather  discordant,  the  carbon  in  all  of  them  being  in 
excess.  This  arises  from  the  rery  laige  amount  of  nitrogen  present,  a  certain  porUon 
becoming  acidified  passes  into  the  potash  apparatus,  causing  an  nndne  increase  in  its 
weight     The  following  are  the  principal  analyses : — 


Carbon 
Nitrogen 
Hydr^jen     . 
Oxygen 

Llebig  and  wahlar 

Llebig 

Fritzsche 

BdWein 

Cafcnlatlon 

3408 

32-90 

3-00 

3002 

34-40 

31-80 

300 

30-80 

34-93 

30-80 

2-83 

31-44 

31-18 

30-3S 

3-11 

82-36 

C«  33-80 
N«   29-68 
H»     2-82 
0"  83-80 

There  appears  no  doubt  whatever  that  the  formula  C'*N'H'0"  represents  its  tme 
composition.  Murexide  is  formed  when  uramile,  mnrexane,  or  dialuramide,  as  it  is 
sometimes  called,  is  boiled  with  peroxide  of  mercury.  Dr.  Gregory  regarded  murezane 
as  a  separate  substance,  and  as  identical  with  porpuric  acid ;  he  also  considered 
CN'H'O'  as  its  probable  formula.  This  appears  from  more  recent  researches  to  be 
incorrect,  as  murezane  is  doubtless  the  same  substance  as  uramile,  while  purpuric  acid, 
which  is  bibasic,  is  represented  by  the  formula  0"H'N*0".  The  formulie  above  given 
for  murexide  and  uramile  renders  the  reaction  of  peroxide  of  mercoiy  with  the  latter 
easily  intelligible ;  it  is,  in  foct,  a  very  simple  case  of  oxidation,  thus : — 

SC'N'HK)'  +  20  -C'^'H'O"  +  2H0    (CrtrH»0«  +  OsCITSHM  +  H»0). 


TTramlle. 


Uurexide. 


The  limits  of  this  work  preclude  any  further  notice  of  the  scientific  relations  of 
mnrexide,  but  it  is  necessary  that  we  should  consider  it  in  its  character  as  a  dye-stuff. 
It  has  been  found  that  murexide  forms  a  series  of  beautiful  compounds  with  certain 
metallic  oxides,  more  especially  lend  and  mercury,  and  these  compounds  have  been 
employed  to  a  very  large  extent  in  the  dyeing,  and  more  especially  printing,  of  cotton 
goods.  It  is  plain  that  if  uric  acid  were  only  obtainable  from  the  urine  of  serpents  or 
the  sediments  from  the  urine  of  mammalia,  it  could  never  be  made  use  of  in  the  arts. 
It  happens,  however,  that  the  solid  urine  of  birds  contains  it  in  large  quantity,  and 
since  we  have  become  acquainted  with  the  vast  deposits  of  guano  existing  in  various 
parts  of  the  globe,  the  manu&cture  of  mnrexide  has  been  carried  out  on  a  scale  which 
would,  a  few  years  ago,  have  appeared  impossible.  We  must,  in  order  to  be  clear, 
divide  the  process  into  two  parts :  one  being  the  preparation  of  uric  acid  from  gtiano, 
the  other  the  conversion  of  the  acid  into  murexide. 

Preparation  of  Uric  Ami  from  Ouano. — In  order  to  get  rid,  as'mnch  as  possible,  of 
the  impurities  contained  in  the  guano,  it  is  in  the  first  place  to  be  treated  with  muriatic 
acid,  which  will  remove  carbonate  and  oxalate  of  ammonia,  carbonate  and  phosphate  of 
lime,  and  ammonio-magnesian  phosphate.  The  uric  acid  will  also  be  liberated  from 
the  substances  with  which  it  may  be  in  combination.  The  operation  may  be  per- 
formed in  a  leaden  vessel,  heated  with  a  leaden  coil,  through  which  steam  passes.  It 
is  essential  to  success  that  the  guano  be  added  slowly,  otherwise  the  violent  effer- 
vescence, which  is  caused  by  the  decomposition  of  the  carbonates  by  the  acid,  would 
cause  the  liquid  to  escape  &om  the  vessel.  The  mixture  of  guano  and  muriatic  acid 
is  then  to  be  heated  for  an  hour,  after  which  it  may  be  run  off  into  tubs  to  be  washed 
with  water  by  decantation.  The  first  washings  contain  a  large  quantity  of  ammonia 
in  the  state  of  sal-ammoniac ;  it  shoidd  be  worked  up  in  some  way,  in  order  to  prevent 
tlie  loss  of  so  valuable  a  salt.  As  soon  as  the  residne  of  the  guano  is  sufficiently 
washed  it  may  be  transferred  to  cloth  filters  and  allowed  to  drain.  The  residue  from 
the  action  of  muriatic  acid  upon  200  Um.  of  guano  can  now  be  treated  by  Braim's  process 
for  the  extraction  of  the  nnc  acid,  It  is  to  be  placed  in  a  copper  boiler  of  sufficient 
capacity,  and  boiled  for  an  hour  with  8  lbs.  of  caustic  soda  and  120  gallons  of  water. 
It  must  be  constantly  stirred.  Two  or  three  pounds  of  quicklime  are  now  to  be  slaked, 
enough  water  is  then  to  be  added  to  make  the  whole  into  a  thin  paste,  which  is  ta  be 
poured  into  the  mixture  of  caustic  soda  and  guano  residue.    Aiter  a  quarter  of  an 
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hoar's  boiling  tbe  fire  is  to  be  removed,  and  the  wliole  allowed  to  repose  until  dear. 
The  bright  liquid  having  been  syphoned  off  firom  the  residue,  the  latter  is  to  be  treated 
-with  120  gallons  more  water  and  6  lbs.  of  soda ;  2  lbs.  of  slaked  lime  are  also  to  be 
added  in  the  same  manner  as  in  the  first  operation.  The  lime  is  for  the  purpose  ot 
removing  extractive  matter,  and  it  has  been  found  Uiat  it  does  not  do  to  use  it  in  any 
other  manner  than  that  described.  If  the  soda  and  lime  be  allowed  to  react  upon  the 
gruano  residue  at  the  same  time,  nrato  of  lime  is  formed,  which,  owing  to  it*  compara- 
tive insolubility,  causes  much  trouble  in  the  subsequent  operations. 

The  two  alkaline  fluids  containing  the  nrato  of  soda  are  to  be  precipitated  while 
warm  by  a  moderate  excess  of  hydrochlorio  acid.  The  precipitated  uric  acid  is  then 
to  bo  washed  with  water  and  dried. 

Conversion  of  tFria  Acid  into  Mwreaide  by  Bramiit  AvoMt.— In  the  first  place  a 
ver^  large  bath  of  cold  water  must  be  provided,  haying  a  number  of  earthenware 
basins  floating  upon  it.  Into  each  of  these  basins  2Jth  lbs.  of  nitric  add  are  to  be 
poured,  the  strength  of  the  acid  being  36°  Beaum&  One  pound  and  three  quarters 
of  the  uric  acid,  prepared  as  above,  is  now  to  be  added  by  very  small  quantities  at  a 
time.  If  the  temperature  rises  above  00°  F.  the  whole  is  to  be  allowed  to  cool  before 
adding  any  more  uric  acid.  If  the  water  in  the  bath  be  so  cold  that  the  temperature 
Mis  so  lew  as  to  stop  the  reaction,  it  may  be  set  up  again  by  adding  warm  water  to 
the  bath,  or,  more  conveniently,  by  sending  some  steam  into  it  for  a  short  time.  At 
first  the  uric  acid  need  only  be  added  to  the  nitric  acid  by  sprinkling  it  on  the  surface ; 
towards  the  end  of  the  operation,  when  the  nitric  add  has  become  enfeebled,  it  is 
necessary  to  stir  it  in.  The  quantity  of  mixture  contained  in  two  basins  is  now  to  bo 
placed  in  an  enamelled  iron  pot  on  a  sand-bath.  As  the  heat  increases  the  fluid  will 
boil  u{>  in  the  pot,  and  to  prevent  loss  the  vessel  must  be  removed  from  the  fire  for  a 
short  time.  The  heating  is  to  be  repeated  in  this  manner  until  the  temperature  rises 
to  248°  F.,  and,  after  removing  the  pot  to  the  coolest  part  of  the  sand-bath,  half  a 
pound  of  liquid  ammonia  is  to  be  stirred  in  quickly.  In  a  few  minutes  the  whole  is 
converted  into  what  is  called  in  commerce  by  the  name  of  iturexide  en  p&te.  To 
convert  this  into  the  purer  product  known  as  Murtxide  en  poudre,  it  is  to  be  repeatedly 
stirred  up  with  water  and  f^tered,  to  remove  the  saline  and  extractive  matters. 

In  dyeing  cotton  by  means  of  murexide,  it  is  necessary  to  nse  lead  and  mercury  as 
mordanto.  Lauth's  process  consiste  in  fixing  oxide  of  lead  upon  the  fibre  by  first 
immersing  it  in  a  bath  of  acetete  of  lead,  and  then  in  ammonia,  or  by  a  bath  of  oxide 
of  lead  and  lime.  The  dye  is  then  mixed  with  pemitrate  or  perchloride  of  mereuiy 
and  a  little  acetate  of  soda,  and  the  cotton  goods  are  worked  in  it  for  a  suffident  time. 

For  printing,  the  murexide  is  mixed  wiu  thickened  nitrate  of  lead,  and  the  cloth 
after  printing  is  dried  and  subsequently  passed  through  a  bath,  containing  1 00  litres  of 
water,  1  kilogramme  of  corroeive  sublimate,  and  1  kilogramme  of  acetate  of  soda. 

In  Sagar  and  Schults's  patent  piooees  they  pad  the  cotton  goods  in  a  solution  of 
murexide  with  6  pounds  of  nitrate  of  Irad  in  6  gallons  of  water,  to  which  when  cold 
6  ounces  of  corrosive  sublimate,  dissolved  in  2  gtdlons  of  water,  are  added.  The  goods 
are  dried  after  dyeing  in  the  above  solution,  and  the  colour  is  fixed  by  again  padding 
in  a  solution  of  wheaten  starch,  gam,  gnm-substitnte,  or  any  similar  substance. 

Silk  may  easily  be  dyed  in  a  bath  of  murexide  mixed  with  conoeive  sublimate. 
Wool,  after  being  well  washed  and  rinsed,  is  to  be  dyed  in  a  strong  bath  of  murexide, 
and  then  dried.  It  is  after  this  to  betxeated,atatemperatnreof  104°tol22°F.,  with 
a  bath  containing  60  grammes  of  corrosive  sablimato,  7S  grammes  of  acetate  of  soda, 
and  10  litres  of  water.— C.  G.  W. 

Hurexide  has  now  so  completely  esteblished  its  place  in  the  arts,  that  the  following 
notice  of  it  by  Sr.  HoAnann  in  his  Beport  on  the  Chemical  Section  of  the  Exhibition 
of  1862,  forms  a  very  appropriate  addendum  to  Mr.  Qreville  Williams'  notice. 

Hitiorical  ^o^tM.— Since  the  year  1861  there  has  appeared  on  the  chemical  horizon 
a  rare  and  beautiful  substence,  formerly  looked  upon  as  a  laboratoiy  curiosity,  n 
product  to  be  admired  for  its  brilliant  metallic  lustre,  and  for  the  elegance  of  ite 
delicate  cr^tels,  but  not  otherwise  importent.  In  consequence,  however,  of  the 
application  it  found  in  the  dydng  and  printing  of  fabrics,  it  suddenly  sprang  into  great 
request,  and  was  prepared  in  extremely  large  quantities.  This  substence  is  murexide, 
first  noticed  by  Frout,  but  obteined  in  the  stete  of  purity,  anal^ed,  and  described  by 
MM.  Liebi^  and  Wohler,  in  the  admirable  paper  on  Uric  Acid  and  ite  derivatives. 
It  was  destined,  however,  to  have  but  a  brief  celebrity.  After  having  shone  for  some 
time  with  great  Instre,  it  was  suddenly  eclipsed  by  even  more  resplendent  rivals — 
tlie  gorgeous  crimsons,  purples,  and  violete  derived  from  aniline  and  ite  homologues. 
Nevertheless,  murexide  deserves,  for  more  than  one  reason,  our  serious  attention ; 
indeed,  it  would  be  difficult  to  mention  a  substence  whose  history  is  more  instructive. 
Certainly  the  resources  of  modem  chemistry  were  never  more  admirably  illustrated 
tiian  in  the  promptness  with  which  the  sudden  demand  for  murexide  wm  met ;  and 
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an  operation,  delicate  and  complex,  even  as  a  laboTatorr  pioceas,  made  available  on 
an  iudnstrial  scale.  Those  who  had  only  seen  murezide  adorning  as  a  rarity  the 
shelves  of  a  mnsenm,  might  well  be  astonished  when  they  fonnd  it  by  hnndredweighta 
in  the  market,  nearly  equalling  in  purity  the  laboratMfy  product  itself,  and  sold  at  a 
price  almost  incredibly  low. 

The  reporter  had  the  good  fortune  to  be  a  student  in  Professor  Liebiifs  laboratory 
at  the  time,  when,  together  with  Professor  Wohler,  he  carried  on  those  researches  upon 
uric  acid  which  became  celebrated  for  the  brilliant  light  they  threw  upon  the  nature 
and  composition  of  murexide.  He  has  thus  had  many  opportunities  of  witnessing  the 
difficulties  which  arose  in  the  preparation  of  the  substance ;  and  he  can  record,  as  he 
shared,  the  triumph  which  the  whole  labocatoiy  felt  when  a  few  grammes  of  it  were 
first  obtained  in  a  state  of  purity. 

Mnrezide  has  the  formula  C'H'N'O*,  and  has  been  considered  by  some  as  pur- 
pnrateof  ammoninm.  The  acid  of  this  salt  cannot,  however,  be  isolated.  As  soon  as 
It  is  set  free  by  means  <^  a  stronger  add,  it  is  immediately  decomposed  into  other 
jooducts,  mnrezan,  alloxan,  &c. 

Prtparation  of  Murexide. — The  preparation  of  murexide  involves  two  distinct 
operations,  vis. : — 1.  The  extraction  and  purification  of  uric  add.  2.  The  transfor- 
mation of  uric  add  into  mnrezide. 

Source*  of  Uric  Jcid. — Uric  acid  is  fonnd  in  the  excrements  of  serpents  and  birds, 
and  in  pwno,  as  orate  of  ammonium.  The  excrements  of  serpents  contain  almost 
pure  unc  add,  partly  combined  with  ammonium,  partly  free.  The  supply  of  these 
materials  is,  however,  too  limited  to  serve  for  any  other  than  laboratory  experiments. 

Almost  all  the  nric  add  used  in  the  arts  is  derived  from  guano.  According  to  the 
process  patented  by  Mr.  Brooman,  the  guano  is  extracted  by  means  of  hot  dilate 
hydrochloric  acid,  which  dissolves  out  Uie  carbonates,  oxalates,  and  phosphates  of 
ammonium,  calcium,  magnesium,  &c  The  insoluble  residue  consists  of  uric  add, 
mixed  with  sand,  clay,  sulphate  of  caldum,  albumen,  mncns,  &c  It  is  treated  with 
fresh  quantatiee  of  hot  hydrochloric  add,  washed,  drained,  and  dried.  It  may  then 
be  em^kijtA.  directly  for  the  preparation  of  murexide. 

But  if  a  pnrer  unc  add  be  required,  it  may  be  obtained  by  dissolving  the  crude  acid 
in  a  boiling  solution  of  dilute  caustic  potash,  and  predpitating  the  dear  solution  with 
an  acid.  The  urio  add  is  thus  obtained  almost  pure,  and  may  be  filtered,  washed, 
and  dried. 

The  uric  add  can  also  be  dissolved  in  rather  concentrated  sulphuric  add,  heated  to 
idP  to  80°  C,  and  then  predpitated  by  the  addition  of  water,  filtered,  washed,  and 
dried.     100  parts  of  good  guano  yield  from  two  and  a  half  to  three  parts  of  uric  add. 

TVan^ormation  of  Urie  Acid  into  Murexide. — ^For  this  purpose  the  nric  add  is  first 
^ssolved  in  cold  nitric  add,  which  is  placed,  for  this  purpose,  in  earthenware  pots  of 
from  four  to  five  litres  capacity,  and  has  the  urio  add  giadoally  added  to  it  in  small 
quantities ;  each  portion  being  allowed  to  dissolve  entirely  before  a  fresh  quantity  is 
introdnced. 

This  operation  takes  from  ten  to  twelve  hours,  and  jields  a  dark  brown  liquid, 
consisting  chiefiy  of  nitrate  of  urea,  alloxan,  and  allozantine.  These  last  two  substances 
frequently  form  a  crystalline  crust  on  the  surface  of  the  liquid,  and  their  simultaneous 
presence  forms  one  of  the  most  fovonrable  conditions  for  the  abundant  formation  of 
murezide. 

The  liquid  thus  obtained  is  treated  in  one  or  other  of  the  two  following  mode* : — 

1.  When  it  is  desired  to  obtain  pmpnrateof  sodium,  it  is  simply  dilated  with  water, 
mixed  with  carbonate  of  sodium,  and  heated. 

2.  When,  on  the  other  hand,  pnrpuiate  of  ammonium,  or  mnieodde  b  required, 
carbonate  of  ammonium  is  added. 

The  liquid  thus  obtained  is  evaporated  in  glazed  vessels  of  condderable  rase,  care 
being  taken  not  to  raise  the  temperature  beyond  80°  C,  and  not  to  operate  npon  too 
much  liquid  at  one  time.  In  proportion  as  the  liquid  becomes  mors  concentrated  and 
pasty,  ammonia,  set  free  by  the  decomposition  of  the  nitrate  of  urea  or  urea  alone, 
reacts  in  its  nascent  condition,  npon  the  alloxan  and  allozantine,  and  forms  murexide, 
which  appears  on  cooling  as  a  brownish-red  or  violet  substance,  sometimes  of  a  greenish 
tint.    Tms  constitntes  the  purple  carmine  of  Mr.  Brooman. 

It  is,  however,  better  to  empl(nr  ammonia,  or  its  carbonate,  added  iniuMkU  quantities 
at  a  time  to  the  nitric  solution,  till  the  add  liquid  is  neutral  or  slightly  alkaline,  which 
reaction  it  should  permanently  retain.  This  liquid  is  then  heated  to  aboUt  60°  to  77° 
C,  and  yields,  on  cooling,  crystals  of  murexide.  The  mother-liquid  is  again  heated 
with  small  quantities  of  ammonia  and  cooled ;  Vhen  a  fr«sh  crop  of  crystals  ai  mnrende 
is  obtained. 

Cn/ttaUitei  Murexide. — During  the  last  few  years  the  dyers  and  printers^  have 
gradually  abandoned  the  use  of  pastes  of  mnzezide,  in  order  to  employ  it  solely  in  the 
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fiinn  of  eryttait.  Tfas  mannfacture  of  the  latter  has  been  brought  to  such  perfection 
that,  cTystallised  in  the  shape  of  magnificent  needles,  exquisitely  beantifiil  and  pare,  it 
has  come  into  commerce  at  very  reduced  prices. 

Statittiot  of  the  Manufacture. — We  may  form  an  idea  of  the  extent  of  this  mann- 
facture,  at  a  time  when  it  had  reached  its  culminating  point,  firom  a  statement  made 
by  Heesrs.  Schunch,  Angus  Smith,  and  Boscoe,  that  the  weekly  yield  of  murexide  of 
one  factory  only — that  of  Mr.  Kumney  of  Manchester — amounted  to  no  less  than 
twelve  cwts.,  a  quantity  in  the  production  of  which,  it  is  asserted,  about  twelve  tons 
of  guano  were  consumed.  The  cost  of  murexide  in  paste  was  originally  80s.  per  lb., 
but  it  has  gradually  fallen  to  half  that  price. 

bopurpurate  of  Ammonium. — According  to  a  private  communication  from  H.  E. 
Kopp,  the  isopurpiirato  of  ammonium  of  M.  Hlasiwetz,  a  product  obtained  by  the 
reaction  of  cyanide  of  potassium  upon  picric  add,  is  not  only  isomeric  but  identical 
with  the  murexide  obtained  from  uric  add.  M.  Kopp  bases  his  opinion  upon  the 
fact  that  in  dyeing  wool  and  silk  with  murexide  the  same  processes  ore  requisite,  and 
give  the  same  results,  whether  the  murexide  employed  be  ptepared  from  picric  add 
or  from  uric  add.  The  dyed  stuflSi  thus  produced  exhibit  no  greater  dilEferences  of 
hoe  than  may  be  observed  in  fabrics  dyed  Dy  means  of  aniline  nds  of  different  pre- 
parations. The  manufacture  of  murexide  by  means  of  picric  add  and  cyanide  of 
potassiom  is  extremely  simple.  To  a  hot  saturated  solution  of  the  cyanide  is  added 
a  solution  of  picric  add  (one  part  dissolved  in  seven  or  dght  parts  of  boiling  water), 
and  the  mixture  allowed  to  boil  for  some  time.  On  cooling  it  deposits  a  crystalline 
mass  consisting  diiefly  of  impure  purpurate  of  potassium.  By  filtering  and  squeezing 
throagh  linen,  redissolving  the  crystalline  mass  in  hot  water,  and  adding  carbonate 
of  potassium  to  the  filtrate,  the  salt  is  reprecipitated :  purpurate  of  potassium  is  thus 
obtained,  this  salt  bdng  but  slightly  soluble  in  tiie  alkaline  liquid.  This  predpitate 
is  filtered  dS,  pressed  and  redissolved  in  hot  water ;  sal-ammoniac  is  then  aidded, 
and  on  cooling,  beautiful  crystals  of  murexide  are  obtained. 

Mmresiie  Dydmg  and  Printing. — The  first  conception  of  the  industrial  application 
of  murexide  appears  to  belong  to  Dr.  Saac,  formerly  of  Weeserling,  Haut  Rhin,  now 
of  Barcelona ;  the  processes  for  dyeing  wool  and  silk  by  murexide  is  due  to  M. 
Depouilly ;  the  methods  for  printing  with  tiiis  material  upon  cotton  ware  devised  by 
M.  Ch.  Lanth,  who  employs  as  mordants  chiefly  the  salts  of  mercury,  lead,  and  zinc. 

In  order  to  dye  silk  purple,  separate  aqueous  solutions  of  murexide  and  of  corrosive 
sublimate  are  prepared,  containing  respectively  about  five  per  cent  of  colouring 
matter  and  of  salt  The  solution  of  murexide  is  mixed  in  the  cold  with  a  certain 
quantity  of  the  sublimate,  and  the  mixture  is  addnlated  with  nitric  add.  In  this 
cold  bath  the  silk  is  agitated  until  the  desired  shade  of  colour  has  been  produced. 
Subsequent  immersion  in  a  sublimate  bath  containing  three  per  cent,  of  the  salt, 
imparts  to  the  colour  its  characteristic  freshness  and  brilliancy ;  qualities  in  which 
it  remained  without  a  rival  until  eclipsed  by  the  still  more  brilliant  and  more  easily- 
prepared  aniline  colours. 

la  order  to  dye  silk  of  a  brilliant  yellow,  a  salt  of  zinc  is  substituted  for  the  salt  of 
mercury,  the  rest  of  the  process  remaining  the  same.  When  the  fabrics  of  silk  have 
been  dyed,  they  are  passed  through  water  rendered  very  slightly  alkaline  by  means 
of  a  little  carbonate  of  sodium,  after  which  they  are  washed. 

Wool  may  be  dyed  with  murexide  in  different  ways,  either  by  using  the  corronve- 
snblimate  bath  first  and  then  applying  the  murexide ;  or,  by  first  immersing  the 
fiibric  in  the  murexide  bath,  and  afterwards  fixing  the  colour,  by  passing  the  web 
through  water  and  a  hot  bath  of  corrosive  sublimate  to  which  a  little  acetate  of 
sodium  has  been  added.  Sometimes  a  certain  quantity  of  nitrate  of  lead  is  added  to 
the  murexide  bath,  in  order  to  fndlitate  the  fixing  of  Uie  colouring-matter. 

In  order  to  produce  rose-coloured  or  purple  tints  by  murexide  upon  cotton,  nitrsito 
of  lead  and  murexide  are  dissolved  together  in  water. 

The  printed  cloth  is  first  suspended  in  a  damp  room,  then  introduced  into  a  room 
pervaded,  by  a  slight  ammoniocal  atmosphere,  which  assists  in  fixing  the  purpurate 
of  lead ;  and  lastly,  passed  through  a  corrosive-sublimate  batli,  oontnining  one  and  a 
half  per  cent,  of  «ilt,  to  fix  the  colour  firmly  on  the  fabric.  This  process  may  be 
conducted  in  various  ways,  but  must  always  be  based  upon  the  employment  of  nitrate 
of  lead  and  corrosive  sublimate. 

The  murexide  colours  are  very  fresh  and  brilliant,  and  may  be  exposed  to  the  light 
without  fkding.  They  are,  however,  excessively  sensitive  to  the  action  of  sulphurous 
acid,  which  tarnishes  and  discolours  them  with  extreme  rapidity.  This  drawback 
becomes  vary  serious  in  places  where  the  use  of  gas  has  become  general ;  since  in  the 
combustion  of  even  well-purified  coal-gas  there  is  always  enough  sulphurous  add 
generated  to  act  upon  fabrics  dyed  with  murexide. 

Although  the  manufacture  of  murexide  has  dwindled  to  a  mete  shadow  of  what  it 
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tra«  a  few  years  Bisee,  its  eailj  caner  will  alwsjs  be  remembered  as  one  of  the  most 
interestans;  and  instructiTe  episodes  in  the  chemioU  history  of  Golonring-matters. 

BnnUATaa  were,  till  the  great  chemical  era  of  Sir  H.  Davy's  researches  upon 
chlorine,  consider^  to  be  compotinds  of  an  nndecompounded  acid,  the  muriatic,  with 
the  different  bases ;  but  he  proved  them  to  be  in  reality  compounds  of  chlorine  with 
the  metals.  They  are  all,  however,  still  known  in  commerce  by  their  former  appella- 
tion. The  only  muriates  much  used  in  the  manufactures  are  muriate  qf  ammonia,  or 
Sai^Ajoiokuc  ;  and  muriate  of  tin,  for  which  see  CALico-PBcmNO  and  TiK. 

MUSZATIO  AOnka    See  Bydbochiabic  Acid. 

mnUiOas.    The  Plantain  family.    See  Banana. 

MUBOA'PMt  IWn.    A  rich  wine  of  Iianguedoc    See  Wnm. 

MUHCOVADkOu    The  unrefined  brown  sugar  of  commerce.     See  Sttoab. 

IKOSOOVXTa  <HUU8.    Mica  is  sometimes  so  called.    See  Mica. 

MUSK  (Mute,  Fr. ;  Motchua,  Ger.)  is  a  peculiar  aromatic  substance  found  in  a 
sac  between  the  navel  and  the  parts  of  generation  of  a  small  male  quadruped  of  the 
deer  kind,  called  by  Linnsens  Moechus  moiehiferut,  which  inhabits  Tonquin  and  Thibet. 
The  colour  of  musk  is  blackish-brown ;  it  is  lumpy  or  granular,  somewhat  like  dried 
blood,  with  which  substance,  indeed,  it  is  often  adulterated.  The  intensity  of  its  smell 
is  almost  the  only  criterion  of  its  genuineness.  When  thoroughly  dried  it  becomes 
nearly  scentless  ;  but  it  recovers  its  odour  when  slightly  moistened  with  water  of  am- 
monia. The  Tonquin  musk  is  most  esteemed.  It  comes  to  us  in  small  bags  covered 
with  a  reddish-brown  hair ;  the  bag  of  the  Thibet  musk  is  covered  with  a  silver-grey 
hair. 

The  musk  dear,  from  the  male  of  which  animal  species  the  bag  containing  this 
valuable  drug  is  obtained,  is  a  native  of  the  mountainous  Kirgesian  and  Langorian 
steppes  of  the  Altai,  on  the  river  Irtish,  extending  eastwards  as  far  as  the  river  Yenesei 
and  Lake  Baikal ;  and  generally  of  the  mountains  of  Eastern  Asia,  between  80°  and 
S0°  of  N.  lat.  There  are  three  kinds  of  musk  known  in  the  London  market,  which 
is  in  truth  the  great  centre  of  the  musk  trade.  The  Cabcardieu,  or  Bmsian  mink, 
which  is  rarely,  if  ever,  adulterated;  from  its  poor  fragrance,  however,  it  does  not 
fetch  more  than  &>.  an  ounce  in  the  pod.  The  Asiam  muak  is  next  in  quality ;  it  is 
very  strong,  but  has  a  rank  smell ;  the  pods  are  very  large  and  irregular  in  shapes 
their  average  value  is  about  20«.  an  ounce.  The  Tonjmn  or  Claneae  musk  yields  the 
kind  mostly  prized  by  the  perfumer;  it  is  more  adulterated  than  either  of  the  former 
named,  but  nererthelees  realises  at  public  auction  an  average  of  SOe.  an  ounce  in  the 
pod. 

MUSUar  is  a  fine  cotton  fabric,  i^ch  is  worn  either  white,  dyed,  or  printed. 

To  render  it  and  other  fabrics  non-infiarnmahle.  This  very  important  inquiry  was 
committed  by  Professor  Gtraham,  at  the  desire  of  Her  Majesty,  to  the  care  of  Dr. 
Oppenheim  and  Mr.  Frederick  Versmann,  from  whose  report  the  following  important 
conclusions  have  been  abstracted.  After  naming  many  salts  found  to  be  useless  or 
nearly  so,  they  proceed : — '  With  regard  to  sulphate  of  ammonia,  the  cheapest  salt  of 
ammonia,  a  solution  containing  7  per  cent  of  the  crystals,  or  6'2  per  cent  of  anhy- 
drous salt  is  a  perfect  anti-flammable.  In  1839,  the  Bavarian  Embassy  at  Paris  caused 
M.  Chevalier  to  make  experiments  brfore  them  with  a  mixture  of  borax  and  sulphate 
of  ammonia,  as  recommended  by  Chevalier,  in  preference  to  the  sulphate  alone.  He 
thought  the  sulphate  would  lose  part  of  its  ammonia,  and  thereby  g^ve  rise  to  tiie 
action  of  sulphuric  acid  upon  the  fabric.  The  authors  say  that  they  now  have  kept 
for  six  months  whole  pieces  of  muslin  prepared  in  various  ways  with  this  salt,  some 
having  been  even  ironed ;  but  cannot  find  that  the  texture  was  in  the  least  degree 
weakened.  Chevalier's  mixture,  on  the  contrary,  became  injurious  to  the  fabric,  not 
only  at  temperatures  above  212°,  but  even  at  summer  heat;  and  this  can  easily  be 
explained,  because  he  did  not  actually  apply  sulphate  of  ammonia  and  borax,  but 
biborate  til  ammonia  and  sulphate  of  soda. 

Another  drawback  of  Chevalier's  mixture  is  the  roughness  which  it  |;ives  to  the 
fabric,  and  which  could  only  be  overcome  by  calendering  the  pieces,  while  sulphate 
of  ammonia  by  itself  has  not  this  effect.  The  use  of  this  salt  must  therefore  bo  strongly 
jecommended.  Of  all  the  salts  experimented  upon,  only  four  appear  to  be  applicable 
for  light  £ibrics.  These  salts  are — 1.  Phosphate  of  ammonia.  2.  The  mixture 
of  phosphate  of  ammonia  and  chloride  of  ammonium.  3.  Sulphate  of  ammonia. 
4.  'Tungstate  of  soda. 

The  sulphate  of  ammonia  is  by  far  the  cheapest  and  the  most  efficacious  salt,  and 
it  was  thmefoie  tried  on  a  large  scale.  Y^ole  pieces  of  muslin  (eight  to  sixteen  yards 
long)  were  finished,  and  then  dipped  into  a  solution  ccmtainin^  10  per  cent  <a  the 
salt  and  dried  in  the  hydro-extractor.  This  was  done  with  printed  mosUns,  as  well 
as  with  white  ones,  and  none  of  the  colour  gave  way,  with  the  sole  exception  of 
madder  purple,  whidi  became  pole.    But  even  this  change  might  be  avoided,  if  earn 
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be  taken  sot  to  expose  the  piece  while  wet  to  a  higher  than  oicliiuity  temperatnie^ 
Host  of  these  expenments  were  made  at  the  worlis  of  Mr.  Cnim  and  of  Mr.  Cochran. 
The  pieces  had  a  good  finish,  and  some  of  them  were  afterwards  submitted  to  Her 
Majesty  for  inspection,  who  was  pleased  to  express  her  satisfaction. 

Table  thowing  the  gmallest  pereentage  of  Balti  remtirtd  m  8oMiim,  for  rendering 
Mudin  Non-inflammable ;  A,  of  Orvstallised  ;'B,of  Jnhjfdrout  Salts.  Taelvi  tgnare 
incha  of  the  Mtuiin  employed  weigked  38-4  grame. 


Xomeof  8<Ut> 

A. 

« 

Senuurln 

CaosticBoda 

8 

6-2 

1 

Carbonate  of  sods 

27 

10 

>  Injurious  to  the  &bric8. 

Carbonate  of  potash    . 

12-6 

10 

J 

Bicarbonate  of  soda     . 

6 

6-4 

/Not    sufficiently   efficadous;   too 
\    volatile. 

Borax         .       .       .       . 

2d 

18-2 

/Destroys  the  fabrics  abore  212" 
\    Fahr. 

Silicate  of  soda  . 

... 

15-6 

f  Injures    the   appearance    of    the 
\     fabrics. 

Not  suffidently  efficacious. 
/A  concentrated  72  p.  c  solution  is 
\    insufficient. 

Phosphate  of  soda 

80 

32 

Snlphate  of  soda . 

... 

... 

Biaolphate  of  soda 
Sulphite  Ol  soda . 

20 
25 

18-5 
10-3 

j- Destroys  the  fabrics. 

r  Becommended  on  acoount  ofiltbeinff 

TungOaU  of  toda 

20 

16 

<      the  only  salt  not  interfering  with 
L     the  ironing  of  the  fabrics. 

Stannateof  soda. 

20 

15-9 

Injurious. 

Chloride  of  sodinm 

<>• 

•  .* 

\  Concentrated  solutions  are  insuffi- 

Chloride  of  potassium . 

... 

J      cient. 

Cyanide  of  potassium  . 

... 

10 

Foisonons. 

Sesquicarbonate  of  ammonia 

... 

... 

j-Not  ayaOable. 

Biborate  of  ammonia  . 

5* 

s'e 

Destroys  the  fabrics  above  212°. 

Phosphate  of  ammonia 

10 

Efficient  but  expensive. 

Phosp.  of  ammonia  and  soda 

15 

9-8 

/Expensive  and  scarcely  sufficiently 
\     ^cadous. 

Sulphate  qf  ammonia  . 

7 

6-2 

\    account  <if  it*  low  price. 

Sulphite  of  ammonia  . 
Chloride  of  ammonium 

10 

9 

Deliquescent. 

... 

25 

Not  sufficiently  efficacions. 

Iodide  of  ammonium   . 

•** 

6 

^ 

Bromide  of  ammonium 

... 

6 

■  Too  expensive. 

Urea 

••• 

^0 

Thouret's  mixture       .        . 

... 

12 

Effident,  but  expensive. 

Chloride  of  barium 

... 

50 

Not  sufficiently  efficacious. 

Chloride  of  calcium     . 

19-- 

10 

Deliquescent. 

Sulphate  of  magnesia  . 

!    50 

24-3 

Not  sufficiently  efficacious. 

Sulphate  of  alumina    . 

15 

7-7 

DestTOTs  the  fobric 
1  Not  efficacious  enough,  and  destroys 
J      the  fibric. 

Potash-fllnm 

33 

18 

Ammonia-alum 

25 

13 

Sulphate  of  iron  . 

54 

28-8 

Not  sufficiently  efficacions. 

Sulphate  of  copper 
Sulphate  of  cine  . 

18 
20 

10 
11-2 

Poisonous. 

Chloride  of  line  . 

8 

6-8 

Deliquescent. 

Protochlorideoftin     . 

5 

4-6 

Deliquescent. 

Protochloride  of  tin  and  am- 
monium .       .       .       . 

}• 

4-7 

/Becomes  yellow  when  exposed  to 
\     the  air. 

Pinksalt     .... 

7 

Iqnres  the  fabric. 

Mr.  0mm,  who  prepared  some  Amaen  with  phowhate  and  some  witb  sulphstA  of 
ammonia,  arrived  at  the  result,  tha^  with  the  phoaphate,  the  finish  is  chalky,  and  not 
transparent  enough,  whereas  the  finish  with  the  sulphate  is  suocessfiil. 

Dtning  the  space  of  six  months  none  of  the  fabrics  prepared  with  snlphate  of 
ammonia  changed  either  in  colour  or  in  texture;  it  nay  therefore  be  couriderad 
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as  an  established  fi^t  that  the  sulphate  of  .ammoBia  may  be  most  adTontageoiwly 
applied  in  the  finishing  of  mnslins  and  similar  highly  inflammable  fabrics. 

The  anthers  fait,  hawever,  the  necessity  of  inquiring  further  into  the  effect  which 
ironing  -would  hare  upon  febrics  thus  prepared ;  for  all  the  above-mentioned  salts, 
being  soluble  in  water,  require  to  be  renewed  after  the  prepared  &brics  hare  been 
washed. 

Now,  the  sulphate  of  ammonia  does  not  interfere  with  the  ironing  so  much  as  other 
salts  do,  because  a  comparatively  small  portion  is  required :  but  still,  the  difficulty  is 
unpleasant,  and  sometimes  a  prepared  piece,  after  being  ironed,  showed  brown  spots 
like  iron-moulds.  On  covering  the  iron  with  plates  of  zinc  or  brass,  these  spots  did 
not  appear ;  but  the  difficulty  still  existed,  and  a  white  precipitate  covering  the  plate 
showed  evidently  that  it  is  the  volatile  nature  of  the  rait  which  interferes  with  the 
process.  An  attempt  to  counteract  this  action  of  the  salt,  by  adding  wax  and  similar 
substances  to  the  starch,  remained  also  without  any  result. 

For  all  laundry  purposes  the  tungstate  of  soda  only  can  be  recommended.  This 
salt  offers  only  one  difficulty,  viz.,  the  formation  of  a  bitungstate,  of  little  solnbility, 
which  crystallises  &om  the  solution.  To  obtain  a  constant  solution  this  inconvenience 
must  be  surmounted ;  and  it  was  found  that  not  only  phosphoric  acid,  in  very  small 
proportion,  keeps  the  solution  in  its  original  state,  but  thiat  a  small  percentage  of 
phosphate  of  soda  has  the  same  effbct. 

The  best  way  of  preparing  a  solation  of  minimum  stren^  is  as  follows : — ^A  con- 
centrated neutral  solution  of  tungstate  of  soda  is  diluted  with  water  to  28°  Twaddle, 
and  then  mixed  with  3  per  cent  of  phosphate  of  soda.  This  solution  was  found  to 
keep,  and  to  answer  well ;  it  has  been  introduced  into  Her  Hajesty's  laundry,  where 
it  is  constantly  being  used. 

The  efibcts  of  the  soluble  salts  having  been  thus  compared,  a  few  remarks  are  neces- 
sary respecting  the  means  which  may  be  adopted  permanently  to  fix  anti-flammable 
expedients,  so  that  the  substances  prepared  may  bo  wetted  without  losing  the  property 
of  being  non-inflammable. 

Belying  upon  the  property  of  alumina  as  a  mordant,  we  tried  the  combination  of 
oi.ide  of  zinc  and  alumina,  obtained  by  mixing  solutions  nf  oxide  of  zinc  in  ammonia 
and  of  alumina  in  caustic  soda ;  but,  although  this  precipitate  protects  the  fibre,  it 
does  not  adhere  to  it  when  washed. 

The  oxychloride  of  antimony,  obtained  by  precipitation  from  an  add  solution  of 
chloride  of  antimony  by  water  mixed  only  with  a  little  ammonia,  is  a  good  anti-flam- 
mable, and  it  withstands  the  action  of  water,  but  not  that  of  soap  and  soda.  It  was 
not  found  that  the  solution  of  this  and  other  salts  in  muriatic  acid  injured  the  texture 
of  the  fabric  as  long  as  this  was  dried  at  an  ordinary  temperature. 

The  borate  and  phosphato  of  protoxide  of  tin  act  eCfectualiy,  if  precipitated  in  the 
fibre  from  concentrated  solutions  of  these  salts  in  muriatic  acid  by  ammonia ;  they 
withstand  the  influence  of  washing,  and  give  a  yellow  tinge  to  the  fabrics. 

The  same  remarks  apply  to  arsenate  of  tin.  The  stannates  of  lime  and  zino  pro- 
tect the  fabric,  but  do  not  withstand  the  action  of  soap  or  soda. 

The  oxides  of  tin  give  a  &vourabIe  result,  inasmuch  as  they  really  can  be  per- 
mnneutly  fixed ;  the  yellow  tinge,  however,  which  they  impart  to  the  fabrics  will 
always  confine  their  application  to  coarse  substances,  such  oscanras,  sail-clotli,  or  ropes. 

The  canvas  thus  prepared  must  be  dried  and  then  washed,  to  remove  the  excess  of 
precipitate.    Salt-water  does  not  remove  the  tin  from  the  canvas. 

A  piece  about  40  yards  in  length  has  been  prepared  by  order  of  the  Storekeeper- 
General  of  the  Boyal  Navy ;  but  it  was  found  to  have  lost  in  strength,  and  increased 
in  weight  too  much  to  allow  of  its  application. 

These  experiments,  however,  being  the  first  successful  attempts  permanently  to  fix 
some  anti-flammable  agents,  may  have  some  interest,  although  they  leave  but  little 
hope  that  the  result  of  fixing  anti-flammable  expedients  will  ever  be  obtained  without 
injuring  the  fabrics. 

By  determining  the  comparative  value,  and  ascertaining  the  difficulties  which  have 
prevented,  till  now,  the  general  use  of  protecting  agents,  the  authors  were  led  to 
exclude  a  number  of  salts  hitherto  proposed,  and  to  advocate  the  adoption  of  sul- 
phate of  ammonia,  and  of  tungstate  of  soda,  in  manufactories  of  light  fabrics,  and 
in  laundries. 

They  hope,  therefore,  that  the  general  introduction  of  these  salts  will  soon  greatly 
reduce  danger  and  loss  of  life  through  fire. 

WtnBSS&-BA3n>.    Thin  shelly  bands  occurring  in  the  coal-measures  are  called 
l>y  the  miners  mussol-band,  or  mussel-bind. 
WVST  is  the  sweet  juice  of  the  gmpe. 

anrSTA  PAATt  Hiinfto  cannamus.  A  vegetable  fibre,  much  used  in  Asia, 
See  Fibres, 
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(Mouiarde,  Fr. ;  Sa^f,  Ger.)  The  Siaapis  nigra,  at  eonunon  bUck 
mustard,  is  the  plant  which  yields  the  vell-knovn  seed  used  as  a  coDdiment  to  food. 
Floor  of  inastard  is  prepared  as  follows : — The  seeds  of  black  and  white  mosbud  are 
first  crushed  Iwtween  rollers  and  then  pounded  in  mortars.  The  poiuded  seeds  are 
tlien  sifted.  The  residue  in  the  sieves  is  called  dressings,  and  what  passes  through  is 
the  impure  flour  of  mustard,  which  by  a  second  sifting  yields  the  pore  flour.  Common 
mustard  is  adulterated  with  wheat-flour,  and  coloured  with  turmeric,  beiog  rendered 
hot  by  pod-pepper. 

Hiistard  consists  of: — 

Muroitie  aeid,  an  inodorous,  non-volatile,  bitter,  non-crystallisable  acid. 

Myrositie,  a  substance  in  many  respects  analogous  to  vegetable-albumen. 

Sinapisim,  white,  brilliant,  micaceous,  rolatile  ciystals. 

Oil  of  Mustard. — ^Volatile  oil  of  mustard  is  ccuourless  or  pale  yellow ;  it  haa  a 
penetrating  odour,  and  a  most  acrid  burning  tast«.  It  is  represented  by  the  formnU 
C"H'NS»ro<H'W»). 

Hxad  Oil  of  Mustard. — ^This  constitutes  28  per  cent  of  the  seeds.  It  has  a  faint 
odour  of  mustard,  and  a  mild  oily  taste. 

H.  Lenormnnd  gives  the  following  prescription  for  preparing  mustard  for  the  table. 
This  is  usually  termed  fVench  onwterti : — 

Witli  2  lbs.  of  very  fine  floor  of  mustard,  mix  }  an  oonca  of  each  of  the  following 
fresh  plants  :  parsley,  chervil,  celery,  and  tiragon  ;  along  with  a  clove  of  garlic,  and 
12  salt  anchovies,  all  well  minced.  The  whole  is  to  be  triturated  with  the  floor  of 
mustard  till  the  mixture  becomes  uniform.  A  little  grape-must  or  sugar  is  to  be 
added  to  gire  the  requisite  sweetness ;  then  1  oonce  of  salt,  with  sufficient  water  to 
form  a  thinnish  paste  by  rubbing  in  a  mortar.  With  this  paste  the  mostard-pots 
being  nearly  filled,  a  red-hot  poker  is  thrast  down  into  the  contents  of  each,  which  re- 
moves (it  is  said)  some  of  the  acrimony  of  the  mustard,  and  evaporates  a  littlo  water, 
so  as  to  make  room  for  pouring  a  little  vinegar  upon  the  surface  of  the  paste.  Such 
table-mustard  not  only  keeps  perfectly  well,  but  improves  with  age, 

nWWTAmP  Ot&.    See  Onjs. 

miTAVB  is  a  process  used  in  the  south  of  France  to  arrest  the  progress  of 
fermentation  in  the  must  of  the  grape,  it  consists  either  in  diSUsing  sulphurous 
acid,  from  burning  sulphur  matches,  m  the  cask  containing  the  must,  or  in  adding 
a  little  sulphide  (not  sulphate)  of  lime  to  it.  The  last  is  the  best  process.  See 
Fekubhtatiox. 

MU'rWOir  SVBT  is  much  used  in  leather  manufactories  for  tallowing  hides, 
Its  composition  is:  carbon  78-996,  hydrogen  11700,  oxygen  9-304. 

imticm  is  a  vegetable  principle  which  constitutes  ihim  20  to  80  per  cent, 
of  the  weight  of  bees'-wax,  being  the  residuum  from  the  solvent  action  of  alcohol 
upon  that  substance.  It  is  a  greyish-white  solid,  which  may  be  vaporised  almost 
without  alteration. 

BKTXSH  is  a  gum-resin,  which  occurs  in  tears  of  difbrent  sins ;  they  are  reddish- 
brown,  semi-transparent,  brittle,  of  a  shining  ^acture,  appear  as  if  greasy  under  the 
pestle ;  they  have  a  very  acrid  and  bitter  taste,  and  a  strong,  not  disagreeable,  smelt 
Notwithstanding  the  early  knowledge  of,  and  acquaintance  with  the  use  of  myrrh, 
we  had  no' accurate  account  of  the  tree  which  yields  it  until  the  return  of  Ehrenberg 
from  his  travels  with  Heinfrich  during  1820-25,  in  various  parts  of  Africa  and  Asia. 
He  brought  with  him  a  s}>ecimen  of  the  tree,  which  had  been  described  and  figured 
by  Neesvon  Esonbeck  under  the  name  of  Baltamodtndron  myrrka.  The  plant  is  first 
noticed  by  Alexander  Humboldt  in  1826. — Pereira. 

Myrrh  is  of  three  qualities : — The  first  quality,  Turkey  mi/rrh,  occurs  in  pieces  of 
irregular  form  and  of  various  sizes,  consisting  of  tears,  usually  covered  with  a  fine 
powder  or  dust.  The  second  qtiality,  East  India  myrrh,  is  imported  &om  the  East 
Indies  in  chests ;  it  consists  of  distinct  tears  or  grains,  which  are  ronnded  or  irregular, 
and  vary  in  size  from  that  of  a  pin's  head  to  a  pepper  com.  The  third  quality  is  also 
East  India  myrrh,  but  it  occurs  in  pieces  of  a  dark  colour,  and  whose  average  size  is 
that  of  a  walnut 

Hjrrh  flows  from  the  incisions  of  a  tree  which  grows  at  Gison,  on  the  borders  of 
Arabia  Felix.  The  tree  figured  by  Humboldt  is  considered  by  Lindley  as  identical 
with  the  Amyris  Kataf  of  ForskSl.  It  consists  of  resin  and  gum  in  proportions  stated 
by  Felletier  at  31  of  Uie  former  and  66  of  the  latter ;  but  by  Braconnot,  at  23  and  77. 
It  ia  used  only  in  medicine. 
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jr AO  ABAT  is  ft  term  derived  from  the  Spanisli  word  tiaear,  which  signifies  mother- 
of-pearl;  and  is  applied  to  a  pale  redcoloar,  with  an  orange  cast.  The  Naearat  of 
Fortngal,  or  Besetia,  is  a  crape  or  fine  linen  fabric,  dyed  fugitivel.v  of  the  above  tint, 
which  ladies  rub  npon  their  countennnces  to  give  them  a  roseate  hue.  The  Turks  of 
CoDstastinople  manufacture  the  briglitest  red  crapes  of  this  kind. 

VACXaovs.  (ii'aere,  Fr.)  A  term  applied  to  shells  and  minerals  which  have  a 
pearly  or  iridescent  lustre. 

VAOTAOXXa.    A  native  telluride  of  lead  containing  gold,  silver,  and  copper. 

MAXbB,  aCASWACma  or.  (Clou,  Fr.;  Nagel,  Ger.)  The  forging  of 
nails  was  till  of  late  years  a  handicraft  operation,  and  therefore  belonged  to  a  book  of 
trades  rather  than  to  a  dictionary  of  arts.  But  several  combinations  of  machinery 
have  been  recently  employed,  under  the  protection  of  patents,  for  making  these  useful 
implements,  with  little  or  no  aid  of  the  human  hand ;  and  these  deserve  to  be  noticed, 
on  account  both  of  their  ingenuity  and  importance. 

As  nails  are  objects  of  prodigious  consumption  in  building  their  block-houses,  the 
citizeus  of  the  United  States  very  early  tumeJ  their  mechanical  genius  to  good  account 
in  the  construction  of  various  machines  for  making  them.  So  long  since  as  the  year 
1810,  it  appears  the  Americans  possessed  a  machine  which  performed  the  cutting  and 
heading  at  one  operation,  with  such  rapidity  that  it  could  turn  out  upwards  of  100 
nails  per  minute.  '  Twenty  years  ago,'  says  the  secretary  of  the  State  of  Massa- 
chusetts, '  some  men,  then  unknown,  and  then  in  obscurity,  began  by  cutting  slices 
out  of  old  hoops,  and,  by  a  common  vice  griping  these  pieces,  headed .  them  with 
several  strokes  of  the  hammer.  .By  progressive  improvements  slitting-mills  were 
built,  and  the  shears  and  the  heading  tools  were  perfected ;  yet  much  labour  and 
expense  were  requisite  to  make  nails.  In  a  little  time  Jacob  Perkins,  Jonathan  Ellis, 
and  a  few  others,  put  into  execution  the  thought  of  cutting  and  of  heading  nails  by 
water-power ;  but,  being  more  intent  upon  their  machinery  than  upon  their  pecuniary 
affairs,  they  were  unable  to  prosecute  the  business.  At  different  b'mes  other  men 
have  spent  fortunes  in  improvements,  and  it  may  be  said  with  truth  that  more  than 
one  million  of  dollars  has  been  expended ;  but  at  length  these  joint  effiirts  are 
crowned  with  complete  success,  and  we  are  now  able  to  manufacture,  at  about  one- 
third  of  the  expense  that  wrought  nails  can  be  manufactured  for,  nails  which  are 
superior  to  them  for  at  least  three-fourths  of  the  purposes  to  which  nails  are  applied, 
and  for  most  of  those  purposes  they  are  full  as  goad.  The  machines  made  use  of  by 
Ordiome,  those  invented  by  Jonathan  £llis,  and  a  few  others,  present  very  fine 
specimens  of  American  genius. 

'  To  northern  carpenters  it  is  well  known  that  in  almost  all  instances  it  is  unneces- 
sary to  bore  a  hole  before  driving  a  cut  nail ;  all  that  is  requisite  is,  to  place  t^e  cutting 
edge  of  the  nail  across  the  grain  of  the  wood  ;  it  is  also  true  that  cut  nails  will  hold 
better  in  the  wood.  These  qualities  are,  in  some  rough  building  works,  worth  twenty 
per  cent,  of  the  value  of  the  article,  which  is  equal  to  the  whole  expense  of  manufac- 
turing. For  sheathing  and  drawing,  cut  nails  are  full  as  good  as  wrought  nails ;  only 
in  one  respect  are  the  best  wrought  nails  a  littie  superior  to  cut  nails,  and  that  is  where 
it  is  necessary  they  should  be  clenched.  The  mann&cture  of  cut  nails  was  bom  in 
our  countiy,  and  has  advanced,  within  its  bosom,  through  all  the  various  stages  of 
infancy  to  manhood ;  and  no  doubt  we  shall  soon  be  able,  by  receiving  proper  en- 
couragement, to  render  them  superior  to  wrought  nails  in  every  particular. 

'  The  principal  business  of  rolling  and  slitting-mills  is  rolling  nail  plates  ;  they  also 
serve  to  make  nail  rods,  hoops,  tires,  sheet  iron  and  sheet  copper.  In  this  State  we 
have  not  less  than  twelve. 

'  These  mills  could  roll  and  slit  7,000  tons  of  iron  a  year ;  they  now,  it  is  presumed, 
roll  and  slit  each  year  about  3,fi00  tons,  2,400  tons  of  which,  probably,  are  cut  up  into 
nails  and  brads,  of  such  a  quality  that  they  are  good  substitutes  for  hammered  nails,  and 
in  fact,  have  the  preference  with  most  people,  for  the  following  reasons ;  viz.  on  account 
of  the  sharp  comer  and  true  taper  with  which  cut  nails  are  formed  ;  they  may  be  driven 
into  harder  wood  without  bending  or  breaking,  or  haz.ird  of  splitting  the  wood,  by 
which  the  labour  of  boring  is  saved,  the  naU  one  way  being  of  the  saine  breadth  or 
thickness  from  head  to  point.' 

Since  the  year  1820,  numerous  patents  have  been  taken  out  in  this  conntiy  for  the 
manufacture  of  nails  by  machinery.    A  few  odly  of  these  can  be  noticed. 

The  first  nail  ^paratns  to  which  we  shall  advert  is  due  to  Dr.  Church ;  it  was 
patented  by  Hr,  'rhomas  Tyndall,  of  Birmingham,  in  Peoember  1827.    It  consists 
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of  two  parts:  the  first  is  a  mode  of  forming  nails,  and  the  shafts  of  screws,  by  pinehing 
or  pressing  ignited  rods  of  iron  between  indented  rollers ;  the  second  piodnces  the 
threads  on  the  shafts  of  the  screws  previoDslj  pressed.  The  metallic  rods,  by  being 
passed  between  a  pair  of  rollers,  are  mdely  shaped,  and  then  cut  asunder  between  a 
pair  of  shears ;  after  which  they  are  pointed  and  headed,  or  otherwise  brought  to  their 
finished  forms,  by  the  agency  of  dies  placed  in  a  reTolving  cylinder.  The  several 
parts  of  the  mechanism  are  worked  by  toothed  wheels,  cams,  and  lerers.  The  second 
part  of  Dr.  Church's  inrention  consists  of  a  mechanism  for  cutting  the  threads  of 
screws  to  any  degree  of  obliquity  or  form. 

Hr.  Edward  Hancome,  of  Skinner  Street,  London,  nail-manufacturer,  obtaihod  a 
patent  in  October  1828,  for  a  nail-making  machine,  of  which  a  brief  description  may 
give  a  conception  of  this  kind  of  manufacture.  Its  principles  are  similar  to  those  of 
Dr.  Church's  more  elaborate  apparatus. 

The  rods  or  bars  having  been  prepared  in  the  usual  way,  either  by  rolling  or  ham- 
mering, or  by  cutting  from  sheets  or  plates  of  iron,  called  slitting,  are  then  to  be  made 
red-hot,  and  in  that  state  passed  through  the  following  machine,  whereby  they  are  at 
once  cut  into  suitable  lengths,  pressed  into  wedge  forms  for  pointing  at  the  one  end, 
and  stamped  at  the  other  end  to  produce  the  head.  A  longitu£nal  view  of  Uie 
machine  is  shown  in  fig.  1544.  A  strong  iron  frame-work,  of  which  one  side  is 
shown  at  a  a,  supports  the  whole  of  the  mechanism,  i  is  a  table  capable  of  sliding  to 
and  fro  horizontally.  Upon  this  table  are  the  clamps,  which  lay  hold  of  the  sides  of 
the  rod  as  it  advances ;  as  also  the  shears  wbich  cut  the  rod  into  nail-lengths. 

These  clamps  or  holders  consist  of  a  Axed  piece  and  a  moveable  piece ;  the  latter 
being  brought  into  action  by  a  lever.  The  rod  or  bar  of  iron  shown  at  e,  having  been 
made  red-hot,  is  introduced  into  the  machine  by  sliding  it  forward  npon  the  table  b, 
when  the  table  is  in  its  most  advanced  position ;  rotatory  motion  is  then  given  to  the 
crank-shaft  d,  by  means  of  a  band  passing  round  the  rigger  pulley  «,  which  causes  the 
table  &  to  be  drawn  back  by  the  crank-rod/;  and  as  the  table  recedes,  the  horizontal 
lever  is  acted  upon,  which  closes  the  clamps.  By  these  means  the  clamps  take  fast 
hold  of  the  sides  of  the  heated  rod,  and  draw  it  forward,  when  the  moveable  chap  of 
the  shears,  also  acted  upon  by  a  lever,  slides  lateral^,  and  cuts  off  the  end  of  the  rod 
held  by  the  clamps :  the  piece  thus  separated  is  destmod  to  form  one  nail. 

134t 


Suppose  that  the  nail  placed  at  g,  having  been  thus  brought  into  the  machine  and 
cnt  o^is  held  between  clamps,  which  press  it  sideways  (these  clamps  are  not  visible 
in  this  view) ;  in  this  state  it  is  ready  to  be  headed  and  pointed. 

The  htader  is  a  steel  die  h,  which  is  to  be  pressed  up  against  the  end  of  the  nail  by 
a  cam,  >,  upon  the  crank-shait ;  which  cam  at  this  period  of  the  operation  acts  against 
the  end  of  a  rod  k,  forming  a  continuation  of  the  die  h,  and  forces  up  the  die,  thus 
compressing  the  metal  into  the  shape  of  a  nail-head. 

The  pointing  is  performed  by  two  rolling  snail-pieces  or  spirals  I,  I.  These  pieces 
are  somewhat  broader  than  the  breadtb  of  the  nail ;  they  turn  upon  axles  in  the  side 
frames.  As  the  table  b  advances,  the  racks  m,  on  the  edge  of  this  table,  take  into  the 
toothed  segments  n,  n,  upon  the  axles  of  the  spirals,  and  cause  them  to  turn  round. 

These  spiraU  pinch  the  nail  at  first  close  under  its  head  with  very  little  force ;  but 
as  tbey  turn  ronqd,  the  longer  radius  of  th«  spiral  comos  into  operation  upon  th« 
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nail,  ao  as  to  press  its  sabstanee  rerj  sizongly,  and  sqaeem  it  into  a  iredge  form. 
Thus  the  nail  is  completsd,  and  is  immediately  disdiarged  from  the  clamps  or 
holders.  The  carriage  is  then  mored  again  by  the  rotation  of  the  crank-shaft,  vhich 
brings  another  portion  of  the  rod  c,  forward,  cuts  it  oS,  and  then  forms  it  into  a  naiL 

Ih.  William  Church,  Febmary  1832,  obtained  a  patent  for  improvements  in 
maehineiy  for  making  nails.  These  consist,  fiist,  in  apparatus  for  forming  rods,  bars, 
or  plates  of  iron,  or  other  metals ;  secondly,  in  apparatus  for  converting  the  rods,  &0. 
into  nails.    The  machinery  consists  of  laminating  rollers,  and  compressing  dies. 

The  method  of  forming  the  rods  &om  irhich  nails  are  to  be  made  is  very  advan- 
tageous. It  consista  in  passing  the  bar  or  plate  iron  through  pressing  rollers,  irhich 
hare  indentations  upon  toe  peripheries  of  one  or  both  of  them,  so  as  to  form  the  bar 
or  plate  into  the  required  shape  for  the  rods,  which  may  be  afterwards  separated  into 
nxb  of  any  desired  breadth,  by  common  slitting-rollers. 

The  principal  object  of  rolling  the  rods  into  these  wedge  forms,  is  to  measure  out  a 
quantity  of  metal  duly  propoctioned  to  the  required  thickness  or  strength  of  the  nail 
in  its  several  parts ;  which  qnantity  corresponds  to  the  indentations  of  the  rollers. 

Thonuu  John  FtUler  patented  an  improved  apparatus  for  making  square-pointed, 
and  also  flat-pointed  nails.  Bis  invention  consisted  of  the  application  of  vertical 
and  horizontal  hammers  (monnted  in  his  machine)  combined  for  the  purpose  of 
tapering  and  forming  the  points  of  the  nails ;  which,  being  made  to  act  alternately, 
resemble  hand-work,  and  are  therefore  not  so  apt  to  injure  the  fibrous  texture  of  the 
iron,  as  the  rolling  machinery  is.    He  finishes  tiie  points  by  rollers. 

William  Bauthmood  Blocker  introduced  a  machine  apparently  of  American  parent- 
age, as  it  has  the  same  set  of  features  as  the  old  American  mechanisms  of  Perkins, 
at  the  Britannia  Nail  Works,  Birmingham,  and  all  the  other  American  machines  for 
pressing  metal  into  the  forms  of  nails,  pins,  screw-shafts,  rivets,  &c ;  for  example,  it 
possesses  pressers  or  hammers  for  squeezing  the  rods  of  metal  and  forming  the  shanks, 
which  are  all  worked  by  a  rotatory  action ;  cutters,  for  separating  the  appropriate 
lengths,  and  dies  for  forming  the  heads  by  compression,  also  actuated  by  revolving 
cams  or  cranks. 

Mr.  Stocker  intended,  in  &ct,  to  e&ct  the  same  sorts  of  operations  by  automatic 
mechanisms  as  are  usually  performed  by  the  hands  of  a  nail-maker  with  nis  hammer 
and  anvil ;  viz,  the  shaping  of  a  nail  from  a  heated  rod  of  iron,  cutting  it  off  at  the 
proper  length,  and  then  compressing  the  end  of  the  metal  into  Uie  form  of  the  head. 
His  machine  may  be  said  to  consist  of  two  parts,  connected  in  the  same  frame ;  the 
one  for  shaping  the  shank  of  the  nail,  the  other  for  cutting  it  off  and  heading  it.  The 
frame  consists  of  a  strong  table  to  bear  the  machinery.  Two  pairs  of  hammers, 
formed  as  levers,  the  one  pair  mads  to  approach  each  other  by  horizontal  movements, 
the  other  pair  by  vertical  movements,  are  the  implements  by  which  a  portion  at  the 
end  of  a  red-hot  rod  of  iron  is  beaten  or  pressed  into  the  wedge-like  shape  of  the  shaft 
of  a  naiL  Tiiis  having  been  done,  and  the  rod  being  still  hot,  is  withdrawn  from  the 
beaters,  and  placed  in  the  other  part  of  the  machine,  consisting  of  a  pair  of  jaws  like 
those  of  a  vice,  which  pinch  the  shank  of  the  nail  and  hold  it  &st.  A  cutter  npon 
the  side  of  a  wheel  now  comes  round,  and,  by  acting  as  the  moving  chap  of  a  pair  of 
shears,  cuts  the  nail  off  from  the  rod.  The  nail  shank  being  still  firmly  held  in  the 
jaws  of  the  vice,  with  a  portion  of  ibi  end  prt^'ecting  outwards,  the  heading  die  is 
slidden  laterally,  until  it  comes  opposite  to  the  end  of  the  nail ;  the  dye  is  then  pro- 
jected forward  with  great  force,  for  the  purpose  of  what  is  termed  upsetting  the  metal 
at  the  projecting  end  of  the  nail,  and  thereby  blocking  out  the  head. 

A  main  shaft,  driven  by  a  band  and  rigger  as  usual,  brings,  as  it  revolves,  a  cam 
into  operation  npon  a  lever  which  carries  a  double  inclined  plane  or  wedge  in  its 
front  or  acting  part.  The  wedge  being  by  the  rotatory  cam  projected  forwards  be- 
tween the  tails  of  one  of  the  pairs  of  hammers,  causes  the  &ce8  of  these  hammers  to 
approach  each  other,  and  to  Mat  or  press  the  red-hot  iron  introduced  between  them,  so 
as  to  flatten  it  upon  two  opposite  sides.  OThe  rotatory  cam  passing  round,  the  wedge- 
lever  is  relieved,  when  springs  instantiy  throw  back  the  hammeis ;  another  cam  and 
wedge-lever  now  bring  the  second  pair  of  hammers  to  act  npon  the  other  two  sides  of 
the  nail  in  a  similar  way.  This  is  repeated  several  times,  until  the  end  of  the  red- 
hot  iron  rod,  gradually  advanced  by  the  hands  of  the  workmen,  has  assumed  tbi 
desired  form,  Uiat  is,  has  received  the  bevel  and  point  of  the  intended  nail. 

The  rod  is  then  withdrawn  from  between  the  hammers,  and  in  its  heated  state  is 
introduced  between  the  jaws  of  the  holders,  for  cutting  off  and  finishing  the  naiL  A 
bevel  pinion  upon  the  end  of  the  main  shaft  takes  into  and  drives  a  wheel  npon  a 
transverse-shaft,  which  carries  a  cam  that  works  the  lever  of  the  holdi;ig-jawB.  The 
end  of  the  rod  being  so  held  in  the  jaws  or  vice,  a  cutter  at  the  side  of  a  wheel 
npon  the  transverse-shaft  separates,  as  it  revolves,  the  nail  from  the  end  of  the  rod, 
leaving  the  nail  firmly  held  by  the  jaws.    By  means  of  a  cam,  the  heading-die  is 
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now  altdden  laterally  oppocite  to  the  end  of  the  nail  in  the  IioUing-jawa,  and,  hj 
another  earn  upon  the  main-ihaft,  the  die  is  fotced  forward,  which  oompresie*  the 
•nd  of  the  noil,  and  spreads  out  the  nail  into  the  form  of  a  head.  As  the  main- 
shaft  continues  to  reTolve,  the  cams  pass  away,  and  allow  the  spring  to  throw  the 
jaws  of  the  vice  open,  when  the  nails  fall  ont ;  bat,  to  gnard  against  the  chance  of  a 
nail  stioldng  in  the  jaws,  a  picker  is  provided,  which  pu^es  the  nail  out  as  soon  as  it 
it  finished. 

In  order  to  pcodnee  rovnd  shafts,  as  for  screw  blanks,  bolts,  or  rivets,  the  faces  of 
the  hammers  and  the  dies  for  heading  most  be  made  with  suitable  coocavitias. 

VAJnUM  is  a  peculiarly  coloured  cotton  cloth,  originally  manufiictnred  in  the 
sbove-named  ancient  capital  of  China  from  a  native  cotton  of  a  brown-yellow  hue. 
Nankin  cloth  has  been  long  imitated  in  perfection  by  our  own  manufacturers ;  and  is 
now  exported  in  considerable  qnantities  from  Eng^nd  to  Canton.  The  following  is 
the  process  for  dyeing  calico  a  nankin  colour : — 

2.  Take  300  lbs.  of  cotton-yam  in  hanks,  being  the  quanti^  which  four  workmen 
tan  dye  in  a  day.  The  yam  for  the  warp  may  be  about  No.  27'i>  and  that  for  liie 
waft  2>'s  or  24'a. 

2.  For  alumbig  the  quantity,  take  10  lbs.  of  saturated  alum  free  from  iron  (see 
Mobdaut)  ;  divide  this  into  two  portions ;  dissolve  the  first  by  itself  in  hot  water,  so 
as  to  form  a  solution  of  specifio  gravity  1°  Beaam&  The  second  portion  is  to  be 
reserved  f«  the  galling-bath. 

8.  Galling  is  given  with  about  80  lbs.  of  oak-bark  finely  ground.  This  bark  may 
serve  fbr  two  quantities,  if  it  be  applied  a  little  longer  a  second  time. 

4.  Take  80  lbs.  of  fresh  slaked  quicklime,  and  form  with  it  a  large  bath  of  lim«- 
water. 

6.  SitrO'iMtriaU  <)f  tin,— 'For  die  last  bath  10  or  12  lbs.  of  solution  of  tin  are  used, 
which  is  prepared  as  follows : — 

Take  10  Ihi.  of  strong  nitric  acid,  and  dilute  with  pure  water  till  its  specifio  gravi^ 
be  26°  Beaumi.  Dissolve  in  it  4,688  grains  (10^  ounces  avoird.)  of  sal.ammoniac 
and  8  ounces  of  nitre.  Into  this  solvent,  contained  in  a  bottle  set  in  cold  water,  intio- 
duoe  sncoessively,  in  very  small  portions,  28  ounces  of  grain-tin  granulated.  This 
solution,  when  noiade,  must  be  kept  in  a  well-stoppered  bottle. 

Three  coppers  are  required,  one  round,  about  6  feet  in  diameter,  and  32  inches 
deep^  for  scouring  the  cotton ;  two  rectangular  coppers,  tinned  inside,  each  6  feet 
long  and  20  inches  deep.  Two  boxes  or  cisterns  of  white  wood  are  to  be  pro- 
vided, the  one  for  the  lime-water  bath,  and  the  other  for  the  solution  of  tin,  each 
about  7  feet  long.  32  inches  wide,  and  14  inches  deep ;  they  are  set  upon  a  plat- 
form 28  inches  high.  In  the  middle,  between  these  two  chests,  a  plank  is  fixed, 
mounted  with  twenty-two  pegs  for  wringing  the  hanks  upon  as  they  are  taken  out 
of  the  bath. 

6.  Abtming. — After  the  cotton-yam  has  been  sconrod  with  water  in  the  round 
copper,  by  being  boiled  in  successive  portions  of  100  lbs.,  it  must  be  winced  in  one  of 
the  square  tinned  ooppen,  containing  2  lbs.  of  alum  dissolved  in  96  gallons  of  water, 
at  a  temperature  of  166°  Fahr.  It  is  to  be  then  drained  over  the  copper,  exposed  for 
some  time  upon  the  grass,  rinsed  in  clear  water,  and  wrung. 

7.  The  gaUing. — ^Having  filled  four-fifths  of  the  second  square  copper  with  water, 
40  lbs.  of  ground  oak-bark  are  to  be  introduced,  tied  up  in  a  bag  of  open  canvas,  and 
boiled  for  two  honts.  The  bag  being  withdrawn,  the  cotton-yarn  is  to  be  winced 
through  the  boiling  tan-bath  for  a  quarter  of  an  hour.  While  the  yam  is  set  to  drain 
above  the  bath,  28  ounces  of  alum  are  to  be  dissolved  in  it,  and  the  yam  being  once 
more  winced  through  it  for  a  quarter  of  an  hour,  is  then  taken  out,  drained,  wrung, 
and  exposed  to  the  air.  It  has  now  acquired  a  deep  but  rather  dull  yellowish  colour, 
and  is  ready  without  washing  for  the  next  process.  Bablah  may  be  substituted  for 
oak-bark  with  advantage. 

8.  The  linang. — Into  the  cistern  filled  with  fresh-made  lime-water,  the  hanks  of 
cotton-yam  suspended  upon  a  series  of  wooden  rods,  are  to  be  dipped  fireely  three 
times  in  rapid  suoceesion  ;  then  each  hank  is  to  be  separately  moved  by  hand  through 
the  lime-bath,  till  the  desired  carmelite  shade  appear.  A  weak  soda-lye  may  be  used 
instead  of  lime-water. 

9.  The  brightening  is  given  by  passing  the  above  hanks  after  squeezing,  rinsing, 
and  airing  them,  through  a  dilute  bath  of  solution  of  tin.  The  colour  thus  product 
is  said  to  resemble  perfectly  the  nankin  of  China. 

Another  kind  of  nankin  colour  is  given  by  oxide  of  iron,  precipitated  upon  the  fibre 
of  the  cloth  from  a  solution  of  the  sulphate  by  a  solution  or  soda.  See  Oauco- 
FxiirnHO. 

VAVBTKA.  The  term  <  naphtha '  originally  included  all  inflanunable  fluids  rao- 
duoed  during  the  dostmctive  distillation  of  organic  substances,  as  well  as  the  fluid 
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hyitoeubons  wbieh  urae  from  the  euth  in  certain  parte  of  the  world.  In  this  way 
mineml  borning-oil,  when  flist  inteodncad,  was  called  Boghead  or  Bathgate  naphtha; 
but  the  term  was  objectionable,  as  it  confounded  the  gafo-bnming  oil  with  the  explo- 
sive spirit  which  also  is  applied  to  di£fbrent  technical  nses,  and  it  is  now  completely 
in  abeyance.  The  light  spirit  from  shales  and  cannels  are  identical,  being  composed 
partly  of  the  oleflant,  partly  of  the  paraffin  series,  while  earth-naphtha  appears  to 
belong  to  the  latter  series.  Coal,  caoutchonc,  bones,  wood,  and  peat,  daring  destmc- 
tire  aistillation,  first  give  off  naphthas,  which  are  distingnished  by  their  lighter 
speeiflc  gravity  when  compared  with  the  later  prodncta  from  the  st^.  Bat  this  is 
comparative ;  for,  wh&e  an  ordinaiy  shale-naphtha  may  have  a  density  of  abont 
0'7fiO,  coal-naphtha  has  commercially  a  specific  gravity  of  0-850. 

A  description  of  ibe  new  methods  of  refining  ^ale-oils  and  naphtha  is  given  further 
on.  (See  Ssaus  utn  Mhixbal  Oils.)  But  the  following  description  by  Oreville 
Williams  of  his  early  investigations  on  Boghead-naphtha  (as  all  the  li^t  distillatee 
from  TorbttDehill  mineral  were  at  first  designated)  is  classical. 

On  th«  Chemieal  Nature  tf  Oi»  Flmd  Hydrooarbofia  eomtitiUing  Boghead- 
Napitlui. 

If,  when  preparing  paraffin-oil  from  coal,  the  crude  oil  is  rectified  with  water,  a 
clear  transparent  naphtha  is  obtained.  This  fluid,  as  found  in  commerce,  is  by  no 
means  of  constant  quali^.  By  quality  we  mean  the  power  of  distilling  between  given 
limits  of  temperatnre.  Some  kinds  are  of  about  the  same  degree  of  volatility  as  com- 
mercial benzole,  while  others  distil  at  nearly  the  same  temperatures  as  common  coal- 
naphtha.  The  hydrometer  is  not  a  safe  guide  in  choosing  this  naphtha  ;  this  arises 
fnRn  the  fact  that  photogens,  of  very  diffirent  degrees  of  volatility,  have  almost  the 
same  densities.  The  safest  plan  is  to  put  the  flnid  into  a  retort,  having  a  thermometer 
in  the  tnbnlature,  and  distil  the  contents  almost  to  dryness.  The  caroful  observation 
of  the  range  of  the  mercurial  colomn  daring  the  operation  is  the  best  mode  of  ascer- 
taining the  quality  of  the  fluid. 

The  more  volatile  portions  which  distil  over  wiUi  water  are  &ee  tram  solid  bodies, 
and  consist  of  a  mixture  of  fluids  belonging  to  three  series  of  homologous  hydro- 
carbons, namely,  the  benzole  series ;  the  olefiant  gas,  or  C*H*  series ;  and  the  radicals 
of  the  alcohols. 

As  no  wn^  on  chemistry  contain  any  directions  for  the  proximate  separation  of 
complex  mixtures  of  hydrocarbons,  the  following  description  of  the  method  adopted 
by  the  author  of  this  article  for  the  separation  of  the  substances  contained  in  Boghead- 
naphtha  may  be  useful. 

It  is  necessary,  in  the  first  place,  to  determine  whether  each  substance  is  to  be 
obtained  in  a  state  of  absolnte  purity,  or  whether  it  is  merely  desired  to  obtain 
the  various  series  distinct  from  each  other.  In  the  process  given,  it  will  be  supposed 
that  the  individual  hydrocarbons  are  required  in  a  state  of  purity,  because  it  is  easy 
for  the  operator  to  leave  out  any  part  of  the  method  which  may  be  unnecessaiy  under 
the  particular  circumstances  of  the  case.  The  first  step  is  to  obtain  constant  boiling- 
points,  for  it  must  be  remembered  that  if,  when  any  organic  fluid  is  subjected  to 
distillation  with  a  thermometer  in  the  tnbnlature  of  the  retort  or  still,  the  mercury 
continues  to  rise  as  the  flnid  comes  over,  it  is  at  once  demonstrated  that  the  substance 
distilling  is  not  homogeneous.  In  order  to  obtain  the  fluids  of  constant  boiling-point, 
it  is  essential  to  subject  them  to  a  complete  series  of  fractional  dietillations.  This  is 
an  operation  involving  great  labour,  so  much  so  that,  in  investigating  Boghead- 
naphtha,  upwards  of  one  thousand  distillations  were  made  before  tolerably  constant 
boiling-points  were  secured.  In  order  to  perform  the  operation  successfWy,  two 
series  of  bottles  are  required,  one  for  the  series  being  diitUkd,  and  the  other  for  the 
series  dieiiUvig.  As  many  bottles  are  necessary  as  there  are  10-degree  fractions  to 
be  obtained.  Thus,  supposing  the  flnid,  when  first  distilled,  came  over  between  100° 
and  200°,  and  it  has  been  determined  to  obtain  10-degiee  fractions,  the  receiver  is  to 
be  changed  for  eveiy  10°  that  the  mercury  rises.  Thus,  10  bottles  wiU  be  required 
for  the  fractions  distilling,  and  the  same  number  for  the  factions  being  distilled  into. 
The  operation  will  be  commenced  by  patting  the  original  fluid  (dried  careftally  with 
chloride  of  calcium  or  sticks  of  potash)  into  a  retort  capable  of  holding  at  least  half 
as  much  more  fluid  as  the  quantity  inserted.  Through  the  tubulatore  passes  a  pierced 
cork,  supporting  a  thermometer,  the  lower  end  of  which  should  not  dip  into  the  fluid. 
To  the  neck  of  the  retort  is  adapted  a  good  condensing  arrangement,  so  placed 
that  the  botUes  can  be  placed  beneath  the  exit-pipe.  All  the  bottles  having  blank- 
paper  labels  attached,  the  distillation  is  to  be  commenced.  The  flrst  signs  of  distilla- 
tion are  to  be  watched  for,  but  no  fluid  is  to  be  separately  received  as  an  individual 
fraction  until  boiling  has  commenced.  As  soon  as  it  is  found  that  the  mercury  indi- 
cates 10°  more  than  the  temperature  at  which  the  distillation  commenced,  the  bottle 
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is  to  be  changed,  and  so  on  at  everv  10°.  When  the  whole  fldld  it  dirtiUed  away,  a 
snuJIer  retort  is  to  be  taken,  capable  of  veil  holding  each  lO'-fraction,  ^thont  tear 
of  anything  boiling  over.^  Snppoee  the  first  fiaction  of  the  first  distillation  came  over 
between  100°  and  110°,  it  is  to  be  placed  in  the  retort,  and  the  distillation  carried  on 
as  before.  Bat  it  will,  in  almost  every  instance,  be  found  that  the  boiling-point 
will  have  been  redoced  30°  or  40°  by  the  removal  of  the  fluids  of  higher  boUing- 
point.  Under  any  circumstances,  however,  the  distillate  is  to  be  received  in  bottles, 
and  labelled  with  the  boiling-point  and  Uie  nomber  of  the  rectification.  When  all 
the  first  10°-degree  fraction  has  distilled  away  into  the  second  series  of  bottles,  the 
next  is  to  be  operated  on,  and  so  on.  By  this  means  only  two  series  of  bottles  are 
ever  bdng  used  at  once,  vis.,  the  series  being  distilled,  and  the  series  being  distilled 
into.  Many  fluids  may  be  obtained  of  steady  boiling-poiDt  by  16  or  16  rectaficatione, 
involving,  in  Uie  case  of  10  fractions  in  each  series,  at  least  160  distillations.  _  But 
most  complex  organic  fluids,  such  as  naphthas,  have  a  much  wider  range  of  boiling- 
point  than  100°.  Boghead-naphtha,  for  example,  commences  at  about  289°  Fahr., 
and  rises  above  600°.  But  in  the  second  distillation,  the  first  fraction,  instead  of  dis- 
tilling at  289°,  came  over  at  260°,  the  depression  of  boiling-point  being  nearly  40°. 
By  proceeding  in  this  manner  six  times,  a  fraction  was  obtained  boiling  at  210°, 
When  a  10°-&action  no  longer  splits  up  during  distillation,  that  is  to  say,  when  it 
comes  over  almost  between  the  same  points  at  which  it  last  distilled,  it  will  be 
proper  to  conmience  the  separation  of  the  various  substances  present  in  each  frac- 
tion. Before  doing  this,  it  is  often  advisable  to  make  a  few  prelimina^  experi- 
ments, with  the  view  of  ascertaining  the  nature  of  the  fluids  present.  The  more 
volatile  portions  may  be  tested  for  bensole  by  converting  them  into  aniline  in  the 
method  given  in  the  article  Bmnzoli.  The  simplest  way  of  detecting  the  OH* 
series  (homologous  with  oleflant  gas ;  see  Homolooous)  will  be  by  ascertaining 
whether  the  naphtha  is  capable  of  decolourising  weak  bromine-water.  Supposing 
the  presence  of  these  to  have  been  demonstrated,  the  complete  separation  of  the 
hydrocarbons  may  be  effected  as  follows : — Four  or  five  ounces  of  bromine  are  to 
be  placed  in  a  large  flask,  capable  of  being  closed  with  a  well-fltting  stopper.  About 
eight  volumes  of  water  are  then  added,  and  the  naphtha  of  the  most  volatile  fraction 
is  to  be  poured  in  by  very  small  portions,  the  contents  of  the  flask  being  well  shaken 
after  each  addition. 

By  this  mode  of  proceeding,'the  dark  colour  of  the  bromine  will  gradually  fade, 
and  finaUy  disappear.  In  o^er  to  insure  a  complete  reaction,  it  is  better  at  this 
stage  to  add  a  little  more  bromine,  until  the  colour  is  permanent  after  shaking.  A 
little  mercury  is  now  to  be  poured  in,  and  agitated  with  the  fluids  in  the  flask,  to 
remove  all  excess  of  bromine.  The  oily  bromine-compound  is  now  to  be  separated 
by  means  of  a  tap-funnel,  from  the  mercury  and  water,  and  digested  with  diloride 
of  calcium  until  every  trace  of  water  is  removed.  The  dry  brominated  oil  is  now  to 
be  distilled,  when  the  radical  and  benzole  series  of  hydrocarbons  will  distil  away, 
leaving  the  brominated  oil,  which  may  then  be  distilled  into  a  vessel  by  itseUl 
The  next  step  will  be  to  separate  the  radicals  from  the  benzole  series.  For  this 
purpose  long-necked  assay-flaslts  are  necessary.  Into  one  of  these  vessels,  of  3  or 
4  ounces  capacity,  2  drachms  of  nitric  add  should  be  poured ;  1  drachm  of  the 
naphtha  is  then  to  be  added  by  very  small  portions,  the  flask  being  kept  cool  by 
immersion  in  cold  water.  It  is  essential  during  the  whole  time  to  keep  the  flask 
in  active  motion,  in  order  to  bring  the  hydrocarbon  and  acid  into  close  contact,  and 
also  to  cool  the  contents.  If  this  last  precaution  be  neglected,  a  violent  reaction  will 
occur,  and  cause  the  loss  of  the  greater  portion  of  the  fluid.  When  the  whole  of 
the  drachm  of  acid  has  been  added,  and  it  is  found  that  the  temperature  no  longer 
rises  on  removing  the  flask  from  the  cold  water,  the  product  is  to  be  poured  into  a 
narrow  and  conical  glass,  and  allowed  to  repose  until  the  hydrocarbon,  unacted  on, 
rises  to  the  sur&ce  in  the  form  of  a  transparent  brilliant  green  fluid.  The  fluid  below 
is  then  to  bo  removed  by  means  of  a  pipette,  ftimished  at  the  upper  end  with  a  hollow 
elastic  ball  of  vulcanised  caoutchouc.  By  this  means  suction  with  the  lips  becomes 
unnecessary,  and  the  vapours  of  hyponitric  acid  are  prevented  from  imtating  the 
lungs.    The  indifferent  hydrocarbon — that  is,  the  fluid  unacted  on  by  the  add — is  as 

ret  by  no  means  pure  ;  it  obstinately  retains  traces  of  the  benzole  and  OH*  series. 

[t  is,  therefore,  to  be  transferred  to  a  flask  famished  with  a  well-fltting  stopper,  and 
treated  with  nitric  acid  (spedflc  gravity  1-6)  a  considerable  number  of  times.  This 
•econd  treatment  may,  without  any  danger  of  any  explosive  reaction,  be  made  upon 
one  or  two  ounces  of  Uie  partially-purified  hydrocarbon.  When  it  is  found  that  the 
separated  nitric  add  no  longer  produces  milkiness  on  being  thrown  into  water,  it 
may  be  assumed  that  the  benzole  and  OH*  class  of  hydrocarbons  are  entirely  re- 
moved. When  the  treatment  with  acid  has  been  repeated  a  suffideat  number  of 
times,  the  fluid  is  to  be  placed  in  a  clean  flask,  and  well  agitated  with  a  solution 
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of  c&tiiitie  potash,  irhich  will  remove  the  nitrons  Tapoois  vhich  are  the  caiue  of  the 
«reen  colour.  The  purified  hydrocarbon  is  then  to  bis  separated  by  a  tap-funnel  from 
die  water,  and  dried  by  digestion  with  sticks  of  caustic  potash.  If  it  be  desired  to 
obtain  the  isdical  in  a  state  of  absolute  purity,  it  must  be  distilled  three  or  four  times 
over  metallic  sodium. 

The  indifferent  hydrocarbons  obtained  by  the  above  process  are  colourless  mobile 
fluids,  having  an  odour  somewhat  resembhng  the  flowers  of  the  white  thorn.  They 
are  very  volatile,  even  at  low  temperatures,  and  have  an  average  density  of  about 
0'716.  When  the  fractions  with  proper  boiling-points  have  been  selected,  it  will  be 
found  that  they  correspond  in  specific  gravity,  percentage  composition,  and  vapour- 
density  with  the  radicals  of  the  alcohols,  as  wiU  appear  by  the  following  Table,  where 
the  experimental  results  obtained  by  the  author  at  this  article  in  his  examination  of 
Boghead-naphtha  are  compared  with  the  numbers  fonnd  by  other  observers  with  the 
radicals  obtained  by  treatment  of  the  hydriodic  ethers  by  sodium,  and  also  by  the  elec- 
trolysis of  the  &tty  acids. 

Cemparatm  Tahli  of  the  Phytieal  Fropertia  qf  tis  AlcoM  Badieah,  at  cbUdntd/rom 
Bogkead-Napktka,  with  those  procured  from  other  touree*. 
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0"H- 

CH-* 
O-H- 

4-m 

0-6M0 

0-7M7 
0-741S 
0-7S7* 

0-874< 
0-6946 
0-7l«< 
0^»68 

(M704 

4-i)i» 

4-070 
4-9M 
S-988 

S-98 
S-8S 
4-83 
4-8S 

J.J7 
8-»4 
4-81 
S-87 

It  has  been  said  that  the  above  hydrocarbons  distilled  away  from  the  bromine- 
compound  in  company  with  others  which  were  removed  by  treatment  with  nitric  acid. 
It  was  subsequently  fonnd  that  the  products  formed  by  the  action  of  the  add  were 
nitro-compounds  belonging  to  the  benzole  series.  The  bromine  compound  contains 
the  OH*  series  of  hydrocubons,  the  individual  members  being  determined  by  the 
boiling-p<nnt  of  the  fraction  selected  for  experiment.  If  we  select  that  p(ntion 
boiling  steadily  between  160°  and  170°,  we  shall  have  a  bromine-«ompound  of  the 
formula  C"H"Br» ;  but  if  the  boiling-point  of  the  naphtha  lies  between  180"  and  190" 
the  bromine-compound  will  be  C"H"Br'.  It  is  exceedingly  remarkable  that  if 
either  of  these  substances  be  treated  alternately  with  alcoholic  potash  and  sodium, 
the  original  hydrocarbon  is  regenerated.  Ey  the  mode  of  operating  indicated  above, 
it  is  possible,  therefore,  to  obtain  two  out  of  the  three  series  of  hydrocarbons  in  a  pure 
state.  The  third,  namely,  tile  bensole  series,  must  be  recognised  by  obtaining  produeta 
of  decompontaon. 

The  acids  and  bases  accompanying  the  hydrocarbons  in  Boghead-naphtha  have  not 
been  folly  investigated ;  it  has,  however,  been  ascertained  that  certain  members  of 
the  pbenole  series  of  adds  and  pyridine  class  of  bases  are  always  present.  The 
quantities  present  in  the  naphtha  of  commerce  are  small  in  consequence  of  the  purifi- 
cation of  the  fluid  by  the  agenej  of  oil  of  vitriol,  followed  by  a  treatment  with  caustic 
■oda.— 0.  q.  V. 

VAnraSA,  BOwa.  &/n.  Bone  Oil ;  Dippel's  Animal  OiL  This  fluid  is  pioeoied 
in  large  quantities  daring  uie  operation  of  distilling  bones  for  the  preparation  of 
animal  charcoal.  The  hydrocarbons  of  bone  oil  have  not  as  yet  been  examined,  but 
it  has  been  found  that  the  benzole  series  are  present,  aocom;^nied  by  large  quantities 
of  basic  oils.  The  add  portions  are  also  umnvestigated.  The  bases  have  been  very 
Mly  studied  by  Dr.  Anderson,  who  discovered  in  bone  oil  the  presence  of  no  less 
than  ten  bases,  several  of  them  being  quite  new. 

The  odour  of  bone  oil  is  exceedingly  offensive  and  difficult  of  removal.  It  does  not 
arise  entirely  from  the  presence  of  the  powerfully-smelling  basetf,  for  even  after 
repeated  treatment  with  concentrated  adds  it  retains  its  lepnkiveness.    Thisis  partly 
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owing  t*  the  preienoe  of  some  nnlciiowii  neutral  nitiogenoas  bodies.  When  a  sbp  of 
deal  irood  ia  moistened  with  hydxochloiic  acid  and  held  over  a  Tessel  of  crude  bone 
oil,  it  rapidly  acquires  a  deep  crimson  tint.  This  is  in  consequence  of  the  presence  of 
the  extisordinaiy  basic  substance  pyrrol.  The  latter,  when  in  a  crude  state,  possesses 
a  most  disgusting  smell,  so  much  so,  that  the  ofiensireness  of  bone  oil  was  at  one  time 
mainly  attributed  to  its  presence.  It  has,  however,  been  discovered  that  pyrrol 
when  perfectly  pure  has  a  most  fragrant  and  delightfol  perfume,  somewhat  recalling 
thatoi  chloioform,  but  still  more  pleasing. 

The  basic  portion  of  bone  oil  may  be  extracted  by  shaking  it  up  with  moderately 
strong  oil  of  vitriol.  This  must  be  done  with  precaution,  as  large  quantities  of  gases 
are  evolved,  consisting  of  carbonic  acid,  hydroeulphuric  and  hydrocysnic  adds.  The 
fluid  when  permitted  to  repose  separates  into  two  layers,  the  upper  being  the  purified 
oil,  and  the  lower  the  acid  solution  of  the  bases.  The  latter  being  separated  is  to  be 
distilled  until  about  one-third  has  passed  over.  This  distillate  will  contain  the  chief 
portion  of  the  pyrrol.  The  head  of  the  still  is  then  to  be  removed  and  the  fluid 
boiled  for  some  time  to  remove  the  last  trace.  Hie  acid  solution,  after  filtration 
throujgh  charcoal,  is  to  be  supersaturated  with  lime  and  distilled.  The  distillate 
contains  the  whole  of  the  bases.  The  apparatus  should  be  so  arranged  that  those 
bases  which  are  excessively  volatile,  and  consequenUy  come  over  as  gases,  may  be 
leceived  in  hydiocUoric  add.  The  hydrochloric  solution  and  the  oily  buses  are  to  be 
examined  separately.  The  former  is  to  be  evaporated  carefully  to  the  crystallising 
point,  and  toen  allowed  to  cool.  Sy  this  means  the  ammonia  may  be  removed  by 
crystallisation  as  chloride  of  ammonium. 

When  no  more  sal-ammoniac  can  be  obtained  by  crystallisation,  the  mother-liquid 
is  to  be  treated  with  potash,  in  an  apparatus  so  arranged  that  any  gaseons  products 
evolved  may  be  collected  in  hydrochloric  add.  The  retort  mnst  have  a  thermometer 
in  the  tubmature  to  enable  the  temperature  to  be  properly  regulated.  All  the  bases 
distilling  below  212°,  are  to  be  received  in  hydrochloric  add,  and  their  presence 
demonstrated  by  converting  them  into  platinum  salts,  and  fractionally  crystallising. 
The  bases  distilling  above  212°,  are  to  be  separated  by  fractional  distillation.  An 
examination  of  the  hydrochloric  solution  will,  according  to  Dr.  Anderson,  demonstrate 
the  presence  of  methylamine,  ethylamine,  propylamine,  butylamine,  and  amylamine. 
The  following  table  contains  tiie  names  and  physical  properties  of  the  bases  which  are 
contained  in  that  portion  of  tie  basic  oil  whidi  distils  above  812°.  The  amylamine, 
and  even  the  propylamine,  can  be  separated  from  the  basic  oils,  by  firactionid  distilla- 
tion, instead  of  the  fractional  crystallisation  of  platinum  salts,  tmt  the  latter  involves 
less  labour. 

TaUe  (f  th*  Fhytuml  Pnptrtiea  <if  tht  I^ridine  Seriei  tf  Satt. 
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Boiling  Point 

Tspoor-Daosity 
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Density  at  82* 
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Pyridine 
PicoUne 
Lutidine 
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C'H'N 
C"H''X 
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242° 
276° 
310O 
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0-9868 
0-9618 
0-9467 
0-9489 

2-916 
3-290 
3-889 

2-784 
3-214 
3-699 
*-137 

Bone  oil  will  not  become  very  valuable  as  a  naphtha  for  general  pnrpoaes  until 
some  cheap  method  of  removing  its  odour  has  been  discovered.  The  (Xeum  animaU 
JHpellH  of  the  older  chemists  and  pharmaceutists  was  prepared  by  distilling  bones ;  it 
was  very  similar  in  properties  to  bone  oil. — C.  0-.  W. 

VAVXTHA,  OAOUTOXOVC.  iS^  Caoutchondne ;  CaontchiDe.  Caootcfaooe, 
by  destructive  distillation,  yields  several  hydrocarbons,  tlie  acconnta  of  which  an 
contradictory.  By  repe^»d  rectifications  they  may  be  separated  into  fluids  of 
steady  bdling-pointa.  The  late  Dr.  Gregory  socceeded  in  obtaining  a  fluid  hydro* 
carbon  from  caoutchouc  which  distilled  at  96°,  but  when  treated  witA  aolphuric  add, 
and  the  fluid  separated  by  means  of  water,  another  hydrocarbon  was  obtained  boiling 
at  428°.  It  is  most  probable,  however,  that  the  true  composition  of  caoutchondne 
has  not  yet  been  made  oat.  This  will  appear  by  consulting  the  analyses  yet  made, 
many  of  them  indicating  too  low  a  nydn^n  for  the  OH*  series,  and_  more 
nearly  approximating  to  a  (OH*).  It  is  quite  plain,  however,  that  caoutchine  is, 
in  evei^  sense  of  the  term,  a  naphtha.  Caoutchine  is  one  of  the  best  solvents  known 
Cor  india-tubber. — C.  Q.  W.    See  CAocicHovCi 
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lOOAft.  Ordinaiyooal-naphtlia  is  the  first  product  ill  the  diitiUation 
of  eool-tar.  The  latter  is  placed  in  large  iron  stills,  holding  from  800  to  1,600  gallons, 
and  distilled  by  direct  steam.  The  first  distillate  is  about  8fi0°  8.  G. .  When  960° 
8.  G.  is  made,  all  the  naphtha  or  light  oU  is  obtained.  The  distillate  from  950°  to 
1000°  8.  O.  is  the  middle  oil ;  abore  that  to  about  106°  S.  Q.  is  the  heavy  oil. 

The  residue  obtained  in  the  first  distillation  is  run  off  into  cisterns  or  tar  ponds  to 
allow  of  the  remoral  of  the  water.  This  residue  is  called  boiled  tar.  Fitch  oil  may 
be  obtained  from  it  by  distillation  by  the  naked  fire,  every  1,000  gallons  will  yield 
about  320  gallons  of  pitch  oiL  The  residue  of  pitch  in  the  still  is  run  out  while  in  a 
melted  state.  The  ix>u^  coal-naphtha  contains  a  great  number  of  impurities  of 
various  kinds ;  the  prinapal  cause  of  the  foul  odour  being  the  organic  bases  described 
in  the  article  Naphtha,  Bomb.  To  remove  these  the  naphtha  is  transferred  to  large 
cylindrical  vessels  lined  with  lead.  These  vessels  contain  a  vertical  axis  passing 
down  them,  supporting  blades  of  wood  covered  wiUi  lead,  and  pierced  with  holes. 
The  axis  or  shaft  has,  at  its  upper  end,  a  crank  to  enable  it  to  be  rotated.  The  naphtha 
having  been  run  into  the  vessel,  sulphuric  add  is  added,  and  the  shaft  with  its  blades 
mads  to  revolve.  By  this  means  the  naphtha  and  acid  are  brought  into  intimate 
contact.  The  whole  is  then  allowed  to  settle,  and  the  vitriol  which  has  absorbed  most 
of  the  impurities,  and  acquired,  in  consequence,  a  thick  tairy  consistence,  is  run  off. 
This  acid  treacly  matter  is  known  in  the  works  as  '  sludge.'  The  naphtha  fioating 
above  the  sludge  is  then  treated  a  second  time  with  acid,  if  the  naphtha  be  required 
of  good  quality.  During  the  process,  the  naphtha  acquires  a  sharp  smell  of  sulphurous 
add,  and  retains  a  certain  amount  of  sulphuric  acid  in  solution.  The  next  process  is  to 
treat  it  with  solution  of  caustic  soda  to  remove  these  impurities.  This  may  be  effected 
in  an  apparatus  similar  to  the  first.  The  naphtha,  after  removal  of  the  caustic  liquor, 
is  next  run  off  into  a  still,  and  rectified ;  it  then  forms  the  coal-naphtha  of  commerce. 

Coal  tar  of  commerce  is  derived  mainly  from  the  rich  cannsls,  or  from  the  tars  made 
from  coal  in  the  London  gas-works,  or  firom  the  gas-works  of  the  English  towns.  The 
latter  tar  is  richer  in  naphtha  than  the  London ;  while  the  tar  from  the  Scotch  cannels 
yields  from  seven  to  thirteen  per  cent  of  crude  naphtha  of  a  specific  gravity  of  about 
■030,  wliich  is  blown  from  it  by  steam  introduced  into  the  still.  A  still  containing 
3,600  gallons  of  the  other  tars  would  yield  on  an  average  forty  gallons. 

The  commercial  value  of  naphtha  has  fluctuated  since  the  extensive  introduction  of  the 
ooal-tar  colour  industries,  according  to  their  varied  fortunes  during  the  last  twenty  years. 

The  more  or  less  volatile  varieties  were  songht  after  just  as  the  varied  shades  of 
aniline,  the  manufacture  of  which  they  suited,  headed  the  market.  By  a  series  of 
fractional  distillations,  both  with  wet  and  dry  steam,  washings  with  sulphuric  acid 
(specific  gravity  1-846),  a  series  of  naphthas,  more  or  less  rich  in  benzole,  and  con- 
taining ^er  valuable  products  are  obtained.  The  naphtha  which  flows  over  at 
a  temperature  up  to  204°  Fahr,  is  called  90  per  cent,  benzole ;  that  flowing  between 
204°  and  210°,  is  designated  80  per  cent,  benzole,  and  is  again  fractionally  distilled 
up  to  204° ;  while  the  residue,  on  being  treated  with  high-pressure  steam,  yields  a 
qnantity  of  40  per  cent  naphtha. 

Subjecting  a  charge  of  1,687  gallons  of  crude  naphtha  and  light  oil  to  the  series  of 
operations  indicated,  we  obtain,  first  897  gallons  of  once-run  naphtha,  and  66  gallons 
of  the  last  runnings,  the  remaining  634  gallons  being  only  fit  to  mix  with  dead  oil. 
The  897  gallons  of  once-nm  naphtha  yields,  after  purification  by  sulphurio  acid,  801 
gallons  of  90  per  cent,  benzole,  196  gallons  of  40  per  cent,  287  gallons  of  solvent 
naphtha,  12  gtulons  of  last  runnings,  and  162  gallons  of  readuum. 

The  40  per  cent  naphtha  contains  also  toluol  and  xylol,  and  is  most  suitable  for 
making  aniline  red ;  the  90  per  cent  variety  is  best  adapted  for  the  manufiiotnre  ci 
aniline  blue  or  black. 

In  describing  coal-naphtha,  we  shall  take  a  cursory  review  of  the  nature  and 
.properties  of  most  of  the  substances  produced  by  the  distillation  of  coal-tar.  It  will 
be  onneeessaiy  here  to  enter  into  a  minute  description  of  the  acids  existing  in  coal- 
tar,  inasmuch  as  they  have  already  been  treated  of  in  the  article  Cabbolio  Acn>. 

On  the  ^/drocxirboni  of  eoiU-Ht^htha. — The  following  are  the  principal  constituents 
of  those  ooal-naphtfaas  the  boiling-points  of  which  range  between  190°  and  360° : — 
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The  ilaid  hydtocaifboiiB  twiliiig  above  this  point  have  not  been  well  atadied. 
Ordinary  coal-naphtha,  in  addition  to  the  above  hydiocarbona,  contains  traces  of  the 
homolognes  of  olefiant  ^&a,  alluded  to  in  the  article  Kafrth*. 

All  the  above-mentioned  hydrocarbons  may  be  separated  from  each  other  by 
careful  and  sufficiently  numerous  fractional  distillations.  It  is  proper  before  con- 
sidering them  as  pure,  to  shake  them  up  several  times  with  oil  of  Tltxiol,  and,  after 
well  washing  first  with  water,  and  afterwards  with  an  allLaline  solntion,  to  diy  them 
very  careiUly  with  chloride  of  calcium  or  sticks  of  potash.  It  will  be  observed  that 
in  the  above  table  the  specific  gravities  of  the  hydrocarbons  are  not  in  harmony ; 
this  arises  firom  the  fluids  upon  which  the  experiments  were  made  not  having  all  been 
procured  from  the  same  source ;  for  it  has  been  found  that  the  same  bodice,  as  pro- 
cured from  different  sources,  often  present  small  bnt  appreciable  difEarences  in 
odour,  density,  boiling-point,  and  other  physical  properties. 

The  benzole  of  coal-naphtha  may  almost  entirely  be  separated  by  distilling  in  an 
apparatus  first  devised  for  the  purpose  by  Mr.  C.  B.  Mansfield.  The  annexed  figures 
from  Q.  Williams's  '  Handbook  of  Chemical  Manipulation,'  illustrate  the  vessels  he 
employed  for  the  purpose.  Fig.  1645  consists  of  a  copper  or  tinned  iron  still,  a, 
holding  about  two  gallons.  The  fiange  i  i,  is  merely  to  support  the  a|^>aratns  in  the 
ring  of  a  gas  or  charcoal  fonace,  preferably  the  former.  A  wide  worm,  c  c,  passes 
through  the  top  of  the  still  into  a  water-tight  cistern,  d  d.  The  worm  ends  in  a 
discharge-pipe,  «.  The  latter  is  to  be  attached  to  a  common  worm  tub  containing 
cold  water.  The  crude  benzole,  or  coal-naphtha,  is  to  be  placed  by  means  of  the 
opening/  into  the  still,  and  all  the  joints  of  the  apparatus  being  closed,  and  eSectnal 
condensation  insured,  the  fire  is  to  be  lifted.  The  naphtha  soon  begins  to  boil,  but 
nothing  comes  over,  because  the  water  \iidd  effects  condensation.  In  a  short  time, 
however,  the  water  m  d  d  begins  to  get  warm,  and,  as  soon  as  177°  is  reached, 
benzole  begins  to  come  over,  and  is  perfectly  condensed  in  a  second  worm,  kept  cold 
by  means  of  water.  It  is  plain  that  as  the  fluids  of  liigher  boiling-points  begin  to 
come  over,  the  water  vn  a  d  will  boil,  but  distillation  then  ceases  entirely.  The 
reason  of  this  is,  that  nothing  can  make  the  head  o  o  hotter  than  212°,  because  of  its 
being  surrounded  with  water.  All  hydrocarbons  that  are  not  volstile  at  212°  are 
consequently  condensed  there,  and  &U  back  into  a.    The  benzde  djstalliog  over  is 
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^oite  pure  enough  for  all  ordinary  pnrposes.  It  may,  if  required  very  pure,  be  rec- 
tified a  second  time  in  the  same  apparatus,  taking  care  that  the  head  does  not  get 
hotter  than  180°  or  190°.  If  the  benzole  is  wanted  absolutely  tcM  &om  its  accom- 
panying hydrocarbons,  it  most  be  purified  by  freezing.  For  this  purpose  the  rec- 
tified benzole  is  to  be  placed  in  a  thin  glass  or  metal  vessel,  and  surrounded  with 
snow  or  pounded  ice  mixed  with  salt.  The  whole  apparatus  is  to  be  surrounded 
with  sawdust  and  covered  with  woollen  cloths  to  prevent  access  of  heat  As  soon  as  . 
the  benzole  is  frozen,  it  is  to  be  placed  in  a  funnel  and  allowed  to  drain.  The  solid 
mass  when  thawed  is  pun  benzole.  B^  this  mode  of  proceeding,  a  considerable  quan- 
tity of  fiuid  is  always  accumulated,  which  refuses  to  freeze  and  yet  boils  at  the  proper 
temperature  for  benzole.  G.  Williams  found  it  to  contain  a  small  qnantil^  of  the 
OH*  series  of  hydrocarbons  (homologous  with  olefiant  gas).  Mr.  Church  states  it 
to  contain  benzole  in  a  peculiar  condition ;  he  calls  it  parabenzole.  The  presence  of 
the  C°H'  series  may  always  be  proved  by  the  readiness  with  which  the  fluid  de- 
colourises bromine-water. 

A  similar  form  of  apparatus  for  rectifying  benzole,  and  one  that  answers  almost  ss 
well,  is  that  represented  in  fig.  1646.  It  wUl  be  seen  that  the  worm  c  e  of  fig,  1646  is 
replaced  by  a  straight  tube.    The  mode  of  use  is  precisely  the  same. 

Where  the  benzole  is  to  be  extracted  from  coal-naphtha  on  the  large  scale,  the 
following  apparatus  will  be  found  convenient :— The  boiler  a  a,  fig,  1547,  surrounded 
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by  a  steam-jaektt,  it  eoaneetod  at  its  a|>per  eztmnity  with  a  head,  b,  answering  to  the 
worm  c  in /^.  1S4S.  The  head  plays  into  the  wonn-tnb  d;  the  benxole  being  con- 
Teyed  by  the  exit-pipe, «,  to  the  reseryoir,  or  close  tank,  in  which  it  is  to  be  stored.  The 
tnb,  voce,  contains  water  to  condense  the  hydrocarbons  which  are  to  be  removed  from 
the  benzole.  In  order  to  save  time,  it  is  convenient  at  the  commencement  of  the 
operation  to  heat  the  water  in  c  0  e  o  to  about  170° ;  this  is  effected  by  means  of  the 
steam-pipe  III,  which  is  connected  with  the  boiler/.  The  steam  is  admitted  to  the 
jacket  of  the  still  by  means  of  the  pipe  ff.  The  steam  can  be  regulated  or  stopped 
altogether  by  means  of  the  stopcock  ».  The  cock  «i,  is  to  regulate  the  admission  of 
steam  to  the  vessel e  eee.  The  man-hole  is  represented  at  It.  A  small  cock  to  allow 
the  condensed  water  in  the  jacket  to  be  run  o^  is  seen  at  i    Uslsss  the  naphtha  is 

1647 


^ 


m 


=^ 


of  the  best  qnality  the  beniole  will  be  difficult  to  extract  by  the  heat  of  the  jacket 
alone.  It  will  then  be  necessary  to  send  direct  steam  into  a  a.  VThen  no  m<»« 
benzole  comes  over,  the  remaining  naphtha  is  to  be  mn  out  of  the  still  by  the  ttof- 
cock  k.  Although  the  boiler/  is,  for  the  sake  of  space,  represented  in  the  fgure  as  if 
placed  beneath  the  support  of  the  condenser  or  worm-tab,  it  should  in  practice  be 
removed  to  a  considerable  distance  for  fear  of  the  vapour  of  the  hydrocarbon  reaching 
the  stoke-hole  and  causing  an  explosion.  The  condenser  b  may  be  arranged  in  the 
form  of  a  worm  like  0  in  Jig.  1646,  but  the  precaution  is  scarcely  necessary  if  the 
ehambm  at  b,Jig.  1647,  be  mMe  snfflcientlv  capadous.  The  benzole  obtained  in  the 
above  apparatus  is,  of  coarse,  contaminated  wiui  tolnole;  if,  however,  the  rectification 
be  repeated,  the  water  in  the  chamber  0  «  «  e  not  being  permitted  to  become  hotter 
than  180.°  F«^.,  the  resulting  beniole  will  be  almost  pore.  One  distillation  is  amply 
sufficient  for  the  preparation  of  the  commercial  article, 

A  recusing  colomn  somewhat  like  Coffey's  still  may  alse  be  employed  for  pre* 
paring  benzole. 

The  less  volatile  naphtha  remaining  in  the  still  is  by  no  Means  valueless ;  it  is 
adapted  for  almost  all  the  purposes  its  which  ordinary  coal-naphtha  is  applicable.    By 
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lemoriog  the  fluid  by  the  tap  A,  and  distilling  it  in  an  oidinaiy  still,  a  very  good  coal* 
naphtha  of  a  density  of  about  0-870  -will  be  obtained. 

It  is  extremely  cmioiu  that  naphthas  which  contain  laige  qnantitiee  of  naphthaline 
will  often  distil  'without  the  latter  crystallising  oat.  It  is  Tolatilised  in  the  vapoor  of 
the  naphtha,  and  therefore  escapes  obserration.  But  if  a  little  chlorine  be  poured 
into  the  fluid,  or  if  a  little  chloride  of  lime  be  added,  followed  by  an  add,  and  the 
fluid  be  then  distilled,  the  naphthaline  will  eome  over  in  the  solid  state,  so  that  it  can 
be  remoyed  by  mechanical  methods.  It  does  not  appear  to  be  dne  to  the  formation 
of  Laurent's  chloride  of  naphthaline,  for  the  product  contains  only  traces  of  chlorine. 

Benzole  has  been  much  used  of  late  to  remove  greasy  and  fatty  matters  fiom 
cotton,  wool,  silk,  and  mixed  fabrics.  It  is  by  no  means  essential  that  the  benzole 
should  be  absolutely  pure  for  this  purpose.  By  this  it  is  meant  that  the  presence  of 
naphthas,  boiling  somewhat  above  177°,  does  not  materially  affect  the  usefuness  of  the 
fluid.  If,  however,  the  naphtha  is  to  be  employed  for  removing  greasy  stains  from 
dresses,  gloves,  or  other  articles  to  be  worn,  the  purer  and  more  volatile  the  hydro- 
carbon, the  more  readily  and  completely  the  odour  will  be  removed  by  evaporation. 
Mr,  F.  C.  Calvert  patented  the  application  of  benzole  to  some  ptirposes  of  this 
kind.  He  flrst  purified  the  naphtha  by  means  of  sulphuric  add  and  caustic  alkalis 
in  the  usual  manner,  and  then  rectified  it  at  a  tempeiatnrs  not  exceeding  212°. 

For  this  purpose  the 'apparatus  described  in  y!;.  1547  'will  be  found  weU  suited.  The 
inventor  applies  the  reiiti&ed  coal-naphtha,  or  nearly  pure  benzole,  to  the  following 
purposes : — Ist,  for  remo'ving  spots  and  stains  of  grease,  «.«.  fatty  or  oily  matters,  tar, 
paint,  wax,  or  resin,  fiom  cotton,  'woollen,  silk,  and  other  &brics,  when,  in  consequence 
of  its  volatility,  no  mark  or  permanent  odour  remains.  2nd,  for  removing  fatty  or 
oily  matters  from  hair,  furs,  feathers,  and  'wools,  and  for  deaning  gloves  and  other 
artides  made  of  leather,  hair,  fur,  and  wooL  3rd,  for  remo'ving  ue  fatty  matters 
which  exist  naturally  in  wooL  4tb,  for  removing  from  'wool,  tar,  paint,  oil,  grease, 
and  similar  substances  used  by  formers  for  marking,  salving,  and  smearing  their  sheep. 
6th,  for  deansing  or  removing  the  oily  or  fatty  matters  which  are  contained  in  cotton- 
waste  that  lias  been  used  for  deansing  or  'wiping  machinery  or  other  artides  to  which 
oil  or  grease  has  been  applied.  In  order  to  remove  the  above  matters  by  means  of 
ooal-naphtha,  the  artides,  if  small,  are  merely  rubbed  irith  it.  On  the  large  scale 
the  matters  to  be  operated  on  are  placed  in  suitable  vessels,  and  the  naphtha  is  run 
in.  After  contact  for  some  hours  the  fluid  is  run  ofi^  and  the  fabrics  are  passed 
through  squeezers  and  submitted  to  strong  pressure  to  remove  the  greater  portion  of 
the  benzole  or  naphtha.  The  naphthas  which  ran  out  are  distilled  off,  so  that  the 
greasy  matters  may  be  preserved  and  used  for  lubricating  machinery  or  other  purposes. 

Furnitnie  paste  may  also  be  made  {tma  light  ooal  naphtha  or  benzole  by  the  follow- 
ing process : — One  part  of  wax  and  one  of  resin  is  to  be  dissolved  in  t'wo  parts  of  the 
hydiocaibon,  'with  Uie  aid  of  heat.  When  entirdy  dissolved,  the  whole  is  allowed  to 
cool,  and  is  then  fit  for  use. 

Naphthaline  is  used  for  the  pMpamtion  of  lamp-black,  bnt  the  quantity  employed 
for  that  purpose  is  but  small.  The  quantity  annually  produced  by  the  various  gas- 
works is  enormous.  Its  odour  and  volatility  prevent  its  odng  appued  to  lubricating 
purposes.  It  often  happens  that  much  valuable  time  is  lost  oy  unsdentific  operators 
in  endeavouring  to  remove  the  smell  from  such  substances  as  naphthaline ;  they  forget 
that  the  odour  of  a  body  of  this  class  is  a  part  of  itself,  and  cannot  be  removed  without 
its  destruction.  It  is  possible  that  the  compounds  of  naphthaline  may  one  day  be 
applied  to  useful  purposes.  By  treating  naphthaline  with  excess  of  chlorine,  and 
removing  fiuid  substances  with  ether,  a  crystalline  paste  is  obtained.  This  paste, 
dissolved  in  boiling  benzole  and  allowed  to  repose,  deposits  beautiful  ihombohedial 
crystals,  often  of  large  size.  They  have  exactly  the  form  of  Iceland  spar,  and,  like 
that  snbetanoe,  possess  the  power  of  double  refiaction.  When  nitronaphthaline  is 
treated  'with  acetic  add  and  iron  filings  in  the  same  manner  as  that  employed  by 
M.  BMiamp  for  the  production  of  aniline,  a  base  is  obtained  of  the  formnla  C!**H'N ; 
it  is  called  Kaphthalamine.  It  is,  therefore,  isomeric  'with  cryptidine,  bathos  no  other 
point  of  resemblance. 

If  treated  'with  nitric  add,  naphthaline  yields  phthalic  add,  and  tlus  by  elimination 
of  carbonic  add  may  be  dther  converted  into  benzole  or  into  benzoic  add.  Benzde 
add  is  now  derived  commercially  from  naphthaline. 

The  relation  which  appears  to  exist  between  naphthaline  and  alizarine  is  also  'very 
interesting.  Alizarine  is  now  prepared  artificially  from  anthracene  or  paranai^thaline, 
by  processes  described  under  the  artides  Ai.izaBiiai  and  AirrHSACBinL 

Naphthalamine,  which  is  the  base  corresponding  to  aniline,  is  now  manofactured  in 
the  same  way  as  that  body  is  from  benzole.  It  yields  beautiful  commerdal  dyes^ 
viz. :  Hartias  yellow,  Magdala  red,  Naphthaline  violet,  eind  Naphthaline  blue. 

It  it  said  that  naphthahne  has  been  emj^oyed  'with  advantage  in  the  traatmrnt  of 
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pMriasis.  H.  Emeiy  states  that  it  succeeded  in  twelye  out  of  fonrteen  cases.  In  the 
two  where  it  failed  the  one  patient  was  a  woman  thirty  years  of  age,  who  had  been 
afflicted  for  eight  years  with  ptoriani  gyrata;  the  other  patient  was  a  young  man 
who  bad  sn£Ebred  for  several  years  with  l^a  vulgaris.  In  the  latter  case,  two  months' 
treatment  haviiig  efiected  no  good,  pitch  ointment  was  substituted,  which  effected  a 
core  in  two  months.  The  naphthaline  was  employed  in  the  form  of  ointment  in  the 
strength  of  i  or  1  drachm  of  lard.  The  application  is  sometimes,  however,  attended 
with  severe  inflammation  of  the  stdn,  which  must  be  relieved  with  poultices. 

The  dead  oils,  as  the  less  volatile  parts  of  coal-tar  are  called,  contain  several  sub- 
stances, the  nature  of  which  is  very  imperfectly  known.  Among  them  may  be  men- 
tioned pynne  and  dirysene.  The  former  has  been  examined  by  Laurent,  who 
gives  the  fbonnla  C'°H"  for  it.  They  are  found  in  the  very  last  portions  that  pass  in 
the  distillation  of  coal-tar.  They  are  also  said  to  be  prodnced  during  the  distillation 
of  fatty  or  resinous  substances.  The  portions  which  distil  last  are  in  the  form  of  a 
reddish  or  yellowish  paste,  which  rapidly  daricens  in  colour  on  exposure  to  light. 
£ther  separates  it  into  two  portions,  one  soluble,  containing  the  pyrene,  the  other 
-  insoluble,  containing  the  chiysene.  The  pyrene  may  be  obtained  by  exposing  the 
etherial  solution  to  a  very  low  temperature,  which  will  cause  it  to  crystallise  out. 
The  composition  of  pyrene  is,  according  to  Laurent, — 

Oalcnlatioiu 
0"     93-7 
H"     6-8 

99-29  100-0 

The  portion  insoluble  in  ether  consists  of  chrysene  in  a  tolerably  pure  state. 
0.  Williams  found  that  it  crystallijses  on  cooling  from  a  solution  in  Boghead  naphtha, 
in  magnificent  yellow  plates,  with  a  superb  lustre  resembling  crystallised  iodide  of 
lead.  The  following  are  the  results  c£  its  analysis.  His  combustion  was  made  upon 
chrysene  crystallised  as  above : — 

Leorent.  C.  Q,  Vf,  Caloalation 

Carbon  .        .    94-88        91-29  94-68  94-74        C"    108 

Hydrogen      .      6-41  630  6-37  6-26        H*        6 

100-27        99-66  100-00  10000  114 

See  Chbtssmb, 

Ho  commercial  use  has  been  yet  devised  fior  these  interesting  bodies ;  which  are  also 
bye-products  in  paa&n  refineries.  But  the  brilliant  discoveries  of  Graebe  and 
Ideberman  have  rused  anthracene  from  Ae  category  of  waste  materials.  In  1868  they 
obtained  anthracene  team  alizarine,  and  in  the  following  year  they  were  able  to  disclose 
a  process  for  the  mannfacture  of  the  valuable  dye  from  the  unsavoury  coal-tar  product. 
A  large  extension  of  the  coal-tar  colour  manufacture  has  ensued.  Anthracene  is  ob- 
tained from  the  heavier  coal  oils,  which  when  exposed  to  the  action  of  a  powerful 
freezing  mixture,  often  deposit  a  mass  of  crystals  only  partly  soluble  in  alcohoL  The 
soluble  portion  consists  of  naphthaline ;  the  other  portion  is  anthracene,  or  para- 
naphthaune.  It  appears,  from  the  analyses  which  have  been  made,  to  be  isomeric 
with  naphthaline.  It  fuses  at  366°,  and  boils  at  about  680°.  The  density  of  its 
vapour,  detarmined  at  848°,  was  6-741°,  agreeing  veiy  well  with  the  formula  CH", 
wluch  requires  6-64S.  This  formula  is  one  and  a  half  times  naphthaline,  thus: 
CH"  +  CH'  =•  CH".  For  a  description  of  the  methods  by  which  anthracene  is  now 
prepared  from  coal-tar,  and  alizarene  from  anthracene,  the  reader  is  referred  to  these 
articles  respectively,  and  to  the  Supplement  to  Watts's  '  Dictionary  of  Chemistry.' 

Hetanaphthaline  is  a  peculiar  substance  which  appears  to  be  closely  related  to  the 
above  products.  It  is  formed  during  the  manu&cture  of  reein  gas.  It  is  a  fatty  sub- 
stance fusing  at  168°,  and  distilling  at  about  617° ;  it  is  at  present  but  littie  Imown. 

The  following  Table,  taken  £rom  Thttti  des  Dhivis  d»  la  EotdlU,  by  Qerard  and 
De  Laife,  epitomises  the  operations  of  French  tar-distillers  :— 

'Baa  DmuJUTiov  or  Coal  uc  the  Bbiobts. 
Oas.  Tar.  Ooks. 

Skcoxd  BismxAtioN  ov  tbb  Tab. 

1.  Ijght  oils  (boiling  30°  to  160°  Cent.).  2.  Medium  or  creasote  oils  (boiling 
140°  to  200°  Cent).  3.  Anthracene  oils,  or  heavy  oils,  containing  naphthaline 
and  antixracene  (boiloe  200°  to  860°  Cent.). 
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No.1. 


TmBD  DinaunoM. 
UgiiOSt. 

Into  2  ficactionak. 
No.  1.  That  vhich  posseg  oTer,  np  to 
140°  Cent.,  constitntdug  naph- 
tha. 
That  irhich  paases  over,  above 
140°  C«nt,  is  mixed  'with  No. 
2  fractionai  distillation  of  ths 
middle  oila. 


Na2. 


MiddltOai. 
Into  3  fractional*. 
That  which  paases 
180*  Cent,   is 
the  naphtha. 


over,  up  to 
remixed  with 


No.  3.  That  which  passes  betwixt  180° 

and  200°  •<  rectified  creasota 

oil. 
No,  3.  That  which  passes  over,  above 

200°  Cent,  u  connted  antbis- 

ceoeoil. 


TauTionns  sx  WASBim. 


Stetifitd liglU  00$  orNapUku. 
(89°  to  140°  Cent).      Sutg'eeted  to 

1  washing  with  pore  water. 

2  washings  with  snlphorio  acid. 
2  washings  with  water. 

1  washing  with  soda. 

2  washings  with  water. 


liiddU  Stetified  OOt. 
(U0°  to  200°  Cent)    Subjected  to 

1  washing  with  pure  water. 

2  washes  with  solphnrio  acid. 
2  washes  with  pore  water. 

1  washing  with  soda. 

2  washes  with  poie  water. 


Crude  Btatj/AiMraetiuOih. 

(200°  to  860°  Cent)    Sotgectedto 
1  wash  with  naie  water. 
S  washes  with  hydioeUone  aeid. 
1  wash  with  pure  water. 

1  wash  with  soda. 

2  washes  with  water. 

FovMH  I)isnu.iiioir. 

Into  4  ftaotioiMb. 
No.  1.  That  which  passes  betnizt  89°—  80<*  Cent. 
No.  2.  „  „  80°— llfi°  Cent  benaola. 

No.  8.  „  „  116°— 160°  Cent 

No.  4.  „  a  little  over  160°  Cent 


liiddU  Btotified  OOi. 
Into  2  fractionals. 

No.  1.  That  which  passes  140°  to  190° 

Cent 
No.  3.  That  which  passes  over  190° 

Cent   is    mixed    with    the 

heavy  oils. 


Pun  Hta»g  OSt, 
Into  8  fracticmals. 

No.  1.  That  which  passes  from  216°  to 

280°  Cent 
No.  2.  Thst  which  paases  from  280°  to 

290°  Cent 
No.  >.  That  which  passes  from  800°  to 

340°  Cent 


The  L^kt  Oil*  or  Ift^lUka*  eontdn  the  following  bodies  :— 

BaUing-poIn*. 
Cent. 

Ammonia  and  ammoniaeal  salts 

Amylene 30°        , 

Traces  of  piopjriene,  batylene-  dissolved  in  their  homo- 
logons  liquids         ....        

Caproylene  or  hexylene 66°  to  70° 

Hydroret  of  he^e 68° 

Fetinine 80° 

Benzine 82°  to  83°— 0860 

(Enanthylene  or  heptylene     .        .        .        .        .        .    94° 

•    Toluene 106°  to  108° 

Farabenzine 97°  to  98° 

Hydmretctfocfyl 116°  to  118° 
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B<iflinff<poi2itb 
Cent. 

Xylene 127' to  1280 

FicoUDe 1330— O-OSO 

Cumeno ISl* 

Hydnuret  of  decyle 158° 

Pyridine I6O0 

C^rmene 176° 

Trace*  of  phenio  add 

The  Tarioos  beatanento  apecified  in  the  Table  axe  to  reniOTe  aeveial  of  theae  bodies, 
which  give  the  erode  nsphua  its  oflbnsiTe  odoor,  and  hinder  its  retaining  a  perma- 
nent white  colonr.  In  the  Tarions  add  and  alkaline  treatments  6  per  cent.  oC  ordinary 
snlphoric  add  is  naed,  which  is  counteracted  by  2  to  8  per  cent  of  caustio  soda  of  a 
density  l-SOfi. 

The  Middle  OiU,  after  their  first  reotiflcation,  and  their  augmentation  with  the 
firactional  distiUation  of  the  heaTier  naphthas,  contain  the  following  bodies : — 


BoOios-poliit 

BoUing-pobit 

Ficoline   . 

.    183'' 

Aniline    . 

.     182° 

Uridine  . 

.        .    160» 

Fbenicadd 

.        .        .    187° 

Cumene    . 

146»  to  I«l» 

VarroUne 

.    188° 

Lnti^ne  . 

,        .    164° 

Toluidine 

.    198° 

Eapion    . 

.        .    160° 

Cresylieadd 

.    203° 

Cymene   . 

.        .    179° 

Coridine  . 

.    211° 

CoUidine. 

.       .    176° 

Naphthaline 

fftom      79° 
\from    218° 

Just  6  per  cent  of  sulphnrio  add  is  given  at  each  of  the  two  treatments  of  the  middle 
oQ;  and  the  amoont  of  soda  used  depends  on  the  quantity  of  cresylic  or  phenie 
adds — a  yery  Tariable  amonnt — the  individnal  oil  may  contain.  To  estimate  the 
quantity  of  phenio  add,  agitato  4  or  6  kilogrammes  of  Uie  middle  oil  with  an  excess 
of  caustic  soda  cif  specific  graTity  I'SOS,  for  an  honi  or  two ;  allow  it  to  repose ; 
then  decant  the  soda-liqnor;  wash  it  with  hot  water;  then  filter;  treat  the  dear 
filtrate  with  hydrochlono  add,  and  the  phenio  add  will  separate.  As  the  eanira- 
lent  of  phenie  add  (CHK)  =>  94)  is  about  IJ  that  of  soda  (Ka<0  =•  62),  1  part  of  soda 
should  fix  2  parte  of  the  add.  Part  of  those  middle  oils  is  also  used  in  dissolving 
caoutchouc. 

The  Heam  OSi,  until  recent  discoveries  of  the  utilisation  of  the  waste  bodies  an- 
thracene and  naphtha,  were  not  usually  distilled.    Their  distillate  betwixt  216°  and 
230° is  ahnost  all  naphthaline;  that  betwixt  200°  add  820°  is  prindpally  anthra- 
cene. 
The  Btavjf  OU*  contain : — 

BoOlns-polnt 

Aniline 182° 

Phenioadd 187° 

FarvoUne 188° 

Cresylieadd 203° 

Phlorylieadd 208° 

Coridine 211° 

Kapbthaline 217°  to  218° 

Babidine 230° 

Qninoleine  or  leucoline        ....       2SS°  to  237° 

Viridine 261° 

Lepidine 260° 

Anthracene  and  paranaphthaline.       .       .       310°  to  369° 
Chzysene    «.••.•.#.... 
I^rene        •«•••*.•••.. 

The  proportions  of  add  and  alkali  in  this  treatment  are  6  per  cent,  of  soda  and  10 
per  cent,  of  hydroohlorio  or  sulphuric  add.  In  order  to  expiscate  the  odour,  this  oil, 
after  distillation,  is  treated  with  4  jper  cent,  of  sulphate  of  iron. 

The  rectified  oil  may  be  used  for  greases,  for  creasotdng  railway-sleepers,  as  an 
antiseptics  or  for  ftiel  or  gas-making, 

SAMtTBAt  VATXVa.  In  a  great  number  of  places  in  various  parte  of  the 
world,  a  more  or  less  flbid  infiamiuMle  matter  exudes.  It  is  known  as  Persian 
na^Uia,  Petroleum,  Bock-oil,  Bangoon  tar,  Burmese  naphtha,  &c. 

The  American  petroleum  consisto  in  ite  more  volatile  portions  of  amyl,  hydrogen, 
hydride  of  amy],  CH"  boiling  at  68°,  and  hydride  of  caproyl  CE'*  boiling  at  02°; 
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tlia  portion  eaMble  of  beine  Mfely  lued  in  lamps  is  represented  by  the  hydioaarbons 
C'H"  and  Co.".  The  higher  aeries  of  the  marsh-gas  group,  which  are  composed 
according  to  the  farmuUe  CH"  and  C*'H**,  exhibit  a  butter-like  consistency  and 
belong  to  the  parafitns  met  with  in  petroleums.  Bangoon  oil  assumes  at  ordinary 
temperatures  the  cousistency  of  butter. 

Messrs.  Warren  Be  La  Rue  and  Hugo  Miiller  find  the  fluid  to  consist  of  two  principal 
series  of  hydrocarbons,  namely,  the  benzole  class  and  another,  unacted  upon  by  acids, 
and  apparently  consisting  of  the  radicals  of  the  alcohol.  In  addition  to  the  fluid 
hydrocarbons,  Burmese  naphtha  contains  a  considerable  quantity  of  paraffin. 

Burmese  naphtha  or  Bemgoon  tar  is  obtained  by  sinking  wells  about  60  feet  deep 
in  the  soil ;  the  fluid  ^jraduaUy  oozes  in  from  the  soil,  and  is  removed  as  soon  as  the 
quantity  accumulated  is  suf&cient.  The  crude  substance  is  soft,  about  the  consistence 
of  goose  grease,  with  a  greenish  brown  colour,  and  a  peculiar  but  by  no  means  dis- 
agreeable odour.  It  contains  only  4  per  cent,  of  flxed  matters.  In  the  distillations 
I)e  La  Bue  and  Huller  employed  superheated  steam  for  tha  higher,  and  ordinary 
steam  for  the  lower  temperatures.  At  a  temperature  of  212°,  11  per  cent  of  fluid 
hydrocarbons  disdl  orer ;  they  are  entirely  tne  from  paraffin.  Between  230°  and 
293°  Fahr.,  10  per  cent  more  fluid  distils,  containing,  however,  a  very  small  quantity 
of  parafBn.  Between  the  last-named  temperature  and  320°  Fahr.,  the  distillate  is 
very  small  in  quantity,  but  from  Uiat  to  the  fusing  point  of  lead,  20  per  cent  more  is 
obtained.  The  latter,  although  containins  an  appreciable  amount  of  paraffin,  remains 
fluid  at  32°  Fahr.  At  this  epoch  of  the  ostillation,  the  products  begin  to  solidify  on 
cooling,  and  31  per  cent  of  substance  is  obtained  of  sufmnent  consistency  to  be  sub- 
mitted to  pressure.  On  raising  the  heat  considerably,  21  per  cent  of  fluids  and 
paraffin  distil  over.  In  the  last  stage  of  the  operation,  8  per  cent  of  pitch-like 
matters  are  obtained.  The  residue  in  the  still  consisting  of  coke  containing  a  little 
earthy  matter,  amounts  to  4  per  cent  We  thus  have  as  the  products  in  this  very 
carefdlly-oondnoted  and  instructive  distillation : — 

Below  212° Free  from  paraffin  ...                .  11-0 

230°  to  293° A  little  paraffin lO'O 

293°  to  820° 

820°  to  fhang  p<»nt  of  lead    .       .    Containing  paraffin,  but  still   fluid   at 

820° 200 

At  about  the  fusing  point  of  lead    .    Sufficiently  solid  to  be  submitted  to  pres- 
sure          81-0 

Beyond  fusing  point  of  lead    .        .    Quantity  of  paraffin  diminishes      .        .  21-0 

Lsst  distilled Pitchy  matters S'O 

Besidoe  in  still      ....    Coke  containing  a  little  earthy  impori^ ,  4'0 

lOb-0 

All  the  above  distillates  are  lighter  than  water.  Almost  all  the  paraffin  may  bo 
extracted  from  the  distillates  by  exposing  them  to  a  freezing  mixture.  In  this  manner 
no  less  than  between  10  and  11  per  cent  of  this  valuable  solid  hydrocarbon  may  be 
obtained  bom.  Burmese  naphtha. 

Naphtha  appearing  closely  to  resemble  the  above  is  found  at  Alfreton,  Amiana 
(Duchy  of  Parma),  Baku  (borders  of  the  Caspian),  Barbadoes,  Clermont  (France), 
Oobian,  near  Becdires  (France),  Qaiida,  Kenfchitel  (Switzerland),  Tegemsee  (Bavaria), 
Trinidad,  United  States,  Val  m  Koto  in  Sicily,  Wailachia,  Zante,  St  Zibio  (Modena), 
Sehndee  near  Hanover,  near  Hamburg,  Kleinsehoppenstadt  Brunswick,  in  the  Pyrenees 
and  other  portions  of  Spain  and  Ftence.  Petroleum,  well  salt  and  combustible  gases 
are  associated  together  in  the  Bavarian  Alfw,  in  Tuscany,  Uodena,  Parma,  the  Car- 
pathian Uountains,  in  America,  and  other  localities.  As  marsh-^  is  given  off  from 
beds  of  rock-salt  some  chemists  have  suggested  that  CE*  might  yield  by  condensation 
the  homologous  hydrocarbons  C'H"  andC'H"  forming  the  bulk  of  the  volatile  por- 
tions of  petroleum  and  paraf&n.  Napbtlia  was  one  of  the  ingredients  said,  by  some 
old  authors,  to  enter  into  the  composition  of  the  Qreek  flre. — C.  Q.  W, 

NaphUuk  was  originally  a  mineralogical  term ;  but  much  confusion  has  arisen  in  its 
application,  or  in  that  of  its  mineralogical  qmonym  Petroleum,  to  aitieles  of  commerce 
or  manu&cture.  The  first  distillate  of  coal-tar  resembled  in  appearance  and  in  some 
properties  the  fluid  described  as  oozing  in  many  places  from  the  earth ;  hence  the 
apparent  propriety  of  adapting  an  old  name  for  the  new  manufactored  product  But 
both  artided  nave  now  become  important  foundations  for  two  very  difibrent  industries, 
and  it  has  been  found  that  the  earth-oil  cannot  give  benzole,  the  coal-tar  colour  producer. 
So  it  has  been  tacitly  agreed  by  technologists  to  give  the  name  Haphtka  to  the  distillate 
from  coal-tar,  whilst  Petroleum  is  assigned  to  the  natural  products ;  for  though  speci- 
mens (^  these  may  be  chemically  different,  they  serve  the  same  manufaotnring  pnrpoeee 
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and  are  eonuneiciaUy  looked  upon  as  one  body.  Bnt  88  the  siinilarity  in  tlie  i 
of  mannfactuie  of  both  bodies  most  strike  an  intelligent  workman,  we  seed  not  feel 
soTprised  when  he  calls  alike  the  piodnets  of  shale  petroleum,  or  coal-tars  from  the 
still  naphthas.  The  distinction,  moreorw,  is  oonvenient ;  as  the  products  of  the  llist 
two  bodies  serve  different  technical  purposes  from  the  subsequent  ones.  They  have 
also  become  the  subject  of  legislative  provision  on  account  of  the  lamentable  accidents 
whicil  they  have  sometimes  occasioned ;  though  the  confusion  in  terminology  is  well 
iUnstBited  in  a  recent  enactment  which  designates  as  petroleum  all  bodies  £ram  rock- 
oil,  schists,  or  peat  inflaming  below  100°  fshr.  It  has  been  generally  thought  that 
the  application  of  the  term  spirit  would  be  a  convenient  substitute  for  shale  or 
petioiettm  naphtha. 

According  to  Vfiederhold,  crude  or  native  naphtha  gives  by  fhtctional  distil- 
laUon; — 

Petroleum  spirit        {^JP"*^"'*"*  JiJ^  specgiav.boiUng  at  100^  Cent 
Befined petioleam  67        »        0*80        „  above    200*>     „ 

The  lightest  distillates  of  American  petroleum,  Sherwood  oil,  or  shale  have  been 
much  investigated  in  regard  to  use  as  anaethetics  or  as  carburetters.  Kames  ha^e 
thus  been  given  to  the  varied  £nctional  distillates.  Eleinschmidt  of  St.  Louis 
•peoifies  the  fallowing: — 

Oils  distiUiqg  over  below        ^7'7  specific  gravity   -S  —  -60  =  90-§7=Sgolin 
„  „  at         76-6  „  0-63-0'61-80-90"GasolJn 

„  „  „         1870  „  O-67-0-63  =  70-80-Naphtha 

„         148-0  „  0-78 -0-67  =  60-70 -Benzine 

„  „  „    188-219  „  0-78-0-82  =  40-60-Kerogen. 

The  late  Sr  James  Simpson  took  great  interest  in  the  anesthetic  powers  of  the  first 
series ;  on  account  of  them  petroleum  guned  its  healing  repute  amongst  the  American 
Indians  ;  applied  externally  they  soothe  neuralgic  oomplaints. 

Oasolin  is  mainly  relied  on  as  the  carbnretting  agent  by  several  new  patent  gas 
companies  who  thus  purpose  to  enrich  common  coal-gas,  water-gas,  or  atmospheric  air. 
Spirit  of  specific  gravity  of  about  0'660  and  with  a  boiling-point  of  58°  Cent,  is  pre- 
ferred for  this  purpose,  and  as  this  spirit,  which  the  preceding  analysis  shows  consti- 
tutes so  large  an  item  in  crude  petroleum,  is  too  dangerous  to  bum  in  common  lamps, 
it  is  sold  at  the  price  of  a  waste  product.  It  is  bdieved  that  one  gallon  of  spirit 
will  carburet  600  cubic  feet  of  gas,  raising  it  in  luminosity  to  30  or  33  candle-power 
of  flame.  The  opposing  elements  of  odour  and  danger  may  stand  in  the  way;  but  the 
sameprocess  may  be  adapted  in  using  this  spirit  for  heating  or  smelting  operations. 
Mr.  Wills,  F.  C.  S.  gives  the  following  calculations  founded  on  Dalton's  law  for  ascer- 
taining the  vaponi-tension  of  liquids.    ('  Joum.  Soc  of  Arts,  No.  1070,  vol.  zxi.) 

Table  ofpenmtage  of  vapour  o/petrolmm  spirit  qf  a  specific  gravity  '660  present  m 
air  or  other  medium  at  differtiU  temperatwret. 

Temperature.  Fenentage. 


Tempentore.  Feioentage. 

-10"  Cent.  <14''Fahr.)  .  67 

0      „  (82      „     )  ,  10-7 

10      „  (60      „     )  .  17-6 


-16°  Cent.  (60»Fahr)  .  220 
20  „  (  68  „  J  ,  270 
40      „         (104     „    )    .        890 


This  difibribility  thiongh  air  in  the  state  of  vaponr  of  petrolenm  has  occasioned 
many  lamentable  accidents,  to  prevent  which  various  legislative  measures  have  been 
passed.  When  a  light  is  applied  to  a  common  para&i-oil  lamp,  in  which  the  ml 
IS  at  once  converted  into  vapour,  ignition  will  occur.  Explosion  will  also  supervene 
on  shipboard  or  in  a  room,  in  which  a  mixture  of  common  air  and  hydrocarbon- 
vapour,  whether  from  low  speciflc  gravity,  or  from  the  construction  of  the  reservoir- 
cell,  have  been  allowed  to  accumulate  in  the  proportions  which  cause  coal-mine  or 
domestic  gas  mixed  with  air  to  explode.  Petrolenm  and  the  paraffin  oils  alike 
consist  of  a  series  of  oils  bound  together  by  links  and  very  similar  in  composition.' 
Bnt  the  first  members  of  the  series  are  very  easily  detached  from  the  others,  and 
their  vapours  come  off  at  ordinary  temperatures.  Here  specific  gravity  does  not,  as 
was  once  thought,  determine  the  safety  of  an  oil.  The  specific  gravity  of  mineral  oil 
ranges  from  814°  to  830°,  the  extreme  point  at  which  it  easily  ascends  a  wick 
witttout  charring  it.  But  petroleums  of  800°  hare  been  shown  perfectly  safe  by  the 
tests  of  flash-point  and  flnng-point;  whibst  others  standing  at  higher  numbers  on 
the  hydrometer  have  not  stood  them.  In  America  the  original  way  of  testing  the 
firing-point  of  oils  is  by  placing  a  light  in  the  open  vessel  containing  them,  which  is 
being  also  heated,  and  n^ng  the  exact  degree  on  a  thermometer  whose  bulb  is  also 
immersed  in  the  fluid,  when  flame  appears  on  ita  soifiice.    In  this  country,  again. 
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legisktioii  is  baud  on  the  &ct  that  light  Tspoim  arise  many  inchai  from  the  gar&c« 
of  the  oil,  and  can  be  ignited  there  long  beibra  the  body  of  the  oil  takes  fire.  In  the 
open  test  irhich  was  flnt  pieseribed  by  Act  of  Parliament,  the  vessel  holding  the  oil 
-was  inclosed  in  a  water-bath  heated  by  a.  spirit  lamp,  a  thermometer  again  inserted, 
the  whole  protected  by  a  screen  extending  half  round  the  sur&ce  of  the  vessel,  and  a 
match,  in,  say  the  form  of  a  piece  of  string,  applied  a  fUU  inch  at  least  above  the  sur- 
fiu^e  of  the  oil.  In  the  dose  test  the  sorfaoe  of  the  oil-holding  vessel  is  covered ; 
openings  only  being  left  for  the  firing-string  and  the  thermometer.  There  is  a  dif- 
ference cf  15°  to  2S°  in  the  firing-point  of  the  two  tests  ;  the  tests  reduce  the  degrees 
in  the  inverse  order  to  that  in  whicli  they  have  been  given.  An  American  cargo  with  a 
firing-test  certified  at  port  of  transit,  will  have  it  diminished  about  10°  by  the  open 
test,  and  20°  by  the  close  test.  The  law  now  stands  for  Britain  prohibiting  the  sale 
of  petroleum  under  100°.  It  varies  in  different  countries.  At  Antwerp,  which  regu- 
lates the  petzoleom  importation  of  Germany,  there  is  no  prohibitory  enactment  The 
State  of  Maine,  U.  S.,  specifies  I1S°  igniting  test,  whilst  Massachusetts  and  Vermont 
agree  on  110°  Fahr.  (See  '  Beport  of  Select  Committee  of  the  House  of  Lords  on  the 
Petrolenm  BiU,  18?2.') 

Petroleum  and  panffin  spirits  or  naphtha  have  also  acquired  the  synonym  of 
'  turpentine-substitute,'  because  of  their  application  in  varnishes  and  other  house 
fftints  I  buti  as  the  name  implies,  cheapness  mainly  regnlates  this  use. 

Hinel  (Spec.  A.  D.  1863,  So.  2987)  proposes  to  extract  essences  and  perfumes,  by 
petrolemn  spirit,  as  a  snbstitiite  for  bisulphide  of  carbon.  Others  have  patented  this 
substance  as  an  extractor  of  vegetable  and  animal  oils.  G.  Ville,  the  French  agri- 
cultural chemist,  shows  that  were  this  method  applied  to  the  culture  of  the  ordinary 
oleaginous  plants  much  good  wonld  result.  If  35  hect.  of  the  colza  were  treated 
ordinarily  by  hydraulic  press,  808  kil.  of  oil  would  be  given ;  but  by  the  aid  of  petro- 
leum spirits  the  produce  is  increased  to  1,039  Idl.  (See  Lei  Engrais  Chimiques,  par 
M.  G.  Ville,  torn.  li.  p.  176,  &c    Paris,  1872). 

Ville  is  inclined  to  think  that  from  6  to  8  per  cent  of  oil  is  left  in  seeds  after  the 
action  of  the  hydranlic  press.  Of  course  where  oleaginous  plants  are  mainly  grown 
for  their  oil  and  fibre,  as  in  the  Western  States  of  America,  or  where  the  c^  is 
returned  as  a  manure  into  the  soil,  as  recommended  by  G.  Ville,  this  process  is  com- 
mercially available. 

Sponge  lamps  have  been  suggested  to  use  mineral  spirits  either  as  portable  gas  for 
illuminants  or  a  ^uick  and  ready  heating-power.  The  chandlers  last  winter  exhibited 
at  least  two  ingenious  French  contrivances  for  this  purpose.  With  proper  precautions, 
no  danger  can  supervene.  Any  other  hydrocarbon  incautiously  managed  will  cause 
peril.  Turpentine  emits  a  volatile  vapour  a  little  above  1 10°  F. ;  and  a  can  of  it  kept 
in  a  storehouse  a  little  above  the  boiler  is  said  to  have  cansed  an  explosion  resuldng 
in  the  fiunoos  burning  of  the  steamer 'Amazon.'  Other  like  calamities  have  been 
traced  to  this  source.  Such  volatile  oils  expand  at  the  rate  (^  1  in  30  in  a  tempe- 
rature of  60°  F.,  that  is  to  say,  between  40°  F.  and  blood-heat ;  other  oils  of  the 
series  expand  at  correspondingly  higher  temperatures.  The  oil  which  gave  its  sad 
pre-eminence  to  the  Abergele  accident  was  a  Welsh-made  oil  of  130  spec,  grav.,  and  a 
high  firing-point  When  such  vapours  mix  with  atmospheric  air  in  the  proportion  of 
1  in  7  or  thereabouts,  an  explosion  occors  on  the  proximity  of  a  light 

On  flnt  igniting  a  paraffin  lamp,  the  heat  from  the  burning  wick  causes  the  liffbter 
oils  to  ascend  in  vapour.  Should  the  whole  contents  of  the  reservoir  be  too  suddenly 
raised  into  vapour,  manifestly  '  there's  death  in  the  pot'  A  dangerous  oil  will  assume 
this  state  at  80°  or  90°  F.,  but  only  a  very  small  portion  of  a  si^e  oil  will  vaporise  at 
these  temperatures.  Br.  Lyon  Playfair  gave  the  following  evidence  before  a  recent 
Parlismentaiy  Committee : — '  I  would  bum  no  oil  in  my  own  house,  nor  would  I  advise 
a  ficiend  of  mine  to  bum  any  in  Iiis  house,  under  120°  F.  as  the  very  minimum,  but  I 
should  prefer  130°,  that  is  to  say,  120°  for  the  vapour,  and  180°  for  the  permanent 
ignition.  Oil  with  a  high  firing-point  gives  out  more  light  than  the  other  kind.  It 
bums  quil»  as  long  and  gives  out  more  illumination.  A  gallon  of  oil  at  130°  of 
permanent  ignition,  produces  25  per  cent  more  light  than  a  gallon  at  100°.  The 
ught  from  the  low-igniting  oil  is  not  more  at  the  time  it  is  burning,  but  those  who 
are  accustomed  to  bum  light  petroleum,  sometimes  like  it  better  than  heavier  and 
safer  oils,  as  they  find  that  they  can  manage  the  wick  more  easily.' 

At  an  expense  of  about  2d.  per  g^on,  petroleiun  can  be  refined  so  as  to  be  perfectly 
safe. 

The  following  remarks  on  the  formation  of  naphthaline  from  practical  gas  mann- 
fiictarers  are  of  considerable  interest  Mr.  Hyde,  at  a  meeting  of  the  Gas-light 
Association  of  the  United  States  held  at  Cleveland,  after  gener^ly  describing  tihis 
substance,  proceeded  to  say : — It  had  a  peculiar  faintly  aromatic  odour,  not  unlike 
narcissus ;  it  was  heavier  Uian  water,  and  was  readily  dissolved  by  naphUia.    During 
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tb*  fifteen  yean  of  hii  experience  u  engineer  of  the  Cleveland  Gas-light  and  Coke 
Company,  in  the  manipulation  of  the  gas  varied  reenlte  had  been  obserred.  In  the 
ptoceas  of  condenaing  and  washing  the  gas,  their  osnal  method  had  been  to  condense 
first  and  then  to  -wash.  At  one  time  it  iras  thought  advisable  to  erect  a  spray-iraahei 
between  the  hydraolio  main  and  the  condensers,  as  was  the  method  in  many  gas 
worlcs.  Soon  after  there  was  observed  a  rapid  aocnmnlation  of  naphthaline  in  the 
drain  leadin{[  to  the  tar-well,  in  the  purifiers  and  pipes  about  the  works,  and  also  in 
the  distributing  mains  in  the  streets.  At  a  subsequent  period  these  spray-washers 
were  removed  and  placed  between  the  condensers  and  purifiers,  need  in  connection 
with  the  purifiers,  and  very  much  less  naphthaline  was  crystallised.  During  the 
periods  mentioned  the  heats  of  the  benches  were  what  was  termed  '  high.'  During 
the  past  cold  season  there  was  used  with  the  common  bituminous  coal  &om  four  to 
eight  per  cent  of  cannel  coal.  The  heats  were  not  high,  the  gas  was  kept  hot  while 
passing  from  the  retort-house  to  the  condensers — about  150  feet — by  encasing  the 
pipe ;  the  condensation  was  very  gradual,  by  the  use  of  an  open-air  condenser,  and 
but  a  small  amount  of  water  used  in  the  scrubber  and  no  spray-washer.  Daring  this 
period  they  had  no  crystallised  naphthaline.  It  had  always  been  observed  that  wher- 
ever high  heats  were  carried  more  naphthaline  was  crystallised  than  with  medium 
heats;  and  that  when  a  bench  was  lightly  charged,  after  being  cleaned  of  carbon  and 
while  hotter  than  usual,  naphthaline  appeared  more  abnndanUy  than  under  ordinary 
circumstances.  His  deductions  ftom  his  experience  at  the  Cleveland  works  were  as 
follow : — The  crystaUising  of  naphthaline  was  caused  first  by  '  high  heats,'  and  the 
amount  increased  by  rapid  cooling  of  the  gas  by  contact  with  cold  water,  cold  pipes, 
and  other  rapid  cooling ;  and  tliat  naphthaline  was  more  likely  to  be  developed  in 
gas  made  &om  slack  coal  than  from  lump  coaL  The  remedy  he  would  suggest  for 
the  annoyance  was  the  use  of  a  small  percentage  of  cannel  coal,  in  connection  with  the 
common  bitnminons  C(»Is,  moderate  heats,  long  exposure  of  the  gas  to  hot  pipes  or 
other  condensing  operations  before  reaching  the  cooling  condenser;  slow  cooling  of 
the  gas,  and  scrubbing  with  a  small  amount  of  fresh  or  ammoniacal  water  of  modraate 
temperature ;  and,  also,  when  found  necessary,  ihe  introduction  of  a  small  continuous 
supply  of  naphtha  into  any  horizontal  pipes  about  the  work  after  condensation,  or 
into  uie  drips  of  the  inlet  and  outlet  pipes  to  the  gas-holder.  The  evaporation  of  the 
naphtha  would  dissolve  the  naphthabne  e^stals. 

Another  gas-engineer  remarked  that  high  heats  had  been  so  constantly  upbraided 
as  the  parent  of  naphthaline,  and  so  thoughtlessly  and  niy'ui^ly,  that  he  must  try  to 
rescue  mem  from  blame.  He  admitted  that  high  heats  undoubtedly  place  them  in  a 
position  to  be  annoyed  with  the  crystal,  but  so  did  the  use  of  steam  put  them  in 
jeopardy  £rom  railway  accidents.  Of  late  years  they  had  been  putting  brain-work 
into  their  retort-houses  faster  than  into  the  other  apparatus,  and  the  result  was  the 
unfortunate  crystal  under  dissection.  High  heats,  low  seals,  rapid  evolution  of  the 
gases,  hasty  removal  from  the  retort,  and  sudden  plunging  at  a  high  temperature  into 
Sie  showers  of  spray-washers,  or  through  yards  of  chilling  condensers,  soon  gave  birth 
to  the  lusty  and  troublesome  crystal  nuisance  that  sheds  its  unthankful  favours  upon 
gas  managers.  The  agency  of  heats  in  producing  naphthaline  lies  simply  in  convert- 
ing into  a  gas,  at  a  high  heat,  defiant  qualities,  that  at  low  heats  pass  over  as  oils. 
In  order  to  retain  this  (at  tliat  point)  easily-condensed  volatile  oil  in  a  gaseous  form, 
three  methods  were  open  to  them :  they  might  mix  free  hydrogen  wi^  their  coal- 
gas  at  a  high  temperature ;  they  might  introduce  into  their  coal-gas,  gas  made  from 
naphtha ;  or  adopt  the  plan  of  having  a  long  connecting  main,  protected  from  atmo- 
spheric ijianges,  between  the  hydraulic  main  and  condensing  apparatus,  so  retaining 
the  crude  gas  as  long  as  possible  in  contact  with  its  own  condensable  vapours,  ana 
subjecting  it  to  agraidual  lowering  of  temperature.  He  had  made  the  practice  of 
introducing  the  water  into  his  condensers  at  the  '  outlet '  end,  and  taking  tha  overflow 
from  the  '  inlet '  end,  so  causing  the  gas  to  come  first  in  contact  with  pipes  somewhat 
higher  tempered  than  he  could  otherwise  do,  and  so  continuing  his  scheme  of  gradual 
cooling.  He  used  but  little  water  in  actual  contact  with  the  gas,  believing  more  in 
the  efBcacy  of  the  dry  scrubbing  it  got  in  rassing  the  divisions  of  tiie  washer  than  in 
water  as  a  cooling  agent  in  that  stage,  following  these  general  views,  he  had  suc- 
ceeded in  escaping  any  further  trouble  from  naphthaline,  save  an  occasional  warning 
presence  in  his  purifiers,  when  he  accepted  the  hint  and  looked  for  something  wrong 
at  the  back  of  them.  When  gentlemen  came  to  understand  the  chemical  laws  govern 
ing  the  deposit  of  naphthaline,  the  greet  step  to  its  prevention  would  have  been  taken, 
and  it  would  pass  out  of  the  category  of  nuisances  and  be  blessed  for  its  useful 
qualities. 

For  the  gas-en(dneer  it  seems  most  important  to  prevent  the  crystallisation  of 
naphthaline,  and  Uiis  it  appears  can  be  done  by  keeping  the  gas  containing  naph- 
thaline ia  contact  with  toe  light  volatile  oils ;  though  all  the  wemical  propotjes  ct 

Vol.  in.  D  D 


Digitized  by 


Google 


«02  NAFHTHALmE  DTES 

naphthaliM  ar*  not  yet  disoovned,  it  is  a  vell-IoKnrn  &et  that  nai^thaline  showa 
a  great  affinity  for  light  hydrocarbons.  In  gas  generated  at  a  low  temperature,  many 
of  the  volatile  substanceB  are  lost  in  an  ondistilled  condition,  vith  the  tar  in  the 
hydraulic  main  and  connecting  pipes,  in  their  liquid  form,  and  combine  with,  or  rather, 
take  up,  the  naphthaline.  Under  an  increased  heat  the  greater  part  of  these  oils 
would  form  fixed  gas,  and  conseqnently  increase  the  volume  of  the  gas  manufactured. 
Though  it  is  a  great  adyantage  to  make  use  of  as  great  a  quiuitity  of  these  lighter 
mlt  as  poesible  in  diHtilling  uie  same  to  gas,  we  all  know  that  all  the  lighter  (nls 
cannot  he  used  up  entirely  in  the  distillation  of  cold,  and  thus  it  seems  the  duty  of  an 
enlightened  gaa-engineer  not  to  waste  the  same,  but  to  make  a  judicious  use  of  it  in 
keeping  the  gas  as  long  as  poesible  in  contact  with  the  gaseous  vapours,  and  thus 
preventine  the  oystalluation  of  the  naphthaline  which  is  contained  in  the  gas.  The 
lightw  oib,  as  long  as  they  are  united,  will,  whenever  they  settle  down  in  a  condensed 
state,  eany  away  a  great  deal  of  naphthaline  in  a  liquid  form,  and  the  naphthaline 
will,  in  a  pipe  placed  in  proper  descent,  be  carried  on  to  the  drips.  The  lighter^l 
Tapoma  will  separate  from  the  gas  at  low  temperature ;  in  condensing,  therefore,  it  is 
thooght  In' many  best  that  the  take-off  pipes  from  the  hydraulic  main  should  he  nearly 
on  a  level  with  the  same,  and  should  bo  of  sufficient  length.  Clegg  gives  as  a  role, 
that  for  every  inch  of  diameter,  the  take-off  pipe  should  have  a  length  of  ten  feet,  the 
working  pressure  being  two  inches ;  for  instance,  the  take-off  pipe  being  ten  inches  in 
diameter,  the  proper  length  would  be  one  hundred  feet  By  increased  working  pres- 
•nre  they  will  of  course  require  increased  length  in  the  ratio  of  their  square  roots  ; 
hot  even  at  this  rate  a  great  deal  of  the  lighter  oils  will  be  lost  in  condensation. 

It  had  been  found  by  experience  that  those  oils,  if  collected  in  a  little  tank  and 
re-vapourised,  will  greatly  diminish  the  tendency  of  the  naphthaline  to  crystallise,  and 
at  the  same  time  improve  the  quality  of  the  gas.  The  form  of  such  an  apparatus 
should  be  a  small  iron  tank,  closed  at  the  top,  and  placed  below  the  level  of  inlet  pipe 
of  the  condenser,  to  which  all  drip  water,  and  with  it  the  lighter  oils,  must  be  con- 
duoted ;  the  lighter  oils  will,  from  the  nature  of  their  specific  gravity,  float  on  the  top 
of  the  tank.  By  passing  a  coil  of  steam-pipee  through  the  tank  the  lighter  oils  wiU 
be  vaponrised,  and  the  naphthaline  will  settle  at  the  bottom,  and  fivm  there  can, 
from  time  to  time,  be  let  off.  If  there  be  an  insufficient  amount  of  these  lighter  (Uls, 
some  benrine,  benzole,  or  naphtiia  can  be  added  with  advantage,  particularly  if  coal 
he  used  containing  only  a  small  proportion  of  these  lighter  (nls.  Eydiocaibon-vapours 
will  surely  liquefy  naphthaline  in  any  pipe  or  vessel. 

A  frirther  tendency  of  naphthaline  to  crystallise  will  be  created  if  gas  containing 
naphthaline  is  passed  in  from  a  hot  to  a  cold  place ;  say,  for  instance,  if  the  gas  be 
stored  in  the  holder,  and  the  same,  without  a  building,  is  exposed  to  the  heat  of  a  high 
temperature ;  when  let  into  pipes  in  the  ground,  which  nre  located  in  a  lower  tem- 
perature, naphthaline  will  surely  crystallise,  and  in  course  of  time  will  stop  up  the 
pipes  more  or  lees ;  or  if  the  street  mains  are,  in  certain  locations,  laid  too  near  the 
surface  of  tise  ground,  and  afterwards  the  gas  be  passed  into  pipes  located  in  lower 
ground,  by  which  a  variation  of  temperature  is  created,  naphthaline  will  have  a 
tendency  to  crystallise. 

Beeently  the  derivatives  of  naphthaline,  which  are  almost  innumerable,  have  been 
receiving  much  attention  ;  and  many  colouring-matters  are  produced  by  its  reactions. 
These  hare  not,  however,  as  yet  found  a  place,  to  any  considerable  extent,  in  com- 
merce. . 

Napit^lin,  Diamine  Violet,  NaphtlUUin  Yellow  (known  also  as  Manchester  Yellow 
and  Janne  d'Or)  are  described  in  Ciookes's  '  Practical  Handbook  of  Coloun,'  and 
Watts's  '  Dictionary  of  Chemistry.'    See  also  NAPaTHAi,ii(s  Dtes. 

WAVBTBAXiZBZVa.     See  Naphthtlaions. 

WAVKTXAXXVa.  C»H'  (0"H«).  A  solid,  crystalline  hydrocarbon  contained 
]n  coal-tar.  It  is  especially  interesting  in  consecmence  of  its  being  the  substance 
80  long  and  persevenngly  studied  by  Laurent  Its  combinations  and  derivatives 
are  immensely  numerous,  and,  in  a  theoretical  point  of  view,  of  the  greatest  im- 
portance, the  well-established  theory  of  substitutions  being,  to  a  great  extent, 
fbunded  upon  the  results  obtained  by  treating  naphthaline  with  nitric  odd  and  the 
halogens. 

yAyjTMATil m  BTSB>  within  the  last  few  years  a  number  of  colouring- 
matters,  some  of  which  are  employed  commercially,  have  been  obtained  from  naph- 
thylamine,  itself  a  derivative  from  naphthaline.  In  preparing  napUialine  red,  or  as 
St  IS  often  called,  Magdala  red,  the  naphthylamine  is  firet  converted  into  azodinaphthyl- 
diamine,  by  the  action  of  nitrous  acid ;  and  this,  when  treated  with  naphthylamine, 
yields  a  peculiar  base,  which  forms  naphthaline  red.  Naphthaline  blue  and  naphtha- 
line violet  are  obtained  by  acting  on  the  red  base  with  iodide  of  methyl,  or  iodide  of 
ethyl,  or  by  treating  it  with  pemitiate  of  merciuy,  chloride  of  copper,  chlorate  of 
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potash,  ete.  Napitialiae  ydlov,  known  also  sb  Mmtehetttr  yeUoiB,  Mardui  ydlou),  and 
JamtttFor,  iipnpared  by  adding  nitrite  of  soda  to  a  solataon  of  hydrochlorate  of  naph- 
thjlamine,  wnen  diazonaphthol  ie  formed.  On  heating  this  with  nitric  acid,  binitro- 
naphthylie  acid  is  produced,  and  the  lime  or  soda  oompound,  of  this  add  forms 
naphdialine  yellow.  This  pigment  is  used  for  dyeing  wool  and  silk,  without  the  aid 
of  a  mordant,  and  for  modifying  the  tint  of  magenta.  The  naphthaline  dyes  are 
folly  described  in  Crookes'g  '  Fn^eal  Handbook  of  Coloms,'  and  in  Watts's  '  Dic- 
tionary of  Chemistry.' 

VAf H'tW  IliAJUipB.  C!**H*K  (a"W).  An  organic  base,  isomeric  with 
oyptidine,  produced  from  nitronaphthaline  by  the  action  of  reducing-agents,  such 
as  sulphide  of  ammoninm,  or  protacetate  of  iron. 

VAVKBS  TaWUVW«  {Jatmt  miniral,  Fr. ;  NaipeIgM,  Oer.)  This  is  a  fine 
yellow  pigment  nrepaied  from  antimony.  It  is  said  to  be  prepared  by  calcining 
about  12  parts  of  metallic  antimony  with  8  parts  of  red  lead  and  4  parts  of  oxide  of 
zinc  in  a  rererbfliratory  ftimace.  Tha  mixed  oxides  are  to  be  well  rubbed  togetiier 
and  fused ;  after  this,  the  ihsed  mass  is  to  be  reduced  to  a  Tery  fine  powder.  This 
colour  is  princirally  prepared  in  Italy ;  but  the  chrome  yellows  have  almost  entirely 
supezaeded  it    See  Ybixow  Coiouss. 

V/LBOOXnra.  C^EXNO"  {0''*tPmo''\  An  alkaloid  contained  in  opium. 
It  may  be  obtained  in  large  qnantitiee  ttom  the  coloured  and  unciystallisable 
motheivliquoTS  obtained  in  the  prqxtiation  of  morphine  by  Oregoiys  process. 

VATlva  AXXrf>T.    A  name  sometimes  given  to  Osuiuu-IuDiuu,  which  see. 

WATml  BtaXAUi*    See  the  respectiye  metals,  as  CSofpeb,  &c. 

WATBOXtlXat  from  the  Latin  natron,  soda.  This  mineral  occurs  reniform, 
botzyoidal,  and  massire;  it  has  a  splintaiy  fracture;  is,  on  the  edges,  translucent, 
and  of  a  pearly  lustre.  It  consists  of  soda,  alumina,  silica,  and  water ;  it  is  found  in 
Scotland,  Switzerland,  Saxony,  and  Nora  Scotia.  Natrolite  receives  a  high  polish, 
and  it  has,  therefore,  been  used  for  rings  and  other  ornaments. 

VATBOV  is  the  name  of  the  native  sesquicarbonate  of  soda,  which  occurs  as  a 
deposit  on  the  sides  of  several  lakes  to  the  west  of  the  Delta  of  Egypt ;  also  as  thin 
crusts  on  the  surface  of  the  earth,  rarely  an  inch  in  thickness,  at  uie  bottom  of  a 
rocky  mountain,  in  the  province  oi  Sukena,  near  Tripoli,  and  two  days'  journey  from 
Fezzan,  and  is  called  by  the  Africans  Tnma.  The  walls  of  Cassar  (Qasrr),  a  fort  now 
in  ruins,  are  said  to  have  been  built  of  it.  At  the  bottom  of  a  lake  at  Lagnnillas, 
near  Merida  in  Venezuela,  is  found  a  substance  called  by  the  Indians  TJrao,  which  is 
tolerably  pure  sesquicarbonate  of  soda.  It  is  collected  evenr  two  years  by  the  natives, 
who,  aided  by  a  pole,  plunge  into  the  lake,  separate  the  bed  of  eexth  which  covers  the 
mineral,  break  the  urao,  and  rise  with  it  to  the  surface  of  the  water ;  it  is  then 
removed  to  tlie  magazine,  and  dried  in  the  sun,  Natron  is  also  found  near  Smyrna, 
in  Tartary,  Siberia,  Hungary,  Hindostan,  and  Mexico ;  in  the  last  country  there  are 
several  natron  lakes,  a  little  to  the  north  of  Zacatecas,  as  well  as  in  many  other 
provinces. 

These  deposits  are  never  pure  sesquicarbonate  of  soda,  but  contain  generally  some 
sulphate  of  soda,  chloride  of  sodium,  and  earthy  matters. 

WATintS-VWanmro.  {Naturtelbstdntck,  Ger.)  The  following  description 
of  this  very  beautiful  process  is  an  abstract  of  a  lecture  delivered  by  Mr.  Henry 
Bradbury  at  the  Boyal  Institution : — 

Nature-printing  is  the  name  given  to  a  technical  process  for  obtaining  printed 
reproductions  of  plants  and  other  olijects  upon  paper,  in  a  manner  so  truthful,  that 
only  a  close  inspection  reveals  the  &ct  of  their  being  copies;  and  so  distinctly 
sensible  to  even  touch  are  the  impressions,  that  it  is  difficult  to  persuade  those 
unacquainted  with  the  manipulation  that  they  are  an  emanation  of  the  printing- 


The  distinguishing  feature  of  the  process  consists:  first,  in  impressing  natural 
olgeots — such  as  plants,  mosses,  seaweeds,  and  feathers — into  plates  of  metal,  causing, 
as  it  were,  the  objects  to  engrave  themselves  by  pressure ;  secondly,  in  being  able  to 
take  such  casts  or  copies  of  Uie  impressed  plates  as  can  be  printed  from  at  the  ordi- 
nary copper-plate  press. 

This  secures,  in  the  case  of  a  plant,  on  the  one  hand,  a  perfect  repesentation  of  its 
characteristic  outline,  of  some  of  the  other  external  marks  by  which  it  is  known,  and 
even  in  some  measure  of  its  structure,  as  in  the  venation  of  ferns  and  the  ribs  of  the 
leaves  of  fiowering  plants ;  and,  on  the  other,  affords  Hie  means  of  multiplying  copies 
in  a  quick  and  easy  manner,  at  a  trifling  expense  compared  with  the  result — and  to 
an  unlimited  extent 

The  ^reat  defect  of  all  pictorial  representations  of  botanical  figures  has  consisted 
in  the  inability  of  art  to  represent  faithfully  those  minute  peculiarities  by  which 
natotal  objects  are  often  best  distinguished.     Nature-printing  has  therefore  come 
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to  the  aid  of  this  branch  of  B<nence  in  particolar,  irbilft  its  tatOM  deTdopnent 
ptomises  iiacilities  for  copying  other  objects  of  nature,  the  reprodnction  of  Trhich  i« 
not  widiin  the  province  of  the  human  hand  to  execute ;  and,  even  if  it  were  possible, 
it  vould  involve  an  amount  of  labour  Mafcelj  commensurate  with  the  result. 

■  Possessing  the  advantages  of  rapid  and  economic  production,  the  means  of  no- 
Umited  multiplication,  and,  above  all,  unsurpassable  I'esemblance  to  the  original, 
nature-printing  is  calculated  to  assist  much  in  &dlitating  not  only  the  fint  tight 
recognition  of  many  objects  in  natural  history,  but  in  supplying  the  detailed  evi- 
dences of  identification — ^which  must  pcove  of  essential  value  to  botanical  science  in 
paiticnlaT. 

Experiments  to  print  direct  from  nature  were  made  as  far  back  as  about  2fiO  years; 
it  is  certain,  therefore,  that  the  present  success  of  the  art  is  mainly  attributable  to 
the  general  advance  of  science,  and  the  perfection  to  which  it  has  been  brought  in 
particular  instances. 

On  account  of  the  great  expense  attending  the  production  of  woodcuts  of  plants  in 
eaily  times,  many  naturalists  suggested  the  possibility  of  making  direct  use  o!  Nature 
herself  as  a  oopyist.  In  the  ■  Book  of  Art,  of  Alexis  Fedemontanus  (printed  in  the 
vear  1672),  and  transUted  into  Oerman  by  Wecker,  may  be  found  the  fint  recorded 
hint  as  to  taking  impressions  of  plants. 

At  a  later  period,  in  the  JoumoL  di»  Voyaga,  by  H.  de  Moncoys,  in  1660,  it  is 
mentioned  that  one  Welkenstein,  a  Dane,  gave  instruotion  in  making  impressions  of 
plants. 

The  process  adopted  to  produce  such  results  at  this  period  consisted  in  laying  out 
flat  and  drying  the  plants.  By  holding  them  over  the  smoke  of  a  candle,  or  an  oil- 
lamp,  they  became  blackened  in  an  equal  manner  all  over;  and,  by  being  placed 
between  two  soft  leaves  of  paper,  and  being  rubbed  down  with  a  smoothing-bone, 
the  soot  was  imparted  to  the  paper,  and  uie  impression  of  the  vnns  and  fibres 
was  so  transferred.  But  though  the  plants  were  dried  in  every  case,  it  was  by 
no  means  absolutely  necessary ;  as  the  author  has  proved  by  the  simple  experiment 
of  applying  lamp-black  or  printer's  ink  to  a  fresh  leaf,  and  producing  a  successful 
impression. 

lanntens,  in  his  Philosophia  Boianiea,  relates  that  in  America,  in  I707t  impressions 
of  plants  were  made  by  Hessel ;  and  later  (1728 — 1767),  Professor  Kniphof,  at  ErAiit 
(who  refers  to  the  experiments  of  Hessel),  in  conjunction  with  the  bocMcseller  Fnnke, 
established  a  printing-office  for  the  purpose.  He  produced  a  work  entitled  Herbarium 
Vhum.  The  range  and  extent  of  his  work,  12  folio  volumes,  containing  1,200  plates, 
coRobomtes  the  curious  fact  of  a  printing-office  being  required.  These  impressions 
were  obtained  by  the  substitution  of  printer's  ink  for  lamp-black,  and  flat  pressors 
Ibr  the  smoothing-bone;  but  a  new  feature  at  this  time  was  introddced — ^that  of 
colouring  the  impressionB  by  hand  according  to  nature — a  proceeding  which,  though 
certainly  contributing  to  the  beauty  and  fidelity  of  the  effect,  yet  had  the  disadvantage 
of  frequentiy  rendering  indistinct,  and  even  of  sometimes  totally  obliterating,  the 
tender  structure  and  finer  veins  and  fibres.  Many  persons  at  the  time  objected  to 
the  indistinctness  of  such  representations  and  the  absence  of  parts  of  the  fructifica- 
tion ;  but  it  was  the  decided  opinion  of  linnieua  that  to  obtain  a  representation  of 
the  dilbience  of  species  was  saffident. 

In  1748  Seligmann,  an  engraver  at  Nuremberg,  published  in  folio-plates  figures  of 
several  leaves  he  had  reduced  to  skeletons.  As  he  thought  it  impossible  to  make 
drawings  sufBcientiy  correct,  he  took  impressions  from-  the  leaves  in  red  ink,  but  no 
mention  is  made  of  the  means  he  adopted.  Of  the  greater  part  he  gave  two  figures, 
one  of  the  upper  and  another  of  the  lower  side. 

In  the  year  1763  the  process  is  again  referred  to  in  the  Gazette  Salutaire,  in  a  short 
article  upon  a  Becettt  four  copier  ioutes  lortet  de  Plantet  sur  Papier. 

About  26  or  30  years  later,  Hoppe  edited  his  Eetypa  Planiarum  BaiiJionintium, 
and  also  his  Eetypa  Plantanm  Selioiarum,  the  illustrations  in  which  were  produced 
in  a  manner  similar  to  that  employed  by  Kniphof.  These  impressions  were  found 
also  to  be  durable,  but  still  were  defective.  « 

In  the  year  1809  mention  is  made  in  Pritzell's  "netaurus  of  a '  New  Method  of 
taking  Natural  Impressions  of  Plants' ;  and  lastiy,  in  reference  to  the  early  history 
of  the  sutnect,  the  attention  of  scientific  men  was  called  to  an  article,  in  a  work  pub- 
lished by  Qrazer,  in  1814,  on  a  '  New  Impression  of  Plants.' 

Twenty  years  afterwards  the  subject  had  nndergone  remarkable  change,  not  only 
in  the  resnlts  produced,  but  also  in  the  mode  of  operation  to  be  pursued,  which  con- 
sisted in  fixing  an  impression  of  the  prepared  plant  in  a  plate  of  metal  by  pressura. 
It  also  appears,  on  the  authority  of  Professor  Thiele,  that  Peter  Eyhl,  a  Danish  gold- 
smith and  engraver,  established  at  Copenhagen,  applied  himself  for  a  length  of  time 
to  the  ornamentation  of  articles  in  silver  ware,  and  the  means  he  adopted  were^ 
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Ukitig  ee^M  of  ftkt  objeeto  of  natnie  and  art  in  plates  of  metal  hj  means  of  two  eteel 
rollers.  Here  may  be  remained  the  first  real  steps  of  the  prooess  irom  a  simple  con- 
triTancs  to  an  art  The  subsequent  development  which  science  hag  ^ven  to  these 
means,  and  the  amplifications  which  experience  has  added,  have  realised  what  can 
now  be  produced ;  but  it  should  not  be  assumed  that  adaptation  and  amplification  are 
invention. 

Various  piodtiotionB  in  nlverof  Kyhl's  process  were  exposed  in  the  fixhibitioa 
of  Industry  held  at  Charlottenburg  in  Hay  1838.  In  a  manuscript  written  by  this 
Danish  goldsmitli,  entitled  '  The  Description  (with  forty-six  plates)  of  the  Method 
to  copy  flat  Objects  of  Nature  and  Art,'  dated  Hay  1,  1833,  ia  suggested  the  ides 
of  ap^ying  this  invention  to  the  advancement  of  science  in  general.  The  plates 
accompanying  this  description  represented  printed  copies  of  leaves,  of  linen  and 
woven  stiifb,  of  laros,  of  feathers  of  birds,  scales  of  fishes,  and  even  of  serpent-skins. 

It  would  appear  that  Peter  Kyhl  was  no  novice  at  the  process.  He  distinctly 
points  out  what  he  conceives  to  be  its  value  by  the  subjects  that  he  tried  to  copy,  and 
bo  enters  into  detail  as  to  the  precautions  to  be  observed  in  the  operation  of  impress* 
ing  metal  plates  so  as  to  insure  snocessful  impressions.  His  manuscript  explains  that 
he  had  experimented  with  plates  of  copper,  zinc,  tin,  and  lead.  Still  there  existed 
obstacles  wnich  prevented  him  from  making  any  application  of  his  invention.  In  the 
case  of  zinc,  tin,  and  copper  plates,  the  plant,  fh>m  the  extreme  hardness  of  the 
metals,  was  too  much  dirtoited  and  crushed ;  while  in  lead,  though  the  impression 
was  as  ^rfect  as  could  be,  there  were  no  means  of  printing  many  copies,  as  it  was 
not  possible,  after  the  application  of  printer's  ink,  to  retain  the  polished  surface  that 
had  been  imparted  to  tJie  leaden  plate,  or  to  cleanse  it  so  thoroughly  as  to  allow  the 
printer  to  take  impressions  &ee  &om  dirty  stains.  This  was  a  senous  obstacle,  which 
was  not  compensated  for  even  by  the  peculiarly  rich  surface  of  the  parts  that  were 
impressed,  attributable  to  the  lead  being  more  grauplar  than  copper,  the  efibet  of 
which  is  80  fikvomable  to  adding  density  or  body  of  colonr,  without  obliteratiog  the 
reins  and  fibres. 

Peter  £yhl  died  in  the  same  year  that  he  made  known  his  invention.  At  hi* 
death  his  manuscripts  and  drawings  were  deposited  in  the  archives  of  the  Imperial 
Academy  of  Copenhagen. 

To  proceed  to  more  modem  efforts.  Dr.  Branson  of  Sheffield  in  1847  commenced 
a  series  of  experiments,  an  interesting  paper  upon  which  was  read  before  the  Society 
of  Arts  in  I86I ;  and  therein,  for  the  first  time,  was  suggested  the  application  of  that 
second  and  most  important  element  in  Nature-printing,  which  is  now  its  essential 
feature — the  Electrotype. 

It  then  occurred  to  Dr.  Branson  that  an  electrotype  copy  would  obviate  the  difflculfy. 

He  afterwards  stated  that  he  abandoned  the  process  oi  electiotyping,  in  consegnenoe 
of  his  finding  it  tedious,  troublesome,  and  costly  to  produce  lutge  plates.  Having 
occasion,  however,  to  get  an  article  cast  in  brass,  he  was  astonished  at  the  beautifiu 
manner  in  which  the  form  of  the  model  was  reproduced  in  the  metal.  He  determined, 
therefore,  to  have  a  cast  taken  in  brass  from  a  gntta-percha  mould  of  ferns,  and  was 
much  gratified  to  see  the  impression  rendered  almost  as  minutely  as  by  the  electro- 
type process ;  the  mode  of  operation  is  to  place  a  frond  of  fern,  algs,  or  similar  fiat 
vegetable  form,  on  a  thick  piece  of  ^lass  or  polished  marble ;  by  softening  a  piece  of 
gutta-peicha  of  proper  size,  and  placing  it  on  the  leaf  and  pressing  it  caredMUy  down, 
It  will  receive  a  sharp  and  accurate  impression  from  the  plant  The  gutta-percha, 
(dlowed  to  harden  by  cooling,  is  then  handed  to  a  brass-cutter,  who  re^odnees  it  in 
metal  from  its  moulding-base. 

In  1861  Professor  Leydolt  of  the  Imperial  Polytechnic  Institute  at  Vienna,  availing 
himself  of  the  resources  of  the  Imperial  Printing-Office,  carried  into  execution  a  new 
method  he  had  conceived  of  representing  agates  and  other  quartzose  minerals  in  a 
manner  true  to  nature.  Professor  Leydolt  had  occupied  himself  for  a  considerable 
period  in  examining  the  origin  and  composition  of  these  interesting  objects  in  geology. 
In  the  course  of  his  experiments  and  investigations  he  had  occasion  to  expose  them 
to  the  action  of  fluoric  acid,  when  he  found,  in  the  case  of  an  agate,  that  many  of  the 
concentric  rings  were  totally  unchanged,  while  others,  to  a  great  extent  decomposed 
by  the  add,  appeared  as  hollows  between  the  unaltered  bands.  It  then  occurred  to 
Professor  Leydolt  that  the  surfaces  of  bodies  thus  corroded  might  be  printed  from« 
and  copies  multiplied  with  the  greatest  facility. 

The  simplest  mode  for  obtaining  printed  copies  is  to  take  an  impression  direct  from 
the  stone  itself.  The  surface,  after  having  been  treated  with  fluoric  acid,  is  washed 
with  dilute  hydrochloric  add  and  dried ;  then  carefully  blackened  with  printer's  ink. 
By  pladng  a  leaf  of  paper  upon  it,  and  by  pressing  it  down  upon  every  portion  of  the 
etched  or  corroded  surface  with  a  burnisher,  an  impression  is  obtained,  representing 
the  crystallised  xhombohedial  qnartc,  Nack,  and  tae  weaker  parts  that  have  bees 
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decompoeed  by  the  action  of  the  acid,  while.  It  leqniretf  but  a  small  ([nantity  of  iok, 
and  particular  care  most  be  ezerciaed  in  the  rubbing  down  of  the  impression.  This 
mode  is  good  as  far  as  it  goes,  but  it  is  slow  and  uncertain,  and  incurs  a  certain 
amount  of  risk,  owing  to  the  brittle  nature  of  the  object ;  and  the  effect  produced  is 
not  altogether  correct,  since  it  represents  those  pottiuna  black  that  should  be  white 
and  those  white  that  should  be  black. 

'  The  stone  not  being  sufficientlv  strong  to  be  subjected  to  the  action  of  a  printing- 
press,  an  exact  faaimUe  cast,  therefore,  of  it  must  be  obtained,  and  in  sndi  a  form 
as  can  be  printed  from.  To  effect  this,  the  sur&ce  of  any  such  stone  (preTionsly 
treated  with  fluoric  acid),  must  be  extended  by  embedding  it  in  any  plastic  com- 
position  that  will  yield  a  flat  and  polished  surface,  so  tlut  the  composition  sur- 
rounding the  corroded  stone  will  be  level  with  its  sur&ce ;  all  that  is  necessary 
now  is  to  prepare  the  whole  surface  for  the  electrotype  apparatus,  by  which  a  perfect 
facsimile  u  produced,  representing  the  agate  impressed,  as  it  were,  into  a  polished 
plate  of  copper.  This  forms  the  printing-plate.  The  ink  in  this  case,  as  opposed 
to  the  mode  before  referred  to,  is  not  applied  upon  the  surface,  but  in  the  depres- 
sions caused  by  the  action  of  the  add  on  the  weaxer  parts ;  the  paper  is  forced  into 
these  depressions  in  the  operation  of  printing,  which  results  in  producing  an  impres- 
sion in  relief. 

Mr.  R  F.  Sturges  of  Birmingham  states  that,  in  Augnst  18S1,  he  was  engaged  in 
making  certain  experiments  with  steel  rollers  and  metal  plates  for  ornamenting 
metallic  sur&ces,  for  which  he  obtained  a  patent  sealed  in  January  18S2.  He  pro- 
duced plates  in  lead,  tin,  brass,  and  steel  from  various  fabrics,  such  as  wire-lace, 
thiead-lace,  perforated  paper,  and  even  trom  steel  engravings,  particnlarly  a  medal- 
lion of  the  Queen,  from  which  impressions  were  printed,  and  which  were  distributed 
among  his  friends ;  but,  that  which  he  did  led  to  no  such  result  as  we  are  at  present 
considering,  and  nothing  more  was  heard  of  the  subject  until  the  publication  of 
pature-pinting  in  its  present  state.  He,  however,  also  oonsiden  himself  the  un- 
doubted inventor  of  natore-printing,  notwithstanding  what  had  been  done  by  the 
experiment  of  Kyhl  in  18S8. 

'  Hx.  Aitken  too,  about  this  period  was  occupied  in  making  experiments  for  the 
ornamentation  of  Britannia  metal,  and  also  claims  the  invention,  having  introduced 
(be  use  of  natural  objects,  and,  as  he  says,  expressly  for  printing  purposes.  But 
Sturges  and  Aitken  only  followed  Eyhl  in  their  opentions,  as  the  one  experimented 
with  steel  rollers  for  the  purpose  of  ornamenting  metallic  surfaces,  while  the  other 
applied  the  same  to  printing  purposes,  both  of  which  experiments  were  carried  out 
byKyhL 

'  In  the  Imperial  Frinting-Office  at  Vienna,  the  first  application  of  taking  impressions 
of  lace  on  plates  of  metal,  by  means  of  rollers,  took  place  in  the  month  of  May  1 852 : 
according  to  Ooancillor  Aner's  statement  in  his  pamphlet,  it  originated  in  the  Minister 
of  the  Interior,  Bitter  von  Banm^artner,  having  received  specimens  trom  London, 
which  so  much  attracted  the  attention  of  the  Chief  Director,  that  he  determined  to 
produce  others  like  them.  This  led  to  the  use  of  gutta-percha  after  the  manner  that 
Ihr.  Branson  had  used  it;  but  finding  this  material  did  not  possess  altogether  the 
necessary  properties,  the  experience  of  Andrew  Worring  induced  him  to  substitute 
lead,  which  was  attended  with  remarkable  success.  This  was,  however,  only  follow- 
ing in  the  steps  of  Eyhl.  Professor  Haidinger,  on  seeing  specimens  of  these  laces,  and 
learning  the  means  by  which  they  had  been  obtained,  proposed  the  application  of  the 
process  to  plants. 

The  substitution  of  lead  for  gutta-percha  was  a  great  step  in  the  process,  but  would 
have  been  insufficient  had  not  the  requisite  meant  already  existed  for  producing 
&ithful  copies  of  those  delicate  fibrous  details  that  were  furnished  in  the  examples  of 
the  impressions  of  botanical  and  other  figures  in  metal.  These  means  consisted  mainly 
in  the  great  perfection  to  which  the  precipitation  of  metals  upon  moulds  or  matrices 
by  electro-galvanic  agency  has  been  brought,  the  application  of  which — more  gene- 
rally known  by  the  name  of  the  Electrotype  process — was  suggested  and  executed 
by  Br.  Branson  in  1861 ;  still  he  met  with  no  signal  success,  which  may  be  attributed 
to  his  experiments  haviDg  been  conducted  on  a  limited  scale. 

The  firtt  practical  application  of  nature-printing  for  illustrating  a  botanical  work, 
and  which  has  been  attended  with  considerable  success,  is  to  be  found  in  Chevalier 
Von  Heufler's  work  on  the  mosses  collected  f^m  the  valley  of  Arpasch,  in  Transyl- 
vania ;  the  eeeond  {firtt  in  ihii  eotmtry),  is  a  work  on  the  '  Ferns  of  Great  Britain 
and  Ireland,'  by  Thomas  Hoora,  published  nnder  the  editorship  of  the  late  Br.  Lindley. 
Ferns,  by  their  peculiar  structure  and  general  flatness,  ore  especially  adapted  to 
develop  the  capabilities  of  the  process,  and  there  is  no  race  of  plants  where  minute 
accuracy  in  delineation  is  of  more  vital  importance  than  in  that  of  the  ferns ;  in 
ibo  di^nction  of  which,  the  ibrm  of  indentatiooB,  general  outline,  the  exact  manner 
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in  wUdt  npMted  gnbdiTision  is  efbeted,  and  enpecially  tbe  diatribution  of  veiiM 
scaicelf  visible  to  the  naked  eye,  play  the  most  important  part.  To  express  snch 
ftets  -with  the  necessary  acenracy,  the  art  of  photography  would  have  been  insnfflrient, 
until  natuie-printiog  -was  brought  to  its  present  state  of  psifeetion. 

The  beautiful  productions  which  have  been  given  to  the  public  by  Ur.  Henrr 
Bradbury  sufficiently  prove  the  applicability  <Mt  t^  processes  which  we  have  deseribed. 
The  oolonring  of  the  plates  has  been  greatly  improved  by  practice ;  and  by  the  de- 
position of  nickel  on  the  surface  of  the  electzo^pe  ^lato  the  printer  has  been  enabled 
to  print  off  thousands  of  impressions  without  any  evidence  of  deterioration. 
nt.    See  AmfujuMO. 
I  is  the  East  Indian  name  of  Bablah.    See  Baeuh. 
auunrrACrmta.    When  we  consider  the  simplieity,  nnaUness, 
and  moderate  price  of  a  needle,  we  should  be  naturally  led  to  suppose  that  this  little 
instniment  requires  neither  much  labour  nor  complicated  manipulations  in  its  con- 
struction ;  but  iriien  we  learn  that  every  sewing  needle,  however  inconsiderable  its 
size,  passes  through  the  hands  of  120  dijmrent  operatives  before  it  is  ready  for  sale, 
we  cannot  &il  to  be  surprised. 

The  beet  steel,  reduced  by  a  wire-drawing  machine  to  the  suitable  diameter,  is  the 
material  of  which  needles  are  ionaed.  It  is  brou^t  in  bundles  to  the  needle  fM- 
toiy,  and  carefully  examined.  For  this  purpose,  the  ends  of  a  few  wires  in  each 
bundle  are  cut  off,  ignited,  and  hardened  by  plun^ng  them  into  cold  water.  They 
are  now  snapped  beUreen  the  fingers,  in  order  to  judge  of  thdbr  (jnality ;  the  bundles 
belonging  to  the  most  brittle  wires  are  put  aside,  to  be  employed  in  mi^ng  a  peculiar 
kind  of  needle. 

After  the  qnali^  of  the  steel  wire  has  been  properly  ascertained,  it  is  calibred  by 
means  of  a  gauge,  to  see  if  it  be  equally  thick  and  round  throughout,  for  which  pur- 
pose merely  some  of  the  coUs  of  the  bundle  of  wires  are  tried.  Those  that  are  too 
thick  are  returned  to  the  wire-drawer,  or  set  apart  for  another  sixe  of  needles. 

The  first  operation,  properly  speaJdng,  of  the  needle  factory,  is  unwinding  the 
bundles  of  wires.  With  this  view  the  operative  places  the  coil  upon  a  somewhat 
conicalreel.  Jig.  1648,  whereon  he  may  fix  it  at  a  height  proportioned  to  its  diameter. 
The  wire  is  wound  off  upon  a  wheel  b,  formed  of  eiriit  equal  arms,  placed  at  equal 
distances  round  a  nave,  which  is  supported  by  a  poliwed  round  axle  of  iron,  made 
&8t  to  a  strong  upright  c,  fixed  to  the  floor  of  the  workshop.  Each  of  the  arms  is  M 
inches  long ;  and  one  of  them  D,  consists  of  two  parts :  of  an  upper  part,  which  bears 
the  cross  bar  b,  to  which  the  wire  is  applied ;  and  of  an  under  part,  connected  with 
the  nave.  The  part  i  slides  in  a  slot  in  the  fixed  part  r,  and  is  made  &st  to  it  by  a 
peg  at  a  proper  height  far  placing  the  ends  of  all  the  spokes  in  tha  drcnmiiBrenea  of  a 
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eirde.    This  arrangement  is  necessary,  to  permit  the  wire  to  be  readily  taken  off  th» 
reel,  after  being  woond  ti^t  round  its  eight  branches.    The  pe^;  is  th«n  lemoTsd,  tha 
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tmuieh  poshed  dovni,  and  the  coil  of  wire  released,    ^.  1519  shows  the  wheel  in 
profile.    It  is  driven  by  the  winch-handle  o. 

The  new-made  coil  is  cut  in  two  points  diametrically  opposite,  rither  by  hand  shean, 
of  which  one  of  the  blanches  is  fixed  in  a  block  by  a  bolt  and  a  nnt,  as  shown  in  Ji^. 
16S0,  or  by  means  of  the  mechanical  shears,  repreeented  in^.  15S1.  The  crankA  is 
moTE^  by  a  hydranlic  wheel,  or  by  steam-power,  and  rises  and  falls  alternately.  The 
extremity  of  Uiis  crank  ent«m  into  a  mortise  cnt  in  the  arm  b,  of  a  bent  lever  B  a  c, 
and  is  made  fast  to  it  by  a  bolt  An  iron  rod  s  r,  hinged  at  one  of  its  extremities  to 
the  end  of  the  arm  c,  and  at  the  other  to  the  tail  of  the  shears  or  chisel  B,  forces  it  to 
open  and  shut  alternately.  The  operative,  placed  upon  the  floor  under  r,  presents  the 
coil  to  the  action  of  the  shears,  which  cut  it  into  two  bundles,  composed  each  of  90  or 
100  wires,  upwards  of  8  feet  long.    The  chisel  strikes  21  blows  in  the  minute. 

These  bundles  are  afterwards  cut  with  the  same  shears  into  the  desired  needle 
lengths,  these  being  regulated  by  the  diameter.  For  this  purpose  the  wires  are  put 
into  a  semi-cylinder  of  the  proper  length,  with  their  ends  at  the  bottom  of  it  and 
are  all  cut  across  by  this  gauge.  The  wires  thus  cut  are  deposited  in  a  box  placed 
alongside  of  the  workman. 

Two  successive  incisions  are  required  to  cnt  100  wires,  the  third  is  lost;  hence  the 
shears,  striking  21  blows  in  a  minute,  cut  in  10  hours  ta\\y  400,000  ends  of  steel  wire, 
which  produce  more  than  800,000  needles.  The  wires  thus  cut  are  more  or  less  bent, 
and  require  to  be  straightened.  This  operation  is  execnted  with  great  promptitude, 
by  means  of  an  appropriate  instrument.  In  two  strong  iron  rings  i.B,fig.  1562,  of 
whidl  one  is  shown  in  front  view  at  c,  6,000  or  6,000  wires,  closely  packed  together, 
are  put;  and  the  bundle  is  placed  upon  a  fiat,  smooth  bench  i.jt,fiff.  1653,  covered 
with  a  cast-iron  plate  s  ■,  in  which  there  are  two  grooves  of  sufikiont  dept^  for  re- 
ceiving the  two  ring  bundles  of  wire,  or  two  openings  like  the  mle  jr,  fig.  1553,  upon 
which  is  placed  the  open  iron  mle  f,  shown  in  front  in  fiff.  1556  upon  a  greater  scale. 
The  two  rings  must  be  carefully  set  in  the  intervals  of  tiie  mle.  By  making  this  rule 
come  and  go  five  or  six  times  with  such  pressure  upon  the  bundles  of  wires  as  causes 
it  to  turn  upon  its  axis,  all  the  wires  are  straightened  almost  instantaneously. 

The  oonstmction  of  the  machine,  represented  in  fig.  1663,  may  require  explanation. 
It  consists  of  a  frame  in  the  form  of  a  table,  of  which  x  H  is  tlie  top ;  the  cast-iron 
plate,  D  ■,  is  inserted  solidly  into  it.  Above  the  table — seen  in  fig.  1 564  in  plan — ^there 
are  two  uprights,  c  h,  to  snpport  the  cross-bar,  a  a,  which  is  held  in  forks  cnt  out  in 
the  top  of  each  of  the  two  uprights.  This  cross-bar,  a  a,  enters  tightly  into  a  mortise 
cut  in  the  swing  piece,  n,  at  the  point,  n,  where  it  is  fixed  by  a  strong  pin,  so  that  the 
horizontal  traverse  communicated  to  the  cross-bar,  A  A,  affects  at  the  same  time  the 
mring-piece,  n.  At  the  bottom  of  tius  piece  is  fixed,  as  shown  in  the  figure,  the  open 
rale,  r,  seen  upon  a  larger  scale  mfig.  1655. 

When  the  workman  wishes  to  introduce  the  bundle,  b,  he  raises,  by  means  of  two 
chains,  i,  x,  fig.  1563,  and  the  levar,  o  o,  the  swing-piece  and  the  cross-bar.  For  this 
purpose  he  draws  down  the  chain,  i ;  and  when  he  has  placed  the  bundle  properly,  so 

that  the  two  rings  enter  into  the  groove,  n  i>, 
fig.  1563,  he  allows  the  swing-piece  to  fall  back, 
so  that  the  same  rings  enter  the  open  clefts  of 
the  mle,  f  ;  he  then  seizes  one  of  the  projecting 
arms  of  the  cross-bar.  A,  alternately  polling  and 
pushing  it  in  the  horisontal  direction,  whereby 
he  effects,  as  already  stated,  the  straightening 
of  the  wires. 

The  wires  are  now  taken  to  the  pointing- 
tools,  which  usually  consist  of  about  SO  grind- 
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stones  arranged  in  two  rows,  driven  by  a  water-wheel.    Each  stone  is  about  18 
inchce  in  diametec  and  4  inches  thick.    As  they  revolve  with  great  velocity  and  ar« 
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liable  to  fly  in  pieeei,  they  are  partially  encased  by  iron  plates,  having  a  proper  slit 
in  them  to  admit  of  the  application  of  the  wires.  The  -workman  seated  in  ^nt  of  the 
grindstone  seizes  60  or  60  vrires  between  the  thomb  and  forefinger  of  his  right  hand, 
and  directs  one  end  of  the  bundle  to  the  stone.  By  means  of  a  bit  of  stont  leather 
called  a  thnmb-piece,  of  which  A,  fig.  1558,  represents  the  profile,  and  b  the  plan,  the 
workman  presses  the  wires,  and  ttcms  them  about  with  his  forefinger,  giving  them 
snch  a  rotatory  motion  as  to  make  their  points  conical.  This  operation,  which  is 
called  roughing  down,  is  dry  grinding ;  because,  if  water  were  made  use  of,  the  points 
of  the  needles  would  be  rapidly  rusted.  It  has  been  observed  long  ago  that  the 
siliceons  and  steel  dust  thrown  aS  by  the  stones  is  injurious  to  the  eyte  and  lungs  of 
tile  grinders,  and  many  methods  have  been  proposed  for  preventing  its  bad  efiects. 
The  machine  invented  for  this  purpose  by  Mr.  Prior  is  one  of  the  most  effective. 

KJkffig.  1669,  is  the  fly-wheu  of  an  ordinary  lathe,  round  which  the  endless  cold 
B  B  passes,  and  embraces  the  pulley,  c,  mounted  upon  the  axle  of  the  grindstone,  s. 
The  fiy-wheel  is  supported  by  a  strong  frame,  b  b,  and  may  be  turned  by  a  winch- 
handle,  as  usual,  or  by  mechanical  power.  In  the  needle  factories,  the  pmnting-shops 
are  in  general  very  large,  and  contain  several  grindstones  running  on  the  same  long 
horizontal  shaft,  placed  near  the  floor  of  the  apartment,  and  driven  by  water  or  steam- 
power.  One  of  the  extremities  of  the  shaft  of  the  wheel,  A,  has  a  kneed  or  bent  winch, 
F,  which  by  means  of  an  intermediate  crank,  o  o,  sets  in  action  a  double  bellows,  B  i, 
with  a  continuoiu  blast,  consisting  of  the  air-feeder,  H,  below,  and  the  air-regulator,  i, 
above.  The  first  is  composed  of  two  flaps,  one  of  them,  a  a,  being  fiuit  and  attached  to 
the  floor,  and  the  other,  <  «,  moving  with  a  hinge-joint ;  both  being  joined  by  strong 
leather  nailed  to  their  edges.  This  flap  has  a  tail,  g,  of  which  the  end  is  forked  to 
receive  the  end  of  the  crank,  a.  Both  flaps  are  perforated  with  opening  furnished 
with  valrea  for  the  admianoii  of  the  air,  whioh  is  taence  driven  into  a  hoiuontal  pipe, 


X,  placed  beneath  the  floor  «f  the  woikshop,  and  may  be  afterwards  directed  in  an 
nmntermpted  blast  upon  the  grindstone,  by  means  of  the  tin  tubes,  x  o  o,  which  em- 
brace it,  and  have  longitadind  slits  in  tjiem.  A  brass  sodcet  is  supposed  to  be  flxed 
upon  the  ground ;  it  communicates  with  the  pipe,  x,  by  means  of  a  small  copper  tube, 
iato  which  one  of  the  eztremitiee  of  the  pipe,  n,  is  fltted ;  the  other  is  supported  by  the 
point  of  a  screw,  a,  and  moves  roimd  it  as  a  pivot,  so  as  to  allow  the  two  upright 
branches,  o  o,  to  be  placed  at  the  same  distance  from  the  grindstone.  These  branches 
are  soldered  to  the  horizontal  pipe,  K,  and  connected  at  their  top  by  the  tube,  F. 

The  wind  which  escapes  through  the  slits  of  these  pipes  blows  upon  the  grindstone, 
and  carries  off  its  dust  into  a  conduit,  'a,fig.  1668,  which  maybe  extended  to  s,  beyond 
the  wall  of  the  building,  or  bent  at  right  angles,  as  at  t,  to  receive  the  conduits  <h  the 
other  grindstones  of  the  factory. 

A  safety  valve,  J,  placed  in  an  oriflce  formed  in  the  regulator  flap,  i,  is  kept  shut  by 
a  spiral  spring  of  strong  iron  wire.  It  opens  to  allow  ^e  superfluous  air  to  escape, 
when  by  the  niing  of  t£e  bellojrs,  the  tail,  x,  presses  upon  a  small  piece  of  wood,  and 
thereby  prevents  their  being  ii^jnred. 

The  wires  tats  pointed  at  both  ends  are  transferred  to  the  first  workshop,  and  cut  in 
two,  to  form  two  needles,  so  that  all  of  one  quality  may  be  of  equal  length.  For  each 
Mit  a  small 'instnunent,,^.  1667,  is  employed,  being  a  ooppez-plate  nearly  s^nan. 
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h&Ting  a  tnrned-np  edge  only  upon  two  of  its  sides :  the  one  of  -wliich  is  intended  to 
leceire  all  the  points,  snd  the  other  to  resist  the  pressure  of  the  shears.  In  this  small 
tool  a  certain  number  of  wires  are  put  with  their  points  in  contact  with  the  border,  and 
thej  are  cut  together  flush  with  the  plate  by  means  of  the  shears,  fig,  1660,  which  ore 
moved  by  the  Imee  of  the  workman.  The  remainder  of  the  wires  are  then  laid  up<5n 
the  same  copper  or  brass  tool,  and  are  also  cut  eren ;  there  being  a  trifling  waste  in 
this  operation.  The  pieces  of  mre  out  of  which  two  needles  are  formed  are  always 
left  a  little  too  long,  as  the  pointer  can  never  hit  exact  uniformity  in  his  work. 

These  pcnnted  wires  are  laidparallel  to  each  other  in  little  wooden  boxes,  and  trans- 
ferred to  the  head-fiattener.  Tnis  workman,  seated  at  a  table  with  a  block  of  steel 
before  him,  about  3  inches  cube,  seizes  in  his  left  hand  20  or  26  needles,  between  his 
fin^r  and  thumb,  spreading  them  out  like  a  fan,  with  the  points  under  the  thumb,  and 
the  heads  projecting ;  he  lays  these  heads  upon  the  steel  block,  and  with  a  small  flat- 
iaoA  hammer  strikes  successive  blows  upon  all  the  heads,  so  as  to  flatten  each  in  an 
instant.    He  then  arranges  them  in  a  box  with  the  points  turned  the  same  way. 

The  flatted  heads  have  become  hardened  by  the  blow  of  the  hammer ;  when  annealed, 
\n  heating  and  slow  cooling,  they  are  handed  to  the  pitrcer.  This  is  commonly  a 
child,  who  laying  the  head  upon  a  block  of  steel,  and  applying  the  point  of  a  small 
punch  to  it,  pierces  the  eye  with  a  smart  tap  of  a  hammer,  applied  flnt  upon  one  side, 
and  then  exactly  opposite  upon  the  bther. 

Another  child  trims  the  eyes,  which  he  does  by  laying  the  needle  npon  a  lump  of 
lead,  and  driving  a  proper  punch  through  its  eye ;  then  laying  it  sidewise  upon  a  flat 
piece  of  steel,  with  the  punch  sticking  in  it,  he  gives  it  a  tap  on  each  side  with  his 
hammer,  and  causes  the  eye  to  take  the  shape  of  the  punch.  Tha  opeondon  of  piercing 
and  trimming  the  eyes  is  performed  by  clever  children  with  astonnding  rapidltv,  who 
become  so  dexterous  as  to  pierce  with  their  punch  a  human  hair  and  thi«ad  it  with 
another,  for  the  amusement  of  visitors. 

The  next  operative  makes  the  groove  at  the  eye,  and  rounds  the  head.  He  fixes 
the  needle  in  pincers,y^.  1866,  so  that  the  eye  corresponds  to  their  flat  side :  he  then 
rests  the  head  of  the  needle  in  an  angular  groove,  cut  in  a  piece  of  hard  wood  fixed  in 
a  vice^  with  the  eye  in  an  upright  position.  He  now  forms  the  groove  with  a  single 
stroke  of  a  small  file,  dexterously  applied,  first  to  the  one  side  of  the  needle,  and  then 
to  the  other.  He  next  rounds  and  smooths  the  head  with  a  small  flat  file.  Having 
finished,  he  opens  the  pincers,  throws  the  needle  npon  the  bench,  and  puts  another  in 
its  place.  A  still  more  expeditious  method  of  making  tJie  grooves  and  finishing  the 
heads  has  been  long  used  in  most  English  factories.  A  small  ram  is  so  mounted  as 
to  be  made  to  rise  and  fall  by  a  pedal  lever,  so  that  the  child  works  the  tool  with  his 
foot,  in  the  same  way  that  the  heads  of  pins  are  fixed.  A  small  die  of  tempered  steel 
bears  the  form  of  the  one  channel  or  groove,  another  similar  die  that  of  the  other,  both 
being  in  relief;  these  being  worked  by  the  lever  pedal,  finish  the  grooving  of  the 

Se  at  a  single  blow,  by  striking  against  each  otJier  with  the  head  of  the  needle  between 
em. 

The  whole  of  the  needles  thus  prepared  are  thrown  pell-mell  into  a  sort  of  drawer 
or  box,  in  which  they  are  by  a  few  dexterous  jerks  of  the  workman's  hands  made  to 
arrange  themselves  parallel  to  each  other. 

The  needles  are  now  ready  fbr  the  tempering ;  for  which  ptirpose  they  are  weighed 
out  in  quantities  of  above  30  lbs.,  which  contain  tram  260,000  to  600,000  needles, 
and  are  carried  in  boxes  to  the  temperer.  He  arranges  these  upon  sheet-iron  plates, 
about  10  inches  long  and  6  inches  broad,  having  borders  only  upon  the  two  longer 
sides.  These  plates  are  heated  in  a  proper  i^ir^ce  to  bright  redness  ibr  the  lai^el 
needles,  and  to  a  less  intense  degree  for  the  smaller ;  they  are  taken  out  and  inverted 
smartly  over  a  cistern  of  water,  so  that  all  the  needles  may  be  immersed  at  the  same 
moment,  yet  distinct  fhim  another.  The  water  being  mn  off  fh>m  the  cistern,  the 
needles  are  removed,  and  arranged  by  agitation  in  a  box,  as  above  described.  Instead 
of  heating  the  needles  in  a  fiirnace,  some  manufutnrers  heat  them  by  means  of  a  batli 
of  melted  lead. 

.  After  being  suddenly  plonged  in  the  cold  water,  they  are  very  hard  and  excessively 
brittle.  The  following  mode  of  tempering  them  is  practised  at  Neustadt.  The  needles 
are  thrown  into  a  sort  of  fiTing-pan  along  with  a  quantity  of  grease.  The  pan  being 
placed  on  the  fire,  the  fatty  matter  soon  inflames,  and  is  allowed  to  bum  out ;  the 
needles  are  now  found  to  be  sufSciently  well  tempered.  They  must,  however,  be 
re-adjusted  upon  the  steel  anvil,  because  many  of  them  get  twisted  in  the  hardening 
and  tempering. 

JPolishing  is  the  longest,  and  not  the  least  expensive,  process  in  the  needle  mann- 
&ctnre.  This  is  done  upon  bundles  containing  600,000  needles ;  and  the  same  machine, 
under  the  guidance  of  one  man,  polishes  team  20  to  30  bundles  ata  time  ;  either  by 
vater-  or  steam-power.  The  needles  are  rolled  up  in  canvas  along  with  some  qnartzoee 
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Mind  intovtratified  between  tlie  layers,  and  tliia  mbctan  is  besmeared  with  iftpe-seed 
oil.  Fiff.  166&  represents  one  of  the  rolls  or  packets  of  needles  12  inches  long; 
strongly  bound  with  cords.  These  packets  are  exposed  to  the  to-and-fro  pressure  of 
wooden  tables,  by  which  they  are  rolled  about  with  the  effect  of  causing  every  needle 
in  the  bundle  to  mb  against  its  fellow,  and  against  the  siliceous  matter,  or  emery, 
•ndoeed  in  the  bag.  ^.  1560  represents  an  imptoved  table  for  polishing  the  needles 
by  attrition-bags.  The  lower  table,  u  K,  is  moyeable,  whereas  in  the  old  constmction 
it  was  fixed ;  the  table  o  has  merely  a  vertical  motion,  of  pressure  upon  the  bundles, 
whereas  formerly  it  had  both  a  vertical  and  horizontal  motion.  Several  bundles  may 
obviously  be  polished  at  once  in  the  present  machine.  The  table  it  x,  may  be  of  any 
length  that  is  required,  and  from  24  to  27  inches  broad ;  resting  upon  the  wooden 
tollers,  B,  B,  s,  placed  at  suitable  distances,  it  receives  a  horizontal  motion,  either  by 
hand  or  other  convenient  power ;  the  packets  of  needles  a,  a,  a,  are  laid  upon  it,  and 

1660 


over  them  the  tables  c,  c  c,  which  are  lifted  by  means  of  the  chains  x,  x,  x,  and  the 
levers,  L,  I.,  I,,  in  order  to  allow  the  needles  to  be  introduced  or  removed.  The  see-saw 
motion  forces  the  roulaaux  to  turn  upon  their  own  axes,  and  thereby  creates  such 
attritian  among  their  contents  as  to  polish  them.  The  workman  has  merely  to  distri- 
bute these  rolls  upon  the  table  h,  in  a  direction  perpendicular  to  that  in  which  the 
table  moves ;  and  whenever  one  of  them  gets  displaced,  he  sets  it  right,  lifting  by  the 
help  of  the  chain  the  loaded  table.  The  table  miJces  about  20  horizontal  double  vibra- 
tions in  the  minute;  whereby  each  bundle,  running  over  21  inches  each  time,  passes 
through  40  fleet  per  minute,  or  800  yards  in  the  hour. 

Scouring  by  tie  auk. — After  being  worked  during  18  or  20  hours  under  the  tables, 
the  needles  are  taken  out  of  the  padcets  and  put  into  wooden  bowls,  where  they  are 
mixed  with  sawdust  to  absorb  the  black  grease  upon  their  surfaces.  They  are  next 
introduced  into  a  cask,  fig.  1 661,  and  a  workman  seizing  the  winch  f,  turns  it  round  a 
little ;  he  now  puts  in  some  more  sawdust  at 
the  door,  A,  B,  which  is  then  shut  by  the 
clasps  Q,  o,  and  contdnnes  the  rotation  till  the 
needles  are  quite  dean  and  clear  in  their 
eyes ;  which  he  ascertains  by  taking  out  a 
sample  of  them  from  time  to  time. 

Winnoaing  is  the  next  process,  by  means 
of  a  mechanical  ventilator  similar  to  that  by 
which  com  is  winnowed.  The  sawdust  is 
blown  away,  and  the  grinding  powder  is 
separated  &om  the  needles,  which  remain 
apart  dean  and  bright. 

The  needles  are  in  the  next  place  arranged 
in  order,  by  being  shaken  as  above  described, 
in  a  small,  somewhat  concave,  iron  tiay. 
After  being  thus  laid  parallel  to  each  other, 
they  are  shaken  up  against  the  end  of  the  tray,  and  accumulated  in  a  nearly  upright 
position,  so  that  they  can  be  seized  in  a  heap  and  removed  in  a  body  upon  a  pallet- 
knife,  with  the  hdp  of  tlte  foieOngar. 
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The  preeeping  &n  opeiatioiis,  of  maldng  )ip  the  roubtmx,  rolling  them  under  the 
tables,  Bconnng  the  needles  in  the  cask,  -winnoiring,  and  ananmng  t£ein,  are  repeated 
ten  times  in  succession,  in  mannfactoring  the  best  articles ;  the  only  Tariation  being 
in  the  first  process.  Oti^oaMj  the  bundles  of  needles  are  formed  irith  alternate  layers 
of  siliceons  schist  and  nMdles ;  bnt  after  the  seventh  time,  bran  freed  from  fionr  by 
sifting  is  snbstitnted  for  the  schist.  The  subsequent  four  processes,  are,  however, 
repeated  as  described.  It  has  been  found  in  Enghuid,  that  emery-povder  mixed  with 
quartz  and  mica  or  pounded  granite,  is  preferable  to  everything  else  for  polishing 
needles  at  first  by  attrition  in  tlie  bags ;  at  the  second  and  following  operations,  emety 
mixed  with  olive  oil  is  used,  np  to  the  eighth  and  ninth,  for  wiiich  putty  or  oxide  <n 
tin  with  oil  is  substituted  for  the  emery;  at  the  tenth  the  putty  is  used  with  verylitUe 
oil ;  and,  lastly,  bran  i^  employed  to  give  a  finish.  In  this  mode  of  operating,,  the 
needles  are  scoured  in  the  copper  cask  diown  in  elevation  in  fig.  166S,  and  in  section 
in^.  1662.  The  inner  surface  of  this  cask  is  studded  with  points  to  increase  the 
friction  among  the  needles;  and  a  quantity  of  hot  soap-suds  is  repeatedly  introduced  to 
wash  them  clean.  The  cask  must  be  slowly  turned  upon  its  axis,  for  fear  of  ii^nring 
the  mass  of  needles  which  it  contains.  They  are  finally  dried  in  the  wooden  cask  by 
attrition  with  sawdust ;  then  wiped  individually  with  a  Unen  rag  or  soft  leather ;  when 
the  damaged  ones  are  thrown  aside. 


lfi6S 
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Sorting  of  the  neteOM. — This  operation  is  performed  in  a  dry  upper  chamber,  kept 
free  from  damp  by  proper  stoves.  Here  all  tiie  points  are  first  lud  the  same  way ; 
and  the  needles  are  then  picked  out  from  each  other  in  the  order  of  their  polish.  The 
sorting  is  effected  with  surprising  fadlity.  The  workman  places  2,000  or  3,000  needles 
in  an  iron  ring,  JS^.  1566, 2  inches  in  diameter,  and  sets  all  their  heads  in  one  plane ; 
tJien  on  looking  carefUly  at  their  points,  he  easily  recognises  the  broken  one ;  and  by 
means  of  a  small  hook  fixed  in  a  wooden  handle,  fy.  1664,  he  lays  hold  of  the 
broken  needle,  and  turns  it  out.  These  defective  needles  pass  into  tile  bands  of 
another  workman,  who  points  them  anew  upon  a  grindstone,  and  they  form  articles 
of  inferior  value.  The  needles  which  have  got  bent  in  the  polishing  must  now  be 
straig^tsned.  The  whole  are  finally  arranged  exactly  according  to  their  lengths  by 
the  tact  of  the  sorter  with  his  finger  and  thumb. 

The  needles  are  divided  into  quantities  for  packing  in  blue  papers,  by  putting  into  a 
small  balance  the  e(jnivalent  weight  of  100  needles,  and  so  meosnringthem  out  without 
the  trouble  of  counting  them  individually. 

The  blutr  receives  these  packets,  and  taking  26  of  the  needles  at  a  time  between  the 
forefinger  and  thumb,  he  presses  their  points  against  a  very  small  hone-stone  of  compact 
micaceous  schist,  mounted  in  a  little  lathe,  be  turns  them  briskly  round,  giving  the 
points  a  bluish  cast,  while  he  polishes  and  improves  them.  This  partial  polish  is  in 
the  direction  of  the  axis ;  that  of  the  rest  of  Uie  needles  is  transverse,  which  distin- 
gnishes  the  boundaries  of  the  two.  The  little  hone-stone  is  not  cylindrical,  but  quad- 
rangular, so  that  it  strikes  successive  blows  with  its  comers  upon  the  needles  as  it 
revolves,  producing  the  effect  of  filing  lengthwise.  Whenever  these  angles  seem  to 
be  blunted,  they  are  set  again  by  the  bluer. 

It  is  easy  to  distinguish  good  English  needles  from  spurious  imitations;  because 
the  former  have  their  axes  coincident  with  their  p<nnt8,  which  is  readily  observed  by 
turning  them  round  between  the  finger  and  thumb. 

The  construction  of  a  needle  requires  numerous  operations ;  bnt  they  are  rapidly 
and  uninterruptedly  sneeessive,  so  that  a  child  can  trim  the  eyes  of  4,000  needles  per 
hour. 

iraBBXiB  OXa,  or  Aeieuiite.  A  native  sulphide  of  bismuth,  copper,  and  lead, 
in  adculor  ciystals,  found  in  Siberia.    See  AixBon. 
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See  Jadi. 

axftO  AVnCM>.  The  name  given  bj  the  Italians  to  the  hiaek  maiUe  naed  hj 
the  Egyptian  and  other  ancient  statuaries.    See  IvftnTiTii. 

VSKOXiZ  is  the  name  given  by  perfumers  to  the  essential  oil  of  oiange-flowers. 
It  is  piocnred  by  distillation  with  water,  in  the  same  way  as  most  other  ToTatile  oils. 
Since,  in  distilhng  water  from  neroli,  an  aroma  is  obtained  different  from  that  of  the 
orange-flower,  it  has  been  concluded  that  the  distilled  water  of  orange-flowers  owes 
its  scent  to  some  prindple  different  from  an  essential  oil.    See  FsBruicaBT. 

WWt  (Filet,  riteati,  Fr. ;  Ifetz,  Ger.)  is  a  textile  fabric  of  knotted  meshes,  for 
catching  fish,  and  other  purposes.  Each  mesh  should  be  so  secured  as  to  be  incapable 
of  enlargement  or  diminution.  The  French  Oorernment  offered  in  1802  a  prize  of 
10,000  &ancs  to  the  person  who  should  invent  a  machine  for  making  nets  upon 
automatic  principles,  and  atyndged  it  to  H.  Buron,  who  presented  his  mechamcal 
invention  to  the  Conservaioin  Set  Arts  et  Mitiera.  All  the  nets  now  used  by  ovr 
fishermen  are  made  by  machinery ;  the  largest  number  being  woven  in  Scotland. 

Ifamdl  TBU.  The  Celtii  Atulralii.  The  wood  of  the  nettle-tree  is  nearly 
as  compact  as  box,  and  takes  a  very  high  polish;  it  is  sometimes  used  in  the  mann- 
&cture  of  flutes. 

WMtm  ft  TiTB  ft  TIOJT  is  the  stato  produced  when  acid  and  alkaline  matters  are 
combined  in  such  proportions  that  neither  predominates,  as  evinced  by  the  colour  of 
tincture  of  litmus  and  cabbage  remaining  unaffected  by  the  compound. 

nOTBAXi  TXmr.  a  factitious  gr«y  pigment,  composed  of  bine,  red,  and 
yellow,  in  various  proportions,  used  by  water-colour  painters. 

n«7  JaBSST  TBA.    The  dried  leaves  of  the  Ceanothui  Amerieaniu. 

nVT  BSS  BAVnSTOn.     See  SumsTONB. 

vmvr  T.IIftTiftW»  rxoui.    See  Phobuicu. 

WZCAX&aVA  "Vroon.  The  tree  yielding  this  wood  has  not  been  ascertained; 
it  is  supposed  to  be  a  species  of  Hamatoxylon.  This  wood,  and  a  variety  called  Peach 
wood,  are  sent  to  this  country  for  the  use  of  the  dyers.  They  are  similar  in  colour  to 
Brazil  wood  ;  but  they  are  not  suf&cientlv  sound  for  any  use  in  manu&cture. 

VZCXBK.    The  ores  of  nickel,  found  in  these  islands,  are  the  following : — 

Annabergite,  Aise'nato  of  nickel,  found  at  Hoel  Chance  and  Pengelly  mines  in 
Cornwall. 

Emerald  mckd.  Said  to  have  been  found  by  Dr.  Heddle  on  chtomato  of  iron  from 
Swinaness,  in  Unst,  one  of  the  Shetland  Islands. 

Miiierite.  Sulphide  of  nickel.  This  mineral  has  been  found  in  septaria,  at  Ebbv 
Vale  in  Monmouthshire ;  at  Combe  Martin,  and  at  Huel  Chance  and  Pengelly,  in 
Cornwall. 

Euennicielkie$.  Sulphide  of  iron  and  nickel.  On  the  property  of  the  Duke  of 
Argyll,  near  Inverary,  this  ore  has  been  found  in  considerable  quantities.  Greg  and 
Lettsom  give  the  following  analysis  of  'a  specimen  of  the  rough  ore  taken  and  reduced 
to  powder' :— Iron,  43-76;  nickel,  14-22;  sulphur,  3446;  silica,  6-80;  lime,  1-45: 
total,  90-79. 

Kupftmiekel.  Copper  nickel.  Two  or  three  mines  in  Cornwall  have  produced 
this  ore  in  some  quantities.  It  has  been  worked  at  Huel  Chance  and  at  Pengelly,  and 
at  the  Fowey  Consols  mine.  Mr.  Aitkin,  of  Falkirk,  in  1872,  re-opened  the  soiled 
silver  mine  at  Bathgate,  and  discovered  a  peculiar  ore  of  nickel  in  a  fissure  or  vein 
between  a  whinsiU  and  the  limestone ;  about  three  tons  were  obtained,  and  the  work 
was  discontinued. 

Banunelsberg  has  given  us  the  following  analysis  of  a  foreign  knpfemickel,  which 
corresponds  very  nearly  with  some  of  our  English  products : — Arsemc,  48-80 ;  nickel, 
89-94 ;  cobalt,  0-16 ;  antimony,  8-00  ;  silica,  2-00. 

For  the  less  important  and  foreign  ores  of  nickel,  the  reader  is  referred  to  Dana,  or 
to  Brooke  and  Miun'i  Minendogy. 

Nickel  is  usually  associated  with  cobalt  ores,  and  much  chemical  ingenuity  has 
been  employed  to  effect  the  perfect  separation  of  these  metals, — both  of  which  are 
now  veiy  valuable  in  the  arts.  Extensive  nickel  refineries,  in  which  the  separation 
IS  skilfiUly-carried  out,  but  in  all  with  some  considerable  seciesy,  now  exist  in  this 
country.  The  art  of  working  the  ores  of  nickel  and  cobalt  seems  unknown  in  Great 
Britain,  if  we  may  judge  by  the  &ct  that,  though  found  in  suf&dent  abundance, 
they  are  nowhere  in  this  country  converted  into  zafia  and  speiss,  the  two  primary 
marketable  products  elsewhere  obtained  from  these  ores.  Although,  therefore,  no 
nation  in  the  world  consumes  in  its  manufactures  more  cobalt  and  nickel  than  Great 
Britain,  yet  for  these  metals  it  is  almost  entirely  dependent  upon  Korway,  Northern 
Germany,  and  the  Ketherlanda ;  from  whence  we  import  large  quantities  annually. 
The  foreign  ores  not  unfrequently  yield  12  or  IS  per  cent.  In  the  German  ore  the 
quantity  (^  metallic  ingredients  are  of  a  fusible  character;  consequently,  when  simply 
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gabjeotod  to  heat  in  a.ieyerbeiatoi^  tataaee,  the  earthy  and  metalSc  elementa  Mig- 
rate of  thenuelvea  by  the  mere  disparity  of  their  specific  weights ;  and  the  sili- 
ceons  gangue,  with  a  portion  of  oxide  of  iron,  rises  to  the  top ;  leaving  a  metallic 
compound  of  arsenic,  cobalt,  nickel,  copper,  and  perhaps  iron  beneath.  This  latter, 
when  carefully  roasted  in  an  oxidising  furnace,  in  contact  with  sand  or  ground  flint, 
affiirds  at  once  an  impure  silicate  of  cobalt,  and  arsenide  of  nickel, — two  marketable 
products. 

Since  the  manu&ctnie  of  Oerman  silrer,  or  ArgmUitu  plate,  became  an  object  of 
commercial  importance,  the  extraction  of  njdcel  has  been  undertaken  upon  a  consider- 
able scale.  The  cobalt  ores  are  its  most  fMtfol  sources,  and  they  are  now  generally 
treated  by  the  method  of  Wohler,  to  eSect  the  separation  of  the  two  metals.  The 
arsenic  is  expelled  by  roasting  the  powdered  tpeut,  first  by  itself,  next  with  the  addi- 
tion of  ciiaKoal-powder,  till  the  garlic  smell  be  no  longer  perceived.  The  residuum 
is  to  be  mixed  with  three  parts  of  sulphur  and  one  of  potash,  melted  in  a  crucible 
with  a  gentle  heat,  and  the  product  being  edulcorated  with  water,  Jeavea  a  powder  of 
metallic  lustre,  which  is  a  sulphide  of  nickel  free  from  arsenic ;  while  the  arsenic 
associated  with  the  sulphur,  and  combining  with  the  resulting  sulphide  of  potassium, 
remains  dissolved.  Should  any  arsenic  still  be  found  in  the  sulphide,  as  may  happen 
if  the  first  roasting-heat  was  too  great,  the  above  process  must  be  repeatied.  The 
sulphide  must  be  finally  washed,  dissolved  in  concentrated  sulphuric  acid,  with  the 
admtion  of  a  little  nitric ;  the  metal  is  to  be  precipitated  by  a  carbonated  idkali,  and 
the  carbonate  reduced  with  charcoaL 

In  operating  upon  knpfemickel,  or  speias,  in  which  nidcel  predominates,  after  the 
arsenic,  iron,  and  copper,  have  been  separated,  ammonia  is  to  be  digested  upon  Uie 
mixed  oxides  of  cobalt  and  nickel,  which  will  dissolve  them  into  a  blue  liquor.  This 
being  diluted  with  distilled  water  deprived  of  its  air  by  boiling,  is  to  be  decomposed 
by  caustic  potash,  till  the  blue  colour  disappears,  when  the  whole  is  to  be  pat  uto  a 
bottle  tightly  stoppered,  and  set  aside  to  settle.  The  green  predptate  of  oxide  of 
nickel,  which  slowly  forms,  being  freed  by  decantation  from  the  supernatant  red  solu- 
tion of  oxide  of  cobalt,  is  to  be  edulcorated  and  reduced  to  the  metallia  state  in  a 
crucible  containing  crown-glass. 

The  reduction  of  the  oxide  of  nidcel  with  charcoal  requires  the  heat  of  a  powerful 
air-furnace  or  smith's-forge. 

Nickel  possesses  a  fine  silver-white  colour  and  lustre  ;  it  is  hard,  but  malleable,  both 
hot  and  cold  ;  may  be  drawn  into  a  wire  ^th  of  an  inch,  and  rolled  into  plates  ^kth 
of  an  inch  thick.  A  small  quantity  of  arsenic  destroys  its  ductility.  When  fused  it 
has  a  specific  g^vit^  of  8-279,  and,  when  hammered,  of  866  or  882 ;  it  is  suscep- 
tible of  magnetism,  in  a  somewhat  inferior  degree  to  iron,  but  superior  to  cobalt  Its 
melting-point  is  nearly  as  high  as  that  of  manganese.  It  is  not  oxidised  by  contact 
of  air,  but  may  be  burned  in  oxygen  gas. 

There  is  one  oxide  and  a  sesquioxide  of  nickel.  The  oxide  is  of  an  ash-grey  oolonr, 
and  is  obtained  by  precipitation  with  an  alkali  &om  the  solution  of  the  chlo  ido  or 
nitrate.  The  sesquioxide  is  black,  and  may  be  procured  by  exposing  the  nitrate  to  a 
heat  under  redness.    The  hydrated  oxide  has  a  dirty  pale-green  cdloor. 

'AxiitTcam  ov  Kicxxl. 

Niekd  nay  he  deteeUd  hg  ejfcmHe  of  potaetium  in  an  add  solution  of  it  and  cobalt ; 
the  OTanide  being  added  until  the  predpitate  first  formed  is  redissolved :  dilute  sul- 
phune  add  is  then  added,  and  the  mixtnre  warmed  and  allowed  to  stand.  A  precipi- 
tate at^iearing  shows  the  presence  of  nickel,  whether  it  be  cobalt-i^anido  or  simple 
(^anide  of  ni(^l. 

Nickel  and  cobalt  are  almost  always  associated  together,  and  are  very  difflcnlt  to 
separate. 

Upon  the  &ot  that  in  a  solution  of  oxide  of  cobalt  containing  free  hydrochloric 
add  the  whole  of  the  metal  is  converted  into  the  snper-oxide,  by  means  of  chlorine, 
while  the  chloride  of  nickel  remains  unaltered  in  the  add  solution,  H.  Boss  based  a 
suocessfU  method  for  the  separation  of  the  metals.    His  method  is  as  follows : 

Both  metals  are  dissolved  in  hydrochloric  add ;  the  solution  must  contain  a  sufK- 
dent  excess  of  free  acid ;  it  is  then  diluted  with  much  water ;  if  1  or  2  grammes  of 
the  oxides  are  operated  on,  about  2  lbs.  of  water  are  added  to  tiie  solution.  As  cobalt 
possesses  a  mui^  greater  oolouiing-power  than  nickel,  not  only  in  fluxes,  but  also  in 
solutions,  the  diluted  solution  is  of  a  rose  colour,  even  when  the  quantity  of  nickel 
present  greatly  exceeds  that  of  the  cobalt  A  current  of  dilorine  gas  is  then  passed 
through  the  solution  for  several  hours :  the  fluid  must  be  thoroughly  satursteowith 
it,  and  the  upper  part  of  the  flask  above  the  liquid  must  remain  filled  with  the  gas 
after  the  coiient  has  ceased.    Carbonate  of  baryta  is  excess  is  then  added,  and  the 
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Wliole  «ll(nrad  to  Btsnd  fee  12  or  18  hoon,  and  frequently  agitated.  Thk  |iNeipi- 
tated  snpeioxide  of  cobalt^  and  the  excess  of  carbonate  of  ba^ta,  are  well  washed 
with  cold  water,  and  dissoWed  in  hot  bydioehlorie  add ;  after  the  separation  of  the 
baryta  b;  sulphuric  acid,  the  cobalt  iu  precipitated  by  hydrate  of  potash,  and,  after 
being  washed  and  dried,  is  reduced  in  a  platinum  or  porcelain  crucible  by  hydrogen 
gas.  The  fluid  filtered  from  the  superoxide  of  oobalt  is  of  a  pure  green  colour.  It  is 
free  from  any  trace  of  cobalt.  After  the  removal  of  the  baryta  by  means  of  sulphuric 
acid,  the  oxide  of  nickel  is  precipitated  by  caustic  potash.  Even  this  method  did 
not  give  exact  results  on  the  first  trial.  0*318  gr.  metalllo  nickel  and  0*603  gr. 
metallic  cobalt  were  employed,  and  0*480  gr.  oxide  of  nickel  and  0-580  gr.  oobalt 
were  obtained: 

Bmplojed  Obtained 

Kickel 34*63  36*76 

Cobalt 66*47  62*98 


100*00  99*78 

The  cause  of  these  incorrect  results  is,  that  the  solution  was  filtered  an  hour  or 
two  after  the  precipitation  of  the  superoxide  of  cobalt  by  the  carbonate  of  baryta. 
It  is  necessary,  howeyer,  to  wait  a  considerable  time,  at  least  12  hours,  or  eren 
18  is  better,  and  allow  the  excess  of  carbonate  of  baryta  to  remain  in  contact 
with  the  sdntion,  as  the  superoxide  of  cobalt  is  precipitated  very  slowly :  this 
explains  the  diminution  of  the  cobalt  and  increase  of  the  nickel  in  Ute  above  expe- 
riment. 

It  will  be  readily  perceived  that  not  only  cobalt,  but  also  other  metals,  as  iron  and 
manganese,  may  be  separated  flrom  nickel  by  this  method.  On  the  other  hand,  oxide 
of  cobalt  may  be  separated  from  the  oxide  of  zinc,  and  other  strongly  basic  oxides, 
which  are  not  converted  into  superoxides.  Nickel  and  cobalt  can,  moreover,  be  sepa- 
rated from  metals  to  which  they  bear  a  close  analogy  in  various  ways. 

From  nickel,  manganese  may  be  best  separated  in  the  same  manner  as  cobalt. 
Ilanganese  may  be  separated  from  both  of  them,  however,  by  a  method  which,  in  its 
essential  parts,  was  proposed  by  Wackenroder.  It  is  based  upon  the  fact  that, 
althongh  nickel  and  cobalt  are  not  precipitated  from  their  solutions  by  sulphuretted 
hydrogen,  especially  when  they  are  slightly  acid,  still  the  sulphides  precipitated  by 
hydrosulphate  of  ammonia  are  not  dissolved  by  vei^  dilute  hydrochloric  acid.  When 
the  oxides  are  contained  in  an  acid  solution  (which  should  not  contain  nitric  add, 
however),  it  is  made  ammoniacal,  and  they  are  predpitated  as  sulphurets  by  hydro- 
sulphate  of  ammonia.  Veiy  dilute  hydrochloric  add  is  then  added  to  the  solution, 
until  it  has  a  very  slight  add  reaction  ;  the  sulphides  of  nickel  and  cobalt  remain 
undissolved ;  they  are  washed  with  water  containing  a  little  sulphuretted  hydrogen 
and  a  trace  of  hydrochloric  add.  The  sulphide  of  manganese  is  dissolved  with 
ftdlity,  but,  although  the  fluid  flltered  from  the  sulphides  of  nickel  and  cobalt  gives 
only  a  rather  dirty  flesh-coloured  predpitate  on  the  addition  of  ammonia  and  hydro- 
.  snlphate  of  ammonia,  still  the  sulphide  of  manganese  contains  small  portions  of 
sulphide  of  cobalt  or  nickel ;  and  when,  therefore,  it  is  treated  anew  with  very  dilute 
hynochloric  acid,  minute  quantities  of  the  black  sulphides  remain  behind.  By  this 
repeated  treatment  a  very  nearly  correct  separation  may  be  obtained  ;  but  the  results 
are  more  satisfactoiy  in  the  separation  of  cobalt  &om  manganese  than  of  nickel  &om 
the  latter  metal,  evidently  because  nickel  is  not  very  perfectly  predpitated  by  hydro- 
sulphate  of  ammonia :  0*303  gr.  of  metallic  cobalt  and  0*385  gr.  of  binoxide  of  man- 
ganese gave — after  the  sulphide  had  been  converted  by  aqua  regia  into  oxide,  and 
this  predpitated  by  hydrate  of  potash,  and  after  the  chloride  of  manganese  dissolved 
was  free  from  sulphuretted  hvcbogen  and  predpitated  by  carbonate  of  soda — 0*302 
metallic  cobalt  and  0*392  oxide  of  manganese. 

0*261  gr.  of  oxide  of  nickel  and  0*296  gr.  oxide  of  manganese,  treated  in  the  same 
manner,  gave  0*214  oxide  of  nickel  and  0*324  oxide  of  manganese. 

Iron  also  may  be  separated  from  nickel,  and  better  still  from  cobalt,  in  the  same 
manner  as  manganese,  since  sulphide  of  iron,  like  sulphide  of  manganese,  is  easily 
soluble  in  very  dilnto  hydrochloric  add ;  but  in  this  case  the  resolution  of  the  sul- 
phide of  iron  is  likewise  necessary :  0*426  gr.  metallic  cobalt  and  0*170  gr.  sesqui- 
oxide  of  iron,  when  treated  in  this  manner,  gave  0*414  gr.  metallic  cobalt  and  0*172  gr. 
sesquioxide  of  iron. 

For  the  details  of  processes  which  have  been  found  usefnl  in  the  separation  of 
nickol  f^^nn  other  bodies,  the  reader  is  referred  to  Watts's  '  Uictionaiyof  Chemistry.' 

AUoyi  of  Nickel. — ^Various  alloys  of  nickel  have  been  formed  ondegr  different  names ; 
the  fouowing  are  a  few  of  them : — 
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JrgmtUme,  oi  Gtrman  Silvtr,  eoniuta  of  8  parte  of  eopp«r,  3  parts  of  nickel,  and 
3  parte  of  zinc.  This  composition  has  often  a  yellow  tinge,  and  it  is  consequently 
employed  for  inferior  articles  only.  Another  formula  gires  copper  60-000,  zinc  26'0, 
and  nickel  2S-0. 

White  Argaitane,  or  Argentin*  Plate,  is  usually  copper  8  parts,  nickel  3  parts,  zinc 
3  parts.  This  is  a  rery  fine  alloy,  and  passes  under  oifiTerent  names,  aocording  to  the 
caprice  of  the  mannfafturer.  A  manu&ctnrer's  receipt  vhich  ire  have  seen  is :  copper 
60-0, zinc  170,  nickel  23S. 

Sitctrvm,  copper  8  parte,  nickel  4  parts,  and  zinc  3  parts.  This  composition  has 
many  advantages,  especially  in  ite  fine  colonr,  and  its  resistance  of  oxidation. 

Copper  8  parte,  nickel  6  parts,  and  zinc  3  parte,  is  a  very  hard  and  fine  compound- 
metal;  bat  £N>m  iU  hardness  there  is  some  difficulty  in  working  it. 

T^tenagut  of  China — PaeJffong  of  the  East  Indies — is  copper  8  parts,  nickel  3  parts, 
and  zinc  3}  parte. 

A  solder  lot  Oerman  silver  is  prepared  by  fusing  together  4  parte  of  the  otdinaiy 
argentine  and  6  parte  of  zinc. 

Nickel  may,  it  appears,  be  alloyed  with  iron.  Stiomeyer  describes  a  native  com- 
pound  of  this  kind ;  and  Betthier  stetes  'that,  by  heating  the  arsenide  of  nickel  with 
iron  in  any  proportions,  double  arsenides  are  obtained,  which  are  hard  and  brittle^ 
with  a  cast-iron  colour. 

The  process  of  nickel-plating,  now  extensively  practised,  is  described  under 

EtLECTBO-HBT^LLCBaT. 

intOOXXAjrA  TABAOVSC.  The  tobacco  plant ;  so  called  in  honour  of 
John  Nicot  of  Nismee,  ambassador  irom  the  King  of  Prance  to  Fortusal,  who 
procnred  the  first  seeds  &om  a  Dutchman,  who  obtained  them  team  Honda.  See 
Tobacco. 

mOOTXAjmnL  This  is  a  concrete  volatile  oil,  obteined  by  distilling  tobacco- 
leaves  with  water ;  a  turbid  liquid  comes  over,  and,  after  standing  some  time,  this 
oil  forms  on  the  snr&ce ;  only  a  very  small  quantity  is  produced,  6  lbs.  of  the  leaves 
yield  only  11  grains.  This  oil  is  solid,  has  the  odour  of  tobacco,  and  a  bitter  taste. 
It  is  volatile,  insoluble  in  water  and  the  dilute  acids,  and  in  alcohol  and  ether,  but 
soluble  in  caustic  potash.  It  has  a  resemblance  to  camphor,  and  was  called  by 
Gmelin  '  Tobacco  Camphor.' 

WIOOTnnL  This  alkaloid  is  the  active  principle  of  the  tobacco-plant ;  it  was 
first  obtained,  in  an  impure  stete,  by  Vanqueun  in  1809.  It  is  conteined  in  the 
different  species  of  tobacco,  probably  in  the  state  of  malato  or  citrate.  It  was  ob- 
tained pure  by  Poesel  and  Beimann  &om  the  leaves  of  the  Ntcoiitma  tabacum.  Macro- 
phytta  nuUca,  and  It.  glutmota.  Nicotine  and  its  salte  have  been  examined  and 
analysed  by  MM.  Ortigasa,  Barral,  Helsens,  and  Schlosing. 

The  following  is  the  process  employed  by  H.  Schlosing  for  extracting  the  nicotine 
ih>m  the  tobacco : — 

The  tobacoo-Ieaves  are  exhansted  by  boiling-water ;  the  extract  is  then  evapo- 
rated till  solid,  or  to  a  syrupy  consistence,  and  shaken  with  twice  ite  volume  of 
alcohol.  Two  layers  are  formed;  the  under  layer  is  black  and  almost  solid,  and 
contains  soma  m^te  of  lime,  the  upper  layer  conteining  all  the  nicotine.  This 
latter  is  concentrated  by  distillation,  and  again  treated  with  alcohol  to  precipitete 
certtun  substances.  This  solution  is  concentrated,  and  treated  with  a  concentrated 
solution  of  potash ;  it  is  allowed  to  cool,  and  is  then  agiteted  with  ether,  which 
dissolves  all  the  nicotine.  To  the  ethereal  solution  is  added  powdered  oxalic  acid, 
when  oxalate  of  nicotine  is  precipitated  as  a  ^mpy  mass.  This  is  washed  with  ether, 
treated  with  potash,  taken  np  with  water,  and  disDlled  in  a  salt-bath,  when  the  nico- 
tine comes  over,  and  may  be  rendered  pnre  and  colourless  by  redistilling  in  a  corrent 
of  hydrogen. 

M.  Melsens  has  observed  the  presence  of  nicotine  in  the  condensed  prodncte  of 
tobacco-smoke.  The  oil  which  is  formed  in  pipes  after  smoking  tobacco  in  them, 
and  which  gives  the  colour  to  the  pipe,  contuns  nicotine.  The  question  may  then 
perhaps  be  asked,  '  If  tobacco-smoke  contains  such  a  deadly  poison,  why  are  there 
not  more  ill  e£fecte  from  smoking  ? '  It  may  perhaps  be  answered  in  this  way :  tobacco 
when  smoked  only  yields  about  yj^th  or  leas  of  ite  weight  of  nicotine,  and  then  very 
little  of  that  is  condensed  in  the  month.  And,  again,  the  system  may  become  accus- 
tomed to  it,  as  is  the  case  with  opium-eaters,  and  iien  it  requires  much  more  to  take 
an  e%ct ;  it  can  scarcely  be  doubted,  though,  that  the  continnal  habit  <tf  smoking 
large  quantities  of  tobaoeo  is  injurious. 

Nicotine  when  pure  is  a  colourless,  transparent,  oUy  liquid,  possessing  an  acrid 
odour  and  an  acrid  burning  taste.  Ite  density  is  1'024,  and  that  of  ite  vapour  fi'607. 
It  restores  the  blue  colonr  of  reddened  litmus,  and  renders  turmeric  brown.  It 
becomes  yellowish  by  age,  and  when  exposed  to  the  air  becomes  brown  and  thick. 
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AbMibiDg  oxygen.  It  U  very  lolnble  in  -water,  olcc^l,  and  tlie  oils  (fixed  and  raila- 
tile) ;  also  in  Abet,  irtiioh  has  tlie  pover  of  extracting  it  completely  from  its  aqueous 
solution. 

It  is  TSiy  hTOTometrical ;  exposed  to  a  moist  stmosphere  it  rapidly  absoibs  water, 
but  loses  it  agau  in  an  atmosphere  dried  by  potash.  When  thus  nydiated  it  beconiea 
a  solid  crystalline  mass  if  exposed  to  the  cold  of  a  mixture  of  ice  and  salt  When 
anhydrous  it  does  not  become  solid  at  14°  Fahr.  It  boils  at  482°  Fahr.  and  is  at  the 
tame  time  slightly  decomposed ;  but  notwithstanding  its  high  boiling-point,  it  may  be 
easily  distilled  with  the  Ta;pour  of  -water  -without  deoumposition. 

The  Tapour  of  nicotine  is  so  irritating,  that  we  shonld  experience  a  difficulty  of 
breathing  in  a  room  where  a  imp  of  that  alkaloid  had  been  Tolatilised.  Its  vapour 
bonis  -with  a  irhite  smoky  flame,  depositing  charcoal,  like  an  essential  oil.  Nicotine 
turns  the  plane  of  polarisation  strongly  to  the  left.  From  the  volume  of  its  -rapour, 
and  firom  the  quantity  of  sulphuric  acid  required  to  form  -with  it  a  neutral  salt,  the 
formula  of  mcotioe  would  appear  to  be  C^H'^N*  (0"U"M*) ;  but  from  some  of  its 
combinations  it  would  appear  to  be  half  of  this,  viz.  C'H'N. 

By  the  aid  of  heat  nicotine  dissolves  sulphur,  but  not  phosphorus.  Nicotine  unites 
with  acids,  forming  salts,  which  are  very  deliquescent,  difficultly  crystaUisable,  in- 
soluble in  ether,  except  the  acetate,  and  when  pure  possess  no  smell,  but  an  acrid 
tobacco  taste.    The  double  salts  which  nicotine  forms  crystaUise  much  more  easily. 

The  aqueous  solution  of  nicotine  is  colourless,  transparent,  and  strongly  alkaline ; 
ittbrma  a  white  precipitate  in  a  solution  of  corrosive  sublimate,  also  in  a  solution  of 
aceteto  of  lead,  aoi  with  both  chlorides  of  tin.  The  precipitate  which  it  forms  with 
solutions  of  the  salu  of  zino  is  soluble  in  an  excess  of  nicotine.  Salte  of  copper  give 
with  it,  at  first,  blue  precipitates,  but  these  dissolve  in  excess  of  nicotine,  forming  a 
deep  blue  solution,  as  they  do  when  supersaturated  -with  ammonia. '  Bichloride  of 
platinum  yields  -with  it  a  yellow  granular  precipitate.  A  solution  of  permanganate  of 
potash  is  immediately  decolouris^  by  a  solution  of  nicotine. 

VZaXAO  (Ital.).  Xigdlum.  An  art  to  which  we  owe  the  origin  of  engia-ving.  It 
consisted  in  dra-wing  a  design  -with  a  style  upon  gold  and  silver,  and  then  cutting  it 
with  a  burin ;  a  black  composition  made  by  heating  together  copper,  silver,  lead,  and 
sulphur,  which  when  oola  was  pounded,  was  then  laid  upon  an  engraved  plate,  a 
littie  borax  sprinkled  orer  it,  and  placed  over  a  charcoal  fire,  when  the  composition 
dissolved  and  flowed  into  the  lines  of  the  design.  When  cold,  the  metal  -was  scraped 
and  burnished,  and  the  niello  presented  the  e&ct  of  a  drawing  in  black  upon  gold  or 
(ilver.  The  art  -was  known  to  tiie  andente  and  practised  during  the  middle  ages ; 
Bpedmens,  though  rare  are  to  be  met  -with  in  museums.  In  the  fifteenth  century 
these  designs  were  £requentiy  engraved  -with  great  deb'cacy,  and  the  ahado-ws  hatched 
-with  lines,  precisely  like  a  copper-plato  engraving.  The  origin  of  taking  paper  im- 
pressions ftom  metal  plates  is  ascribed  to  uie  practice  of  Mass  Finiguerra,  a  Floren- 
tine goldsmith,  who,  in  the  middle  of  the  fifteenth  century,  was  in  the  habit  of  taking 
impressions  of  his  incised  work  on  cups  and  plaques  in  a  viscid  -water-ink  on  paper, 
for  the  purpose  of  testing  the  steto  of  his  work.  Such  impressions  of  the  early  fathers 
of  copper-plate  printing  still  exist,  and  are  known  also  as  nidUu.    See  SmfHUBS. 

WXOBXmE.  A  metal  discovered  in  1801  by  Eatchettina  mineral  called  «a{t(inii<«, 
and  hence  it  -was  named  celMmbium.  Bose  rediscovered  this  metal  in  1846,  and  gave 
it  the  name  it  now  bears.  Niobium  is  a  black  powder;  specific  gravity  6'27.  See 
Watto's  'Dictionary  of  Chemistiy.' 

vzTBAns  or  akmowia,  &aA9,  votasb,  aixvBS,  boba, 

■nMarrXA.    The  salte  of  nitric  add  which  are  employed  in  the  arte  are  described 
nnderthe  heads  of  the  metellic  or  earth  constituent. 
WTTWm,    The  common  name  for  Nitrate  of  Potash.    See  Potash,  Nitbatb  of. 
WVtWM,  OUBZO.    Nitrate  of  soda.    See  Cubic  Nrroa  and  Soda,  Nftbatk  of. 
Onr  Agtorlt  of  cubic  nitre  have  been  as  follow : — 

1873  1873 

Tons  -Value  Tons  "Vtim 

From  Peru        .        .    1,866,195      101,045,888  2,176,289      £1,604.040 

BoliTia    .        .       166,870  120,475  146,371  105,492 

Chili        .        .         55,966  42,461  86,260  57,173 

Other  countriea         16,166  12,122  537  426 

Total.       .    1,694,197      £1,220,411  2,407,407      £1,767,181 

VXTBZO  AOX9,  Jqutfforfii  (Jcide  nitri^,  Fr. ;  SalpienSvra,  Gee.),  existe,  in 
combination  -with  the  bases,  potash,  so^  lime,  and  magnesia,  in  both  the  mineral  and 
vegetable  kingdoms.  'Diia  add  is  never  found  insulated.  It  was  distilled  from  salt- 
petre 80  long  ago  as  t]ie  thirteenth  centnry,  by  igniting  that  salt  mixed  with  copperas 
or  day,  in  a  retort.    Sitiic  add  is  generated  wwn  a  mixture  of  oxygen  and  nitrogen 
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gases,  conflntd  OTsr  'water  or  an  alkaline  eolation,  has  a  series  of  eleelxieal  txfio- 
sions  passed  thioagfa  it.  In  this  way  the  salnbrions  atmosphare  may  be  converted 
into  cortosiTe  aqnafortis.  When  a  little  hydrogen  is  introdnced  into  the  mixed  gams, 
standing  over  irater,  the  chemical  agency  of  the  electricity  becomes  more  intense,  and 
the  add  is  more  rapidly  formed  boin  its  elements,  with  the  production  of  some 
nitrate  of  ammonia.  The  fwrnnla  of  the  hydiated  add  is  H0,NO  (KWO*) ;  its  equi- 
Talent  being  54. 

Nitric  acid  is  nsnally  made  on  the  small  scale  by  distilling,  with  the  hsatof  a  sand< 
bath,  a  mixture  of  8  parts  of  pore  nitre,  and  3  parts  of  sbong  snlphnrio  add,  in  a 
large  glass  retort,  connected  by  a  long  glass  tube  with  a  globnlar  reoeirer  snrroonded 
by  cold  water.  By  a  weU-regnlated  distillation,  a  pure  add,  of  specific  gravity  1-600 
may  be  thns  obtained,  amonnting  is  vdg^t  to  about  two-thirds  of  the  nitre  employed. 
To  obtain  the  vhole  nitric  add  equal  weights  of  nitze  and  eoneentrated  sulphuric 
add  ma^  be  taken  ;  in  which  case  but  a  moderate  heat  need  be  applied  to  the  retort. 
The  renduum  will  be  bisulphate  of  potash.  'When  only  the  single  eqniralent  propor- 
tion of  sulphuric  add  is  used,  namely  48  parts  fiw  100  of  nitre,  a  miKh  hip;her  heat  is 
required  to  oompleto  the  distillation,  whereby  more  or  less  of  the  nitric  aad  is  deeom- 
poeed,  while  a  compact  neutral  snlphato  of  potash  is  left  in  the  retort,  Tety  difficult  to 
remove  by  solution  in  water,  and  therefore  apt  to  destroy  the  vessel. 

Aquafortis  is  mannlhctnred  npon  the  great  scale  in  iron  pots  or  cylinders  of  the 
same  construction  as  are  described  under  Htdbocelobio  Aim  The  more  concen- 
trated the  sulphuric  add  is,  the  leas  corrosively  will  it  act  upon  the  metal :  and  it  is 
commonly  used  in  the  proportion  of  one  part  by  weight  to  two  of  nitie. 

Oommerdal  aquafortis  is  very  generally  contaminated  with  sulphuric  and  muriatic 
adds,  as  also  with  alkaline  sulphates  and  muriates.  The  quantity  of  tbeae  salts  may 
be  readily  ascertained  by  evaporating  in  a  glass  capsule  a  given  weight  of  the  aqna- 
fortis ;  wnile  that  of  the  muriatie  add  may  be  determined  by  nitrate  ot  silver ;  and  of 
sulphuric  add,  by  nitrate  of  baryta,  Aquafiwtis  may  be  piuifled,  in  a  great  measure^ 
by  redistillation  at  a  gentie  heat ;  rejecting  the  fitet  liquid  which  comes  over,  as  it 
contains  the  dilorine  impregnation ;  receiving  the  middle  portion  as  genuine  nitric 
acid ;  and  leaving  a  residuum  in  the  retort,  as  being  contaminated  with  sulphuric  add. 

Since  nitrate  of  soda  has  been  so  abundimtiy  imparted  into  Europe  from  Peru,  it  has 
been  employed  by  many  mannflusturers  in  preference  to  nitre  for  the  extraction  of  nitric 
add,  becauM  it  is  cheaper,  and  because  the  leddnom  of  the  distiliation,  bdng  sulpbatv 
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of  soda,  is  more  readily  remored  by  aolntion  firom  glaw  ntorti,  iiiien  a  lange  of  thiBM 
set  in  a  gallery  Armace  ii  the  apparatoi  employed.  Nitric  acid  of  spedflo  KiaTity  1-47 
may  be  obtained  colourless;  bnt  bvftirthereoncenbation  a  porti(»i of  it  is deoiHDpoaed, 
whereby  some  nitrous  acid  is  prodnced,  which  gives  it  a  strBW-yellow  tinge.  At  this 
strength  it  exhales  white  or  orange  fames,  which  hare  a  peeolisr,  thongh  not  Teiy  diir 
agreeable  smell ;  and  even  when  largely  diluted  with  water  it  tastes  extremely  aovr. 
Tne  greatest  density  at  which  it  can  be  obtained  is  1<51  or  psrfaaps  l-fi2,  at  60°Paki., 
in  which  state,  or  even  when  much  weaker,  it  powerfoUy  corrodes  all  animal,  vegetable, 
and  most  metallic  bodies.  When  slitrhtly  dilated,  it  is  applied,  with  many  precautiona, 
to  silk  and  woollen  stoflii,  to  stain  tnem  of  a  bright  yellow  hue. 

In  the  anhydrous  state,  this  body  consists  of  26' 15  parts  by  weight  of  nitrogen,  and 
73*85  of  oxygen ;  or  of  2  Tolnmes  of  the  first  gas  and  6  Tolnmes  of  the  second.     . 

When  of  specific  gravity  1'6,  the  acid  boils  at  abont  210°  Fahr. ;  of  1'45,  it  b<rils  at 
abont  240° ;  of  142,  it  boils  at  263° ;  and  of  1  -40,  at  248°  F.  If  an  add  stronger  than 
1-420  be  distilled  in  a  retort,  it  gradually  becomes  weaker;  «id  if  weaker  than  1-42, 
it  gradually  becomes  stronger,  till  it  assumes  that  standard  densi^.  Add  of  specific 
gravity  1-486  has  no  more  action  npon  tin  than  water  has,  though  when  dther  stronger 
or  weaker  it  oxidises  it  rapidly,  and  evolves  fomes  of  nitrous  gas  with  exTdodve  vio- 
lence. In  two  papers  npon  nitzic  add,  published  by  Dr.  Ure  in  the  fourth  and  nxUi 
Tolnmes  of  the  'Journal  of  Science'  (1818  and  1819),  he  investigated  the  chemical 
relations  of  these  phenomena.  Add  of  1-420  condsts  of  1  atom  at  dry  add  and  t  of 
water ;  acid  of  1-485,  of  1  atom  of  dry  add  and  2  of  water ;  the  latter  eon^und 
possesses  a  stable  equilibrium  as  to  chemical  agency ;  the  former  as  to  calorific  Add 
of  specific  gravity  1-334,  consisting  of  7  atoms  of  water  and  1  of  dry  acid,  redsts  the 
decomposing  agency  of  light.  Nitric  add  acts  with  great  energy  npon  most  combos- 
tible  substances,  simple  or  compound,  giving  up  oxygen  to  them,  and  resolving  itself 
into  nitrous  gas,  or  even  nitrogen.  Such  is  the  result  of  its  action  upon  hydrogen, 
phosphorus,  sulphur,  charcoal,  sugar,  gum,  starch,  silver,  mercury,  copper,  iron,  tin, 
and  most  other  metals. 

Kitric  add  is  never  obtained  as  the  waste  prodnet  of  any  chenueal  operation. 
Its  mannftctnre  is  invariably  the  primary  object  of  the  process  by  which  it  is  pro- 
cured. 

It  has  been  propoeed  to  decompose  nitrate  of  soda  by  the  action  of  borado  add,  so 
as  to  produce  biborate  of  soda,  or  borax,  and  thus  render  the  nitric  add  a  secondary 
product.  The  success  of  this  process  depends,  however,  upon  a  drcnmstance  of  a 
somewhat  curious  kind.  Strong  nitric  add  is  much  more  volatile  than  weak  add ; 
and  hence  it  is  more  easily  expelled  from  its  combination  with  soda  in  a  concentrated 
than  in  a  dilnted  form.  Now,  boradc  acid  has  3  atoms  of  water  in  it>  crystallised 
condition ;  therefore,  if  we  take  2  atoms  of  this  add,  we  have  6  atoms  of  watar  to 
unite  with  the  1  atom  of  nitric  add  capable  of  being  disengaged  from  nitrate  of  soda ; 
whereas  this  quantity  of  nitric  acid  needs  at  most  but  2  atoms.  The  secret,  therefore, 
is  to  dry  the  boradc  add  in  the  first  instance,  so  as  to  get  rid  of  the  surplus  water ; 
and  this  is  easily  done  at  a  temperature  of  212°  Fahr.,  at  which  two-thirds  of  the 
water  readily  leave  the  boradc  add,  and  thus  afibrd  a  mono-hydrated  compound, 
2  atoms  of  which  contain  predsely  the  amount  of  water  needed  for  I  atom  of  nitric 
add,  and  also  of  the  boraac  acid  requidta  for  the  production  of  the  biborate  of  soda. 
There  are  some  peculiarities  connected  with  the  application  of  the  necessary  tempera- 
ture, but  they  are  of  less  importance.  The  biborate  of  soda  is  afterwards  dissolved  is 
hot  water,  and  crystallised. 

Anhydrous  mtrio  acid,  known  to  modem  chemists  as  niirio  anhydridt,  nttrie  oxide, 
or  nitnffen  penioxide,  was  discovered  in  1849  by  M.  Seville,  who  isolated  it  by  the 
action  of  dry  chlorine  gas  on  nitrate  of  diver,  heated  at  first  to  about  200°  Fahr.,  and 
then  reduced  in  temperature  to  about  150°.  The  anhydride,  or  radical  of  the  add,  is 
expelled,  and  condenses  in  transparent,  brilliant,  colourless  crystals,  which  are  ex- 
tremdy  unstable,  and  readily  diraolve  in  water,  with  production  of  ordinary  nitric 
add. 

WXntXTSS.  Salts  formed  hj  the  combination  of  nitron*  add  with  the  metals, 
earths,  or  alkalis.    See  Watts's  '  DictionaiT  of  Chemistry.' 

vrntOBUrZOXi.  Aeobeneol.  C"H*(NCH)  [0*H*(»0*)].  It  is  important 
in  the  arts,  both  as  a  source  of  aniline  for  the  manufacture  of  dye-colonis,  and  on 
account  of  its  use  for  flavouring,  as  a  substitute  for  oil  of  bitter  almonds,  which  it 
dosdy  resembles  in  flavour  when  pure,  and  over  whidi  it  has  the  advantage  of  not 
bdng  poisonous. 

It  is  prepared  fhim  benzol  (which  see)  by  adding  it,  drop  by  drop,  into  hot.  Aiming 
nitric  acid ;  the  nitrobenzol  separates  on  dilution  with  -water  in  the  form  of  a  yellowi^ 
oil,  wliich  may  be  purified  by  washing  with  water  alone,  or  a  solution  of  carbonate  Of 
■oda.    It  has  a  densitiy  of  1-209  at  60°  Fahr.  (15-5  Cent),  and  just  above  the  freering- 
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point  of  mteriB  eonrertod  into  a  cryBt&IIiiia  lolid.  It  it  nearly  insolnUe  in  -watet; 
bnt  aloohol  and  ether  diMoIra  it  in  all  piopaitiona.  Its  oonveirion  into  aniline  nnder 
the  influence  of  redncing-agents  has  been  before  mentioned.    See  AinxjinE, 

Nitiobenxol  may  be  -riewed  as  haviDg  been  derired  finm  benzol,  C"H'  (0*S*), 
l^  the  mbstitntion  of  one  eqniralent  of  hydrogen  by  the  tetroxide  of  nitrogen. 

MTTUOOMM.  i^/mM,  N;  equivcUeiU,  H;  oombintng-meanire,  twoTOiamee;  ipe- 
eifia gravity,  0-97 13 1  Sffn,  Azote.  (Nitroghie,  Jzote,Ft. ;  Stieiatoff, 8aheter$ioff,  Ger.) 
TluB  gai,  which  lerrea  so  important  a  purpose  in  dilating  the  atmospheric  oxygen  to 
the  pmnt  neeessaiy  for  healthy  leaptation,  has  been  kniown,  in  a  more  or  less  im- 
para  state,  rinoe  1772,  when  I>r.  Batberford  showed  that  the  vitiated  air  &om  the 
longs  contained  a  principle  incapable  of  supporting  life,  but  diffbiing  from  carbonic 
acid. 

BrtparaHon. — Nitzogan  is  nsoally  prepared  from  atmospherie  air  by  ramoring  its 
(otjgm.  TbiB  may  be  done  in  a  Tariety  of  wajrs : — 1.  By  bnming  some  substance  in 
a  oonttned  portion  of  air,  and  removing  the  oxide  by  a  solvent.  Thos,  alcohol  burnt 
in  air  yields  nitrogen,  water,  and  carbonic  acid,  The  water  condenses,  and  the  car- 
bmic  acid  may  be  absorbed  by  agitation  with  lime-water.  The  oxygen  may  also  be 
taken  away  by  the  combustion  of  phosphorus.  The  phosphoric  acid  produced,  being 
solable  in  water,  is  easily  removed.  2.  The  most  elegant  mode  of  obtaining  the 
nitrogen,  and  one  which,  properly  performed,  is  susceptible  of  the  highest  quantitative 
aeoora^,  is  to  pass  air  over  red-hot  copper,  which  absorbs  the  oxygen,  forming  oxide 
of  ca{>par,  para  nhxogen  remaining.  3.  The  oxygen  of  atmospheric  air  may  also 
ba  removed  by  certain  solvents.  A  solution  of  pyrogallate  of  potash,  or,  rather  a 
eolation  of  pyro{pdlio  add  in  an  excess  of  potash,  takes  the  oxygen  from  air  with 
great  ra^dity  and  great  predsion.  Upon  this  &ct  Liebig  faunded  his  process  for 
estimating  the  percentage  of  oxygen  m  certain  gaseous  mixtures.  A  very  pure 
nitrogen  may  be  obtained  according  to  Corenwinder,  by  heating  a  solution  of  nitrate 
of  potash  with  ohloride  of  ammonium.  Nitrosen  may  be  obtained  from  ammonia  by 
the  action  of  chlorine,  which  combines  with  the  hydrogen.  Fleeh  gently  heated  with 
dilated  nitric  add  yields  the  gas,  contaminated  with  its  binoxide.  The  latter  may 
conveniently  ba  got  rid  of  by  passing  the  gases  liberated  through  two  liebig's  potash- 
bulbs  fllled  widi  a  moderately-concentrated  solution  of  protosulpbate  of  iron. 

Rroptrtiu. — Nitrogen  has,  espedally  until  lately,  been  regarded  as  one  of  the  most 
inert  of  the  elements,  as  a  body  with  but  slight  tendency  to  enter  into  combination,  and, 
when  combined,  being  easily  removed  by  even  the  least  energetic  reaction.  This  opinion 
has  bean  founded  on  too  limited  a  study  of  its  properties.  It  is  true  that  with  soma 
elements  it  unites  but  feebly,  and  such  combinations  are,  in  a  few  cases,  decomposed  by 
the  slightest  causes ;  and,  in  the  case  of  the  so-called  iodide  and  chloride,  by  mere  friction 
or  percussion.  But  th^  energies  of  nitrogen  are  not  to  be  estimated  from  these  com- 
pounds alone.  There  are  bodies  with  which  it  exhibits  an  intense  desire  for  union ; 
among  these  may  be  mentioned  carbon,  titanium,  and  boron.  Hydrogen  and  certain 
organic  groups  ^so  unite  readily  with  nitrogen,  forming  stable  and  highly  character- 
istic elaraes  of  c(mipounds. 

JD«teniimaiion  of  the  Purify  o/Xitroftn  Oa$. — ^Tbe  amplest  and  most  aoenrata  process 
is  that  of  M.  Bnnsen.  The  first  thing  is  to  determine  whether  a  combustible  gas 
containing  oxygen  be  present.  For  tms  purpose  it  is  merely  necessary  to  pass  an 
electric  spark  through  the  gas  contained  in  a  eudiometer.  If  the  bulk  remains  un- 
altered the  absence  of  any  considerable  amount  of  combustible  gas  mixing  with  oxygen 
is  proved.  But  they  may  be  present  in  such  small  quantity,  as  compared  with  the 
nonoombnstible  gas,  that  no  explosion  can  ensue  on  passing  the  spanc.  It  is  then 
necasaaiy  to  add  some  battery-gas  in  order  to  render  the  mixture  inflammable.  [By 
'battery-gas'  is  understood  the  gas  obtained  by  the  electrolysis  of  water.]  For  the 
purpose  (^  the  experiment,  we  may  add  to  every  100  volumes  of  the  gas  under  exa- 
minati<»  40  volumes  of  battery-gas.  If  the  volume  after  explosion  be  unaltered,  the 
total  absence  of  oxygen  and  combustible  gases  is  demonstrated.  It  is  still  possible 
that  the  nitrogen  may  ba  contaminated  with  oxygen,  although  inflammable  gases  are 
absent  To  determine  this  foot  we  must  add  bc^  hydrogen  and  battery-gas  in  such 
proportions  that  the  volume  of  the  original  gas  plus  hydrogen  is  to  that  of  the 
battery  gas  as  100  :  40,  If  no  oxygen  ^  present  the  volume  after  explosion  will  be 
that  of  the  original  gas  and  the  hydrogen ;  the  reason  being  that  if  oxygen  had  been 
present  some  of  the  hydrogen  would  have  disappeared  in  order  to  form  water.  Tha 
nitrogen  gas  may  still  be  contaminated  by  a  trace  of  a  combustible  gas.  To  deter- 
mine this  point  as  much  common  air  is  to  be  added  to  the  last  mixture  containing 
hydrogen  as  will  form  a  detonating  mixture  with  that  hydrogen.  This  detonating 
mixture  so  produced  should  form  from  26  to  64  per  cent  of  the  incombustible  gases. 
If,  on  making  the  explosion,  it  is  found  that  two-thiids  of  the  condensation  is  equal  to 
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the  Tolams  of  the  hydiogien  added,  it  will  show  that  no  oombnstible  gaa  was  present, 
and  that,  therefore,  the  original  gas  consisted  of  pnre  nitaragen. 

Om^oundt  of  Nitrogen  with  OiygtH. — The  following  table  oontuaa  the  composition 
and  pnndpal  phyacsl  properties  of  the  oxides  of  nitroBen  :— 

TaNe  qfth*  OampotUbm  and  Phyrieal  Properties  iff  tie  Oxidee  ofHitrogen. 


Spoolfio 

Atomic 

Weight  of 
100  c,  inoha 

•    HSBM 

Focmnlie 

grmvity 
otgu 

Oombiiiiiig  ToL 

irai«»t 

of  gUOT 

TapooT 

Frotoside  of  Mtiogen, 

sjm.  nitrons  oxide  or 

laughing  gas. 

»0 

ar^ 

1-527 

TwoToliiittee 

22- 

46-8  grains 

Binoxide  of  nitrogen, 

*y».  nitric  oxide 

N0» 

WMf 

1-039 

» 

80- 

82-a     „ 

Nitions     acid,    tun, 
hyponitrons  add   . 

NO* 

■H»» 

2-6S0 

If 

8ft- 

81-6     „ 

Panndde  of  nitzogen. 

^pt.  hyponitrie  acid 

VO* 

»H»« 

1-720 

ff 

46- 

68-8     „ 

Nitric  acid 

no»:ho 

orNO^ 

irov 

■•• 

68- 

•  •• 

In  the  above  taUe  the  densities  of  the  Tspoors  of  nitrons  and  nitric  acids  are  giTen 
as  obtained  by  calcnlation  on  the  hypothesis  that  they  oonld  exist  at  60°  and  80  inches 
without  condensation ;  that  is  to  say,  as  the  numbers  wonld  come  out  in  a  detarmi- 
aatjon  of  the  vapour-density  by  the  metiud  by  H.  Dnmas. 

Special  Affinitiee  of  Nitroffen. — ^In  the  same  manner  that  ordinary  metallic  snbetancea 
absorb  oxygen  with  avidity  izom.  the  atmosphere,  especially  at  more  or  less  elevated 
temperatures,  so  other  elementary  bodies  combine  with  nitrogen  to  form  the  nitrides. 
Messrs.  WoUar  and  Sainte-Claire  IDeviUe  have  carefully  investigated  this  subject,  and 
with  great  success.  When  a  mixtore  of  titanic  add  and  charcoal  is  heated  in  achsr* 
coal  tiay  (contained  in  a  charcoal  tube)  to  a  temperature  snffldent  to  fuse  platinum, 
and  a  enitent  of  dry  nitrogen  is  sent  over  the  mixture,  the  gas  is  absorbed  with  such 
amdity  that,  no  matter  how  rapid  the  current,  none  escapes  fccan  the  tube. 

Boron  also  poaaeases  great  tendency  to  oomUne  with  mtrogen  at  high  temperatures. 
Amarphons  bmon  heated  in  a  current  of  ammonia  becomes  incandescent ;  the  nitrogen 
is  absorbed,  and  the  hydrogen  escapes,  and  may  be  inflamed  at  the  exit  of  the  appo- 
latos.  A  mixtare  of  boradc  add  and  charccal,  if  ignited  in  a  cttnent  of  nitrogen, 
yields  the  white  infnsible  nitride  of  boron,  first  described  by  Mr.  Balmain  under  the 
name  ct  .Xthogen,  bnt  subsequently  more  accnrately  investi^Mwd  by  M.  Wohler. 

Silioon  also  combines  with  nitiogen  under  &vourable  drcumstanees.  These  fiwts, 
coupled  with  the  old  <iq)eriment  made  by  the  French  chemists  on  the  nitride  of  po- 
tassinm,  and  the  action  tt  ammonia  at  a  red  heat  upon  iron,  show  that  nitrogen  is 
fu^om  bdng  the  inert  substance  generally  supposed.— O.  O.  W. 

wmUKMV,  BZirOXXSa  OVi  NUrogeit  dioxide,  or  Xitrio  oxide  (Deuioxide 
iag(4e,  Fr. ;  Stieietoffox^  Qer.),  NO'  (MHfi),  is  a  gaseous  body  whidt  may  be 
obtained  try  pouring  upon  copper  or  mercury,  in  a  retort,  nitric  add  of  moderate 
strength.  The  nitrous  gas  comes  over  in  abundance  without  the  aid  of  heat,  and 
may  be  received  over  water  freed  &om  air,  or  over  meicmy,  in  the  pneumatic 
trough.  It  is  elastic  and  colourless ;  what  taste  and  smell  it  possesses  are  unknown, 
because  the  moment  it  is  exposed  to  the  mouth  or  nostrils,  it  absorbs  atmoqiherical 
oxygen,  and  becomes  nitrous  or  nitric  add.  Its  spedflc  gravity  is  1*0398,  or  1*04 ; 
whence  100  cubic  inches  weigh  36-66  gr.  Water  coi^enses  not  more  than  |j|,th  of 
its  volume  of  this  gas-  It  eztingnishes  animal  life,  and  the  flame  of  many  com- 
bustibles; but  of  ■pa.oepb.aras,  well  kindled,  it  brightens  the  flame  in  a  remarkable 
degree.  A  mixture  of  nitric  add  and  bisulphide  of  carbon  bums  with  a  flame  of 
hipt  actinic  ipower,  and  may  be  need  in  photograplqr.  Nitric  oxide  conrists  of 
47  parts  of  nitrogen  gas,  and  6i  of  oxy^n  gas,  by  wdgfat;  and  of  eqnal  parts  in 
bulk,  without  any  condensation.  The  constitution  of  this  gas,  and  the  play  of  affinities 
whidi  it  ezerdses  in  the  formation  of  sulphuric  add,  are  deeply  interesting  to  the 
diemical  manufiicturer. 

The  Byponitroue  Jind  {Salpetri^eeawre,  Get.),  like  the  preceding  compound,  deserves 
BOties  here,  on  account  of  the  part  it  pbys  in  the  conversion  of  •olphnions  into  sulphurio 
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add,  hf  the  »gmef  of  nitze.  It  is  fi>nned  by  mingling  fonr  rolames  of  binozide  of 
nitrogen  with  one  yolome  of  oxygen  j  and  appears  as  a  dark-oiange  Taponr,  whidi  is 
oondensable  into  a  liquid  at  a  temperatuie  of  4°  below  zero,  Fahr.  When  distilled, 
this  liquid  leaves  a  dark  yellow  flmd.  The  pure  hyponittous  acid  consists  of  37'12 
nitrogen  and  62'88  oxygen ;  or  of  two  volumes  of  the  first,  and  three  of  the  second. 
Water  converts  it  into  nitric  acid  and  binozide  of  nitrogen;  the  latter  of  which 
escapes  with  effervescence.  This  acid  oxidises  most  combustible  bodies  with  peculiar 
energy;  and  though  its  vapour  does  not  operate  upon  dry  sulphurous  acid,  yet, 
through  the  agency  of  steam,  it  convsrta  it  into  sulphuric  add,  itself  being  simul- 
taneously transformed  into  bijftoxide  of  nitrogen;  ready  to  become  hyponittous  add 
again,  and  to  perform  a  circulating  series  of  important  metamorphoses.  See  Suu-hu- 
BIO  Acis. 

VXTKOOBW,  MMTOZIBa  OV,  or  Niiroui  Oxide  {Protoaide  iamtt,  Fr.; 
Stiekstoffoxydul,  Oer.),  NO  ( VO),  is  a  gas  which  displays  remaricable  powers  on  the 
system  when  inhaled,  eandng  in  many  persons  unnstrainable  feelings  of  exhilaration, 
whence  it  has  been  called  the  laughing  or  intoxicating  gas ;  but  the  etbcts  often  Taiy. 
Whep  pure  this  gas  does  not  seem  to  be  injurious;  but  the  bad  effects  which 
sometimes  follow  its  use  are  most  probably  due  to  the  use  of  the  gas  when  not  quite 
pore.    It  is  now  used  by  dentists  and  surgeons  as  an  ansesthetie. 

It  was  first  discovered  by  Dr.  Priestley  in  1776,  and  was  afterwards  studied  by  Sir 
H.  Davy,  who  called  it  nitrous  oxide ;  it  was  Davy  also  who  first  obserred  its  stimu- 
lating effects  when  taken  into  the  lungs. 

It  is  prepared  by  heating  solid  nitrate  of  ammonia  in  a  flask,  provided  with  a  bent 
tube  to  carry  away  the  gas ;  care  must  be  taken  in  applying  the  heat,  to  avoid  the 
tumultuous  disengagement  of  the  gas ;  the  nitrate  melts  and  enters  into  gentle  ebulli- 
tion, and  the  gas  u  steadily  evolved.  If  too  much  heat  be  applied,  the  flask  becomes 
filled  with  wlute  fumes,  which  have  an  irritating  odour,  and  the  gas  which  comes  over 
is  little  else  than  nitrogen.  Protoxide  of  nitrogen  should  always  be  collected  over 
warm  water,  as  cold  water  dissolves  nearly  its  own  volume  of  this  gas.  The  f<^owing 
equation  expresies  the  deeompoaition  of  ue  nitrate  of  ammonia  :— 

NHW-2KO+4HO  (inMrO>-«^+SBH>) 

the  only  prodoets  being  water  and  protoxide  of  nitzoeen.  Protoxide  of  nitrogen,  at 
ordinary  temperatures,  is  a  colourless,  transparent,  and  almost  inodotons  gas,  cil  dis- 
tinctly sweet  taste.  Its  specific  gravity  is  l'S2fi;  100  cobio  inches  weig^  47*39  grains; 
it  is  uierefore  much  heavier  than  atmospheria  air.  It  Mpports  tiie  combustion  of  a 
taper  or  a  piece  of  phospfaraus  with  almost  as  much  energy  as  pure  oxygen ;  it  is 
easily  distingaished,  howwer,  from  that  gas  bv  its  sohibilit^in  cold  water,  and  by  not 
forming  red  fames  whm  mixed  with  binoxids  of  nitrogen.  It  has  been  liquefied, 
although  with  difBcnlty ;  it  requiring  at  45°  Fahr.  a  pressure  of  fifW  atmospheres ;  the 
liquid  when  exposed  ujider  the  bell-glass  of  an  air-pmap  is  rapidly  converted  into  a 
snow-like  solid. 

When  mixed  with  an  equal  volume  of  hydrogen,  and  fired  by  the  electric  spaik  in 
the  eodiometsr,  it  explodes  with  violence,  and  hberatee  its  own  measure  of  nitrogen ; 
eraty  two  volumes  m  Uie  gas  contain  therefore  two  volumes  of  nitrof^n,  and  one 
Tolume  of  oxygen  condensed  into  two  volumes.  By  weight  it  contains  14  parts 
of  nitrogen  to  8  of  oxygen.    See  L^uohiho  QkM. 

■niUMMbVaosa.  When  we  act  on  finely-powdered  cane-sugar  with  nitro- 
sulphnrie  add,  a  pasty  mass  is  first  formed ;  if  this  be  stirred  for  a  few  minutes,  lumps 
septate  from  the  liquid.  When  these  lumps  are  kneaded  in  water,  until  every  trace 
of  acidity  is  removed,  they  acquire  a  white  and  dlky  lustre ;  these  are  the  above-named 
■ubetaooe> 

WtBn-OSitVWMXMM,  Acomponndprodneedbytheaetionof  strong  nitric  and 
snlphuric  add  on  gWcerlne  at  a  low  temperatuie.  The  following  modes  of  preparation 
are  fb>m  Watts's  •  &ctionaiy  of  Chemistry' : — 

1.  A  hundred  gxammee  of  syrupy  glycerine  of  specific  gravity  1*262  are  gradually 
added  to  200  c.c  of  nitric  add  of  specific  gravity  1*62,  immersed  in  a  freezing  mixture, 
the  liquid  bdng  costinually  stirred,  the  temperature  allowed  to  fall  to  —10°  Cent 
bef<xre  each  freui  addition,  and  never  to  rise  above  0°.  A  homogeneous  mixture  having 
been  thus  obtained,  200  cc.  of  stxong  snlphnric  add  are  gradually  added,  the  mixture 
bdng  still  kept  below  0°.  The  oily  nitro-glyearine  ^200  grms.)  which  then  floats  on 
the  surfMe  is  separated  by  a  tap-ftmnel  from  the  acid  liquid  (whidi  yields  20  grms. 
more  of  nitro-^lycerine  on  being  diluted  vrit^  water),  and  dissolved  in  the  smallest 
poedble  quantity  of  ether;  the  solution  is  repeatedly  shaken  with  water  till  the 
water  no  longer  reddens  litmus ;  the  ether  evaporated,  and  the  remaining  nitro- 
glycerine heated  over  the  watet-batii  until  its  wdght  remains  constant.    The  ptodnct 
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amoirati  to  184  gnoB.  of  pore  nitro-gl]rc6rine.  Acoording  to  Bulton,  bitnt-glToerme 
is  decomposed  by  empotatioa  eren  ti»  vacuo  OTar  nlpltaiio  acid  at  oidinarjr  tem- 
peratares. 

2.  Half  an  onnca  of  dehjrdmted  glycerine  is  pomed,  with  constant  Btiiring,  into  a 
mlztnie  of  2  ozs.  of  oil  of  vitariol  and  1  oz.  faming  nitric  add  of  spedfie  giavi^  1'62, 
the  tempeTatore  of  the  mixtnie  being  kept  below  26°  Cent,  by  external  cooling  -with 
ice ;  and  as  soon  as  oily  drops  begin  to  form  on  the  surface,  the  mixtnre  is  ponied, 
with  constant  stirring  into  50  ozs.  of  cold  water.  Nitro-g^ycerine  then  separates, 
and  may  be  pnrifled  bf  washing  and  drying,  in  smallportiona,  in  a  yapour-baui. 

Aoecarding  to  Gladstone,  nitxo-glycerine  exhibits  dilrannt  properties  according  to  the 
manner  in  which  it  is  prepared.  Ordinary  hydrated  glycerine,  added  to  a  mixtnre  of 
3  pts.  snlphuric  and  1  pt.  faming  nitric  add,  is  convertod  into  a  liquid  which  detonated 
violently  nnderthe  hammer;  bnt  anhydrous  glycerine  treated  in  like  manner,  yields  a 
non^xplosire  body  which  boms  withont  noise.  Both  kinds  of  nitro-glycerine  when 
ezpoaed  to  a  miztiue  of  solid  carbonic  add  and  alccAol  become  gummy,  and  assume 
the  appearance  of  &tty  adds ;  and  both  decompose  spontaneouriy  with  eT(dution  of 
red  vapours.  A  sample  of  nitzo -glycerine,  which  decomposed  in  this  manner  on  expo- 
sure to  summer  sunshine,  yielded  crystals  of  oxalic  acid,  together  with  two  li^da,  the 
upper  of  which  contained  nitric  add,  ammonia,  oxalic  add,  hydrocyanic  add,  and 
other  compounds  not  examined.  Hills  found  that  aitro-glycarine  kept  a  fortnight,  no 
longer  exploded  when  struck,  bnt  showed  no  signs  of  deoompoeition  or  chonical 
altnation. 

Nitro-glycerine  is  well  adapted  for  blasting,  itsdestrudaTe  action  being  estimated  at 
abont  ten  times  that  of  an  equal  weight  of  gunpowder.  The  first  attempts  to  apply 
it  as  a  mining  agent  were  by  A.  Kobel,  a  Swedish  engineer,  in  1864.  Some  experi- 
ments were  fii^  made  with  gunpowder  saturated  witJi  nitio-glycsrine.  This  powder 
burnt  much  as  usual  in  the  open  air,  bnt  -^en  confined  in  sheUs  or  blast-holes  it 

rinced  greater  destructive  efracts  thiin  ordinary  gunpowder.  Nitro-g^ycsrine  cannot 
employed  as  a  blasting  agent  in  the  ordinary  way,  as  the  application  of  a  flama 
from  a  cannon-fuse  would  not  cause  it  to  explode ;  but  ^en  it  is  intMdnoed  in  a 
suitable  case  into  a  blast-hole,  and  a  fuse  having  a  small  charge  of  gunpowder 
attached  to  its  extremKy  is  fixed  immediately  above  it,  the  ooncnssion  produced  by 
Ibe  explodjng  gunpowder  effects  the  explosion  of  nitro-glycerine.  The  use  of  nitro- 
glycerine is,  however,  attended  with  very  great  danger,  on  account  of  its  great  lialnlitj 
to  explode  by  conenasitm  or  by  friction  during  transport.  Horeover,  it  solidifies  at  a 
temparatne  probably  as  high  as  8°  C.  (56°  Fahr.),  and  the  friction  of  tile  fioeen  par- 
tides  is  very  apt  to  give  rise  to  axplosion.  Nobel  has,  however,  found  that  the  dangn  of 
accidental  explosion  of  nitro-glycerine  may  be  obviated  by  mixing  it  with  wood-spirit, 
which  tenders  it  non-explosive  by  percussion  or  l^  heat  When  required  for  nse,  it 
may  be  recovered  by  adding  water  to  the  mixture,  wliidi  precipitates  the  nitro-glyoerioe. 
See  ExpioaivB  CoHFomrDS. 

vmtO-mnUATZO  AOm,  or  Jqua  ngia  (Aeidt  nitro-muriatiqne,  Fr. ;  Saipa- 
tenaUtSmre,  SStugnoauer,  Oer.),  is  the  componnd  menstruum  invented  by  the  alche- 
mists for  dissolving  gold.  If  strong  nitric  add,  oiange-coloured  by  saturation  with 
nitrous  or  hyponitric  add,  be  mixed  with  the  strongest  liquid  hydrochloric  add,  no 
other  e£bet  is  produced  than  might  be  expected  from  the  action  of  nitrons  acid  of  toe 
same  strength  upon  an  equal  quantity  of  water ;  nor  has  the  mixed  add  so  formed 
any  power  of  acting  upon  gold  or  platinum.  But  if  colourless  concentrated  nitric 
acid  and  ordinary  nyuochlorio  add  be  mixed  together,  the  mixtnre  immediately 
becomes  yellow,  and  acquires  the  power  of  dissolving  these  two  noble  metals.  Hr.  E. 
Davy  seems  first  to  have  obtaineid  a  gaseous  compound  of  chlorine  and  binoxide  of 
nitrogen  in  1880,  and  a  combination  of  these  two  eonstituento  was  distilled  frvm  aqua 
ngia,  and  liquefied  by  M.  Baudrimont  in  1843.  But  it  was  not  until  H.  Qay-Lnssao 
investigated  the  subject  (AnnaUi  da  Chimie,  3me  tkc.  xxiii.  203  ;  or  Chemieal  Gazetig, 
1848,  p.  369^  that  the  true  nature  of  the  matnal  action  of  nitric  and  hydroehlorio 
adds  was  fully  explained.  When  these  two  adds  are  mixed  in  a  concentrated  state, 
a  reaction  aoon  commences,  the  liquid  becomes  red,  and  effervescence  takes  place, 
from  the  escape  of  chlorine  and  a  chloro-nitric  vapour.  On  passing  this  gaseous  mix- 
ture through  a  U-tnbe,  the  bent  part  of  which  is  immersed  in  a  fieering  mixtare  of 
ice  and  salt,  the  chloro-nitric  eomponnd  is  condensed  as  a  dark-coloured  liquid,  and 
is  thus  separated  from  the  chlorine  whidi  accompanied  it. 

CM^n^itria  add,  N0*01*  (VOOl*),  may  be  represented  as  a  peroxide  of  niiiogen, 
in  which  two  e^valents  of  oxygen  are  replaced  by  two  equivalents  of  chlorine.  This 
ehloro-nitric  acid  does  not  take  any  part  in  the  dissolving  of  gdd  ttad  platinnm,  which 
is  effected  by  the  chlorine  alone.  Chloro-nitric  acid  may  aim  be  formed  by  mixing 
the  two  gases,  binoxide  of  nitrogen  and  chlorine,  in  equal  volumes,  whidi  assmne  a 
brilliant  orange  colour,  and  su^  a  condensation  Of  exactly  one-third  of  their  original 
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Tolome.  Another  eompoiaiid  of  cUorine  and  binoxide  of  aittogm  always  aj^Man 
gimoltaneoiuly  iriUi  this  in  variable  projpoitions.  Its  composition  is  KOK/1  (SOOl), 
and  may  be  repTesented  as  nitrous  acid,  NO',  in  which  one  atom  of  oxygen  has  been 
leplaced  by  its  eqoivalent  of  chlorine.  It  is  a  raporous  liquid,  poaseMing  similar 
properties  to  the  ciher,  bat  having  a  much  greater  vapour-density. 

The  theoretical  vapour-density  of  the  chloro-nitrio  add  is  1*74,  and  that  of  the 
cihloro-nitrons  acid  2-2fi9, 

The  vapours  of  both  these  compounds  are  decomposed,  iriien  conducted  into  water, 
into  hydrochloric  acid  and  hyponitric  acid  or  nitrons  add.  They  are  also  decom- 
posed by  meicnry ;  the  chlorine  combining  with  the  metal,  leaving  pure  binoxide  of 
nitrogen. 

Tarions  proportions  of  nitric  and  hydrochloric  adds  are  used  in  makinj;  agm  rtgia  ; 
sometimes  two  or  three  parts,  and  sometimes  six  parts  of  hydrochloric  acid  to  one  part 
of  nitric  add ;  and  occasionally  chloride  of  ammonium,  instead  of  hydrochloric  add, 
is  added  to  nitric  add  for  particular  purposes,  as  for  maUng  a  solution  of  tin  for  the 
dyers.  An  agua  rtgia  may  also  be  prepared  by  dissolving  nitre  in  hydrochloric 
add. 

vmtOVS  AOm  (NO*  [M*0*]  ;  eqaivalent,  38),  is  obtained  by  mixing  four 
measures  of  binoxide  of  nitrogen  with  one  measure  of  oxygen ;  they  unite  and  fum  an 
orange-red  vapour,  which,  when  exposed  to  a  temperature  of  0°  Falir.,  condenses  to  a 
thin  mobile  green  liquid.  It  is  decomposed  by  water,  and  is  converted  into  nitric  add 
and  bincside  of  nitrogen. 

8HO'.i-EO-HKO<-i-2NO*   («a<o*-i-B<o«as]ro>+a]r^. 

On  this  account  it  cannot  be  made  to  unite  directly  with  metallic  oxides ;  the  salts 
of  this  add  are  tiierefore  obtained  by  an  indirect  process.  Nitrate  of  potash,  when 
exposed  to  a  high  temperature,  is  decompoaed,  lodng  oxygen  and  becoming  nitrate  of 
potash ;  some  caustic  potash  is  also  formed  at  the  same  time.  To  obtain  it  pure,  this 
18  dissolved  in  water,  and  while  boiling  we  had  nitrate  of  silver,  when  we  obtain  first 
of  all  a  dark  predpitate  of  oxide  of  diver,  caused  by  the  caustia  potash ;  which  is 
separated  by  a  filter,  and  on  cooling  the  liquid  the  nitrate  of  silver  crystallises  in 
white  needles,  which  may  be  purified  by  reorystallisation.  From  this  salt  the  pure 
nitrites  may  be  obtained ;  for  instance,  by  adding  to  a  solution  of  nitrite  of  suver 
chloride  of  potaadum  we  obtain  the  potash  salt. 

Sgmmiino  Acid  (NO*  [WO']  ;  equivalent,  46),  is  best  procured  by  distilling,  in  a 
coated  glass  retort,  perfedly  diy  nitrate  of  lead.  Hyponitric  add  and  oxygen  pass 
over  into  a  recdver,  surrounded  with  a  freedng  mixture ;  the  former  condenses  into 
a  liquid,  while  the  oxygen  passes  off  by  the  safety  tube,  and  only  oxide  of  lead 
remains  in  the  retort.  This  hyponitric  add  or  peroxide  of  nitrogtn  is  a  liquid, 
oolonrleas  at  —  4°  Fafar.,  but  is  at  higher  tempeiaturee  yellow  and  orange.  It  boils  at 
82°  Fahr.,  gives  off  a  dark  red  vapour,  which  becomes  almost  black  when  further 
heated.  A  beautiful  lead-salt  of  this  add  has  been  discovered  by  H.  Ftiigot  It  is 
formed  by  digesting  a  dilute  solution  of  nitrate  of  lead  with  finely^iivided  metallic 
lead  at  a  temperature  between  160°  and  170°  Fahr.  See  Watts's  ■  Dictionary  of 
Chemistry.' 

VOUa  MMKA3UB,  This  was  a  division  formerly  adopted :  it  indnded  those 
metals  iriiich  can  be  separated  team  oxygen  by  heat  alone ;  these  are  mercuiy,  silver, 
gold,  platittum,  palladium,  riiodium,  iridium,  uid  osmium. 

VOIXifl  is  the  term  used  in  the  worsted  trade  for  the  short  wool  taken  tttm  the 
long  staple  by  the  process  of  combing,  and  is  used  to  give  apparent  sdidity  or 
thiffkupuff  in  the  handung  of  cloth. 

SOV-m&AJnWABKB  FAaaZCB.    See  HrsUH,  mm-inflamfM>)U. 

909A3U  is  the  Mexican  name  of  the  plant  Caeius  opHntia,  upon  which  the  cochineal 
insect  breeds. 

WOBSSAVaaw  AOIB.  Brown  Aiming  sulphuric  add,  used  as  a  solvent  tit 
lodigo.    See  Snmnmio  Acm. 

VOnUOMi  0?fae  name  of  a  metal  which  was  thought  to  be  always  associated  with 
sirconinm.    It  is,  however,  doubtful  if  it  has  any  existence. 

VOTATXOV.  In  1815,  Berzelins,  the  chemist,  proposed  a  system  of  notation  in 
which  the  nse  of  initial  letters  was  adopted  to  signify  the  elementary  bodies.  This 
idea  has  been  continued  and  improved  upon  by  modern  chemists.  The  modem 
system  of  notation  endeavours  to  express  by  initial  letters,  figures,  and  a  few  simple 
signs,  not  merdy  the  dements,  but  their  combinations.  The  modem  ^tem  of 
notation  will  be  best  studied  in  Watts's  'Dictionary  of  Chemistry.'  See  Fobwtijb, 
Chbuical. 

SOTAV.  A  liquor  flavoured  with  the  kernels  of  poach-stonos.  An  inferior  kind 
U  flavoured  with  the  essential  oil  of  bitter  almonds. 
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nooaSV  ot  PtpUa.  A  Inmp  of  gold  as  fonnd  in  nAtnre.  Uraally  tiioM  maMei 
are  foand  in  hollow  spaoei,  beneath  l£e  de^oeiU  which  have  been  made  by  andent 
torrenta.  Thej  are,  of  conrse,  always  derived  from  the  qnaiti-lode  in  which  the 
gold  has  been  originally  deposited.  These  lodes  hare  been  worn  down  by  the  long- 
continued  action  of  water,  and  by  the  same  agent  the  more  friable  qnarti  has  been 
removed,  the  gold  being  left  eventoally  nearly  pnre.    See  Ooui. 

The  following  are  the  weights  of  a  few  of  the  largest  nnggets  which  have  been 
fonnd : — 

lb*.   01. 

'  Welcome  Nn^get,'Ballarat,  Victoria 168  3 

A  mass  fonnd  in  the  Ural  Uonntains 79  0 

The  Dascombe  nugget,  fonnd  at  Bendigo 27  8 

Another  from  the  same  locality 28  0 

Ditto  Ditto  4A  0 

From  Forest  Creek,  Moont  Alexander,  Victoria   .        .        .        .    27  A 


See  6aix-Kdts. 
An  oil  professedly  obtained  from  walnuts,  which  is  thought  to  be 
superior  to  the  best  linseed-oil  for  delicate  pigments ;  when  deprived  of  its  mucilage 
it  IS  pale,  transparent,  and  limpid.    See  Oiu. 

JH  UTBUMt  {Mtucade,  Fr. ;  Muskateruum,  Ger.)  is  the  fruit  of  the  MyrUtka 
motchata,  of  Thunberg,  M.  officmalu  of  LinnKOS,  a  very  beautiful  tree  of  the  family 
of  the  Lauriiua  of  Jussieu. 

The  nutmeg  grows  in  the  Holucca  Islands ;  it  is  cultivated  in  Java,  Singapore, 
Sumatra,  and  many  islands  of  the  Indian  Ocean,  and  also  in  some  parts  of  the  West 
Indies.  The  Dnten,  it  is  said,  endeavoured  to  confine  the  growth  of  the  nutmeg  to 
three  of  the  Banda  Isles ;  but  their  attempts  were  frugtiated  by  a  pigeon,  called  the 
nutmeg-bird,  which,  eztractins  the  nutmeg  from  its  pulpy  pericarp,  digests  the  mace, 
but  voids  the  nutmeg  in  its  shell,  which,  falling  in  a  suitable  situation,  readily  ger- 
minates. Young  plants  thus  obtained  are  used  for  transplanting  into  nutmeg-parks. 
In  the  Banda  Isles  there  are  three  harvests  annually ;  the  ripe  fruit  is  gathered  by 
moans  of  a  barb  attached  to  a  long  stick,  the  mace  separated  from  the.nnt,  and  both 
separately  cured. 

Maee  is  prepared  for  the  market  by  drying  it  for  some  days  in  the  sun :  some  flatten 
it  by  the  hands  in  single  layers ;  others  cut  off  the  heels,  and  dry  the  mace  in  double 
blades. 

NtOmegi  require  more  care  in  curing,  on  account  of  their  liability  to  the  effects  of 
an  insect  (the  nutmeg-insect).  They  are  well  and  carefully  dried  in  their  shells  by 
being  placed  on  hurdles,  or  gratings,  and  smoke-dried  for  about  two  months  by  a  slow 
wood  fire,  at  a  heat  not  excMding  140°  FiUir. 

Dr.  Fereira  informs  us  that,  '  In  the  London  market,  the  following  are  the  sorts  of 
round  nutmegs  distinguished  by  the  dealers : — 

'1.  Penang  nuimegi. — ^Theie  are  unlimed  or  brown  nntmegs.  They  are  some- 
times limed  here  for  exportation,  as  on  the  Continent  the  limed  sort  is  preferred. 
Aocoiding  to  Kewbold  the  average  amount  annually  raised  at  Penang  is  400  pienls 
(afl33iTb8.each). 

'2.  Duiek,  or  Batavian  nuimegi. — These  are  limed  nubnegs.  In  London  they 
scarcely  fetch  so  high  a  price  as  the  Fenang  sort. 

'  8.  Bmgaport  itutmegi. — These  are  a  rougher,  unlimed,  narrow  sort,  of  somewhat 
less  value  than  the  Dutch  kind.  According  to  Kr.  Ozley,  4,085,361  nntmegs  were 
produced  in  Singapore  in  1848,  or  about  2S2  piculs  (of  133^  lbs.  each),  but  the 
greater  number  of  trees  had  not  come  into  full  bearing ;  and  it  was  estimated  that 
the  amount  would  in  1849  be  600  piculs.' 

The  long  or  aild-ntUmeg  is  also  met  with  in  commerce. 

Maee  of  two  kinds  is  found  in  the  market — the  true  and  ftdte. 

Of  the  true  maces  there  are  the  following  varieties : — 

1.  Penang  mace. — This  fetches  the  highest  price.  It  is  flaky  and  spread.  Ths 
annual  quantity  produced  in  Fenang  is  about  130  piculs  (of  133)  lbs.  each). 

2.  The  Dutch  or  Batavian  mace  is  a  fleshy  sort ;  it  is  not  considered  equal  to  the 
Fenang  mace,  and  rarely  fetches  so  high  a  price. 

3.  The  Singapore  mace  is  regarded  as  very  inferior  to  the  other  sorts.  It  is,  how- 
ever, ofton  of  flne  flavour  and  good  colour,  and,  when  selected,  is  sold  with  the  better 
sorts. 

The  laild  or  faUe  mace  is  devoid  of  aromatic  flavour. 

The  nses  of  nutmegs  and  mace  in  dietetics  are  well  known.  An  essential  oil  of 
mtUaega  (Oleum  mt/rietica)  ia  obtained  by  submitting  water  and  nutmegs  to  distil- 
lation.   By  distillation  they  yield  from  9  to  10  lbs.  of  essential  oil  for  every  cwt. 
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This  ToUtile  (ul  is  largely  imported  into  this  eonntzy,  and  is  wwd  foe  lewitiag  soap, 
and  in  perftimeiy. 

JIU'fMMO,  UWVUH  or.    Soe  Oits. 

N  VI'HXXXOM,  or  that  process  by  which  a  liring  being  is  noaiished  and  its 
growth  maintained,  has  so  important  a  bearing  npon  the  practical  question  of  health, 
that  a  brief  exposition  of  the  subject,  especially  with  reference  to  the  food  of  man, 
may  fiiiriy  find  a  place  in  this  work. 

£veiy  living  animal  organism  needs  a  constant  supply  of  matter  from  withont, 
partly  to  furnish  materials  for  those  chemical  changes  by  which  the  forces  of  the 
organism  are  developed,  and-  partly  to  compensate  for  the  wear  and  tear  which  the 
structure  suffers  in  the  performance  of  its  Tarious  functions.  The  quantity  of  matter 
thus  required  in  the  shape  of  food  varies  in  different  organisms,  and  in  the  same 
organism  under  diffbrent  oonditians ;  indeed,  the  more  wont  an  animal  performs  the 
greater  its  waste,  and  consequently  the  greater  the  amount  of  food  which  it  requires. 
It  has  been  calculated  tiiat  a  full-grown  man  of  average  weight,  in  ordinary  activity, 
loses  daily  about  4,600  grains  of  carbon  and  about  300  grains  of  nitrogen.  It  is 
clear  that  if  the  body  is  to  remain  in  equilibrium,  neither  losing  nor  gaining  in 
weight,  these  quantities  of  carbon  and  nitrogen  must  be  supplied  from  without,  and 
presented  in  a  form  available  for  nutrition. 

All  kinds  of  food  have  been  divided  into  two  groups :  those  containing  nitrogen, 
and  those  destitute  of  this  element.  To  the  nitrogmoiu  group  belong  all  proteinaceous 
compounds,  consisting  mainly  of  carbon,  hydrogen,  ozvgen,  and  mtrogen,  with  more 
or  leas  snlphor  and  phosphorus.  This  group  includes  albumen,  or  Wte-of-egg; 
tt/rUoinn,  which  forms  the  chief  constituent  of  muscular  tissue  or  lean  meat ;  JSnitt, 
one  of  the  derivatives  of  blood ;  casein,  obtained  &om  cheese ;  gluten,  tram  fiour ;  and 
legumin,  from  peas  and  beans.  To  the  non-nitngenow  group  belong  all  amylaceous 
compounds,  such  as  starches,  sugars,  and  gums :  these  contain  only  carbon,  hydrogen, 
and  oxygen ;  and,  as  the  hydrogen  and  oxygen  exist  in  exactly  the  proper  proportion  to 
form  water,  they  may  be  appropriately  called  carho-hydrata,  consisting  as  Uiey  do  of 
carbon  and  the  elements  of  water.  The  non-nitrogenous  food-stn£b  also  include  all 
animal  and  vegetable  &ts  and  oils  ;  these  consist,  likewise,  of  carbon,  hydrogen,  and 
oxygen,  but  t^e  hydrogen  is  in  excess  of  that  necessary  to  form  water  with  the 
oj^gen.  Liebig  termed  the  nitrogenous  foods  eiemetUe  of  nutrition  at  fleak-formen, 
since  he  believM  that  they  only  were  capable  of  conversion  into  blood,  and  uierefore 
of  building  up  the  body ;  whilst  he  characterised  the  non-nitaogenous  principles  as 
elements  of  rtepiratitm  ot  heat-givers,  since  he  maintained  that  they  served  merely  to 
sustain  the  temperatnie  of  the  body  by  the  slow  combustion  of  their  carbon  and 
hydrogen  by  means  of  the  atmospheric  oxygen  taken  into  the  Erystem  through  the 
lungs.  It  is  now  known,  however,  that  this  sharp  limitation  of  ftinctions  to  eadi 
class  of  foods  is  not  strictly  correct.  It  is  true  that  nitrogenous  compounds  are  abso- 
lutely necessary  to  replace  the  nitrogen  which  is  carried  out  of  the  system  in  the 
shape  of  urea ;  yet  they  may  also  contribute  to  the  production  of  heat  by  oxidation 
of  part  of  their  carbon  and  hydrogen.  But  although  proteinaceous  compounds  are 
thus  absolutely  necessary  to  the  support  of  life,  and  may  even  be  used  alone,  there  are 
strong  physiological  and  economical  reasons  in  favour  of  their  due  admixture  with  the 
non-nitrogenous  kinds  of  food.  It  should  not  be  forgotten  that  it  is  necessary  to  intro- 
duce into  the  diet  certain  mineral  substances,  such  as  common  salt  and  the  vanous  saline 
matters  present  in  most  animal  and  vegetable  substances.  In  such  a  typical  food 
as  milk  we  find  the  proteinaceous,  saodharine,  oleaginous,  and  mineral  matters  so 
nicely  balanced,  that  all  the  nutritive  Auctions  in  infancy  are  well  sustained  by 
this  single  article  of  diet.  Bread  and  meat  may  also  be  cited  as  a  representative 
mixed  diet;  the  gluten  of  the  bread  and  the  lean  of  the  meat  representing  the 
nitrogenous  principles,  and  the  starch  of  the  bread  and  the  fet  of  the  meat  being 
non-nitrogenous,  wbilst  mineral  matters  are  found  in  both.  The  amonnt  of  carbon 
and  nitrogen  which  was  previously  stated  to  be  daily  excreted  by  a  man  of  ordi- 
nary activity  may  be  replaced  by  a  diet  made  up  of  about  2  lbs.  of  bread  and  f  lb, 
of  meat  perdajr. 

For  further  information  on  this  subject,  see  Watts's  '  Dictionary  of  Ohemistiy.' 

The  following  remarks  on  the  law  regulating  the  balance  of  the  food  are  retained 
from  the  longer  article  by  the  late  Robert  Dundas  Thomson  which  appeared  in  the 
last  edition,  since  they  place  the  question  in  a  veiy  clear  light. 

During  the  present  century  a  liuge  amount  of  experiment  has  dearly  demonstzateil 
that  animals  cannot  subsist  on  starch,  sugar,  or  other  foods  destitute  of  nitrogen  ;  and 
therefore,  the  inference  was  fairly  deduced  that  the  animal  system  possessed  no  power 
of  assimilating  nitrogen  from  the  air  (Magendie).  Further  conaideration  led  to  the 
conclusion  that  milk  constitutes  the  type  of  what  nutriment  should  be,  since  it  is 
supplied  for  animal  support  by  natoie  at  the  earliest  period  of  human  existencs 


Digitized  by  LjOOQ  IC 


NUTRITION  427. 

(Pnut),  and  contains  nittog<en(nu  msttar,  oil,  and  sngar.  Afterwaidi,  experiments 
irare  made  to  determine  the  amount  of  nitrogen  in  food,  and  the  relatiTe  valne  of 
mitriment  wag  tabnlarly  stated,  in  dependence  on  the  ratio  of  nitro^n  present  in  each 
speeies  {Bou$iiiiffaMit,  Ann.  de  0km,  Iziii.  225, 1836),  a  method  which  has  been  super- 
seded. It  was  saheequently  inferred  that  nitrogenous  matter  supplied  the  waste  of 
the  muscular  tiasne,  while  the  non-nitrogenous  constituents  of  the  food  served  for 
resjnratory  purposes,  or  the  production  ot  animal  heat  by  obviating  the  too  rapid 
transformation  of  the  muscular  dements  of  the  body  (J^wU^,  OrganixMe  Chemie,  1842). 
This  was  the  true  key  to  the  solution  of  the  problem  as  to  the  function  of  the  □itro' 
genous  and  non-nitrogenous  food,  and  it  laid  open  a  wide  field  for  enquiry  in  reference 
to  the  applications  of  rational  systems  of  dieting  to  the  animal  system.  For  example, 
it  was  fonnd  in  a  series  of  experiments  conducted  for  the  British  Oovemment  in  184S, 
that  in  a  stall-fed  cow  in  one  day,  taken  from  an  average  of  several  months,  the 
amount  of  food  conveyed  into  the  circulation  of  the  blood  of  the  animal,  was  1 1  '66  lbs. 
weight;  and  when  the  nature  of  this  mass  of  nutriment  was  subjected  to  chemical 
inquiry,  it  appeared  that  1*56  lb.  consisted  of  nitrogenous  matter,  and  18  lbs.  of  non- 
nitrogenous  food.  When  the  relation  between  these  two  quantities  is  calculated,  it 
results  that  the  nitrogenous  is  to  the  non-nitrogenous  food  as  1  to  8'83,  in  the  case  of 
an  animal  at  rest.  This  observation  led  to  researches  into  the  relative  constitntion  of 
food  88  employed  by  different  nations ;  and  thededuction  was  made,  that  it  is  a  law 
of  nature  t£at  animals  under  the  different  conditions  of  rest  and  ex«ition,  require  food 
in  which  the  relation  of  the  nutrient  or  nitrogenous  food  is  different  in  reference  to 
the  non-nitrogenous  or  heat-producing  (calorifiant)  constituent: — that  the  animal 
system  may  be  viewed,  as  in  an  analogous  condition  to  a  field,  from  which  dififerent 
crops  extract  different  amounts  of  matter,  wliich  must  be  ascertained  by  experiment ; 
— an  animal  at  rest  consuming  more  caloriflant  food;  in  relation  to  the  nutritive  con- 
stituents, than  an  animal  in  Aill  exercise,  From  the  analyses  then  instituted  the 
following  table  was  constructed : — 

Approximate  relation  of  nutritive  or  niirogeiuui  to  caloriflant  matter. 

BelatioD  of  Nntrtttve  to 
CalorlSant  Usttar. 


1  to     2 
1    .,    2^ 

1   ,.    S 


Uilk  food  £}>  a  growing  animal 

Beans 

Peas        ■> 

linseed    j        '        '       '        '        '      .' 

Scottish  oatmeal 1    »    6 

Wheatflour     "j 

S'Ln  Food  for  an  animal  Wrest 

Bariey  J 

Potatoes 1   »    0 

&st  Indian  rice 1   >f  10 

Dry  Swedish  turnips 1    »  11 

Arrowroot  ^ 

Tapioca        V 1   »  M 

Sago  J 

Starch 1   »  40 


{1  ,.    7 
to 
1   ..    8 


These  proportions  will  consequently  vary  conriderably  according  to  the  richness 
of  the  grain  or  attg,  and  hence  similar  tables  which  have  been  subsequently  pub- 
lished by  others  wul  be  found  to  differ  in  some  of  the.  details  from  the  preceding 
data ;  but  the  facts  now  stated — given  as  approximate — are  probably  as  ^ood  averages 
as  could  be  selected. — B.  D.  Tlramson,  ' Hedica-Chimrgical  Trans.,'  xxix,  and  'Ex- 
perim.  Beeearches  on  the  Food  of  Animals,'  1816,  p.  163. 

The  Table  on  the  following  page  is  an  illustration  of  the  law  of  the  equilibrium  of 
the  food. 

The  table  is  read  thus: — an  English  soldier  consumes  weekly  11,703  grammes  (a 
gramme  equal  to  16-44  grains)  of  food.  In  this  food  1,119  grammes  are  nitrogenous 
or  fiesh-forming  matter ;  3,937  non-nitrogenous  or  heat-produeing  material ;  162  mineral 
substance ;  the  organic  matter  containing  2,219  grammes  carbon.  The  relation  of  the 
nitrogenous  to  the  non-nitrogenous  matter  is  as  1  to  8'60.  From  this  table  the  results 
have  been  deduced  that  soldiers  and  sailors  consuming  36  ounces  of  nitrogenons  or 
flesh-forming  food  weekly,  and  70  to  74  ounces  of  carbon,  the  proportion  of  the  carbon 
in  the  flesh-forming,  to  that  in  the  respiratory  or  heat-forming  food,  is  as  one  to  three. 
Older  persons  require  only  26  to  30  flesh-forming  matter  weekly,  and  from  72  to  78 
nej^xatoiy  food ;  tb«  relation  of  the  carbon  is  these  is  as  1  to  6.    Boys  of  fitan  ten 
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r. 

Belatlon 

Weekly 

mtro- 

Non- 
:iltTo. 

Hlnenl 

(rfnltro- 
gcnoni 

oon- 

gBDOOt 

omutl- 

Oarbon 

to  non* 

• 

SQinp* 

matter 

gvnoitt 
■natter 

toents 

nltn>> 
genoo* 

DiRAituei  or  Soldikrs  Am)  Sailobs 
Englidi  aoldier       .       .       .       . 

urttar 

gnu. 
11703 

grmi. 
1119 

gmu. 
3987 

gmu. 
163 

3219 

Ailto 
8-60 

»           .,     in  India  . 

9080 

1067 

8196 

74 

3063 

3-02 

„       lailor  (freth  meat) 

9360 

1078 

8186 

98 

2184 

296 

^>>       ,,..    .(salt  meat) 

8978 

1374 

4092 

187 

3706 

3-69 

I>atch  soldier,  in  war       . 

6130 

1090 

8160 

67 

2293 

2-90 

„         „      in  peace    . 

11867 

769 

8306 

128 

2191 

4-36 

French  eoldier.   ^^    . 

10743 

1029 

3966 

143 

3639 

8-84 

BaTarian  soldier 

7492 

663 

3161 

108 

1938 

4-86 

Heenan  soldier        .        . 

13096 

713 

4210 

3884 

6-91 

DlSTABIIS  OF  CHiuiuir 

OhrUt's  Hospital,  Hertfrad      . 

6687 

631 

1897 

76 

1213 

3-67 

„               London 

7488 

684 

2378 

88 

1468 

4-46 

Chelsea  Hospital  boTs'  school  . 
Oreen^rieh  Hospital      „ 

7686 

401 

2888 

183 

1786 

7-20 

7161 

670 

2686 

81 

1637 

471 

Dnrrjums  of  Aoid  JPnwm 

Gieenwich  pensioners 

8338 

767 

8784 

109 

2242 

4-87 

Chelsea             „               ... 

10278 

906 

3487 

144 

2416 

8-86 

Qillespie'g  Hoepital,  Edinbragh 

4820 

6fil 

28S8 

78 

2210 

4-39 

Trinity  Hospital              „ 

6944 

608 

8014 

104 

1774 

4-96 

DiBTABias  OF  Am*  Foob 

lateUss 

•  •• 

626 

2748 

101 

1681 

4-88 

2nd 

•  •• 

463 

2773 

89 

1682 

6-90 

9ii    , 

•  •• 

488 

8092 

121 

1716 

6-38 

♦th 

•  •• 

696 

3617 

128 

2101 

608 

6th    „     .        .        .       . 

•  •• 

479 

2988 

111 

1694 

6-24 

«th 

••• 

464 

2726 

88 

1636 

600 

Xtan  ofaU  En^uk  eomtiei 
St.  Oathbert?B,lE;dinbQigh 

681 

8065 

1796 

4-60 

6418 

4S8 

2766 

102 

1454 

604 

City  poorhonse       „ 

3313 

412 

1647 

64 

976 

8-76 

DmABiBS  OF  Ehousb  Fsisom 

Snd  class,  abore  7  not  above  21  days  . 

6398 

472 

3463 

107 

1884 

7-84 

3rd        „         21         „        6  weeks' 

hardlabonr 

9144 

666 

3837 

126 

2091 

6-77 

4th,  7th,  8th  classes,  above  6  weeks' 

not  above  4  months'  hard  labour  . 

8406 

649 

8900 

166 

2162 

6-00 

0th  class,  above  4  months'  hard  labour 

10092 

628 

4043 

131 

3270 

6-43 

Beanimanx      .       •       •       •       . 

•  •• 

7740 

39628 

•  •• 

84830 

612 

Tacut 

•  •• 

8093 

19814 

•  •• 

29907 

6-46 

Boscfaesmen 

■  •• 

1777 

11393 

•  •• 

17182 

6-41 

Hottentoto 

•  •• 

1323 

12894 

*•• 

18699 

9-36 

Plum  labouers,  Olooceetershiie 

6066 

826 

8399 

84 

2328 

8-97 

to  twelve  yean  of  age  require  17  onnces  of  fleeh-forming  matter,  the  relation  of  the 
carbon  in  the  flesh-forming  to  the  heat-prodncing  aliment  being  ae  1  to  5|.  In  work> 
houses  and  jails,  less  heat-prodadng  matter  is  conaumed,  in  conseqnence  of  the  shelter 
and  heat  supplied  artifleially  to  the  inmates.  In  prisons,  where  hard  labonr  is  in 
force,  the  consumption  of  flesh-farming  or  nitrogenous  nntriment  increases.  It  ha« 
been  estimated  that  in  a  man  weighing  1 40  lbs.,  the  weight  of  the  flesh-forming  matter 
of  the  blood  is  4  lbs.,  that  of  Uie  muscular  tissue  27ilbg.,  and  in  the  bones  Slbs., 
making  a  total  of  36}  lbs. ;  and  that  in  the  conise  of  18  weeks  these  36|  lbs.  are  intn>> 
dnmid  intn  t)i«  »«f«Tn     (Flayfair,  <New  Edin.  Phil.  Journal,'  1864, 66,262). 


dueed  into  the  system. 
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The  seeds  of  a  tree  growing  in 
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ComnaBdel  and  othec  puts  of  India  and  Oejhn,    From  these  stryohiune  is  obtained. 
8m  SBBTCmim. 

TXvx  Tomiea  batk  was  at  one  time  eonfonnded  with  Angnstois  or  Cnsporia  bark, 
and  serions  conaeqaences  might  liave  ensned  bnt  that  the  enor  was  discoTcred  in 
time.    It  is  now  rarely  seen. 


OAK.  {Citiie,  Vi. ;  Bek,  Gar.)  This  well-known  European  tree  is  so  &miliar 
tliat  it  scaicel^  requires  any  description.  The  Tarieties  generally  known  in  England 
are  the  following : — Querctu  ptdunmlata,  Common  Oak,  which  is  a  natire  of  Britain, 
and  is  largely  employed  in  building  ships.  Qurreut  tfex,  Erergreen  Oak:  this  tree 
is  not  a  native,  bnt  has  been  cultivated  in  Britain  from  the  most  remote  period. 
Quireui  etrrit,  Turkey  Oak  :  introduced  into  this  country  more  than  a  century  since. 
Qltermu  coemua.  Scarlet  Oak :  the  leaves  changing  with  the  first  frosts  to  a  brilliant 
scarlet.  Quercut  tuiUiflora,  Common  short-stalked  Oak :  this  is  said  to  excel  for 
building  purposes  any  c^er  oak. 

Oai,  &g.  Oak  trees  which  hare  been  buried  for  a  long  period  in  peat  bogs, 
become  intensely  black  ;  and  this  'bog  oak'  is  employed  in  the  manufoctnre  of 
famitne  and  articles  of  ornament. 

OAX-BA3UB.  The  oak  tree  is  generally  barked  ftom  the  beginning  of  Hay  to 
the  middle  of  July.  The  bakers  make  a  longitudinal  incision  with  a  mallet  fbmished 
with  a  sharp  edge,  and  a  peculiar  incision  by  means  of  a  barkiog-bilL  The  bark  is 
then  removed  by  peeling-irons,  the  separation  being  promoted,  when  necessary,  by 
beating  the  bark.  It  is  collected  and  stacked  in  pieces  about  2  feet  long.  Oak-bark 
contains,  according  to  Braconnot,  tannic  acid,  tannates  of  the  earths,  gallic  acid,  pectin, 
and  li^n.  Davy,  in  his  ■  Agricultural  Chemistry,'  gave  the  following  as  the  reUtive 
quantities  of  tannin  contained  in  oak-bark  :— 

480  lbs.  of  entire  bark  of  a  middle-sized  oak  ent  in  spring      .  29  lbs. 

„        coppice  oak  . 82  „   , 

„        oaks  cut  in  antninn 21    » 

White  interior  cortical  layers .       .       .       .       .       .       ,  72  „ 

See  Lbathbb;  Tuf;  TAMMiHa. 
OAZ,  BTBS'a.    See  OAlx-ITiras. . 
OAM-OAXiLM.    See  OAix-Kirrs. 

OAST.    Bap  Oast.    A  kiln  for  drying  hops,  heated  by  a  stove  with  fines. 

OATS.  (Avoine,  Fr. ;  fio/iir,  Qer.)  The  oat  is  extensively  cultivated  in  these 
islands,  especially  in  Scotland.  In  &ct,  Scotland  is  the  country  admittedly  the  best 
fitted  for  the  growth  of  oats.  The  estimated  number  of  acres  of  cultivated  land  in 
Scotland  is  2,4UO,000 ;  of  which  220,000  are  under  wheat,  880,000  under  barley,  and 
1,270,000  under  oats, 

Oai*  retunud  at  told  m  varioui  Market  Towu  t»  EngUmd  and  Waie*. 


18« 

1866 

18(7 

1868 

1869 

1870 

1871 

1873 

qn. 

qra. 

V*. 

^:?36 

qt». 

l1,198 

31.624 

q«. 

Jumuj    .       . 

«4,n« 

33,801 

39,966 

34,103 

19,364 

rtbraUT   , 

SS.89S 

«3,600 

tl,SM 

66,789 

38,013 

30,963 

H'2i5 

33,686 

Huoh 

83.607 

88,S7i 

S6,93» 

87,881 

16,946 

34,<0« 

38,399 

28,308 

^: 

33,433 

17,0M 

17,841 

18.866 

11.899 

31,8(3 

31,694 

18.489 

1S,T3S 

8.S11 

14,618 

17,768 

10.617 

13,619 

7,938 

10,447 

Jone  . 

8333 

9,301 

9,670 

6,600 

6.8»8 

11,971 

6,166 

9.883 

July  . 

ifisa 

4,779 

S,444 

4.673 

4.764 

8.603 

8,017 

6,443 

Aiwnat 

8,020 

6,706 

7.043 

7,644 

S.060 

8,8n 

4,761 

44«« 

Septemlxr 

36,038 

13,417 

16,037 

14,664 

11,9*S 

16,087 

13,668 

9,767 

OotolMr 

34,337 

31,634 

86,638 

16,366 

19,449 

18,664 

16403 

16.986 

BoT6iDber 

18,093 

33,630 

40.460 

16,766 

18,416 

17.380 

18,677 

31,499 

December  . 

36,656 

86,446 

89,738 

30.967 

14,733 

36,876 

37,966 

33470 

i 

Tots 

1 

317,IU 

364,733 

384,776 

M9,8«7 

161,707 

306,091 

197433 

184,373 

These  returns  of  the  sale  of  oats  were  obtained  from  200  towns  previous  to  Jan.  1, 
1865,  and  from  IfiO  towns  since.  They  represent,  therefore,  but  very  imperfectly  the 
quantity  of  oats  produced  in  these  Islands.  Onr  agricultural  statistics  are,  nnfottu- 
mUij,  in  a  Torjr  misatjsfactory  state, 
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.    OMISIAW.    A  glaaty  minenl ;  to  called,  it  ia  rtated,  teemi  OitUHu,  a  Boman, 

vho  brought  it  from  AJfrica.  It  is  a  trne  Tolcanic  glass,  and  occurs  in  streams,  or  in 
detached  masses  near  many  Tolcanio  mountains.  It  was  largely  employed  by  the  ancient 
.Hezicans  as  a  material  for  knirea  and  other  cntdng-instniments. 

OCCSbVSZOV.  A  term  applied  by  the  late  I'^ro&ssor  Qiaham  to  the  absorption 
of  gases  by  metals,  and  the  shutting  up  of  the  same.  Hydrogen  in  the  nascent  state 
is  absorbed  in  large  quantities  by  palladium,  and  to  some  extent  by  other  metals. 
This  gas  is  held  by  the  metal  until  exposed  to  heat  or  other  conditions,  by  'which  it 
is  liberated.  Ocelvde  is  an  old  word  in  our  language  signifying  to  ihvt  tq>.  See 
Latham's  *  Dictionary  of  the  Knglish  Language.' 

OOBSB.  (Oere,  Er. :  Oeier,  Ger.)  Ochre  is,  truly;  a  peroxide  of  iion  and 
irater;  but  a  natire  earthy  mixture  of  silica  and  alumina,  vith  oxide  of  iron  in 
Tarioos  proportions,  and  sometimes  calcareous  matter  and  magnesia,  is  usually  re- 
garded as  odire.  The  term  is  applied,  indeed,  without  any  great  degree  of  exactness, 
to  any  combinations  of  the  earths  with  iron,  which  can  be  employed  for  pigments 
and  the  like.    According  as  the  colour  varies,  we  have  yeUoto,  ftrvtm,  and  rtd  ochres. 

In  ComwaU  considerable  quantities  of  ochres  are  obtained  by  carefully  washing  the 
feimg^us  mud,  which  is  separated  from  poor  tin  and  copper  ores  after  they  have 
been  submitted  to  the  action  of  the  stamps  and  the  ordinary  processes  of  washing  and 
roasting. 

The  iron  paints  formerly  prepared  by  Hr.  Wolston  of  Brixham  must  be  regarded 
as  ochres.  They  are  found  in  connection  with  iron  lodes  which  exist  in  the  rodcs 
around  the  coast.  These  paints  have  been  employed  for  sereral  ytais  in  the  Royal 
Naval  Arsenals  and  other  government  establishments.  The  wood  and  iron  huts  of 
onr  camps  have  been  painted  with  them.  They  have  also  been  employed  tot  coating 
the  boilers  of  steam-engines. 

A  large  supply  of  ochre  is  obtained  from  the  island  of  Anglesea,  but  the  oehree  of 
Anglesea  are  not  natural ;  they  are  artificial  productions,  farmed  in  the  lakes,  into 
which  scrap-iron  is  thrown  to  precipitate  the  copper  contained  in  the  water,  and  forms 
very  large  accumulations  of  the  oxide  of  iron,  which  is  sold  as  oohre.  There  is  now 
a  large  demand  for  these  iron-ochies,  as  they  are  extensively  employed  for  the  purifi- 
cation of  gas. 

In  the  more  recent  formations  ochre  occurs  in  beds  some  feet  thick,  which  lie  gene- 
rally above  the  Oolite,  are  covered  by  sandstone  and  quartsose  sands,  more  or  less 
ferruginous,  and  are  acoompamed  by  grey  plastic  days,  of  a  yellowish  or  reddish 
colour.  The  ochry  earths  are  prepared  by  grinding  and  washing ;  in  some  cases  they 
are  also  exposed  to  the  action  of  the  fire,  to  increase  the  oxidation  of  the  iron,  and 
deepen  the  colour. 

TiM  following  is  a  section  of  the  ochre-pits  at  Shotover  Hill,  near  Oxford,  where 
the  Oxford  ochre  is  obtained : — 

Beds  of  highly  feimginons  gtit,  fanning  the  summit  of  the  hill      .  6  feet 

Oreysand 3    „ 

Ferruginous  o(mcretionfi 1    „ 

Yellow  sand , 8    » 

Cream-coloured  loam .        .  4    „ 

Ochre 6  inches. 

Beneath  this  there  is  a  second  bed  of  ochre,  separated  by  a  thin  bed  of  clay. 

Beddle,  employed  for  marking  sheep  in  Devonshire,  and  a  varietr  found  near  Bot- 
terdam  (which-  is  much  used  for  grinding  spectacle-glasses  at  Sheffield),  may  be  said 
to  belong  to  this  class.    See  Oxinas  of  Ibon,  for  polithing. 

Bole,  Jrmmian  Bole,  or  Lemnian  Earth,  may  be  ranked  with  the  ochres.  See  B01.B, 
and  TmtBA  di  Sbiwa. 

The  Ochre  of  BUry  and  Italian  Botm  are  ochres  which  are  found  principally  near 
Vierzon  and  St.  Amand  (Niivn).  llie  ochres  from  Holland  are  also  much  es- 
teemed. 

It  will  thns  be  apparent  that  ochre  occurs  in  all  formations,  from  the  earliest 
known  rocks — ^wfaere  it  is  probably  due  to  the  decomposition  of  the  sulphides  of  iron — 
up  to  the  alluvial  deposits  of  yesterday ;  in  many  of  which  ochreous  formations  may 
be  watched  in  the  progress. 

Oehre  in  mineralogy  is  a  term  applied  to  many  products  of  decomposition,  as,  cobalt- 
oohre,  bismuth-ochre,  chrome-oehre,  anttmony-ochre,  && 

OCVBA  nr&X.  A  vegetable  wax,  collected  on  the  shores  of  the  Amazon  &om 
the  fruit  of  the  Myriitiea  Oeuba.  This  wax  is  easily  bleached ;  and  in  Brazil  it  is 
used  extensively  for  candles. 

OSOMWrJUt.  An  instrument  which  can  be  attached  to  the  wheel  of  a  carriage, 
which,  moving  regularly  with  the  wheel,  indicates  the  distance  passed  over  in  any 
jonmey. 
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OBOWPUMB  a>H.  Ab  butmment,  invMited  by  BrafeMor  Winiil,  to  enable  Ute 
BiiUwTigiit  to  dnw  and  deaign,  vith  great  nniformily  and  pieoisioD,  tbe  teeth  of 
wbaela. 

9MAMTMMO  arBBK  U  Died  for  flaroaring  vines.  Ucbtenbeiger  of  Bararia 
axhibited  it  lo  lar^Iy  in  1862  that  Dr.  Hoftnan  remarks :  '  To  judge  &om  the  qoan- 
titiea  exhibited,  this  artiols  'would  seem  to  be  raanafactnred  in  a  sretematie  manner, 
and  upon  a  very  large  scale.  The  snbstance  is  a  solid,  and,  according  to  all  appeals 
ance^  a  pnri  definite  compound,  the  chemical  inreitigation  of  which  vonld  present 
eonsideiable  interest.' 

OXMmOAMM,  or  oab-SBBS  ft* »»■  After  the  eryression  of  the  oil,  espe- 
oiaUy  ttom  Unseed,  the  mass  remaining  is  so  called.  It  is  mnch  used  for  feeding 
oattls.    Our  Inyaortaiioiu  of  oil-seed  cake  have  been  as  follow :— 


Toss 

Tons 

1887  . 

.  121,838 

1870  . 

.  168,453 

1808  .   . 

.  162,339 

1871  .   . 

.  162,804 

1869  . 

.  159,296 

1872  . 

.  134,300 

OZXi  or  ▼xnuoii  is  the  old  name  of  concentrated  Sm-PHiniio  Acu>. 

OXU  (Suilei,  Fr. ;  Oelt,  Qer.)  form  a  class  of  valnable  and  interesting  sub- 
stances, and  are  diTided  into  two  great  classes,  tis.  fixed  or  &ttf  oils,  and  Tolatile  or 
essential  oils.  The  members  of  ooe  class  difBir  greatly,  in  nearly  every  respect,  firom 
those  of  the  other  class.  The  former  are  usnal^  bland  and  mild  to  the  taste ;  the 
latter  hot  and  pnngent.  The  term  dittilUd,  applied  especially  to  the  last  class,  is  not 
quite  correct,  sinoe  some  of  them  are  obtained  by  expression,  as  the  whole  of  the  first 
class  may  be,  and  eommooly  are.  All  the  known  ntty  sulMtanees  found  in  organic 
bodies,  without  reference  to  their  vegetable  or  animal  origin,  are,  according  to  their 
consistence,  arranged  under  the  chemical  iieads  of  oils,  butters,  and  tallows.  They 
all  possess  the  same  ultimate  constituents — carbon,  hydrogen,  and  generally  oxygen, 
and  s<»ne  &w  of  the  essential  oils,  sulphur  also ;  but,  as  a  class,  they  are  noted  far 
containing  a  Urge  proportion  of  carbon,  which  renders  them  valuable  as  food,  and  as 
sonrcesof  light 

Oils  have  been  known  and  used  from  the  remotest  ages.  The  olive-tree  is  frequently 
mentioned  by  Uoses ;  And  it  appears  to  have  been  introduced  into  Burope  at  an  early 
period,  probably  by  Uie  Qieeks. 

Mineral  and  coal  oils  are  notieed  under  the  reapeotive  heads  of  Napsnu;  Fbxbo- 
UUK ;  Sbxlb,  and  HnoBAi.  Oils,  &o. 

For  the  present  we  shall  only  take  notice  of  the  fixed  or  &tly  mis.  These  are  widely 
distribnted  through  the  organs  of  vegeteble  and  animal  nature.  They  are  found  in 
the  seeds  of  many  plants,  associated  with  mudlage,  especially  in  those  of  the  dicoty- 
ledonous class,  occasionally  in  the  fleshy  pulp  snrronnaing  some  seeds,  as  the  olive ; 
also  in  the  kernels  of  many  fmite,  as  of  the  nut  and  almond  tree ;  and,  finally,  in  the 
roots,  barks,  and  other  parts  of  plants.  In  animal  bodies,  the  oily  matter  occnrs 
enclosed  in  thin  membranons  cells,  between  the  skin  and  the  flesh,  between  the  mus- 
cular flbree,  between  the  abdominal  cavity  in  the  omentum,  upon  the  intestines,  and 
round  the  kidneys,  and  in  a  bony  receptacle  of  the  skull  of  the  spermaceti  whale ; 
sometimes  in  special  organs,  as,  of  the  beaver  in  the  gall-bladder,  or  mixed  in  a 
liqwd  state  with  other  animal  matters,  as  in  the  milk. 

Biaeonnot,  but  particularly  Baspail,  has  shown  that  animal  &te  consist  d  small 
mieroecopic,  partly  polygonal,  and  partly  reniform  particles,  associated  by  means  of 
their  containing  sacs.  These  may  be  sepezated  fixnn  each  oUier  by  tearing  the  recent 
fat  asunder,  rinsing  it  with  water,  and  passing  it  through  a  sieve.  The  membranes 
being  thus  retained,  the  granular  particles  are  observed  to  float  in  the  water,  and 
aftenrards  to  separate,  like  the  globules  of  starch,  in  a  white,  pulverolent,  semi- 
crystalline  form.  The  particles  consist  <^  a  strong  membranous  skin,  enclosing 
ttearime  and  etahu,  or  soUd  and  liquid  fat,  which  may  be  extracted  by  trituration  and 
pressure.  These  are  lighter  than  water,  but  sink  readily  in  spirit  of  wine.  When 
IxHled  in  strong  alodiol,  the  oily  principle  dissolves,  but  the  fatty  membnane  remains. 
These  granules  have  different  sizes  and  shapes  in  difbrent  animals :  in  the  eal^  the 
9X,  the  sheep,  thmr  are  polygonal,  and  from  ^th  to  -A^^  of  an  inch  in  diameter;  in 
the  hog  they  are  bdner-shaped,  and  &om  i^^  to  |^ih  of  an  inch ;  in  man  they  are 
polygonal,  aiid  &om  ^(jth  to  iJgth  of  an  inch ;  in  inaecte  they  are  usually  spherical, 
and  not  m<ae  than  j^th  of  an  inch. 

The  fat  oils  are  contained  in  that  part  of  the  seed  which  gives  birth  to  the 
cotyledons ;  thqr  are  not  found  in  the  plumula  and  radicle.  Of  all  the  fiunilies 
of  plante  the  Crue^tro  are  the  richest  in  oleiferous  seeds ;  and  next  to  these  are 
the  Drvpacta,  Ainaiuuta,  and  Solanea.  The  seeds  of  the  droMMSts  and  LegtmiKotm 
eontain  zately  mace  than  a  trace  of  &t  oil    One  root  alone,  that  of  the  C^/fmu 
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eiMiU»Ui,  eoaUtiu  •  fat  oil.  The  quantity  of  oil  flmitlied  hy  utda  variei  not  only 
with  the  ipedes,  but,  in  the  samo  seed,  with  coltore  and  climate.  Nuts  oontain 
abont  half  their  weight  of  oil ;  the  seeds  of  the  Bratrioa  oUracea  and  B.  campettru, 
one-third ;  the  variety  called  colza  in  France,  two-fifths  ;  hemp-soed,  one-fourth  ;  and 
linseed  firom  one-fourth  to  one-fiith.  Unrerdorben  states  that  a  last,  of  10  quarters, 
of  linseed,  yields  10  abmi  =  120  gallons  English,  of  oil ;  which  is  about  1  cwt  of  oil 
per  quarter. 

The  fat  cdlf ,  when  first  expressed  without  much  heat,  taste  merely  unctuous  on  the 
tongue,  and  exhale  the  odour  of  their  respectiTe  plants.  They  appear  quite  neutral 
by  utmus-paper.  Their  fluidity  is  rery  raiious,  some  being  solid  at  ordinary  tem- 
peratures, ana  others  remaining  fluid  at  the  freoEing-point  of  water.  Linseed-oil, 
Indeed,  does  not  congeal  till  coded  from  4°  to  18°  below  0°  Fahr.  The  same  kind  of 
seed  usually  affords  oils  of  di&rent  degrees  of  fusibility ;  so  that  in  the  progress  of 
refrigeration  one  portion  concretes  before  another.  Cherreul  considered  all  the  oils  to 
be  composed  of  two,  and  sometimes  three,  different  species,  viz.  ttearine,  margarine, 
and  obme ;  the  consistence  of  the  oil  or  fat  varying  aa  either  of  these  predominates. 
These  bodies  are  all  compounds  of  glyoeriae,  with  a  fatty  acid.  At  all  ordinary  tem- 
peratures deine  is  liquid ;  margarine  IS  solid,  and  melts  «t  11 6°  Fahr.;  stearine  is  still 
more  solid,  and  melta  at  about  130°  Fahr.  The  two  latter  may  be  prepared  &om  pure 
mutton  &t,  by  melting  it  in  a  glass  flaslc,  and  then  shaUug  it  with  several  times  its 
weight  of  ether;  when  allowM  to  cool,  the  stearine  crystallises  out,  leaving  the 
margarine  and  deine  in  solution.  The  soft  mass  of  stearine  may  be  strongly  pressed 
in  a  doth,  and  Airther  purified  by  re-crystallisation  firam  ether.  It  forms  a  whito 
friable  mass,  insoluble  in  water,  and  nearly  so  in  odd  alcohd;  but  boiling  spirit 
takes  up  a  small  quantity.  It  is  fredy  soluble  in  boiling  ether;  but,  aa  it  cods, 
nearly  ul  crystallises  out, 

Mugarine  may  be  prepared  tcom  the  ethereal  mother-liquor,  from  which  the 
stearine  has  separated,  by  evaporating  it  to  dryness ;  the  soft  mixture  of  margarine 
and  oleine  is  then  pressed  between  folds  of  blotting-paper ;  the  residue  again  dissolved 
in  ether,  tnm  which  the  margarine  may  now  be  obtained  tolerably  pure.  It  very 
much  resembles  stearine,  but,  as  above  mentioned,  has  a  lower  melting-pdnt. 

It  is  rather  doubtful  if  deine  has  ever  been  prepared  in  a  perfsctly  pure  state,  the 
separation  of  the  last  partides  of  margarine  being  very  difScult  It  ma;^  be  obtained 
by  subjecting  olive-oil  to  a  freezing  mixture,  when  the  margarine  will  nearly  all 
separate,  and  the  supernatant  fluid  oil  may  be  taken  as  deine. 

Oleine  may  also  be  procured  by  digesting  the  oils  with  a  quantity  of  caustic  soda, 
equal  to  one  half  of  what  is  requisite  to  saponify  the  whde ;  the  stearine  and  marga- 
rine are  first  transformed  into  soap,  then  a  portion  of  the  deine  undergoes  the  same 
change,  but  a  great  part  of  it  remains  in  a  nearly  pure  state.  This  process  succeeds 
only  with  recently-expressed  or  very  fresh  oils. 

The  fat  oils  are  completely  inaduble  in  water.  When  agitated  with  it,  the  mixture 
becomes  turbid.but  if  it  be  allowed  to  settle  the  oil  cdlects  by  itself  upon  the  snr&ce. 
Tliis  method  of  washing  is  often  employed  to  purify  oils.  Oils  are  little  soluble  in 
alcohol,  except  at  high  temperatures.  Castor  oil  is  the  ody  one  which  dissolves  in 
cold  alcohol.  Ether,  however,  is  an  excellent  solvent  of  dls,  and  is  therefore  employed 
to  extract  them  from  other  bodies  in  analysis;  after  which  it  is  withdrawn  by  dis- 
tillation. 

Fat  oils  may  be  expoaed  to  a  high  temperature  without  undergoing  much  altera- 
tion ;  but  when  they  are  raised  to  nearly  their  boiling-pdnt,  they  begin  to  be  decom- 
posed. The  vapours  that  then  rise  are  not  the  oil  itself,  but  certain  products  generated 
in  it  by  heat.  These  changes  begin  somewhere  under  600°  of  Fahr.,  and  require  for 
their  continuance  temperatures  dways  increasing. 

If,  instead  of  raising  the  heat  generally,  we  submit  the  fats  or  dls  directly  to  a  red 
beat,  as  by  passing  them  through  a  red-hot  tube,  they  are  decomposed  completdy,  and 
are  almost  entirely  transformed  into  gaseous  carburetted  hydrogens,  the  mixture  of 
which  serves  for  illuminating  purposes,  and  yidds  a  far  better  light  than  ordinary 
eoal-gaa.  In  places  where  the  seed  and  fish  oils  can  be  procured  at  a  low  price,  these 
substances  might  be  employed  with  great  advantage  iat  this  purpose. 

Action  of  Alkali*  on  the  Oil*. — When  the  fit  or  oils  are  boued  with  potash  or  aoda, 
they  are  decomposed  into  glycerine  and  the  fiitty  adds,  with  asaimilation  of  water  by 
both  the  glycenne  and  the  &tty  adds.  Thus  deine  yields  glycerine  and  oldo  add ; 
margarine,  glycerine  and  margaric  add;  and  stearine,  glycerine  and  stearic  add. 
The  glycerine  dissolves  in  the  water  and  the  fatty  acids  unite  with  the  alkalis, 
farming  soaps  (see  Soaps).  The  action  of  ammonia  on  the  dls  is  much  less  energetic ; 
it,  however,  readily  mixes  with  them,  forming  a  milky  emulsion,  called  volatile  lini- 
ment, used  as  a  mbe&dent  in  medicine.  Upon  mixing  water  witii  this,  or  by  nentra- 
llring  the  ammonia  by  an  add,  or  even  by  mere  exposure  to  the  air,  the  ammonia  is 
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removed,  and  tlie  oil  agnin  collects.  By  the  prolonged  action  of  ammonia,  however, 
on  the  oiU,  true  ammoniacal  eoapg  are  formed,  and  at  tlio  same  time  a  peculiar  body  - 
is  formed,  called  by  its  discoverer  (Bonllay)  margaramid. 

It  is  obtained  by  boiling  the  ammoniacal  soap  with  water,  when  the  margaramid 
swims  on  the  top,  and  when  allowed  to  cool  solidifies.  It  is  purified  by  solution 
in  boiling  alcohol,  which  deposits  it  again  on  cooling  in  the  ciystalline  state.  It  is  a 
white,  perfectly  neutral  solid,  nnalterable  in  the  air,  insoluble  in  water,  very  soluble 
in  alcohol  and  ether,  especially  by  the  aid  of  heat.  It  fuses  at  about  140°  Fakr.,  and 
bums  with  a  smoky  flame.  '  It  is  decomposed  when  boiled  with  potash  or  soda,  forming 
true  soaps,  with  the  liberation  of  ammonia,  and  also  by  acids  of  a  certain  degree  of 
concentration. 

The  alkaline  earths  and  some  metallic  oxides  nnite  with  the  fatty  acids,  forming 
insoluble  soaps,  which  in  the  case  of  lead  is  called  a  plaitter. 

After  glycerine  and  the  fatty  acids  have  once  been  separated,  they  do  not  readily 
again  unite ;  bnt  Berthelot  has  succeeded  in  effecting  this,  by  enclosing  them  for  a 
considerable  time  in  a  sealed  tube,  and  subjecting  them  to  a  more  or  lees  elevated 
temperature,  when  the  true  oils  are  again  pijodoced. 

AoHon  of  Adda  upon  the  Oils. — Snli>hunc  acid  (concentrated)i  when  added  to  the  oils, 
unites  with  them  energetically ;  the  mixture  becomes  heated,  and,  unless  cooled,  chars 
with  the  liberation  of  sulphurous  acid.  When  the  mixture  is  cooled  the  fats  and  oils 
undergo  a  similar  change  to  that  which  the  alkalis  effect.  There  is  formed  some 
snlpho-glyceric  acid,  as  well  as  combinations  of  moigaric  and  oleic  adds  with  sul- 
phuric acid ;  these  latter  are  again  decomposed  when  mixed  with  water,  liberating  the 
fittty  aeida. 

'  mtrio  Aeid  (concentrated)  attacks  the  &tty  bodies  very  rapidly,  sometimes  causing 
ignition.  Dilute  nitric  acid  acts  less  powerfully,  forming  the  same  compounds  whi(£ 
we  obtain  by  acting  on  the  several  constituents  of  the  oils  separately. 

Hmonitne  acid,  or  nitrmu  acid,  converts  the  oleine  of  the  non-diying  oils  into  a  solid 
iiit,  etaidint. 

CUorint  and  bromine  act  on  the  &tty  oils,  producing  hydrochloric  and  hydrobromic 
acids,  and  some  substitution-compounds  containing  chlorine  or  bromine. 

when  moist  chlorine  gas  is  passed  into  the  oils,  the  temperature  rises,  but  it  docs 
not  cause  explosion.  Bromine,  on  the  contrair,  acta  with  violence.  The  chlorine  and 
bromine  products  thus  obtained  are  generally  of  a  yellow  colour,  without  taste  or 
smeU.  They  are  heavier  than  water,  and  possess  a  greater  consistence  than  the  pure 
oils.    Exposed  to  the  air  when  slightly  heated,  they  become  considerably  harder.  . 

Iodine  also  attacks  the  oils  forming  substitution-compounds. 

The  fatty  oils  are  divided  into  two  classes,  drying  and  non-drying  mis,  which  nro 
characterised  by  their  different  deportments  when  exposed  to  the  atmosphere.  In  dose 
vessels,  oils  may  be  preserved  unaltered  for  a  very  long  time,  but  with  contact  of  the 
atmosphere  they  undergo  progressive  changes.  Certain  oils  thicken  and  eventually 
dry  into  a  transparent,  yellowish,  flexible  substance,  which  forms  a  skin  upon  the 
surface  of  the  oil  and  retards  its  farther  alteration.  Such  oils  are  said  to  be  drying, 
or  siccative,  and  are  on  this  account  used  in  the  preparation  of  varnishes  and  painters' 
colours.  Other  oils  do  not  dry  np,  though  they  become  thick,  less  combustible,  and 
assume  an  offensive  smelL  These  arethe  non-drying  oilt.  In  this  state  they  are  called 
rancid,  and  exhibit  an  acid  reaction,  and  irritate  the  fauces  when  swallowed,  in  conse- 
quence of  the  presence  of  a  peculiar  add,  which  may  be  removed  in  a  great  measure 
by  boiling  the  oil  along  with  water  and  a  little  common  magnesia  for  a  quarter  of  an 
hour,  or  till  it  has  lost  the  property  of  reddening  litmus.  While  oils  undergo  the 
above  changes,  they  absorb  a  quantity  of  oxygen  equal  to  several  times  their  volume. 
Saussure  found  that  a  layer  of  nut-oil,  one  quarter  of  an  inch  tliick,  enclosed  along 
with  oxygen  gas  over  the  sur&ce  of  quicksilver  in  the  shade,  absorbed  only  three  times 
its  bulk  (A  that  gas  in  the  course  of  eight  months ;  bnt  when  exposed  to  the  sun  in 
August,  it  absorbed  60  volumes  additional  in  the  course  of  ten  days.  This  absorption 
of  oxygen  diminished  progressively,  and  stopped  altogether  at  the  end  of  three  months, 
when  it  had  amounted  to  146  times  the  bulk  of  the  oil.  No  water  was  generated,  but 
2r9  volumes  of  carbonic  add  were  disengaged,  while  the  oil  was  transformed  in  an 
anomalous  manner  into  a  gelatinous  mass,  which  did  not  stain  paper.  To  a  like  ab- 
sorption  we  may  ascribe  the  elevation  of  temperature  which  happens  when  wool  or  hemp 
besmeared  with  olive  or  rapeseed  oil,  is  left  in  a  heap :  drcumstances  under  which  it 
has  frequently  taken  fire,  and  caused  the  destruction  of  cloth-mills  and  other  buildings 
and  ships. 

Although  most  of  the  fixed  oils  and  fats  are  mixtures  of  two  or  more  of  the  sub- 
stances, oleine,  margarine,  and  tlearine,  yet  there  appear  to  be  different  modifications  of 
thus  substances  in  drying  and  non-drying  oils;  for  instance,  it  is  only  the  oleine  of  the 
non-drying  oils  that  solidifies  when  treated  with  nitrous  acid  or  nitrate  of  mercury; 
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ftod  again  the  difference  is  shovn  in  the  feet  of  some  dis  diying  oompletely,  while 
others  only  thicken  and  become  randd. 
The  folloiring  is  a  list  of  the  Non-drying  Oils  and  tbur  specific  gravity : — 


Mo. 

Pluto 

OOt 

Snedllo 
grsTltr 

1 

OleaEoToptea    .        . 

OUtb  oil 

0-9176 

2 

Amygdalus  communis 

AlmoDdoU       . 

0-9180 

3 

Sesamnm  orientate 

Oil  of  sesamnm 

4 

Guilandina  mohringa . 

Oil  of  behen  or  ben  . 

6 

Fagos  sylvatica  .        .  _      . 

Beech  oil . 

0-9226 

6 

Sinapis  nigra  et  aryensis    . 

Oil  of  mustard . 

0-9160 

7 

Brassica  napus  et  campestris 

Bapeseed  oil     . 

0-8136 

8 

Frunns  domestica 

Plum-kernel  oil 

0-9127 

0 

Theobroma  cacao 

Batter  of  cacao 

0-8920 

10 

Oocos  nocifera    .... 

Cocoa-nut  <ul    . 

11 

Cocos  butyiacea  vel  avoira  elais . 

Bilmoil  . 

0-9680 

12 

Lanras  nobilis    .... 

Laurel  oil 

13 

Arachis  hypogtea 

Valeria  Inaica    .... 

■Ground-nut  oil . 

14 

Piney  tallow     . 

0-9260 

16 

Biassica  campestris  oleifera 

Colza  oil  . 

0-9136 

16 

Brassica  pnecox .... 

Summer  tapeseed  oil 
Oil  of  radish  seed     . 

0-9189 

17 

Baphanus  sativus  oleifera  . 

0-9187 

18 

I^ronus  cerasus   .... 

Cherry-stone  oil 

09239 

19 

Fyms  mains       .... 

Apple-seed  oil  . 

20 

Euonymns  Europeeus . 

Spindle-tree  ml 

00380 

21 

Comos  oangninea 

damilbeny-tree  oil  . 

22 

Cyperus  escnlenta 

Oil  of  the  roots  of  Cyprus 

grass 

0-9180 

23 

j^oBcysmus  niger 
JBseulus  hippocastanum      > 

Henbane-seed  oil 

0-9130 

24 

Horse-chestnut  oil    . 

0-9270 

The  non-drying  oils  are  used  as  food,  for  iliominating  purposes,  and  for  the  greas' 
ing  of  machinery,  &c. 
-     The  following  is  a  list  of  the  Drying  Oils : — 


Ko. 

Plants 

OOs 

Speollc 
gMTlty 

1 

lannm  ositatissimttm  et  pei 

■enne      Linseed  oil       ...        . 

0-9347 

2 
8 

CorylnB  arellana 
Jnglans  regja     . 

;     1     Nut  oil    .       . 

0-9260 

4 

BapaTer  somnifemm  . 

.     Poppy  oil. 

0-9243 

6 

Cannabis  satira . 

.     Hemp  oil . 

0-9276 

6 

Oneurbita  pepo,  et  melapep 

0       .     Cucumber  oil    . 

0-9231 

7 

Helianthna  annuus  et  peren 

nis    .      Oil  of  sunflower 

0-9262 

8 

Bidnus  communis 

.     Castor  oil. 

0-9611 

9 

Niootiana  tabacum  et  mstic 

a,      .     Tobacco-seed  oil 

0-9282 

10 

Vitis  vinifeia      . 

.     Grape-seed  oil  . 

0-9202 

11 

Heeperis  matronalis    . 

.     Oil  of  Julienne. 

09281 

12 

Hyagrum  satira. 

.     Oil  of  camelina 

0-9262 

13 

Beseda  luteola    . 

.     Oil  of  weld-seed 

0-9868 

14 

Lepidinm  satimm 

Oil  of  garden  cresses 

0-9240 

16 

Atropa  belladonna 

.     Oil  of  deadly  nightshade  , 

0-9260 

16 

Oossypinm  Barbadense 

17 

Pinus  abies 

.     Pinetopoil 

0-9285 

The  drying  oils  are  used  prindpally  for  varnishes  and  for  punters'  colours.  As 
the  quicker  Uiey  dry  the  more  valuable  they  are  for  these  purposes,  it  is  desirable 
still  to  increase  their  natural  siccative  properties  as  much  as  possible,  and  this  is 
generally  effected  by  boiling  the  oils  with  litharge  (oxide  of  lead),  by  which  a  certain 
portion  of  the  litharge  is  dissolved  by  the  oil ;  but  in  what  way  this  process  tends  to 
increase  the  siccative  properties  of  the  oil  is  not  understood.  Chevreul  stated  that 
it  is  not  necessary  to  boil  the  oils,  that  a  mneh  lower  heat  acts  quite  as  welL    Liebig 
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imagined  that  the  boiling  vith  litharge  effects  the  separation  of  the  mncilaginons  and 
other  foreign  matters,  -which  tend  to  protect  the  oils  from  the  action  of  the  oxygen  of 
the  atmoapheie,  and  has  proposed  a  process  for  their  separation  without  the  aid  of 
beat  It  consists  in  shaking  the  oil,  prerioDsljr  triturated  vith  litharge,  \rith  a 
solution  of  the  basic  acetate  of  lead  for  some  time,  and  afterwards  allowing  the  -whole 
to  remain  still,  when  the  oil  separates,  and  will  then  dry  in  twenty-four  hours.  Tbo 
eolation  of  acetate  of  lead  whicn  remains  may  be  again  used  by  conrerting  it  into  the 
snbaoetata.  A  jx^on  of  oxide  of  lead  is  dissolved  by  the  oil,  and  when  its  presenoa 
would  be  prejudicial,  it  may  be  removed  by  shaking  the  oil  with  dilute  sulphuric  acid. 
In  boiling  the  oils  -with  acetate  of  lead  and  litl^rge,  some  painters  add  about  an 
eighth  part  of  resin,  which  in  that  proportion  greatly  impioTes  the  appearance  of  the 
paints  -when  dry. 

Before  describing  these  oils  separately,  it  ia  neoeasaty  to  show  the  means  used  for 
obtaining  them  finm  the  seeds,  Kc 

Fat  Oil  Maxuvactdbe. 

Olim  Oi2.— It  is  the  pracUceof  almost  all  the  proprietors  in  the  neighbonrhood  of  Aiz, 
in  Provence,  to  preserve  the  olives  for  fifteen  days  in  bams  or  cellars,  till  they  have 
undergone  a  species  of  fermentation,  in  order  to  facilitate  the  extraction  of  their  oiL 
If  this  practice  -were  really  prqudicial  to  the  product,  as  some  theorists  have  said,  -would 
not  the  high  reputation  smd  prioe  of  the  oil  of  Aiz  have  long  ago  suffered,  and  have 
induced  them  to  change  their  system  of  working  ?  In  &ct,  all  depends  upon  the  degree 
of  fermentation  ezcitoi.  They  must  not  be  allowed  to  mould  in  damp  places,  to  lie 
in  heaps,  to  soften  so  as  to  stick  to  each  other,  and  discharge  a  reddish  liquor,  or  to 
become  so  hot  as  to  raise  a  thermometer  plunged  into  the  mass  up  to  96°  Fahr.  In 
such  a  case  they  would  afford  an  acrid  nauseous  oil^fit  only  for  uie  woollen  or  soap 
manufactories.  A  slight  fermentative  action,  ho-wever,  is  useful  tovards  separating  the 
oil  ftom  mucilage.  The  olives  are  then  crushed  under  the  stones  of  an  edge-mUl,  and 
next  put  into  a  scre-w-press,  being  enclosed  in  bulrush-mat  bags  (cabas),  laid  over 
each  other  to  the  number  of  eighteen.  The  oil  is  run  off  from  the  channels  of  the 
ground-sill  into  casks,  or  into  stone  cisterns  called  pica,  two-thiids  filled  with  water. 
Thepressure  applied  to  the  cabas  should  be  slowly  graduated. 

What  comes  over  first,  -without  heat,  is  called  the  virgin  oil.  The  coios  being  now 
removed  from  the  press,  their  contents  are  shovelled  out,  mixed  -with  some  boiling 
-water,  again  put  in  the  bags,  and  pressed  anew.  The  hot  -water  helps  to  carry  off  the 
oil,  which  is  received  in  other  casks  or  pizes.  The  oil  ere  long  accumulates  at  the 
surface,  and  is  skimmed  off  -with  large  flat  ladles ;  a  process  which  is  called  levtr 
I'huiU.  When  used  firesh,  this  is  a  very  good  article,  and  ^uite  fit  for  table  use,  but 
is  apt  to  get  rancid  when  kept.  The  subjacent  -water  retains  a  good  deal  of  oil  by 
the  intervention  of  the  mucilage ;  but  by  long  repose  in  a  large  general  dstem,  called 
reefer,  it  parts  with  it,  and  the  water  is  then  drawn  off  from  ^e  bottom  by  a  plug- 
hole :  the  oil  which  remains  after  this  is  of  an  inferior  quality,  and  can  be  used  on^ 
for  factory  purposes. 

The  marc  being  crushed  in  a  mill,  bmled  -with  water,  and  expressed,  yields  a  still 
coarser  article. 

AH  the  oil  must  be  fined  by  keeping  in  clean  tuns,  in  an  apartment,  heated  to  60° 
7ahr.  at  least,  for  twenty  days ;  after  which  it  is  run  off  into  strong  casks,  which 
are  cooled  in  a  cellar,  and  then  sent  into  the  market. 

In  Spain  the  olives  are  pressed  by  conical  iron  rollers  elevated  above  the  stage  or 
floor,  round  which  they  move  on  two  little  margins  to  prevent  the  kernel  being 
injured,  the  oil  from  wluch  is  said  to  have  an  unpleasant  flavour.  Spanish  olive-oil, 
however,  is  inferior  to  other  kinds,  from  the  circnmstance  of  the  time  which  elapses 
between  the  gathering  and  the  grinding  of  the  olives.  This  is  unavoidable  on  account 
of  the  small  number  of  mills,  which  are  not  in  proportion  to  the  quantity  of  fruit  to 
be  pressed.  The  olives  are  therefore  allowed  to  lay  in  heaps  to  -wait  their  turn,  and 
consequently  often  undergo  decomposition. 

The  machinery  employed  by  the  Neapolitan  peasants  in  the  preparation  of  the 
Gallipoli  oil  is  of  the  rudest  kind.  The  olives  are  allowed  to  w>p  from  the  trees 
when  ripe,  when  they  are  picked  up  chiefly  by  women  and  children,  and  carried  to 
the  milL  The  oil,  when  expressed,  is  sent  in  dieep-  or  goat-skins,  carried  on  mules, 
to  Gallipoli,  where  it  is  allowed  to  clarify  in  cisterns  cut  in  the  rock  on  which  the 
town  is  built.  From  these  it  is  conveyed  in  sldns,  to  basins  near  the  sea-shore,  and 
from  these  basins  the  casks  are  filled. 

According  to  Sienve,  100  lbs.  of  olives  yield  about  82  lbs.  of  oil :  21  of  which 
come  from  the  pericarp,  4  from  the  seed,  and  7  from  the  woody  matter  of  the  nut. 
That  obtained  worn  the  pericarp  is  the  finest 
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OU  ofMmtmds  is  mannfactuiod  by  agitating  the  kernels  in  bags,  so  as  to  separate 
thdr  brown  skins,  grinding  them  in  amiU,  then  enclosing  them  in  bags,  and  squeezing 
them  strongly  between  a  series  of  cast-iron  plates,  in  a  hydraulic  press ;  without  heat 
at  first,  and  then  between  heated  plates.  The  first  oil  is  the  purest,  and  least  apt  to 
become  rancid.  It  should  be  refined  by  filtering  through  porous  paper.  Kest  to  oUre- 
oil,  this  species  is  the  most  easy  to  saponify.  Bitter  almonds  being  cheaper  than  the 
sweet  are  used  in  preference  for  obtaining  this  oil,  and  they  afford  an  article  equally 
bland,  wholesome,  and  inodorous.  But  a  strongly-scented  oil  may  be  procured,  accord- 
ing to  M.  Planchi,  by  maceraiing  the  almonds  in  hot  water,  so  as  to  blanch  them, 
then  drying  them  in  a  store,  and  afterwards  subjecting  them  to  pressure.  The  volatile 
oil  of  almonds  is  obtained  by  distilling  the  marc  or  bitter-almond  coke  along  with 
water. 

Linseed,  Bapetwd,  and  Poppyseed  ChU. — The  seeds  of  these,  and  other  oleiferous 
seeds,  were  formerly  treated  for  the  extraction  of  their  oil,  by  pounding  in  hard  wooden 
mortars  with  pestles  shod  with  iron,  set  in  motion  by  cams  driren  by  a  shaft  turned 
with  horse-  or  water-power ;  then  the  triturated  seed  was  put  into  woollen  bags  which 
were  wrapped  up  in  hair-cloths,  and  squeezed  between  upright  wedges  in  press-boxes 
by  the  impulsion  of  vertical  rams  driven  also  by  a  cam  mechanism.  In  the  best  mills 
upon  the  old  construction,  the  cakes  obtained  by  this  first  wedge  pressure,  were  thrown 
upon  the  bed  of  an  edge-mill,  ground  anew,  and  subjected  to  a  second  pressure,  aided 
by  heat  now,  as  in  the  first  case.  These  mortars  and  press-boxes  constitute  what  are 
called  Dutch  mills.    They  ^xre  still  in  use  both  in  this  country  and  on  the  Continent, 

and  are  by  some  persons  thought  pre- 
ferable to  the  hydraulic  presses. 

The  roller-mill  for  merely  bruising 
the  linseed,  &c.,  previous  to  grinding 
it  under  edge-stones  and  to  heating  and 
crushing  it  in  a  Dutch  or  a  hydraulic 
oil-mill,  is  represented  in^«.  1567  and 
1 608.  The  iron  shaft,  a,  has  a  winch 
at  each  end,  with  a  heavy  fiy-wheel 
upon  the  one  of  them,  when  the  ma- 
chine is  to  be  worked  by  hand.  Upon 
the  opposite  end  is  a  pulley,  with  an 
endless  cord  which  passes  round  a 
pulley  on  the  end  of  tne  fluted  roller, 
o,  and  thereby  drives  it  This  fluted 
roller,  b,  lies  across  the  hopper,  c,  and 
by  its  agitation  causes  the  seeds  to 
descend  equally  throiigh  the  hopper, 
between  the  crushing  rollers,  d,  e. 
Upon  the  shaft,  a,  there  is  also  a  pinion 
which  works  into  two  toothed  wheels 
on  the  shafts  of  the  crushing  cylinders, 
d  and  «,  thus  communicating  to  these 
cylinders  motion  in  opposite  directions, 
f,  ff,  are  two  scraper-blades,  which  by 
means  of  the  two  weights,  h,  h,  hang- 
ing upon  levers,  are  pressed  against 
the  stufaces  of  the  cylinders,  and  re- 
move any  seed-cake  from  them.  The 
bruised  seeds  fall  through  the  slit,  i, 
of  the  case,  and  are  received  into  a 
chest  which  stands  upon  the  board,  k. 

Machines  of  this  kind  are  now  usually 
driven  by  steam-power.  Hydraulic 
presses  have  been  of  lato  years  intro- 
duced into  many  seed-oil  mills  in  this 
country;  but  it  is  still  a  matter  of 
dispute  whether  they  or  the  old  Dutch 
oil-mill,  with  bags  of  seed  compressed 
between  wedges,  driven  by  cam-stamps, 
bo  the  preferable ;  that  is,  afford  the  largest  product  of  oil  with  the  same  expenditure 
of  capital  and  power. 

This  bruising  of  the  seed  is  merely  a  preparation  for  its  proper  grinding,  under  a 
pair  of  heavy  edge-stones,  of  granite,  from  6  to  7  feet  in  diameter  ;  because  unbruisod 
seed  is  apt  to  slide  away  before  the  vertical  roUing-wheel,and  thus  escape  trituration. 
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The  edg«-mill,  for  grinding  soods,  is  represented  in  fig.  1569,    p  is  the  water-wheel, 
which  may  driTe  several  pairs  of  horizontal  bevel-wheels  working  in  ;,  ;,  and  turning 

1569 


the  shafts,  >,»;  t,  t,  two  horizontal  spor-wheela  fixed  to  the  nppet  part  of  the  vertical 
shafts,  and  driving  the  large  wheels,  u,  u.    To  the  shafts  of  these  latter  wheels  are 

1671  J.  1670 


fixed  the  mnners,  v,  v,  which  traverse  upon  the  bed-stone,  w,  to ;  x,  x,  are  the  curbs 
surrounding  the  bed-stone,  to  prevent  the  seeds  from  falling  off;  o,  is  the  scraper. 
Hill  A  represents  a  view,  and  mill  b,  a  section  of  the  bed-stone  and  curb.  Some  hoop 
the  stones  with  an  iron  rim,  but  others  prefer  the  rough  surface  of  granite,  and  dress 
it  from  time  to  time  with  hammers,  as  it  becomes  irregular.  These  stones  make  from 
30  to  36  rerolntions  upon  their  horizontal  bed  of  masonry  or  iron  in  a  minute.    Tha 
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centre  of  the  lied,  where  it  is  perforated  for  the  paesws  of  the  strong  vertical  shaft 
which  turns  the  stones,  is  enclosed  by  a  circular  box  of  cast  iron,  firmfy  bolted  to  the 
bed-stone,  and  famished  with  a  cover.  This  box  serves  to  prevent  any  seeds  or  powder 
getting  into  the  step  or  socket,  and  obstructing  the  movement.  The  circumference  of 
the  mill-bed  is  formed  of  an  upright  rim  of  oak-plank,  bound  with  iron.  There  is  a 
rectangular  notch  left  in  the  edge  of  the  bed  and  corresponding  port  of  the  rim,  which 
ia  usuallj  closed  with  a  slide-plate,  and  is  opened  only  at  the  end  of  the  operation,  to 
let  the  pasty  seed-cake  be  turned  out  by  the  oblique  arm  of  the  bottom  scraper.  The 
two  parallel  stones,  which  are  set  near  each  other,  and  travel  round  their  circular  path 
upon  the  bed,  grind  the  seeds  not  merely  by  their  weight,  of  three  tons  each,  but  also 
by  a  rubbing  motion,  or  attrition ;  because  their  periphery  being  not  conical,  but 
cylindrical,  by  its  rolling  upon  a  plane  snrface,  most  at  every  instant  turn  round  with 
friction  upon  their  resdng-points.  Strong  cast-iron  boxes  are  bolted  upon  the  centre 
of  the  stones,  which  by  means  of  screw  clamps  seize  firmly  the  horizontal  shafts  that 
traverse  and  drive  them,  by  passing  into  a  slit-groove  the  vertical  turning-shaft.  This 
groove  is  lined  with  strong  plates  of  steel,  which  wear  rapidly  by  the  friction,  aud 
need  to  be  frequently  renewed. 

The  following  are  drawings  of  the  wedge  or  Dutch  seed-crushing  machines. 
Fig.  1670,  front  elevation  of  the  wedge  seed-crushiiig  machine,  or  wedge-press.    Fig. 
1571)  section  in  the  line  xiotfig.  1672. 

1672 


ililil 


1678 


Pig.  1672,  hotisontal  section  in  the  line  tt,  of^.  1671. 

A,  A,  upright  guides,  or  framework  of  wood. 

B,  B,  side  gaide-rails. 

_  Dj  driving  stamper  of  wood,  which  presses  ont  the  oil;  c,  spring  stamper,  or  re« 
lieving  wedge,  to  permit  the  bag  to  be  taken  out  when  sufficiently  pressed.  B  is  the 
lifti^  shaft,  having  rollers,  6, 4, 4, 4,  fig.  1671,  which  lift  the  stampers  by  the  camf, 
«a.  j^.  1671.    F  is  the  shaft  from  the  power-engine,  on  which  the  hfteis  are  fixed. 

o  is  the  cast-iron  press-box,  in  which  the  bags  of  seed  are  placed  for  pressure  late- 
rally by  the  force  of  the  wedge. 
Otfip*- 1669  and  I67S ;  the  spring,  or  relieving  wedge. 
«,  lighter  rail ;  d,  lifting-rope  to  ditto. 
/>/./>  flooring  overhead. 
St  fig*'  1670,  and  1673 ;  the  back  iron,  or  end-plate  nunntely  perforated. 

A,  the  horse-hair  bags  (called  hairs), 
containing  the  flannel  bag,  charged  with 
seed;  «,  the  dam-block;  m,  the  spring 
wedge. 

Fig.  1672,  a,  upright  guides;  c  and  d, 
spring  and  driving  stampers;  e,  lifting 
roller;  f,  lifting-shaft;  a,  a,  cams  of 
stampers. 

Fig.  1673,  a  view  of  one  set  of  the 
wedge-boxes,  or  presses,  supposing  the 
front  of  them  to  be  removed :  o,  driving 
wedge ;  g,  back  iron ;  h,  hairs  ;  i,  dam- 
block  ;  k,  speering  or  oblique  block,  be- 
tween the  two   stampers ;    I,  ditto ;  n, 
ditto  ;  m,  spring  wedge. 
The  first  pressure  requires  only  a  dozen  blows  of  the  stamper,  after  which  the  pouches 
are  left  alone  for  a  few  minutes  till  the  oil  haa  had  time  to  flow  ont;  in  which  in- 
terval the  workmen  prepare  fresh  bags.    The  former  ate  then  unlocked,  by  making 
the  stamper  &11  npon  the  loosening  wedge  or  key,  m. 
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The  weight  of  the  stempen  is  usaallyftom  500  toOOOlbe.;  and  the  height  from 
which  they  fall  upon  the  wedges  is  from  16  to  21  inches. 

Saeh  a  mill  as  that  now  described  can  produce  a  pressure  of  from  60  to  75  tons 
npon  each  cake  of  the  following  dimensions: — 8  inches  in  the  broader  base,  7  inches 
in  the  narrower,  18  inches  in  the  height;  altogether  nearly  140  square  inches  in  sur- 
iace,  and  about  }  of  an  inch  thick. 

The  seeds  which  have  been  burst  between  the  rolls,  or  in  the  mortars  of  the  Butch 
mills,  are  to  be  spread  as  equally  as  possible,  by  a  shovel,  npon  the  circular  path  of 
the  edge-stones,  and  in  about  half  an  hour  the  charge  will  be  sufficiently  ground  into  a 
tHtste.  This  should  be  put  directly  into  the  press,  when  fine  cold-drawn  oil  is  wanted. 
But  in  general  the  paste  is  heated  before  being  subjected  to  the  pressure.  The  pressed 
cake  is  again  thrown  under  the  edge-stones,  and,  after  being  ground  the  second  time, 
should  be  exposed  to  a  heat  of  212°  Fahr.,  in  a  proper  pain,  called  a  steam-kettle,  before 
being  subjected  to  the  second  and  final  pressure  in  the  woollen  bags  and  hair-cloths. 

Fig.  1571  is  a  vertical  section  of  the  steam-kettle  of  Hallette,  and^.  157o  is  a  view 
of  the  seed-stirrer.  a,  is  the  wall  of  masonry,  upon  which,  and  the  iron  pillar  b,  the 
pan  is  supported.  It  is  enclosed  in  a  jacket,  for  admitting  steam  into  the  intermediate 
space  d,  a,  d,  at  its  sides  and  bottom ;  c,  is  the  middle  of  the  pan  in  which  the  shaft  of 
the  stirrer  is  planted  upright,  resting  by  its  lower  end  in  the  step  e ;  /,  is  an  opening, 
by  which  the  contents  of  the  pan  may  be  emptied ;  g,  is  an  orifice  into  which  the 
mouth  of  the  hair  or  worsted  bag  is  inserted,  in  order  to  receive  the  heated  seed,  when 
it  is  turned  out  by  the  rotation  of  the  stirrer  and  the  withdrawal  of  the  plug/ from 
the  discbarge  aperture  ;  h,  is  the  steam  induction  pipe ;  and  t,  the  eduction-pipe,  which 
serves  also  to  run  off  the  condensed  water. 

When,  in  the  course  of  a  few  minutes,  the  bruised  seeds  are  sufficiently  heated  in 
the  pans,  the  double  door/is  withdrawn,  and  they  are  received  in  the  bags  below  the 
aperture  g.  These  bags  are  made  of  strong  twilled  woollen  cloth,  woven  on  purpose. 
They  are  then  wrapped  in  a  hair-cloch,  lined  with  leather. 

The  hydraulic  oil-press  is  generally  double :  that  is,  it  has  two  vertical  rams  placed 
parallel  to  each  other,  so  that  while  one  side  is  under  pressure,  the  other  side  is  being 
discharged.  The  bags  of  heated  seed-paste  or  meal  are  pat  into  cast-iron  cases, 
which  are  piled  over  each  other  to  the  1574 

number  of  6  or  8,  upon  Uie  press-sill, 
and  subjected  to  a  force  of  300  or  400 
tons,  by  pumps  worked  with  a  steam- 
engine.  The  first  pump  has  usually  2 
or  2^  inches  diameter  for  a  ram  of  10 
inches,  and  the  second  pump  1  inch. 
Each  side  of  the  press,  in  a  well-going 
establishment,  should  work  38  lbs.  of 
seed-flour  every  5  minntes.  Such  a 
press  will  do  70  quarters  of  Unseed  in  (^-.„ — yj!^^..,.,; 
the  days'  work  of  one  week,  with  the  „    b1~l~" 

labour  of  one  man  at  20^.  and  three 
boys  at  5s  each;  and  will  require  a 
12-horse  power  to  work  it  well,  along 
with  the  rolls  and  the  edge-stones. 

The  apparatus  for  heating  the  seeds 
by  naked  fire,  as  used  in  Maudsley  and 
Field's  excellent  seed-crushing  mills,  on 
the  wedge  or  Dutch  plan,  is  represented 
in  thejigs.  1676,  1577, 1678,  and  1579. 

J!\g.  1576  is  an  elevation  or  side  view 
of  the  fire-place  of  a  naked  heater ; 
Jig.  1577  is  a  plan,  in  the  line  v  u  of 
^.  1576.  Fig.  1578  is  an  elevation 
and  section  parallel  to  the  line  tt  of 
Jig,  1677.    Fig.  1579  is  a  plan  of  the  fomace,  taken  above  the  grate  of  tile  fire-pkce. 

A,  flre-place  shut  at  top  by  the  cast-iron  plate  B ;  called  the  flre-plate. 

C  iron  ring-pan,  resting  on  the  plate  B,  for  holding  the  seeds,  which  ia  kept  in  its 
place  by  the  }nni  or  bolts  a. 

D,  funnels,  Britchm,  into  which  by  palling  the  ring-case  c,  by  the  handles  h  h,  the 
seeds  are  made  to  fall,  from  which  they  pass  into  bogs  stispended  to  the  hooks  e. 

M,fig.  1678,  the  stirrer,  which  prevents  the  seeds  from  being  burned  hy  continued 
contact  with  the  hot  plate.  It  is  attached  by  a  turning-joint  to  the  collar  f,  which 
tarns  with  the  shaft  e,  and  slides  up  and  down  upon  it.  h,  a  bevel  wheel,  in  gear  with 
the  bevel  wheel  i,  and  giving  motion  to  the  shaft  o. 
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K  (fy,  167fi)>  •  lever  for  lifting  np  the  agitator  or  stirrer  b.  e,  a  catch  for  holding  up 
the  lever  K,  trhen  it  has  been  raised  to  a  proper  height. 

A  patent  vas  taken  out  in  Hay  1849,  by  Messrs.  Bessemer  and  Heywood  for  a 
machine  to  be  used  for  expressing  oils  from  seeds.  Fig.  1680  is  a  drawing  of  it. 
The  bed-plate  of  framing,  a,  which  should  be  cast  in  one  piece,  forms,  at  <z<,  a  cistern 
for  the  reception  of  the  oily  matters  which  fall  therein  as  they  are  expressed.  At  the 
opposite  end  of  the  bed-plato  there  are  formed  projections  a\  in  wbidi  brasses,  b,  are 
fitted,  and  with  the  caps,  c,  form  bearings  for  the  crank-shaft,  d,  to  torn  in.    There 


a& 


IU79 


are  also  two  other  projectaons,  a*,  a*,  cast  on  to  the  bed-plats,  and  are  provided  with 
caps,  «,  in  a  similar  manner  to  the  caps  of  plommer-blocks.  These  caps  are  for  the 
purpose  of  retoining  firmly  in  its  place  the  pressing-cylinder,  /,  which  should  be 
made  of  tongh  gun-metal,  and  of  such  thickness  as  to  be  capable  of  withstanding  a 
considerable  amonnt  of  internal  pressure.  Within  the  cylinder,/,  is  fitted  a  lining, 
which  consists  of  a  gun-metal  tube,  n,  having  a  spiral  groove,  r,  cut  on  the  outside 
of  it,  and  presenting  the  appeuance  of  an  ordinary  squaie-thrboded  screw.  At  xerr 
short  intervals  all  along  the  spiral  groove  there  are  conical  holes,  «,  drilled  through 
the  tube  n,  and  communicating  with  the  interior  of  it  At  n'  the  inside  of  the  tube  is 
enlarged,  and  is  provided  wiUi  a  steel  collar,  t.  The  opposite  end  of  the  tube  at  »* 
is  reduced  in  diameter,  and  is  provided  extenally  with  a  gteel  collar,  «.    A  plain 
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cylinilriciil  bag,  -with  open  ends,  foimed  of  fustian,  haii'-dotb,  or  slmUarly  pervious 
material,  is  made  of  sooh  a  diameter  as  will  fit  closely  to  the  inside  of  the  tnbe  n ; 


and  Trithin  ilus  bag  is  placed  a  cylinder,  of  Tiire  ganze  or  finely-perfoiated  metal. 
The  steel  collar  t  is  forced  into  the  end  of  the  -wire  gauze,  by  which  it  becomes  driven 
into  the  recess  formed  at »',  and  is  secnrely  held  there  by  the  pressure  of  the  collar  /. 
The  bag  and  wire  gauze  are  then  tightly  stretched  over  the  end,  n*,  of  the  tube, 
and  the  collar  u  driven  tightly  on,  by  which  means  the  bag  and  wire  gauze  are 
securely  held  in  their  places.  The  lining-tube,  n,  is  then  put  into  the  ptessing- 
qrlinder  as  far  as  the  shoulder,  g.  A  tubular-piece,  h,  is  next  put  in,  and  brought 
into  contact  with  the  collar  u,  and  then  the  gland,  t,  is  screwed  home,  whereby  the 
lining  n  is  firmly  retained  within  the  pressing-cylinder.  The  end  of  the  pressing- 
cylinder  is  contracted  at  /',  and  forms  a  shoulder  for  the  abutment  of  the  collar  j, 
the  diameter  of  the  aperture  in  which  regulates  the  pressure  to  which  the  matters 
under  operation  tie  subjected.  Within  the  tube  n  there  is  fitted  a  solid  plunger,  h, 
which  receives  motion  from  the  crank  d  by  means  of  the  connecting-rod  I,  the  parallel 
motion  .being  obtained  by  the  wheels,  m,  on  the  cross-head,  traversing  on  the  side 
of  the  bed-plate  at  a*,  x  is  a  hopper  bolted  to  a  flange,  /',  on  the  pressing-cylinder, 
and  communicating  therewith.  There  is  also  an  opening  in  the  tube  n  at  n',  corre* 
sponding  with  the  opening  into  the  hopper,  so  that  any  materials  placed  in  the  hopper 
may  fall  into  the  tube  n,  when  the  plunger  k  is  withdrawn  from  beneath  the  opening. 
At  that  part  of  the  pressing-cylinder  which  is  occupied  by  the  '  lining,'  there  are 
drilled  numerons  small  holes,/',  which  communicate  at  various  points  with  the  spiral 
groove  in  the  tnbe  ».  On  the  outside  of  the  pressing-cylinder  there  are  formed  two 
collars,  /',/',  which  abut  against  the  projecting  pieces,  a*,  and  caps,  e,  and  cause 
the  pressing-cylinder  to  be  retained  firmly  in  its  place.  When  steam-power  is  to  be 
employed  to  give  motion  to  the  oil-press,  it  is  preferable  to  have  the  crank  which  is 
actuated  by  Uis  steam-piston  formed  on  the  end  df,  on  the  crank-shaft  of  the  oil-press, 
and  placed  at  such  an  angle  to  the  crank  d,  that  when  the  crank  d  is  pushing  the 
plunger  k  to  the  end  of  its  stroke,  the  steam-piston  will  be  at  the  naif-stroke, 
whereby  the  motive-power  applied  wUl  be  the  greatest  at  the  time  that  the  press 
offers  the  most  resistance ;  and  the  steam-piston  also,  when  passing  its  dead  points, 
will  have  to  overcome  the  friction  of  the  machinery  only,  as  the  plunger,  k,  will  be  in 
the  middle  of  its  back-stroke.  When  any  other  motive-power  is  applied  to  turn  the 
crank  (2,  it  will  be  necessary  to  put  a  fiy-wheel  on  the  shaft  d',  as  also  such  cog-wheels 
as  will  be  necessary  to  connect  it  with  the  first  mover.  When  this  apparatus  is  to  be 
employed  in  expressing  linseed-oil,  the  seed,  after  having  been  ground  and  treated  in 
the  way  now  commonly  practised,  is  put  into  the  hopper,  and,  motion  being  trans- 
mitted to  the  crank  in  the  manner  before  described,  Uie  plunger  k  will  commence  a 
reciprocating  movement  in  the  tube  n  of  the  pressing-cylinder.  £ach  time  that  it 
recedes  in  Uie  direction  of  the  crank  it  will  move  from  under  the  opening  in  the 
hopper,  and  allow  a  portion  of  the  seed  to  &11  into  the  tnbe,  while  the  reverse  motion 
of  the  plnnger  will  drive  it  towards  the  open  end  of  the  cylinder,  its  passage  being 
much  retarded  by  the  friction  against  the  sides  of  the  tube-lining,  but  chiefly  by  the 
contraction  of  the  escape-aperture  through  the  collar  j,  which  will  produce  a  con- 
siderable amount  of  resistance,  and  consequently  the  plunger  will  have  to  exert  an 
amount  of  pressure  upon  the  seed  in  proportion  as  the  escape-aperture  is  made  Inrgcr 
or  smaller.  The  collar,  j,  is  made  moveable,  and,  by  withdrawing  the  plunger  entirely 
from  the  tube,  it  can  be  exchanged  at  any  time  for  another  having  a  larger  or  smaller 
opening.  The  lining  may  at  any  time  be  removed  from  the  cylinder,  and  the  worn 
parts  removed  when  found  requisite.  The  action  of  the  plunger  is  somewhat  like  that 
of  the  plunger  of  an  hydraulic  press-pump,  the  seeds  being  pumped  in  at  one  end 
of  the  pressing-cylinder,  and  allowed  to  escape  at  the  other,  while  the  whole  of  the 
interior  of  the  pressing-cylinder  that  contains  seed  is  lined  with  hair-doth  or  other 
snitcble  pervious  material,  and,  that  it  may  be  protected  from  im'nry,  is  covered  with 
irire  gauze  or  finely-perforated  metaL    The  bag  is  thns  completely  defended  from 
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Trithin,  while  it  is  supported  at  every  part  by  the  tube  n,  on  the  ontside,  and  is  thus 
subjected  to  Tery  little  wear,  and  to  no  risk  of  bunting.  The  expressed  oil,  passing 
through  the  wire  gauzo  and  bag,  finds  its  way  through  a  perforation  into  the 
spiral  channel  r,  and  from  thence  it  finds  ready  egress  by  the  perforations  f  in  the 
pressing-cylinder,  and,  as  it  falls,  is  received  by  the  cistern  a',  from  which  it  can  be 
drawn  by  the  pipe  y. 

Two  or  more  presses  may  be  used  side  by  side,  actuated  either  by  one  crank-throw 
or  by  separate  throws  upon'  one  shaft,  placed  with  reference  to  each  other  in  sucli 
manner  as  greatly  to  equalise  the  amount  of  resistance  thronghout  the  revolution  of 
tiie  crank-dia^  Although  the  one  here  described  is  a  cylindrical  pressing-plnnger, 
an  angular  section  mny  be  given  to  the  pressing  vessel  and  plunger,  and  may  of  course 
be  used  to  express  oils  from  any  seeds  containing  them.  In  the  drawing  no  method 
is  shown  for  heating  the  seed-cake  to  be  subjected  to  pressure  therein ;  but,  as  it  is 
known  to  be  desirable  to  heat  some  matters  from  which  oil  is  to  be  expressed,  the 
following  method  is  described : — 

VHien  heat  is  to  be  applied  during  the  process  of  pressing,  it  is  desirable  to  make 
the  pressing-cylinder  of  somewhat  larger  diameter,  and  of  greater  length,  and  to 
divide  the  cistern  a'  into  two  separate  compartments,  over  both  of  which  the  pressing- 
cylinder  is  to  extend ;  a  strong  wrought-iron  tubs  is  to  enter  the  open  end  of  the 
pressing-cylinder,  and  to  extend  about  half-way  to  the  hopper,  where  it  terminates 
in  a  solid  pointed  end ;  this  tube  is  to  occupy  the  centre  of  the  pressing-cylinder, 
and  will  consequently  leave  an  annular  space  around  it,  which  will  be  occupied  by 
the  seed,  meal,  or  other  matters  under  operation.  Steam  is  let  into  this  iron  tube, 
and  its  temperature  thereby  raised  to  any  desired  point.  The  end  of  the  tube  which 
extends  beyond  the  pressing-cylinder  is  to  be  securely  attached  to  a  bracket  pro- 
jecting from  the  bed-plate,  so  that  it  may  be  firmljr  held  in  its  position,  notwithstand- 
ing the  force  exerted  against  the  pointed  end  of  it.  The  effect  of  this  arrangement 
will  be  that,  as  the  seed,  meal,  &c.,  fall  into  the  pressing-cylinder,  and  are  pushed 
forward  by  the  plunger,  they  will  give  out  a  portion  of  their  oil  in  chat  state  known 
as  cold-drawn,  which  will  fall  into  the  first  compartment  of  the  cistern  a'.     The 

further  progress  of  the  meal  along  the  pressing- 
cylinder  will  bring  it  in  contactwith  the  pointed  end 
of  the  heating-tube ;  hers  it  will  have  to  divide 
itself,  end  pass  alone  the  annular  space  between 
the  heating-tube  and  the  lining,  and,  being  thus 
spread  into  a  thin  cylindrical  layer  around  the  tube, 
it  will  readily  absorb  heat  therefrom,  when  a 
second  portion  of  oil  will  be  given  out,  and  re- 
ceived by  the  second  compartment  of  the  dstem ; 
and  thus  will  the  operations  of  cold-  and  hot- 
pressing  bo  carried  on  simultaneously. 

Bessemer  and  Haywood's  patent  also  mentions 
another  machine  for  the  expressien  of  oils  from  the 
seeds,  &c.  by  pressure  in  connection  with  water, 
or  water  rendered  slightly  alkaline.  A  sectional 
drawing  of  it  is  represented  in  fig.  1681.  A  is  a 
cast-iron  dstem,  having  semicircularends,  and  open 
on  the  upper  side.  At  one  end  of  it  is  fixed  a 
cylindrical  vessel,  b,  with  hemispherical  ends.  The 
vessel  is  of  considerable  strength,  and  should  be 
capable  of  withstanding  a  pressure  of  5,000  lbs.  to 
,  the  square  inch.  It  is  held  in  an  upright  position 
by  a  flange,  c,  formed  upon  it,  and  extending 
around  one-half  of  its  circumference.  This  flange 
rests  npon  a  similar  one  formed  around  the  upper 
~l  side  of  the  cistern,  a,  and  is  bolted  thereto.  At 
I  the  upper  part  of  the  vessel  b  is  formed  a  sort  of 
j  basin,  b',  the  edge  of  which  supports  an  arch- 
\  shaped  |nece  of  iron,  d.  At  the  centre  of  the  basin 
1  there  is  an  opening  into  the  vessel,  and  an  h3rdraulic 
/  enp-leather,  a,  is  secured  within  the  opening  by 
\  means  of  the  collar,  o.  In  the  bottom  of  the  vessel 
(  B  there  is  also  an  opening,  into  which  is  fitted  a 
^  eup-leather,  h,  secured  in  its  place  by  tlio  ring  J, 
which  is  firmly  bolted  to  the  vessel  b.  A  strong 
wrongfat-iron  rod,  x,  extends  from  the  top  of  the  arch  d,  down  throu^  the  vessel  v^ 
having  two  enlargements  or  bosses,  k',  k',  formed  npon  it,  which  are  fitted  to  the 
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cnp- leathers.  The  upper  part  of  rod  i  has  a  screw  formed  upon  it  at  v.',  yrhich 
passes  through  the  boss  d'  and  enters  the  hose  N,  in  which  a  screw-thread  is  formed. 
The  hogs,  a,  is  provided  with  handles,  p,  by  turning  which  the  rod  x  may  be  raised  or 
lowered  when  required,  k  is  a  pine,  through  which  water  may  be  injected  into  the 
vessel  A,  by  a.  force-pump,  such  as  is  generally  employed  to  work  hydraulic  presses, 
s  is  a  cock,  whereby  a  portion  of  the  contents  of  the  vessel  b  may  be  run  o6f,  and  the 
pressure  relieved  when  necessary.  The  two  bosses,  k'  and  k',  being  of  equal  area, 
whatever  pressure  may  be  exerted  within  the  vessel  B,  it  does  not  tend  to  raise  or 
lower  the  rod  k  ;  bnt  such  pressure,  acting  on  the  cup-leathers,  will  keep  the  joint 
tight,  and  prevent  the  matters  under  pressure  from  leaking  out  After  a  certain 
quantity  of  oil  or  oleaginous  m.itters  have  been  expressed  &om  vegetable  or  animal 
substances,  the  remaining  portions  which  they  contain  are  more  difficult  to  obtain, 
and  we  therefore  treat  the  oil,  in  combination  with  the  substances  in  which  it  is  con- 
tained, in  the  following  manner: — 

The  aforesaid  substances,  after  coming  &om  the  oil-press  or  mill,  are  mixed  witli 
as  much  warm  water,  or  water  slightly  impregnated  with  alkaline  matter,  as  will 
reduce  them  to  a  semi-fluid  state.  They  are  then  to  be  operated  on  in  the  apparatus 
last  described.  For  this  purpose  the  handles  f  p  are  turned  round,  and  the  boss  x* 
withdrawn  from  its  opening,  while  the  boss  x',  which  is  much  longer,  will  still  close 
the  lower  aperture.  The  semi-fluid  materials  are  then  put  into  the  basin  b',  and  fiill 
&om  thence  into  the  vessel  b  ;  when  it  is  tally  charged,  the  rod  x  is  again  lowered 
into  the  position  shown  in  the  figure.  Hie  communication  with  the  hydraulic  press- 
pump  is  then  made  by  means  of  a  cock  attached  to  the  pump,  from  which  the  water 
flows,  through  the  pipe  B,  into  the  vessel  b,  and  thus  with  a  few  strokes  of  the  pump 
the  whole  of  the  contents  of  the  vessel  b  will  be  subjected  to  the  requisite  pressure. 
An  interval  of  a  few  minutes  is  then  allowed  for  the  combination  of  the  oil  and  water, 
and  the  cock  s  is  then  opened,  and  a  small  portion  of  the  fluid  contents  of  the  vessel 
allowed  to  escape  into  the  dstem.  The  pressure  being  thus  relieved,  the  handles  p  p 
are  to  he  again  turned  so  as  to  lift  the  rod  x  sufficiently  high  to  withdraw  the  boss  x* 
from  the  lower  opening ;  the  contents  of  the  vessel  b  will  then  flow  out  into  the 
cistern  a,  and  the  boss  x*,  being  agun  lowered  so  as  to  close  the  lower  aperture, 
the  refilling  of  the  vessel  may  take  place  for  another  operation.  The  raessure  thus 
brought  upon  the  mixture  of  oleaginous  matters  and  water  will  cause  the  oil  therein 
contained  to  mix  with  the  water,  and  form  a  milky-looking  fluid,  from  which  the  oil 
may  be  afterwards  separated  from  the  water,  either  by  repose  in  large  vessels,  or  by 
enujorating  the  water  therefrom  by  heat.  When  the  oil  is  to  be  used  for  sosp- 
making,  and  some  other  purposes,  this  combination  of  oil  and  water  may  be  used 
without  such  separation.  When  seed-oil  is  thus  obtained,  the  mucilaginous  matters 
assist  in  combining  these  fluids.  After  the  materials  have  been  drawn  off  from  the 
cistern  a,  and  passed  through  a  strainer,  the  solid  portions  are  to  undergo  another 
pressing,  in  order  to  displace  Qie  remaimng  portion  of  their  fluid  contents.  In  some 
cases  it  will  be  found  adrantageons'to  boil  up  the  milky-looking  fluid  resulting  from 
the  operation  last  described,  in  order  to  coagulate  the  albuminous  portions,  and  other- 
wise assist  in  the  purification  of  the  oil. 

The  quantities  of  oil  produced  by  the  various  seeds  vary  greatly,  and  also  different 
samples  of  the  same  kind  of  seed. 

The  following  notes  of  Mr.  £.  Woolsey,  and  his  remarks  npon  the  subject  of  seed- 
crushing,  will  be  valuable : — 

'The  chief  point  of  diffb«nce  depends  upon  the  quality  of  seed  employed.  Heavy 
seed  will  yield  meet  oil ;  and  seed  ripened  under  a  hot  sun,  and  where  the  flax  is  not 
gathered  too  green;  is  the  best.  The  weight  of  linseed  varies  from  48  lbs.  to  52  lbs. 
per  imperial  ^shel ;  probably  a  very  feir  average  is  49  lbs,,  or  392  lbs.  per  imperial 
quarter.  I  inspected  one  of  the  seM-crushefs  books,  and  the  average  of  15  trials  of 
a  quarter  each  of  different  seeds  in  the  season  averaged  14}  gallons  of  7}  lbs.  each ; 
say,  109  lbs.  of  oil  per  quarter.  The  crusher,  who  uses  only  the  hydraulic  press,  and 
one  pressing,  informed  me  that 

Archangel  seed  will  yield  firom  .        .        .    16  to  16  gals,  (of  7|  lbs.  each). 

Best  Odessa 18  and  even  19  „  n 

Good  crushing  seed 16}        „  „ 

Low  seed,  such  as  weighs  48  lbs.  per  bushel       .18}        „  „ 

*  The  avetago  of  the  seed  he  has  worked,  which  he  represents  to  be  of  an  inferior 
quality,  for  tm  sake  of  its  cheapness,  yields  14)  gallons  per  quarter.  I  had  som;) 
Amencan  seed  which  weighed  62^  lbs.  per  imperial  bushel,  ground  and  pressed 
under  my  own  observation,  and  it  gave  me  111  lbs.  of  oil ;  that  is  to  say,  418  lbs.  of 
seed  gave  111  lbs.  of  oil  =  26^  per  cent  A  friend  of  mine,  who  is  a  London  crusher, 
told  me  the  oil  varied  according  to  the  seed  from  14  to  17  gallons ;  and  when  yon  con* 
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sider  the  relathre  value  of  seeds,  and  remember  tliat  oil  and  eab)  from  any  kind  of  seed 
is  of  the  lame  value,  it  iriU  be  apparent  that  the  yield  is  reiy  difieient ;  for  example, 

T«i    OS  1  aia  f  ^s^  India  linseed  worth          .        .    62s.  per  qnartsr. 
i^L  „f  \IJ'  I  Petersburg  Unseed  .        .        .  48».  to  62*.        „ 
pnces  of  seed,  I  03^ 62*.        „ 

The  difference  of  4*.  must  be  paid  for  in  the  quantity  of  oil  which  at  38*.  6d.  per  cwt 
(tiie  then  price)  requires  about  11)  lbs.  more  oil  expressed  to  pay  for  the  difference  in 
the  market  value  of  the  linseed.  Another  London  crusher  informed  me  that  East 
India  linseed  trill  produce  17  gallons,  and  he  seemed  to  think  that  that  was  the  ex- 
treme quantity  that  could  be  expressed  from  aay  aeed.  The  average  of  last  year's 
Sossian  seed  should  be  about  14  gallons ;  Sicilian  seed,  16  gallons. 
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'  Bapt-mi — I  have  not  turned  my  attention  to  tlie  quantity  of  oil  exbacted  from 
this  sMd  ;  but  a  French  crusher  (H.  Geremboret),  on  whom,  I  Uunk,  one  may  place 
considerable  dependence,  told  me,  that 

3}  lbs.  of  best  Cambray  rape-seed  yielded  .        .    1  lb.  of  oil. 
8f      „     common  rape-seed      .        .        .        ,    1      „ 
4i      »  »       poppy-seed    .       ,       .       .    1      „ 

'  Bape-seed  yields  from  62  lbs.  to  66  lbs.  per  imperial  bushel.' 

The  following  Table  shows  the  quantity  of  oils  obtained  from  some  seeds,  fruits,  &c. : — 


100  parts  of  each 

Oil  per  cent. 

100  parts  of  each 

Oil  per  cent. 

Walnuts    .... 

40  to  70 

Wild  mustard  seed    . 

30 

Castor-oil  seeds . 

62 

Camelina  seed   .        .        . 

28 

Hazel  nuts         ,        . 

60 

Weld  seed.        .        .        . 

29  to  36 

(Jarden  cress  seed 

56  to  68 

Oourd  seed 

25 

Sweet  almonds  . 

40  to  54 

Lemon  seed       .        .        . 

26 

Bitter  almonds  . 

28  to  46 

Onocardium     acanthe,     or 

Poppy  seeds 

66  to  63 

bear's  foot      .        .        . 

26 

Oily  radish  seed 

60 

Hemp  seed 

14  to  25 

Sesamum  (jugoline)   . 

60 

Linseed     .... 

11  to  22 

Ijme-tree  seeds . 

48- 

•  Black  mustard  seed   . 

15 

Cabbage  seed.    . 

30  to  39 

Beech  mast 

16  to  17 

White  mustard  . 

36  to  88 

Sunflower  seeds . 

15 

Bape,  colewort,  and  Swedish 

Stramonium,  or  thornapple. 

turmp  seeds  . 

33-6 

seeds     .... 

16 

Plum  kernels     . 

33-3 

Giape-stones      , 

14  to  22 

Colza  seed .... 

36  to  40 

Horse-chestnuts 

1-2  to  8 

Bape  seed .... 

30  to  36 

St.  Julian  plum. 

18 

Euphorbium  (spurge  seed) 

30 
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To  obtain  the  above  proportions  of  oil,  the  ftnits  mnst  be  all  of  good  quality, 
deprived  of  their  pods,  coats,  or  mtoUicra,  and  of  all  tlie  parta  destitute  of  oil. 

Purification  of  OUt. — Aa  the  oils  are  obtained  &om  the  mills  they  generally  contun 
some  albuminous  and  mucilaginous  matter,  and  some  other  imparities  which  require 
to  be  lemored  in  order  to  render  the  oil  perfectly  clear  and  fit  for  burning,  Sx. 
Sevenil  processes  hare  been  proposed  for  this  purpose,  but  the  one  most  generally  used 
is  that  known  as  Thinard's  process. 

Althouch  concentrated  sulphuric  acid  acts  so  ctrongly  on  the  oils,  it  is  found  that, 
when  added  only  in  small  qunntltics,  it  attacks  principally  the  impurities  first. 
Thinard's  process  consists  in  adding  gradually  1  or  2  per  cent  of  sulphuric  add  to 
the  oil,  previously  heated  to  100",  and  well  mixing  them  by  constant  agitation.  To 
e&ct  this  the  process  may  be  carried  on  in  a  barrel  fixed  on  an  axis  and  kept  ro- 
Tolving,  or  in  a  barrel  which  is  itself  immoveable,  but  having  fixed  on  its  axis  a 
moveable  fan.  After  the  action  of  the  acid  is  complete,  which  is  known  by  the  oil, 
after  24  hours'  rest,  appearing  as  a  clear  liquid,  holding  fiocculent  matter  in  sus- 
pension, there  is  added  to  it  a  quantity  of  water,  heated  to  140°,  equal  to  about  two- 
thirds  of  the  oil ;  this  mixture  is  well  agitated  until  it  acquires  a  milky  appearance. 
It  is  then  allowed  to  settle,  when,  ^fter  a  few  days,  the  clarified  oil  will  nse  to  the 
sorfiwe,  while  the  fiocculent  matter  will  have  &llen  to  the  bottom  of  the  acid  liquid. 
The  oil  may  then  bo  drawn  ofi^  but  requires  to  be  filtered  to  make  it  perfectly  clear. 
The  filtration  is  always  a  difficult  matter,  and  is  conducted  in  various  ways.  It  is 
sometimes  placed  in  tubs,  in  the  bottom  of  which  there  are  conical  holes  filled  with 
cotton,  but  the  holes  become  speedily  choked  with  solid  matters.  Another  and  more 
speedy  process  is  by  the  means  of  a  oisplacing-funnel,  the  apertures  in  the  diaphragm 
Ming  stopped  with  cotton. 

Several  patents  have  been  taken  out  for  the  purification  of  oils ;  some  passing  hot 
air  through  the  oil  while  at  the  same  time  exposed  to  the  action  of  light ;  o&ers, 
passing  steam  through  the  oil. 

C!ogan's  process  is  a  combination  of  the  latter  with  Thinard's.  He  operates  upon 
about  100  gallons  of  oil,  and  for  this  quantity  he  uses  about  10  lbs.  of  sulphuric  add, 
which  he  dilutes  previously  with  an  equal  bulk  of  water.  This  acid  mixture  is 
added  to  the  oil,  placed  in  a  suitable  vessel,  in  three  parts,  the  oil  being  well  stirred 
for  about  an  hour  between  each  addition.  It  is  then  stirred  for  2  or  3  hours,  in 
Older  to  ensure  a  perfect  mixture,  and  thus  let  every  particle  of  the  oil  be  acted  on 
by  the  acid.  It  then  has  assumed  a  very  dark  colour.  After  being  allowed  to  stand 
for  12  hours,  it  is  transferred  to  a  copper  boiler,  in  the  bottom  <d  which  are  holes, 
through  which  steam  is  admitted,  and,  passing  in  a  finely-divided  state  through  the 
oil,  raises  it  to  the  temperature  of  212°.  This  steam  process  is  carried  on  for  6  or 
7  hours  ;  the  oil  is  then  transferred  to  a  cooler,  having  the  shape  of  an  inverted  cone, 
terminating  in  a  short  pipe,  provided  with  a  stop-cock,  insertea  in  its  side  a  little  dis- 
tance from  the  bottom.  After  being  allowed  to  stand  till  the  liquids  are  separated, 
which  generally  takes  about  12  honrs,  the  add  liquor  is  drawn  off  through  the  pipe 
at  the  bottom,  and  the  clear  oil  by  the  stop-cock  in  the  side  of  the  cooler ;  all  below 
this  tap  is  generally  turbid,  and  is  clarified  by  subsidence,  or  mixed  with  the  next 
portion  of  oil. 

Sometimes  an  infusion  of  nut-galls  is  used  to  separate  the  impurities,  the  tannic 
add  contained  in  which  renders  ue  impurities  less  soluble ;  the  infusion  is  well  mixed 
with  the  oil  by  agitation,  and,  after  separating  the  two  liquids,  the  oil  is  deprived  of 
any  tannic  add  it  may  have  retained,  by  treating  it  with  acetate  of  lead,  or  sulphate 
of  zinc.  When  the  oil  is  to  b«  used  for  machinery  it  must  be  dried  by  treatment  with 
freshly-caldned  sulphate  of  lime,  or  carbonate  of  soda. 

OXNEBAI.  RbIUBXS  ON  THE  NoK-SBTDCQ  OiLS. 

Otite  OH. — Few  vegetables  have  been  so  repeatedly  noticed  and  so  enthusiastically 
described  by  the  andent  writers  as  the  olive  tree.  The  preserved  or  pickled  diva 
are  the  green,  unripe  ttvai  deprived  of  part  of  their  bitterness  by  soaking  them  in 
water,  and  then  preserved  in  an  aromatised  solution  of  salt.  There  are  several 
varieties  met  with  in  commerce,  but  the  most  common  are  tbe  »fnaU  Frenok  or  Prownee 
olive  and  the  large  Spanish  olive.  When  ripe  the  fruit  abounds  in  a  bland  fixed  oil, 
which  is  an  unctuous  fluid,  of  a  pale  yellow  or  greenish  yellow  colour,  with  scarcely 
any  smell  and  a  bland  and  mild  taste.  In  cold  weather  it  deposits  white  fatty  globules 
(a  combination  of  oleine  and  margarine).  Pure  olive  oil  has  less  tendency  to  become 
randd  than  most  other  fixed  oils,  but  the  second  qualities  rapidly  become  landd, 
owing  probably  to  some  foreign  matters.  It  is  not  a  drying  oil,  and  is  less  apt  to 
thicken  by  exposure  to  the  air,  and  for  this  reason  is  preferrod  for  greasing  delicate 
machioery  and  clock-work.    Brande  described  a  process  for  preparing  it  for  these 
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Utter  purposes.  The  oil  ia  lobjected  to  cold,  -when  it  prindpally  BoUdifles ;  the 
portion,  however,  vbich  still  remains  liquid  is  poured  off  from  toe  solid  portion.  A. 
piece  of  sheet-lead,  or  soma  shot,  are  then  placed  in  it,  and  it  is  ezpoaed  in  a  eoAed 
phial  to  the  action  of  sunshine.  A  white  matter  ^fradually  separates,  after  which  the 
oil  becomes  dear  and  colourless,  and  is  fit  for  use.  Some  oil  prepared  by  this  pro- 
cess kept  its  consistence  rery  well  for  four  of  Ato  years  while  in  a  stoppered  bottle, 
but  when  exposed  to  the  atmosphere  it  began  to  thicken,  and  did  not  answer  so  wall 
as  was  expected  by  the  watchmaker  who  tried  it,  from  its  appesranee  before  ei^osnre 
to  the  air. 

The  principal  otgeet  in  the  process  appears  to  be  to  grt  as  pure  oleine  as  posnbla^ 
bat  the  purer  the  oleine  the  more  likely  is  it  to  become  thick.  According  to 
Earwych,  oleine  of  singular  beauty  may  be  obtained  by  mixing  two  parts  of  olire  oil 
with  one  part  of  caustic  soda-lye,  and  macerating  the  mixture  for  twenty -four  hours 
with  frequent  agitation.  Weak  alcohol  must  then  be  poured  into  it,  to  dissolve  the 
margarine  soap,  whereby  the  oleine,  which  remains  unsaponified,  is  sefiarated,  and 
floats  on  the  sucCftce  of  the  liquid.  This  being  drawn  aS^  a  fresh  quantity  of  spirit  is 
added,  till  the  separation  of  the  oleine  be  complete. 

It  has  a  slightly  yellowish  tint,  wiiich  may  be  removed  by  digesting  with  a  little 
animal  charcoal  in  a  warm  place  for  twenty-four  hours.  By  subsequent  filtration, 
the  oleine  is  obtained  limpid  and  colourless,  and  of  such  quality  that  it  does  not 
thicken  with  the  greatest  cold,  nor  does  it  atbct  either  iron  or  copper  instruments 
immersed  in  it  There  are  four  different  kinds  of  olive  oil  known  in  the  districts 
where  it  is  prepared : — I.  Ftryiaioil;  2.  Ordinary  oil  {huilt  ordinaire) ;  3,  Oil  of  the 
il^»m<U  lYtfioau  {kuiU  ienfer) ;  4.  Oil  prenued  hj  femuutatiou. 

1.  Virym  oil. — In  the  district  Montpellier  ijiey  apply  the  term  virym  oil  to  that 
which  spontaneously  separates  from  the  paste  of  crushed  olives.  This  oil  is  not  met 
with  in  commerce,  being  all  used  by  the  inhabitants  of  the  district,  either  as  an 
emollient  remedy,  or  for  oiling  the  works  of  watches.  In  the  district  of  Aiz  they 
give  the  name  vi>ytn  oil  to  that  which  is  first  obtained  from  the  olivea  ground  to  a 
paste  in  a  mill,  and  submitted  to  a  slight  pressure  two  or  three  days  after  collecting 
the  trait  Thus,  there  is  no  virgin  <nl  brought  ttom  Montpellier,  but  a  good  deal  of 
it  is  brought  from  Aiz. 

2.  Ordinary  oil. — In  the  district  of  llontoellier,  this  oil  is  prepared  by  pressing  the 
olives,  previously  crushed  and  mixed  with  boiling  water.  At  Aix,  the  onlinary  oil  is 
made  firom  the  olivrs  which  have  been  used  for  obtaining;  the  virgin  oil.  The  paste, 
which  has  been  previously  pressed,  is  broken  up,  a  certain  quantity  of  boiling  water 
is  poured  over  it,  and  it  is  then  agiun  submitted  to  the  press.  By  this  second  ex- 
pressioD,  in  which  more  pressure  is  applied  than  in  the  previous  one,  an  oil  is  ob- 
tained somewliat  inferior  in  quality  to  Uie  virgin  oil.  The  oil  is  separated  from  the 
water  in  a  few  hours  after  the  opeiation. 

8.  Oil  of  the  infernal  regions  (kuile  d^m/er). — The  water  which  has  been  employed 
in  the  preceding  operation  is,  in  some  districts,  conducted  into  laige  reservoirs, 
called  the  ii{fernal  regions,  where  it  is  left  for  many  days.  During  this  period,  any 
oil  that  might  have  remained  mixed  with  the  water  separates,  and  c(^e(^  on  the 
Bur&ce.  This  oil  being  very  inferior  in  quality,  is  only  fit  for  burning  in  lamps,  for 
which  it  answers  very  well.    It  is  sometimes  called  lamp  oil. 

4.  Fermented  oil  {kuile  fermentie), — ^This  is  obtained  in  the  two  above-named  dis- 
tricts, by  learing  the  fresh  olives  in  heaps  for  some  time,  and  pouring  boiling  water 
over  them  before  pressing  the  oil.  But  this  method  is  very  seldom  put  in  practice, 
for  the  olives  during  the  fermentation  lose  their  peculiar  flavour,  become  much 
heated,  and  acquire  a  musty  taste,  which  is  communicated  to  the  oil. 

The  fruity  flavour  of  the  oil  depends  upon  the  quality  of  the  olivea  from  which  it 
has  been  pressed,  and  not  upon  the  method  adopted  in  its  preparation. 

When  olive  oil  is  mixed  with  nitrota  acid  or  nitrate  (^mercury,  it  solidifles  after 
some  time,  and  forms  a  solid  &t,  of  a  light  yellow  colour,  which  is  called  eUaidine.  It 
is  the  oleine  of  the  oil  that  is  affected,  and  appears  to  undergo  a  molecular  change,  for 
the  daidine  is  said  to  have  the  same  ultimate  composition  as  oleine  itself. 

Olive  oil  is  used  as  food  and  in  salads,  hence  it  is  often  called  »(Uad  oil. 

Oil  of  Almonds. — The  tree  {Amygdalus  communis')  which  yields  the  almond  is  a 
native  of  Syria  and  Barbary,  but  is  now  abundant  throughout  the  south  of  Europe, 
and  grows  even  in  England,  though  here  the  fiTiit  seldom  ripens.  The  oil  is  ob- 
tained by  expression  from  the  bitter  or  sweet  almonds,  but  most  generally  from  the 
former,  from  the  fact  of  their  being  cheaper,  and  the  residual  cake  bring  more 
valnaUe,  3nelding  by  distillation  witii  water  the  essential  oil  of  almonds ;  when  the 
presence  of  water  is  carefully  avoided,  the  oil  obtained  from  them  is  quite  as  good  as 
that  obtained  from  the  sweet  almonds ;  but  when  water  is  present  with  the  almonds, 
aa  would  be  the  case  if  they  were  deprived  cf  their  sldns  hy  maceration  in  water,  the 
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oil  -vronld  pomew  a  more  or  less  aerid  taste.  Th«  aveiage  prodnce  is  bom  48  to  52  lbs. 
from  1  cwt.  of  almonds  (Pereira).  When  recently  expressed  it  is  torbid,  but  by 
rest  and  filtration  becomes  perfectly  tiansporent.  It  possesses  generally  a  slight 
yellow  colaar,  -which  beoimes  considerably  paler  by  espoeare  to  sunshine.  It  has  a 
mild  bland  taste,  and  little  or  no  odonr.  It  is  less  easily  congealed  by  cold  than  olire 
oil.  It  speedily  becomes  rancid,  and  should  be  kept  in  well-stoppered  bottles.  It  is 
soluble  iu  26  ^larts  of  cold  alcohol,  and  in  6  parts  of  boiling  alcohol,  and  mixes  in  all 
proportions  with  ether.  It  is  used  for  the  same  purposes  as  olive  oil,  in  medicine,  &c. ; 
it  is  nutiitiaaa,  bnt  difficult  of  digestion ;  it  is  often  used  mixed  with  gum  or  yolk-^- 
egg  as  an  emulsion. 

Almond  oil  is  sometimes  adulterated  with  olive  oil,  poppy,  and  teel  oil ;  and  some 
commercial  samples  of  oil  seem  to  be  only  olive,  mixed  with  a  little  almond  oil. 

Teel  Oil,  or  Oil  of  Bttamum. — The  seeds  which  yield  this  oil  are  obtained  from  the 
Betanaiim  orientate,  and  are  much  esteemed  in  South  Carolina,  where  they  are  called 
oily  grain,  and  are  made  into  soups  and  puddings,  like  rice.  The  fresh  seeds  yield  a 
warm  pungent  oil,  yhich  loses  its  pungency  after  a  year  or  two,  and  is  then  used  for 
salad :  it  is  often  mixed  with  olive  oil  for  soaps,  && 

Oil  of  Behta  or  Beii. — This  oil  is  obtained  by  expression  from  the  seeds  of  a  plant 
{Morinaa  aptera)  indigenous  to  Arabia  and  Syria,  and  cultivated  in  the  West  Indies. 

Baeh  Ou. — ^The  nut  of  the  Famu  iyleatica  yields  two  kinds  of  oil,  one  a  turbid  oil, 
and  the  other  a  clear  oil,  slightly  yellow,  and  very  thick ;  it  is  used  in  France  in 
cooking,  also  for  illuminating  purposes;  and  the  poor  of  Silesia  use  it  instead  of 
butter. 

Oil  of  Mustard. — The  seeds  of  the  white  mnstard  (Sinapis  alba)  yield  about  36  per 
cent,  (df  a  yellow  fatty  oil,  that  does  not  solidify  by  cold.  The  seeds  of  the  Anopis 
niffra  yield  about  18  per  cent  of  a  similar  oil. 

'  Rape-tetd  OU  is  expressed  from  the  seeds  of  various  kinds  of  Brauiea  ;  the  seeds 
are  used  when  quite  dry,  bung  often  submitted  to  heat  to  coagulate  the  albumen. 
The  oil  requires  eonsidersble  purification  before  it  is  fit  for  use.  There  are  various 
methods  of  purifying  the  oil.  Thinard's  process,  before  mentioned,  serves  well ;  Br. 
Budolph  Wsgner  found  a  solution  of  chloride  of  zinc  an  advantageous  substitute  for 
sulphuric  acid  in  the  clarification  of  the  oil ;  Dentsch  recommends  subjecting  the  oil 
to  heat  until  it  begins  to  decompose,  and  then  keeping  it  in  a  gentle  state  of  ebullition 
for  a  few  hours ;  a  scnm  forms  and  separates,  and,  after  a  few  days'  rest,  the  oil  is  fit 
far  nse.  Warbnrton  agitates  the  oil  with  a  certain  quantity  of  a  solution  of  caustic 
soda,  which  dissolves  the  impurities;  these  separating  with  the  small  quantity  of 
soap  formed,  the  oil  is  afterwards  washed  with  water.  English  lape-seed  yields  the 
beet  oil ;  it  is  used  for  illuminating,  for  the  mannfactore  of  soap,  for  oiling  woollen 
stofi  in  the  process  of  manufisctnie,  in  the  preparation  of  leather,  and  for  lubricating 
machinery. 

Butter  of  Cacao  is  prepared  from  the  cacao-nut,  the  seed  of  the  Xheobroma  eaeao. 

Phim-kemd  Oil. — An  oil  expressed  from  the  kernel  of  the  Pmuua  donatiea,  re- 
sembling the  oil  of  sweet  almonds. 

The  Coooa-iaU  oil  of  commerce  is  obtained  from  the  kernel  of  the  nut  of  the  Cocoe 
nuo^era.  Sec.  It  is  a  white  solid,  possessing  a  peculiar  odonr  and  a  mild  taste.  It  is 
composed  principally  of  a  peculiar  fttt,  eoeinine,  and  a  small  quantity  of  oleine ;  it 
speedily  becomes  rancid.  It  is  employed  in  the  manu&cture  of  caudles  and  soap ; 
it  makes  a  good  marine  soap  that  will  lather  with  sea-water ;  in  Ceylon  it  is  used  as 
a  pomatum.  There  is  another  oil  expressed  from  the  bark  of  the  same  trees,  and  used 
by  the  Cingalese  as  an  ointment  in  cutaneous  diseases. 

Laurel  Oil,  known  also  as  oil  of  Bag,  is  obtained  £rom  the  berries  of  the  Laurus 
nobilii.    See  Laubbl  On. 

Graund-Nut_  Oil. — This  is  obtained  from  the  fruit  of  the  ground-nut  plant  {Araehit 
hgpogaa).  Avoiding  to  Dr.  Buchner  this  plant  belongs  to  the  Ltguminota,  and  the 
fruit  is  a  netted  yellowish-grey  pod,  of  from  1  to  3  inches  long,  and  4  to  9  lines 
thick,  in  which  are  contained  two  or  three  brownish-red  ovate  seeds,  of  the  size  of 
a  small  hazel-nut.  Their  parenchyma  is  white,  veiy  nutritious  and  oily ;  on  which 
account  the  AracAii,  which  is  indigenous  to  the  trojncal  parts  of  America,  has  been 
transplanted  to  Asia  and  Africa,  and  even  to  the  south  of  Europe,  and  is  in  that 
climate  frequently  cultivated  and  employed  for  the  manu&ctnre  of  the  oil.  The  oily 
seeds  possess  a  sweet  taste,  somewhat  like  that  of  haricot  beans,  and  are  used  in 
tropical  climates  partly  raw,  and  partly  prepared  into  a  sort  of  chocolate,  which,  how- 
ever, is  not  equal  to  that  prepared  from  cacao.  The  oil  is  employed  for  the  same 
purposes  as  olive  oil.  It  is  of  a  somewhat  greenish  colour ;  and  has  a  specific  gravity 
of  0-9163  at  60°  Fahr. 

Colia  Oil.    See  Colza. 

Piu^  li^ow.—THdB  is  prepared  from  the  frnit  of  the  Vattria  Indiea,  a  tree  which 
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grovs  in  Malftbar.  It  is  obtained  by  b<nliiig  the  fiuit  irith  water,  and  collecting  the 
fat  vhicb  rises  to  the  surface.  It  is  white,  greasy  to  the  touch,  and  of  an  agreeable 
odour.  Ite  fosing-point  is  at  about  95°  ;  its  specific  gravity  at  59°  is  0'926,  and  at 
B5°,  0-896o.  It  answers  well  for  the  manufacture  of  soap  and  candles ;  but  is  little 
known  in  this  country. 

Spindle-tree  Oil. — The  oil  of  the  spindle-tree  (Euont/mu$  Europaut),  is  yellowish, 
rather  thick,  with  the  odour  of  colza  oil,  of  a  bitter  and  acrid  tast«.  It  is  solid  at 
6°  Fahr. 

'  Butter  of  Nutmtge, — This  is  conunonly  known  in  the  shops  as  axprttttd  oU  of  mace, 
and  is  prepared  by  beating  the  nutmegs  to  a  paste,  placing  them  in  a  bag  and  ex- 
posing them  to  steam,  and  afterwards  pressing  between  heat«d  plates.  It  is  imported 
in  oblong  cakes  (covered  by  some  leaves),  which  have  the  shape  of  common  bricks, 
only  smaller.  It  is  of  an  orange  colour,  firm  consistence,  fragrant  odour,  like  that  of 
nutmegs.  The  genuine  article  may  be  known  by  being  soluble  in  four  times  its 
weight  of  boiling  alcohol,  or  half  thiat  quantity  of  boiling  ether.  Its  principal  lue  is 
in  medicine.    It  must  not  be  confounded  with  estmtial  ou  of  mace. 

The  Dbtiho  Oils. 

lAnaetd  OU. — ^The  oil  is  obtained  by  expression  from  the  seeds  of  the  common 
flax  {Linum  utitatietimum),  either  with  or  without  the  aid  of  hent ;  the  latter,  being 
known  as  cold-drawn  linseed  oil,  is  better  than  that  expressed  by  heat. 

IjDseed  oil  is  eaeily  saponified,  yielding  a  mixture  of  oleate  and  margarata  of  tlio 
alkali,  and  a  large  quantity  of  glycerine. 

It  is  acted  on  npidly  by  nitric  acid,  prodndng  maigaric  acid,  pimelic  add,  and 
some  oxalic  acid. 

Chlorine  and  bromine  act  on  it,  yielding  thick,  coloured  producta:  when  linseed 
oil  is  heated  in  a  retort  it  gives  oS)  before  entering  into  ebullition,  large  quantities 
of  white  vapours,  which  condense  to  a  limpid,  colourless  oil,  possessing  the  odour  of 
new  bread.  As  soon  as  the  ebullition  commences  these  vapours  cease ;  the  oil  froths 
up,  and  at  length  there  is  left  a  thick  gelatinous  residue,  very  much  resembling  caout- 
cbooe. 

The  prindpal  use  of  linseed  oil  is  in  making  paints  and  varnishes.  It  attracts 
oxygon  rapidly  from  the  air  and  solidifies,  and  this  property  is  what  renders  it  so 
valuiiblo  for  uese  purposes  :  it  is  the  most  useful  of  all  the  drying  oils.  The  small 
quantities  of  vegetable-albumen  and  mucilage  which  the  oil  naturally  contains  appear, 
according  to  Liebig,  to  impair  to  a  certain  extent  its  drying  qualities,  and  the  real 
object  wbicli  is  obtained  by  boiling  these  oils  with  Iithargi>,  or  acetate  of  lead  and 
litbarge,  is  the  removal  of  these  substances ;  the  oil  then  being  brought  more  directly 
in  contact  with  the  oxygen  of  the  atmosphere,  dries  up  more  rapidly.  It  was  pre- 
viously thought  that  some  of  the  litharge  was  reduced  to  metallic  lead,  oxidising  at 
■  the  same  time  some  of  the  linoleine ;  but  Liebig's  opinion  seems  to  be  more  likely  to 
be  correct.  The  boiling  of  the  oil  requires  some  little  care.  A  few  hundredths  of 
litharge  is  added  to  the  oil,  or  some  use  acetate  of  lead  and  litharge,  and,  as  before 
stated,  about  an  eighth  part  of  resin  ;  this  is  boiled  with  the  oil,  the  scum  removed  as 
it  forms,  and,  when  the  oil  has  acquired  a  reddish  colour,  the  source  of  heat  is  re- 
moved, and  the  oil  allowed  to  clarify  by  repose.  Liebig  thinks  heat  is  not  necessary, 
and  his  process  for  treating  the  drying  oils,  in  order  to  increase  their  siccative  pro- 
perties, haa  already  been  mentioned.  According  to  MM.  E.  Barruel  and  Jean,  the 
resinification  of  the  drying  oils  may  be  efibctad  by  the  smallest  quantities  of  certain 
substances,  which  would  act  in  the  manner  of  ferments.  The  borate  of  m.ingnnrse 
acts  in  this  way  ;  a  thousandth  part  of  this  salt  being  sufficient  to  determine  the  mpid 
desiccation  of  these  oils. 

Linseed  oil  is  used  in  the  manufacture  of  printer's  ink.  Being  heated  in  a  vessel 
until  it  takes  fire,  it  is  allowed  to  bum  some  time,  then  it  is  tightly  covered ;  and 
subsequently  mixed  with  about  one-sixth  of  its  weight  of  lamp-black. 

The  thin,  gummed  silks  receive  the  last  of  their  many  layers  with  boiled  linseed- 
oil  ;  it  is  also  used  for  leather-varnishes  and  for  oil-cloths. 

The  residue,  after  the  expression  of  the  oil  from  the  seeds,  is  called  oil-cnkc,  and  is 
sold  for  feeding  cattle  ;  that  obtained  from  the  English  linseed  is  the  beet 

Walnut  Oil. — This  is  obtained  by  expression  from  the  ordinary  walnuts  deprived 
previously  of  their  skin,  which  are  the  produce  of  a  tree  (Jaglam  rtgia)  which  is  a 
native  of  Persia,  but  cultivated  in  this  country  for  the  sake  of  the  nuts. 

When  recently  prepared  it  is  of  a  greenish  colour,  but  by  age  becomes  a  pale 
yellow.  According  to  M.  Saussnre  its  specific  gravity  at  63-6°  Fohr.  is  0'9283, 
and  at  201°  Fahr.,  0'871.  It  hns  no  odour,  but  an  agreeable  taste.  At  6°  Fahr. 
it  thickens,  and  at  17'5°  Fahr.  it  forms  a  whitish  mass.    The  nuts  yield  abont  £0 
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per  cent,  of  oQ.  .  It  dries  itill  more  rapidly  eren  than  the  lioMed  oil.  It  is  prin< 
cipallj  used  for  paints  and  ramishes,  and  from  its  lighter  colour,  it  is  often  nsed  foi 
Trbite  paints. 

OUaf  tht  Hazd^vt. — This  is  extracted  from  the  seeds  of  the  Corylv*  aveUanot 
which  yield  about  60  per  cent,  of  the  oil.  It  is  liquid,  has  only  a  slight  oolour,  no 
odonr,  and  a  mild  taste.  Its  specific  gravity  at  69°  Fahr.  is  08212 ;  at  14°  Fahr. 
it  solidifies. 

■  I'oppsf  Oil, — ^Tfais  is  expressed  from  the  seeds  of  the  common  poppy  (Papaver 
tonm^erum),  irhich  grows  wild  in  some  parts  of  England,  It  is  cofti'VBted  in  rery 
large  quantities  in  Hindostan,  Persia,  Asia  Minor,  and  Bgypt,  for  the  sake  of  the 
opium  which  is  obtained  fiom  the  capsules.  It  is  cultirated  in  Europe  for  the  cap- 
sules, vhich  are  nsed  in  medicine,  and  for  the  oil  extracted  from  the  seeds.  The  oil 
is  obtained  by  expression  from  the  seeds,  which  do  not  possess  any  of  the  natcotio 
properties  of  the  capsules.    These  seeds  are  sold  for  biids,  under  the  name  of  maw' 


It  is  used  sometimes  for  burning ;  and,  after  treatment  with  litharge  or  snbacetate 
of  lead,  is  used  for  paints. 

Hemp-seed  Oil. — The  seed  of  the  common  hemp  (CSuniuiiif  tativa)  yield,  by  expres- 
sion, from  11  to  16  per  cent,  of  their  weight  of  a  fixed  oil.  It  is  obtained  principally 
from  Bussia,  but  the  natire  places  of  the  plant  are  Persia,  Caucasus,  and  hills  in  the 
north  of  India.  The  seeds  are  small,  ash-coloured,  shining  bodies.  They  are  de- 
mulcent and  oleaginous,  but  possessing  none  of  the  narcotic  properties  of  the  plant. 
They  are  employed  for  feeding  cage-birds,  and  it  lias  been  stated  that  the  pluigage  of 
certain  birds,  as  the  bullfinch  and  goldfinch,  becomes  changed  to  black  by  the.  pro- 
longed use  of  this  seed.  When  fresh  this  oil  is  greenish,  but  becomes  yellow.by  age ; 
it  lias  a  disagreeable  odonr,  and  insijnd  taste.  It  is  sometimes  used  for  illuminating- 
purposes,  but^  being  a  drying  oil,  it  forms  a  thick  varnish,  and  thus  clogs  the  wick ; 
it  is  used  also  in  making  soft  soap,  and  in  paints.  When  boiled  with  litharge  or  sub- 
acetate  of  lead  it  forms  a  good  yumish. 

Sunflouier  OQ. — The  seeds  of  the  sunflower  [Sdianihu  anrnnus)  yield  about  15  per 
cent,  of  a  limpid  oil,  h&ving  a  clear  yellow  colour.  It  has  an  agreeable  odour,  and 
mawkish  taste.  Its  specific  gravity  at  60°  is  0-9263  ;  at  9°  Fahr.  it  becomes  solid. 
It  is  sometimes  employed  as  food,  as  well  as  for  illuminating-purposes,  and  for  making 
soap. 

Castor  Oil. — ^The  castor-oil  plant  has  been  known  from  the  remotest  ages.  Caillaud 
found  the  seeds  of  it  in  some  Egyptian  sarcophagi,  supposed  to  hare  been  at  least 
4,000  years  old.  Some  people  imagine  it  is  the  same  plant  that  is  called  the  gourd 
in  Scripture.  It  was  called  Kpirmv  by  the  Greeks,  and  rieinus  by  the  Bomans.  It  is 
a  native  of  India,  where  it  sometimes  grows  to  a  considerable  size,  and  lives  several 
years.  There  appear  to  be  several  species  of  the  Rieinus ;  the  officinal  is  the  Sicitius 
eommmis,  or  Palma  Christi. 

The  seeds  are  oval,  somewhat  compressed,  about  4  lines  long,  3  lines  broad,  and 
14  line  thick ;  externally  they  are  pale  grey,  but  marbled  with  yellowish-brown  spots 
and  stripes. 

The  oil  may  be  obtained  from  the  seeds  by  expression,  by  boiling  with  water,  or 
by  the  agency  of  alcohol.  Nearly  all  that  is  consumed  in  England  is  obtained  by 
expression.    See  Castob  On. 

Castor  oil  is  said  to  be  adulterated  sometimes  with  croton  oil,  to  increase  its 
activity,  this  is  a  dangerous  sophistication  ;  it  is  also  mixed  with  some  cheap  fixed 
oils.  The  latter  adulteration  has  been  said  to  be  detected  by  the  solubility  of  castor 
oil  in  alcohol ;  but,  unfortunately,  castor  oil  may  contain  as  much  as  33  per  cent,  of 
another  fixed  oil,  and  yet  be  soluble  in  its  own  volume  of  alcohol  {Pereira),  this  oil 
possessing  the  property  of  rendering  other  oils  soluble  in  spirit 

Gn^-seed  Oil. — The  grape-stones  ( )^<u  vin\fera)  yield  about  11  per  cent,  of  their 
weight  of  a  fixed  oil,  which  is,  when  fresh,  of  a  clear  yellow  colour,  but  becomes 
brown  by  age.  It  has  an  insipid  taste,  and  little  or  no  odour.  Its  specific  gravity  at 
60°  Fahr  is  0*9202  ;  at  8°  Fahr.  it  becomes  solid.  It  is  not  of  much  value  for  illumi- 
nating purposes ;  but  in  some  southern  localities  it  is  used  for  food. 

Oil  of  the  Pine  and  Fir  trees. — In  the  Black  Forest,  in  Qermany,  an  oil  is  extracted 
from  the  cleaned  seeds  of  the  Pinus  picea  and  P.  abies.  It  is  limpid,  of  a  golden- 
yellow  oolour,  and  resembles  in  smell  and  taste  the  oil  of  turpentine.  Its  specifie 
gravity  at  60°  Fahr.  is  0-93 ;  it  only  congeals  at  —22°  Fahr.  It  is  veiy  fluid,  and 
dries  rapidly.  . . 

OH  of  Camelina. — Tlus  is  extracted  from  the  seeds  of  the  Mvagrwm  sativum.  It  is 
of  a  clear  yellow  colour,  with  but  little  smell  or  taste,  and  dnes  rapidly  by  exposure 
tothsair. 

The  Oil  <^  Bdladonua-Meds, — This  oil  is  extracted  in  Wnrtembeig  from  the  seeds- 
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of  the  Atropa  ltWuUm»a,  and  i«  there  need  tat  li^^tiDg  and  eooUng,  It  ia  limpid,  of 
•  golden-yellow  oolonr,  insipid  taste,  and  no  odour. 

OH  of  Toiaeeo-teed*. — The  seeds  of  the  Nicotiana  tahacum  yield  abont  31  per  oent, 
tt  their  vei^t  of  a  drying  oil,  -which  is  limpid,  of  a  greenish-yellow  colour,  and  no 
odour.    It  does  not  possess  any  of  the  naicobc  principles  of  the  plant. 

CotUm-tted  Oi/.— JUany  attempts  have  been  made  to  render  fit  for  UM  the  ml 
obtained  from  the  seeds  of  the  cotton-plant  (Gotaypium  Barbadentt,  &c.),  as  immense 
quantities  of  these  seeds  are  allowed  to  rot,  or  used  only  as  manure  up<Hi  the  cotton- 
lands  of  the  south  of  the  United  States  of  America.  When  obtained  by  expression, 
the  oil  which  runs  ftom  the  press  is  of  a  very  dark  red  colour.  It,  however,  deposits 
some  of  the  colouring-matter  by  standing,  as  well  as  a  portion  of  semi-fluid  ikt ;  and 
in  cold  weather  this  is  precipitated  in  large  quantities  ;  and  only  partially  redissolves 
again  by  increase  of  temperature.  The  great  obstacle  to  the  use  of  the  oil  thus 
Obtained  is  its  oolonr,  which  appears  to  be  derived  from  a  dark,  resinous  substance, 
presenting  itself  in  small  dots  throughout  the  seed.  These  may  readily  be  seen  by 
examining  a  section  of  the  seeds  with  a  lens,  or  even  with  the  naked  eye  (Mr.  Wayne, 
Pkamaceutieal  Journal,  xvi.  836).  In  bleaching  the  oil  loses  from  10  to  16  per  cent, 
a  portion  of  which  may  be  again  recovered  and  used  for  making  soap,  for  which  pur- 
pose cotton-seed  oil  seems  best  fitted.  It  is  a  drying  oil,  and  consequently  not  well 
fitted  for  madiineiT ;  and,  when  burnt,  rapidly  clogs  the  wick.  A  very  good  soap  for 
common  purposes  is  made  tram  it  in  New  Orleans. 

Hr.  'Wayne  idso  states,  '  that  the  oil,  to  be  made  profitably,  shonid  either  be 
manu&dnred  in  the  vicinity  of  the  cotton-plantation,  as  the  seecfs,  &om  the  attached 
fibre,  are  bnll^,  and  the  cost  of  transportation  great ;  or  the  seed  shonid  be  hulled 
at  the  spot,  and  shipped  to  the  place  where  it  is  to  be  pressed  in  that  condition,  as  it 
leqniies  three  or  four  bushels  of  seed  in  the  wool  to  produce  one  bushel  of  hulled  seed 
mij  for  the  mill.  The  hull  and  attaohed  fibre  are  oseftd  tat  paper  stock ;  and  the 
oalce,  left  after  the  extraction  of  the  ml,  is  nearly  as  valuable  a  food  for  cattle  as  that 
of  linseed. 

■  It  appear*  that  bmling  the  crushed  seeds  with  water  yields  a  very  blaod,  light 
pidoursd  oil. 

'  The  desire  to  bring  this  oil  into  use  still  exists,  for  a  sample  of  it  was  sent  a  few 
months  since  from  a  merchant  in  America  to  a  friend  of  mine  to  see  if  he  could  suc- 
ceed in  purifying  it,  which  no  doubt  will  ultimately  be  effected  by  some  one.' 

Oroton  Oil. — This  oil  is  obtained  from  the  seeds  of  the  OroUm  Tiglium  by  expres- 
sion, or  by  the  nse  of  alcohol.  It  is  a  most  violent  purgative,  and  its  only  use  is  in 
medidne.    See  Foreiia's  Materia  Medioa, 

AmHAL  Oils. 

The  only  oils  which  will  be  mentioned  here  are  lard  oil,  tallow  oil,  and  neat^s-foot 
ml.    The  solid  fats  will  be  described  under  their  different  beads.     See  SrsiBiin. 

Lard  Oil. — This  oil  is  now  imported  largely  from  America;  and  is  obtained  by 
subjecting  ordinary  hog's-lard  to  pressure,  when  the  liquid  part  separates,  while 
the  lard  itself  becomes  much  harder.  It  is  employed  for  greasing  wool,  for  which 
purpose  it  answers  veir  well,  and  may  be  obtnined  at  a  low  price.  According 
to  Braconnet,  lard  yields  062  of  its  weight  of  this  oil,  which  is  nearly  colourless. 
Specific  gravity  01)16  (Chevreul).  100  parts  of  boiling  alcohol  dissolve  128  parts 
of  it. 

Tallov  OH. — ^Tbis  oil  is  obtained  from  tallow  by  pressure.  The  tallow  is  melted, 
and,  when  separated  from  the  ordinary  impurities  by  subsidence,  is  ponied  into 
vessels,  and  allowed  to  cool  slowly  to  about  80°,  when  the  stearine  separates  in 
granules,  which  may  be  separated  from  the  liquid  part  by  straining  through  flannel, 
and  is  then  pressed,  when  it  yields  a  fresh  portion  of  liquid  oil.  It  is  employed  in 
the  manuficture  of  some  of  the  best  soaps. 

Neaft-foot  OH, — After  the  hair  and  hoofs  have  been  removed  from  the  feet  of 
oxen,  thqr  yield,  when  boiled  with  water,  a  peculiar  fatty  matter,  which  is  known 
under  the  name  of  ntatt-foot  oil;  after  standing,  it  d^Kisits  some  solid  tat,  which  is 
separated  by  filtration :  the  oil  then  does  not  congeal  at  32°,  and  is  not  liable  to 
become  rancid.  It  is  often  mixed  with  other  oils.  This  oil  is  used  for  various  pur- 
poses, especially,  owing  to  its  remaining  liquid  at  so  low  a  temperature,  for  oiling 
ehuidi  docks,  which  require,  in  consequence  of  the  cold  they  are  exposed  to,  an  oil 
which  is  not  liable  to  soudify. 

Fish  Oils. 

Althong^  the  whale  is  not,  tzuly  speaking,  a  fish,  the  ml  obtained  ttom  it  is  classed 
among  the  fish  oils;  and  thow  which  will  be  desetibed  luce  are,  ^i^^  ml,  porpoise 
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oil.  Real  ofl,  and  ood-lirsr  oiL    Hie  three  former  are  all  known  under  the  name  (rat* 

Whida  OH. — The  csptnte  of  the  whales  is  a  large  commerdal  imdortalcing ;  many 
veil-maimed  dope,  and  fitted  oat  at  a  great  expense,  proceed  every  year  £rom 
'Rpgl'^"^,  Holland,  France,  and  other  nations,  into  the  Arctio  zone  in  search  of  these 
aaimals,  and  especially  the  Greenland  species  {ficitna  myiHcetu*).  This  valuable 
animal  has  prodnced  to  Britain  700,000/.  in  one  year,  and  one  cargo  has  been  known 
to  be  worth  ll.OOOt.  The  Greenland  whale  inhabits  the  polar  seas  ;  its  length  is 
from  60  to  70  feet  when  fiill-grown.  When  the  whales  are  captured  they  are  secored 
alongside  tlie  ship,  and  the  process  of  fiauin^  commences.  The  men,  having  shoes 
armed  with  long  iron  sjnkes  to  maintain  their  footing,  get  down  on  the  huge  and 
sUppe^  eaieass,  and,  with  very  long  knives  and  sharp  spades,  make  parall^  cuts 
thrangh  the  blabber,  firam  the  head  to  the  taiL  A  band  of  fat,  however,  is  left 
aroona  the  neck,  called  the  imt,  to  which  hooks  and  ropes  are  attached  for  the 
pnrpose  of  shifting  round  the  carcass.  The  long  parallel  strips  are  divided  across 
uto  portions,  wei^ng  about  half  a  ton  each ;  and,  being  separated  from  the  flesh 
beneath,  ate  hoisted  on  board,  chopped  into  pieces,  and  put  into  casks.  During  the 
homsirard  T<tyage  the  animal  mattns,  tee.  attached  to  the  blabber,  undergo  decom- 
position to  a  certain  extent,  while  there  is  at  the  same  time  a  peculiar  fat  formed, 
whidi  is  t^  compound  of  glycerine  and  p&oeeuia  aeid,  and  which  imparts  the  disagree- 
able odour  pecoliar  to  tiam  oii  Somas  has  shown  that  this  acid  is  identical  with 
valerianic  acid.  After  the  dscomposition  of  the  blnbber,  the  oil  runs  from  it  easily, 
and  the  whole  is  rat  into  casks  with  perforated  bottoms,  placed  over  tanks  for 
receiving  the  oil.  The  <nl  is  heated  to  about  312°,  to  facilitate  the  separation  of 
the  imparities;  and,  in  order  to  farther  purify  it,  some  use  a  solution  of  tannin, 
to  precipitate  the  gelatine  present ;  others  use  difibrent  metallic  salts,  as  acetate 
of  lead.  On  the  western  coast  of  Ireland  the  whale  is  sometimes  captured,  and 
yield*  a  itW  quantity  of  very  good  oil,  superior  to  sperm  oil  for  illuminating 
pnrposea.  l%e  sperm  whale  (P^teta  maenxuphalvs)  does  not  yield  so  much  oU 
as  uie  Gveenland  whaler  bnt  yields  considerably  more  of  the  valuable  substance 
tpermaetti. 

Train  oil  is  of  a  brownish  colour,  with  a  disagreeable  odour.  It  is  used  for 
lighting,  in  the  manu&ctore  of  soaps,  and  in  the  preparation  of  leather. 

Seal  Oil. — The  seal-flshery  of  Hewfoondland  has  now  become  the  most  important 
part  of  the  trade  of  that  colony.  Although,  periiape,  not  so  extensive  a  staple  as  the 
eod-fishery,  yet,  when  capital  and  time  employed,  jcic.,  are  taken  into  consideration,  it 
is  the  most  profitable  business  of  that  colony. 

A  quarter  of  a  centnry  ago,  there  were  only  abont  SO  vessels,  varying  from  SO  t.o 
60  tons  burthen,  engaged  in  this  branch  of  trade ;  bnt  it  has  since  been  gradually 
increasing,  until  upwards  of  400  vessels  are  engaged  in  the  trade. 

The  vessels  engaged  in  this  business  are  from  75  to  200  tons  burthen.  Those  lately 
added  to  the  sailing  fieet,  and  which  are  now  considered  of  the  most  suitable  sizes, 
range  finm  130  to  160  tons.  Vessels  of  this  size  carry  from  40  to  60  men.  The 
season  of  embarking  for  this  voyage  is  from  the  1st  to  the  Ifith  of  March.  The 
voysge  seldom  exceeds  two  months,  and  is  often  performed  in  two  or  three  weeks. 
Several  vessels  make  two  voyages  in  the  season,  and  some  perform  the  third  voyage 
within  the  space  of  two  months  and  a  half. 

The  seals  frequenting  the  coast  of  Kewfoundland  are  supposed  to  whelp  their  young 
in  the  months  of  January  and  February ;  this  they  do  upon  pans  and  fields  of  ice,  on 
the  coast,  and  to  the  northward  of  Labrador.  This  ice — or  the '  whelping  ice,'  as  it  is 
termed — from  the  currents  and  prevailing  northerly  and  north-east  winds,  trends 
towards  the  east  and  north-east  coast  of  Newfoundland,  and  is  always  to  be  found  on 
some  part  of  the  coast  after  the  middle  of  March,  before  which  time  the  seals  are  too 
young  to  be  profitable. 

The  young  seal  does  not  take  to  the  water  until  it  is  three  months  old.  They  are 
often  discovered  in  such  numbers  within  a  day's  sail  of  the  port,  that  three  or  four 
days  will  suffice  to  load  a  vessel  with  the  pdu,  which  consist  of  the  skin  and  fat  at- 
tadied,  this  being  taken  off  while  the  animal  is  warm ;  the  carcass,  being  of  no  value, 
is  left  on  the  ice.  The  young  seals  are  accompanied  by  the  old  ones,  who  take  to 
the  water  on  the  approach  of  danger.  When  the  ice  is  jammed,  and  there  is  no  open 
water,  large  numbers  of  the  old  seals  are  shot  The  young  seals  are  easily  captured ; 
they  offer  no  resistance,  and  a  slight  stroke  of  a  bat  on  the  head-readily  despatches 
them.  When  the  pelts  are  taken  on  board,  sufficient  time  is  allowed  for  them  to  cool 
on  deck.  They  are  then  stowed  away  in  bulk  in  the  hold,  and  in  this  stage  they  readi 
the  market  of  St  John's  and  other  ports  in  the  island.  Five-sevenths  of  the  whole 
catch  reach  the  St  John's  market  A  thousand  seals  are  considered  as  a  remunerating 
number :  but  the  majority  of  the  vessels  return  with  upwards  of  3,000,  many  with 
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6,000  end  8,000,  and  some  'vith  8S  many  as  7,000,  8,000,  and  0,000.  Seals  veM 
formerly  sold  by  tale ;  they  are  no\r  all  sold  by  weight — that  is,  so  much  per  cwt.  foe 
fat  and  skio. 

The  principal  species  captured  are  the  hood  and  harp  seal.  The  bulk  of  the  catch 
consists  of  the  young  hood  and  harp  in  nearly  equal  proportions.  The  best  and  most 
productire  seal  taken  is  the  young  harp.  There  are  generally  four  different  qualities 
in  a  cargo  of  seals,  namely — ^the  young  harp,  young  hood,  old  harp  and  bedlamer 
(the  latter  is  the  year-old  hood),  and  the  old  hood.  There  is  a  difference  of  2t.  per 
cwt.  in  the  value  of  each  denomination. 

The  first  operation  after  landing  and  weighing  is  the  skinning,  or  separating  the 
fat  from  the  skin ;  this  is  speedily  done,  for  an  expert  skinner  will  skin  from  300  ta 
400  young  pelts  in  a  day.  After  being  dry-salted  in  bulk  for  about  a  month,  thei 
skins  are  sufficiently  cui«d  for  shipment,  the  chief  market  for  them  being  Qreat 
Britain.    The  fat  is  then  cut  up,  and  put  into  the  soal-rats. 

The  seal-vat  consists  of  what  are  termed  the  crib  and  pan.  The  crib  is  a  strong 
wooden  erection,  from  20  to  30  feet  square,  and  20  to  26  feet  in  height.  It  is  firmly 
secured  with  iron  clamps,  and  the  interstices  between  the  upright  posts  are  filled  in 
with  small  round  poles.  It  has  a  strong  timber  floor,  capable  of  sustaining  300  or 
400  tons.  The  crib  stands  in  a  strong  wooden  pan,  3  or  4  feet  larger  than  the  square 
of  the  crib,  so  as  to  catch  all  the  drippings.  The  pan  is  about  3  feet  deep,  aqd  tightly 
caulked.  A  small  quantity  of  water  is  kept  on  the  bottom  of  the  pan,  ror  the  doable 
purpose  of  saving  the  oil  in  case  of  a  leak,  and  for  purling  it  &om  the  blood  and  any 
other  animal  matter  of  superior  gravity.  The  oil  made  by  this  process  is  all  cold- 
drawn  :  no  artificial  heat  is  applied  in  any  way,  which  accounts  for  the  unpleasant 
smell  of  seal  oil.  When  the  vats  begin  to  run,  the  oil  drops  from  the  crib  upon  the 
water  in  the  pan ;  and  as  it  accumulates  it  is  casked  ofiT,  and  ready  for  shipment.  The 
first  running,  which  is  caused  by  compression  from  its  own  weight,  begins  about  the 
10th  of  Hay,  and  will  continue  to  yield  what  is  termed  j>aU  teal  oil,  from  two  to  three 
months,  until  from  60  to  70  per  cent,  of  the  quantity  is  drawn  ofi|  according  to  the 
season,  or  in  proportion  to  the  quantity  of  old  seal  fat  being  pat  into  the  vats.  From 
being  tougher,  this  is  not  acted  npon  by  compression,'  nor  does  it  yield  its  oil  until 
decomposition  takes  place ;  and  hence  it  does  not,  by  this  process,  produce  pale  seal 
oil.  The  first  drawings  from  the  vats  are  much  freer  from  smell  than  the  latter.  As 
decomposition  takes  place,  the  colour  changes  to  straw,  becoming  every  day,  as  Uie 
season  advances,  darker  and  darker,  and  stinking  worse  and  worse,  until  it  finally  runs 
brown  oil.  As  this  running  slackens,  it  then  becomes  necessary  to  turn  over  what 
remains  in  the  vats.  The  crib  being  generally  divided  into  nine  apartments  or  pounds, 
this  operation  is  performed  by  first  emptying  one  of  the  pounds,  and  dispersing  the 
contents  over  the  others,  and  then  filling  and  emptying  them  alternately,  until  the 
entire  residue,  by  this  time  a  complete  mass  of  putoefaction,  is  turned  over.  By  this 
process  a  further  running  of  brown  oil  is  obtained.  The  remains  are  then  finally 
boiled  out  in  large  iron  pots,  which,  during  the  whole  season,  are  kept  in  pretty 
constant  requisition  for  boiling  out  tiie  cuttings  find  clippings  of  the  skinning  and 
other  parts  of  the  pelts,  which  it  is  not  found  advisable  to  put  into  the  vats.  The 
produce  of  this,  and  the  remains  of  the  vats,  are  what  is  termed  the  'boiled  seal  oil.' 
These  operations  occupy  about  six  months,  and  terminate  towards  the  end  of 
September. 

During  the  months  of  July,  August,  and  September,  the  smell  and  effluvia  from  the 
vats  and  boiling  operation  are  almost  insufferable.  The  healthy  situation  of  St.  John's, 
fe>m  its  proximity  to  the  sea  and  the  high  and  frequent  local  winds,  is  doubtless  the 
cause  of  preventing  much  sickness  at  this  season  of  the  year.  The  men  more  imme- 
diately employed  about  the  seal-vats  have  a  healthy  and  vigorous  appearance. 

Some  improvement  has  taken  place  since  the  great  fire  of  1846,  when  all  the  seal- 
vats  in  the  town  were  destroyed.  Many  of  the  manufacturers  have  erected  their  new 
vats  on  the  sonth  or  opposite  side  of  the  harbour ;  but  there  still  remain  suffirient 
vestiges  of  the  seal  trade  to  cause  a  summer  residence  in  the  town  of  St.  John's  any- 
thing but  desirable.  Even  the  country  tar  several  miles  around  St.  John's  affords  no 
protection  from  these  horrible  stenches.  The  animal  remains  from  the  vats,  and  the 
offal  from  the  cod-fish  are  found  to  be  such  a  valuable  manure,  tliat  they  are  readily 
purchased  by  the  farmers  in  the  neighbourhood ;  and  from  whatever  quarter  the  wind 
blows,  the  pedestrian  in  his  rural  walk  has  litUe  chance  of  breathing  a  genial  atmo- 
sphere. 

Mr.  S.  Q.  Archibald  directed  his  attention  to  some  mode  of  improving  the  mannfac- 
ture  of  the  seal  oil.  The  result  of  several  en>eriment8  upon  the  different  qualities  of 
seal's  fat  satisfied  him  that  the  whole  produce  of  the  fishery,  if  taken  while  the 
material  is  £resh,  as  it  generally  arrives  in  the  market,  and  subjected  to  a  process  of 
artificial  heat,  was  capable  of  yielding,  not  only  a  unifonn  quality  of  oil,  but  .^e  tSi 
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80  produced  was  mnch  better  in  qnalitythan  the  best  prepared  by  the  old  proeeas,  and 
free  from  the  unpleasant  smell  common  to  all  seal  oil.  His  subsequent  experiments 
reunited  in  the  inrention  of  a  steam  apparatus  for  rendering  seal  and  other  oils, 
which  has  been  found  to  ansirer  an  admirable  purpose,  and  for  irhicb  ha  receired 
letters-patent  under  the  Oreat  Seal  of  the  Island  ot  Newfoundland. 

The  advantage  of  this  process  must  be  manifest,  when  it  is  understood  that  twelve 
boon  suffice  to  render  the  oil,  which  by  the  old  process  requires  about  six  months ; 
that  a  uniform  quality  of  ml  is  produced  superior  to  the  heetpale  by  the  old  process, 
and  free  from  smell ;  that  a  considerable  percentage  is  saved  in  the  yield,  and  what 
is  termed  pais  seal,  produced  from  the  old  as  well  as  from  the  yottng  seal.  Besides, 
if  this  process  wen  universally  adopted,  the  manufacturing  season  would  cease  by  the 
31st  of  May,  and  the  community  would  be  saved  from  the  annoyance  attending  the 
old  process. 

Pvrvoue  OS. — ^This  oil  very  mnch  resembles  whale  oil. 

Cod-Kver  Oil. — This  oil  is  obtuned  principally  from  the  livers  of  the  common  cod 
{Caliarias;  Gadus  MorrAua),  previously  called  Aselltu  major,  and  also  from  some 
allied  species,  as  the  Dorse  (Gadvs  callaricu),  the  Coal  Fish  {IferUmgua  carbonariia), 
the  Borbot  (Lota  vtUfforia),  the  Ling  (Lota  molva),  and  the  Torsk  (Brosimtu  mJ^arii). 
The  mode  of  preparing  this  oil  varies  in  different  countries;  that  found  in  the 
London  market  is  the  produce  of  Kewfoundland,  where,  according  to  Pennant,  it 
is  Uius  procured : — Some  spruce  boughs  are  pressed  hard  down  into  a  half  tub,  having 
a  hole  tnrough  the  bottom  ;  upon  these  the  livers  are  placed,  and  the  whole  exposed 
to  the  sun.  As  the  livers  become  decomposed  the  oil  runs  from  them,  and  is  caught 
in  a  vessel  placed  under  the  tub. 

De  Jongh  describes  three  kinds  of  cod-liver  oil :  the  pale,  pale  brown,  and  brown. 

Pale  cod-liver  Oil. — This  is  golden-yellow ;  without  disagreeable  odour ;  not  bitter, 
but  leaves  a  peculiar  acrid,  fishy  taste  in  the  mouth ;  has  a  slight  acid  reaction ; 
sp.  gr.  0-923  at  63-5°  Fahr.  Ck>ld  alcohol  dissolves  from  2-6  to  2-7  per  cent,  of  the  oil; 
hot  alcohol  from  3-6  to  4-6  per  cent.    It  is  soluble  in  ether  in  all  proportions. 

Pale  brown  cod-Uver  Oil. — Colour  of  Malaga  wine ;  odofr  qpt  disagreeable ;  bitterish, 
leaving  an  acrid,  fishy  taste  in  the  throat ;  reacts  feebly  as  an  acid ;  sp.  gr.  0-024  at 
63-6°  Fahr.    A  little  more  soluble  in  alcohol  than  the  pale  oil. 

Dark  broten  cod-liver  OH. — ^This  is  dark  brown,  and  by  transmitted  light  is  groeniah ; 
it  possesses  a,  disagreeable  odour,  and  a  bitter  and  empyrenmatic  taste,  which  remains 
some  time  in  the  &uces ;  it  is  slightly  acid ;  sp.  gr.  0*929  dt  63-6°  Fahr.  Still  more 
soluble  in  alcohol  than  the  pale  brown  oH. 

Cod-liver  oil  is  principally  used  in  medicine ;  for  a  fuller  description  of  it,  see 
Ferdra's  Materia  Mediea. 

Dugong  Oil. — This  oil  has  been  used  instead  of  cod-liver  oil,  principally  in  Australia; 
but  88  very  little,  if<ij"l>  real  Dugong  oil  has  reached  Fhiglahd,  it  will  merely  require 
a  short  notice  hero.  The  Dugong  is  an  herbivorous  animal,  belonging  to  the  order  of 
Sirema,  and  is  found  on  the  northern  coast  of  Australia,  in  the  Bad  Sea,  the  Persian 
Gulf,  and  also  in  the  Indian  seas.  It  has  received  different  names  by  different 
nations.  In  the  Indian  seas  it  is  sometime?  found  of  a  large  size,  from  18  to  20  feet 
long;  but  in  Australia  it  is  seldom  caught  of  more  tban  12  or  11  feet  In  its  general 
form  it  resembles  the  common  whale.  Its  favourite  haunts  are  the  mouths  of  rivers 
and  straits  between  proximate  islands,  where  the  depth  of  water  is  but  trifling  (3  or 
4  fathoms),  and  where,  at  the  bottom,  grows  a  luxuriant  pasturage  of  submarine  algs 
and  fuel,  on  which  it  feeds.  The  oil  is  obtained  by  skinning  the  animal  and  then 
boiling  down  the  '  speck.'  It  was  used  by  the  natives  of  Australia  (»iginally  for 
burning. 

Aikikeration  of  the  Oil*. — Owing  to  the  large  quantities  of  ml  of  various  kinds 
which  are  now  used,  and  their  dimronce  in  price,  many  are  the  adulterations  which 
take  place.  Thus  tlie  best  olive  oil  for  the  table  is  mixed  with  oils  of  less  value,  as 
poppy  oil,  sesame  oil,  or  ground-nut  oil ;  and  the  second  olive  oil,  for  the  manufactures, 
with  colza  oil ;  and  again  colza  oil  itself  mixed  with  poppy,  camelina,  and  .  linseed 
cnls,  but  more  frequently  with  whale  oil,  &c.  Various  means  have  been  proposed  to 
discover  these  admixtures,  M.  Lefebvre  proposed  to  take  advantage  of  the  difference 
of  density  of  the  several  oils,  but  this  is  a  very  insuffident  test,  as  many  of  the  oils 
have  nearly  the  same  density. 

H.  Pontet  treats  the  oil  to  be  tested  with  one-twelfth  of  its  weight  of  a  solution  of 
nitrate  'of  mercury,  containing  hyponitric  acid;  this  latter  substance  converts  the 
oleine  of  most  of  the  non-drying  oils  into  a  solid  snbstance,  daidine.  By  this  mean.-i 
pare  olive  oil  will  become  perfectly  solid  after  an  hour  or  two,  whereas  poppy  oil 
and  the  drying  oils  in  general  remain  perfectly  liquid ;  it  would  therefore  result  that 
olive  oil  adulterated  with  these  latter  oils  would  be  prevented  from  solidifjring  more 
or  less,  according  to  the  quantity  of  these  oils  present,  Animprovoment  in  t£ii»  process 
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is  to  nitMtituta  nttrio  acid,  saturated  with  IiTpomtric  add,  for  tbe  tdttalU-tft-meieaiy 
solution.  The  sample  to  be  tested  is  shaken  vith  two  or  three  per  cent  of  this  add, 
and  then  placed  in  a  cool  place,  and  the  moment  of  solidification  noticed.  It  is  always 
hotter  also  to  treat  a  sam^e  of  oil  of  known  pnrit^  to  the  same  test  at  the  same  time, 
and  compare  the  resnlts.  If  the  sample  tested  be  pore,  it  will  solidify  quite  as  quicklr 
as  the  sample  which  serres  for  comparison.  One  hondredth  of  poppy  oil  present  wiU 
delay  the  solidification  40  minutes  (GgrhanU),  and  of  conise  the  greater  the  quantity 
of  admixture,  the  more  will  it  be  delayed. 

U.  Haumine  takes  adrantage  of  the  greater  amount  of  hsat  given  out  by  the  ad- 
mixture of  concentrated  sulphorie  add  with  the  d^ng  oils  t^n  takes  place  with 
olire  oil  under  the  same  drcnmstances.  ISim.  Heydenrdch  and  Penot  employ 
sulphnrie  add  also  to  detect  the  different  oils,  but  they  notice  the  peculiar  colorations 
which  take  place  on  contact  of  the  concentrated  acid  with  the  difbrent  kinds  of  oils. 
Their  test  is  thus  performed: — one  drop  of  concentrated  sulphuric  add  is  added 
to  8  or  10  drops  of  the  oil,  placed  on  a  piece  of  white  glass,  resting  on  a  sheet  of 
white  paper ;  diflerent  colorations  appear,  which  they  state  are  characteristic  of  the 
different  oils ;  thus  olire  ml  giyes  a  deep  yellow  tint,  becoming  greenish  by  degrees  ; 
colza  oil,  a  greenish  blue ;  popOT  oil,  a  pale  yellow  tint,  with  a  dirty  grey  outline ; 
hempseod  oil,  a  reiy  deep  emerald  tint ;  and  linseed  oil  becomes  brownish  red,  passing 
directly  into  blackish  brown,  &;c  These  reactions  are,  however,  uncertain ;  the  age 
of  the  oil,  mode  of  extraction,  &c,  altering  them  greatly. 

Marchand  states  that  a  mixture  of  poppy  oil  and  olive  oil,  when  thus  treated, 
developes,  after  a  certain  time,  on  their  ontline,  a  series  of  colours,  rose,  lilac,  then  blue, 
and  more  or  less  violet-coloured,  according  to  the  proportion  of  poppy  oil,  while  pure 
olive  oil  becomes  of  a  dirty  grey,  then  yellow  and  brown. 

As  the  means  of  detecting  the  various  fraudulent  admixtures  is  of  great  commensal 
value,  the  late  F.  C.  Calvert's  valuable  paper  on  the  adulteration  of  oils  is  refeixed  to. 
— Pharmaceiitical  Journal,  xiii.  866. 

The  accompanying  table  of  reactions  (see  oppodte  page)  will  be  found  very  osefuL 

Of  the  more  important  mis  we  imported  in  the  years  from  1868  to  1873  indosive, 
as  follows : — 


Elsh  oil      . 

.  tuns 

1868 

1860 

1870 

1871 

1872 

187.      ' 

1 

18,091 

16,284 

19,706 

24,679 

18,719 

16,069  : 

Palm  oil      . 

.cwts. 

060,069 

814,620 

868,270 

1,047,882 

1,006,497 

1,017,947 

Cocoa-nut  oil 

•   »» 

194,762 

264,366 

198,602 

190,492 

438,883 

286,798 

Olive  oil     . 

.  tuns 

17,686 

28,240 

23,202 

88,281 

24,026 

36,121 

SeedoU       . 

•    »» 

23,292 

19,920 

18,429 

10,364 

20,084 

17,603 

Turpentine  oil 

.cwts. 

108,897 

119,898 

89,178 

178,616 

220,292 

234,177 

otXM,  vo&ATELB,  BTKSitaovs,  OS  assamxAx.  The  volatile  oils 
occur  in  every  part  of  odoriferous  plants,  whose  aroma  they  difihse  by  thdr  exhala- 
tion ;  but  in  different  organs  of  different  spedes.  Certain  plants,  such  as  thyme  and 
the  scented  Labiata  in  general,  contain  volatile  oil  in  all  their  parts ;  but  others  con- 
tain it  only  in  the  blossoms,  the  seeds,  the  leaves,  the  root,  or  the  bark.  It  some- 
times happens  that  difbrent  parts  of  the  same  plant  contain  different  oils;  the 
orange,  for  example,  Airnishes  three  different  oils,  one  of  which  resides  in  the  flowers, 
another  in  the  leaves,  and  a  third  in  the  skin  on  epidermis  of  the  fruit  The  quantity 
of  oil  varies  not  only  with  the  spedes,  but  also  in  the  same  plant  with  the  soil,  and 
especially  with  the  climate ;  thus,  in  hot  countries  it  is  generated  most  mxifasely. 
In  several  plants  the  volatile  oil  is  contained  in  peculiar  (xders  of  vessels,  which 
confine  it  so  dosely  tiiat  it  does  not  escape  in  the  drying,  nor  is  dissipated  by 
keeping  the  plants  for  many  years.  In  other  spedes,  and  particularly  in  flowers, 
it  is  formed  continually  upon  their  lur&ce,  and  flies  off  at  the  moment  of  its  for- 
mation. 

Volatile  oils  are  usually  obtained  by  distillation.  For  this  purpose  the  plant  is 
inttodneed  into  a  still,  water  is  poured  upon  it  and,  heat  being  applied,  the  oil  is 
volatilised  by  the  aid  of  the  watery  vapour  at  the  temperature  of  212°,  though  when 
alone  it  would  probably  not  distil  over  unless  the  heat  were  100°  more. 

There  are  a  few  essential  oils  which  may  be  obtained  by  expression  from  the  sub* 
stances  which  contain  them  ;  such  as  the  oils  of  lemons  and  bergamot,  fonnd  in  the 
pdlicle  of  the  ripe  i^its  of  the  CUrut  limonum  and  C.  bergamia,  or  the  lemon  and 
the  bergamot.  'tke  oil  comes  out  in  this  case,  with  the  juice  of  the  peel,  and  collects 
upon  its  surface. 
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For  colliKtaDg  the  cdU  of  odoriferous  flowers  which  hare  no  pecaliar  oi^ns  for 
imprisoning  them,  and  therefore  speedily  let  them  exhale,  snch  as  Tiolets,  jasmine, 
tuberose,  and  hyacinth,  another  process  must  be  resorted  to.    See  Psrfukibt. 

Essential  oils  differ  mnch  from  each  other  in  their  physical  propertiee.  Most  of 
them  are  yellow,  others  are  colourless,  red  or  brown  ;  some  again  are  (^reen,  and  a 
few  are  blue.  They  have  a  powerfol  smell,  more  or  less  agreeable,  which  immediately 
after  their  distillation  is  occasionally  a  little  rank,  but  becomes  less  so  by  keeping. 
The  odour  is  seldom  as  pleasant  as  that  of  the  recent  plant  Their  tnste  is  acrid, 
irritating,  and  heating,  or  Inerely  aromatic  when  they  are  largely  dilated  with  water 
or  other  substances.  They  are  not  greasy  to  the  toiich,  like  Uie  fat  oils,  but,  on  the 
contrary,  make  the  skin  feel  rough.  They  are  almost  all  lighter  than  water,  only  a 
veiy  few  falling  to  the  bottom  of  this  liquid ;  their  specific  gravity  lies  between  0'847 
and  r096 ;  the  first  number  denoting  the  density  of  oil  of  citron,  and  the  second 
that  of  oil  of  sassa&as.  Although  styled  volatile  oils,  the  tension  of  their  vapour,  ns 
well  as  its  specific  heat,  is  mnch  less  than  that  of  water.  The  boiling-point  differs  in 
different  kinds,  but  it  is  usually  about  316°  or  820°  Fahr.  Their  vapours  sometimes 
render  reddened  litmus-paper  blue,  although  they  contain  no  ammonia.  When  dis- 
tilled by  themselves,  the  volatile  oils  are  partially  decomposed ;  and  the  gaseous 
product  of  the  portion  decomposed  always  carry  off  a  little  of  the  oiL  When  they 
are  mixed  with  clay  or  sand,  and  exposed  to  a  distiUing  heat,  they  are  in  a  great 
measure  decomposed ;  or  when  they  are  passed  in  vapour  through  a  red-hot  tube, 
combustible  gases  are  obtained,  and  a  brilliant  porous  charcoal  is  deposited  in  the 
tube.  On  the  other  hand,  they  distil  readily  with  water,  because  the  aqueous  vapour 
formed  at  the  snr&ce  of  the  boiling  fluid  carries  along  with  it  the  vapour  of  the  oil 
produced  in  virtue  of  the  tension  which  it  possesses  at  t£e  21 2th  degree  Fahr.  In  the 
open  air  the  volatile  oils  bum  with  a  shining  flame,  which  deposits  a  great  deal  of 
soot  The  congealing-point  of  the  essential  oils  varies  greatly ;  some  do  not  solidify. 
(ill  cooled  below  32°,  others  at  this  point,  and  some  are  concrete  at  the  ordinary 
temperetore  of  the  atmosphere. 

When  exposed  to  the  air  the  volatile  oils  change  their  colour,  become  darker,  and 
gradually  absorb  oxygen.  This  absorption  commences  whenever  they  are  extracted 
from  the  plant  containing  them;  it  is  at  first  considerable,  and  diminishes  in  rapidity 
as  it  goes  on.  Light  contributes  powerfully  to  this  action,  during  which  the  oil  disen- 
gages a  little  carbonic  acid,  but  much  less  than  the  oxygen  absorbed ;  no  water  is  formed. 
The  oil  turns  gradually  thicker,  loses  its  smell,  and  is  transformed  into  a  resin,  which 
becomes  eventually  hard.  De  Sanasure  found  that  oil  of  lavender,recently  distilled, 
had  absorbed,  in  four  winter  months,  and  at  a  temperatnre  below  54°  Fahr.',  62  times  its 
volume  of  oxygen,  and  had  disengaged  twice  its  volume  of  carbonic  acid  gas ;  nor  was 
it  yet  completely  saturated  with  oxygen.  The  stearescence  of  anise-seed  oil  absorbed  at 
its  liquefying  temperature,  in  the  space  of  2  years,  1 S6  times  its  volume  of  oxygen  gas, 
and  (usengaged  26  times  its  volume  of  carbonic  acid  gas.  An  oil  which  has  begun  to 
experience  such  an  oxidisement  is  composed  of  a  roein  dissolved  in  the  unaltered  oil ; 
and  the  oil  may  be  separated  by  distilling  the  solution  along  with' water.  To  preservo 
oils  in  an  unchanged  state,  they  mnst  be  put  in  phials,  filled  to  the  top,  dosed  with 
ground-glass  stopples,  and  placed  in  the  duk. 

Volatile  <n]s  are  little  soluble  in  water,  yet  enough  so  os  to  impart  to  it  by  agitation 
their  ehaiacteristie  smell  and  taste. 

They  are  soluble  in  alcohol,  and  the  more  so  the  stronger  the  spirit  is.  Some 
Tolatile  oils,  devoid  of  oxygen,  such  as  the  oils  of  tnrpentino  and  citron,  are  very 
sparingly  solnble  in  dilute  alcohol ;  iriiile  the  oils  of  lavender,  pepper,  &c.  are  con- 
siderably so.  Such  combinations  form  the  odoriferous  spirits  which  the  perfumers 
incorrectly  call  waters,  as  Uivmder  mater,  eau  de  Cologne,  eau  de  j'atmn,  &e.  They 
become  turbid  by  admixture  of  water,  which  seizes  the  alcohol,  and  separates  the 
Tolatile  oils.    Ether  also  dissolves  all  the  essential  oils. 

These  mis  combine  with  several  vegetable  adds,  such  as  tlie  acetic,  the  ozalie,  the 
sncdnic,  the  tat  adds  (stearic,  margaric,  oleic),  the  camphoric,  and  suberic. 

With  the  exception  of  the  oil  of  doves,  the  volatile  oils  do  not  combine  with  the 
salifiable  bases.  They  have  been  partially  combined  with  caustic  alkali,  as  in  the  case 
of  Starkey's  soap.  Tliis  is  prepuvd  by  triturating  recently-fused  caustic  soda  in  a 
mortar,  with  a  little  oil  of  turpentine,  added  drop  by  drop,  till  the  mixture  has 
acquired  the  consistence  of  soap.  The  compound  is  to  be  dissolved  in  spirits  of  wine, 
filtered  and  distilled.  What  remains  after  the  spirit  is  drawn  off,  consists  of  soda 
eombined  with  a  resin  formed  in  the  oil  during  the  act  of  trituration. 

The  essential  oils  dissolve  all  the  fat  oils,  the  resins,  and  the  animal  fats. 

In  commerce,  these  oils  are  often  adulterated  with  fat  oils,  resins,  or  balsam  of  capiri 
dissolved  in  volatile  oiL  This  fraud  may  be  detected  by  putting  a  drop  of  the  oil  on 
paper  and  exposing  it  to  heat    A  pure  essential  oil  evaporates  without  leaving  any 
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residnnm,  vhilst  an  <nl  mixed  with  any  of  the  above  suhetances  leaTes  a  translucent 
stain  upon  the  paper.  If  fat  oil  be  present,  it  irill  remain  undiesolved,  on  mixing  the 
adulterated  essential  oil  irith  thrice  its  volume  of  spirit  of  wine  of  specific  gravity 
<>-840.  Hesinous  matter  mixed  with  Tolatile  oil  is  easily  detected,  being  left  in  the 
nlcmbio  after  distillation.  Oil  diluted  with  spirit  of  wine  forms  a  mil^  emulsion  on 
the  addition  of  water ;  the  alcohol  is  absorbed  by  the  water,  and  the  oil  afterwards 
found  on  the  surface,  in  a  graduated  glass  tube,  will  show  by  its  qnanti^  the  amonnt 
of  the  adulteration. 

OU  of  bitter  almondt  is  prepared  by  exposing  the  bitter-almond  cake,  from  which 
he  bland  oil  has  been  expressed,  in  a  sieve  to  the  vapour  of  water  rising  within  the 
still.  The  steam,  as  it  passes  up  through  the  bruised  almond  parenchtftna,  carries  off 
its  volatile  oil,  and  condenses  along  wiUi  it  in  the  worm.  The  oil  which  first  comes 
over,  and  which  falls  to  the  bottom  of  the  water,  has  so  pnngent  and  penetrating  a 
smell,  that  it  is  more  like  cyanogen  gas  than  hydrocyanic  or  prussic  add.  This  oil  has 
a  golden  yellow  colour ;  it  is  heavier  than  water;  when  much  diluted,  it  has  nn 
agreeable  smell,  and  a  bitter  burning  taste.  When  exposed  to  the  air,  it  absorbs 
oxygen,  and  lets  fall  a  heap  of  crystals  of  benzoic  add.  Ferfttmeis  formerly  employed 
a  great  quantity  of  this  oil  in  scenting  their  soaps.  But  nitro-benzole  is  now  used, 
instead  cf  the  essential  oil  of  bitter  almonds,  in  flavoniing.  See  Bssnout ;  Nitro- 
Bbnzoui.  a  similar  oil  is  obtained  by  distilling  the  following  substances  with  water : 
— the  leaves  of  the  peach  {Amygdaltu  Persica),  the  leaves  of  the  bay-Iaurol  {Prunite 
Uturo-ceramt),  and  Uie  bruised  kernels  of  cheny-  and  pinm-stones.  All  these  oils 
contain  hydrocyanic  add,  which  renders  them  poisonous,  and  they  also  genonite 
benzoic  acid,  by  absorbing  oxfgen  on  exposure  to  air. 

OU  ofanUe-teed  is  extracted  by  distillation  &om  the  '  seeds '  of  the  PimpineUa  anisum, 

Oil  o/bergamot  is  extracted  1^  pressure  from  the  rind  of  the  ripe  frut  of  the  Citrua 
herganria. 

Oil  of  cqfi^imt  is  prepared  in  the  Uoluccas,  by  dittilling  the  dry  leaves  of  the 
Melaleuca  cofeputi,  Cajepnt  is  a  native  word,  signifying  merely  a  white  tree.  This  oil 
is  green ;  it  has  a  burning  taste,  a  strong  smell  of  camphor,  turpentine,  and  savine. 

7%e  oil  ofcarttuxty  is  extracted  from  the  seeds  (cremocarps)  of  the  Carum  oarui. 

The  oil  of  cauia,  from  the  Cinuamomum  caieia,  is  yellow  passing  into  brown. 

7%e  oil  of  chamoTHile  is  extracted  by  distillation  from  the  flowers  of  the  Anthemia 
nobilit.  It  has  a  bine  colour  when  quite  fresh,  but  becomes  yellow  by  exposure ;  it 
possesses  the  peculiar  smell  of  the  pluit 

Oil  <if  cinnamon  is  extracted  by  distillation  &om  the  bark  of  the  Laurus  cimtamomum. 
It  is  produced  chiefly  in  Ceylon  fh>m  the  pieces  of  bark  unflt  for  exportation.  It  is 
distillM  over  with  difficulty,  and  the  process  is  promoted  by  the  addition  of  salt  water, 
and  the  nse  of  a  low  stilL 

7%t  oil  ofciows  is  extracted  from  the  dried  flower-buds  of  the  CaryophyUut  aroma- 
time.  It  is  colourless,  or  yellowish,  has  a  strong  smell  of  the  cloves,  and  a  bnming 
taste.    It  is  one  of  the  least  volatile  oils. 

The  oil  ofdder  is  extracted  by  distillation  from  the  flowers  of  the  Samiucut  nigra. 

Oil  of  fennel  is  extracted  by  distillation  irom  the  seeds  of  the  Ancthum  Fcmictdum, 

on  of  juniper  is  obtained  by  distilling  juniper  berries  along  with  water.  These 
shonld  be  bruised,  because  then  oil  is  contained  in  small  sacs  or  reservoirs,  which 
must  be  laid  open  before  the  oil  can  escape.  It  is  limind  and  colourless,  or  sometimes 
of  a  Ihint  greenish  yellow  colour. 

The  oil  <(f  lavender  is  extracted  from  the  flowering  spike  of  the  Lavandula  vera. 

Oil  ofUmone  is  extracted  by  pressure  firom  the  yellow  peel  of  the  fimit  of  the 
lemon  or  Oifrtu  limonum. 

The  oil  qfmace  lets  fall,  after  a  certain  time,  a  concrete  oil  ander  the  form  of  a 
crystalline  cm^t,  called  by  John  myriiticine. 

The  oil  1^  nvtmege  ia  extracted  chiefly  from  mace,  which  is  the  inner  epidermis  of 
these  nuts. 

The  oil  of  orange-floyxn,  called  neroli,  is  extracted  from  the  fresh  flowers  of  the 
Oitrui  aurantium.  When  recently  prepared  it  is  yellow ;  but  when  exposed  for  two 
hours  to  the  rays  of  the  snn,  or  for  a  longer  time  to  difiuse  daylight,  it  becomes  of  a 
yellowish-red.  It  isvet7fiuid,lighterthan  wa^er,  and  hasamostagreeablesmell.  The 
aqueous  solution,  known  under  the  name  of  orange-fiower  water,  is  used  as  a  perfume. 

The  oil  ofparAey  is  extracted  from  the  Apium  Pelroeelinum, 

The  oil  of  pepper  is  extracted  from  the  Piper  nigrum, 

The  oil  of  peppermint  is  extracted  from  the  Mentha  piperita^ 

The  oil  t^ pimento  is  extracted  from  the  envelopes  of  the  fmit  of  the  Sugenia 
pimento,  which  affi>rd  8  per  cent,  of  it. 

The  oil  ofrhoOmH  is  extracted  from  the  wood  of  the  Oonvolvulue  teopariu*. 
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Ths  oU  of  roses,  called  the  atiar  or  otto,  is  eztracted  from  the  petals  of  the  Bota 
cmi^folia  and  S.  sempervirens. 

The  oil  o/rosetnary  is  extracted  firom  the  Btumarinus  officinalis. 

The  o3  qf  saffron  i  s  extracted  from  the  stigmata  of  the  Crocus  sativus.    It  is  narootic 

The  oil  of  sassqfras  is  extracted  from  the  woody  root  of  the  Lavrut  sassqfras. 

on  of  savine  is  extracted  from  the  leaves  of  the  Juniptms  sabina. 

Oilqftfyme  is  obtained  from  the  Thymus  vulgaris. 

OU  of  wormaood  is  distilled  from  the  Artemisia  absintkium. 

Oil  of  turpentine.    See  ToRrawmrB. 

OZX^STOVa*  A  peculiar  slate-stone  fonnd  in  Turkey  and  elsewhere,  which 
forms  a  better  whetstone  than  any  other  substance.  The  finest  are  found  in  the 
interior  of  Asia  Minor,  and  being  imported,  are  known  as  Turkey  hones  or  oil-stones. 

0£9  UMJt  SAVSBTOira.  A  geological  formation  so  called ;  named  by  Sedg- 
wick and  Murchison,  Devonian,  as  portions  of  the  system  are  peculiarly  dereloped  in 
Beronshire.    See  SASDsnom. 

O&M&Tas  are  saline  compounds  of  oleic  acid  with  the  bases. 

O&BnAVT  CMS  is  the  name  originally  given  to  bi-carbnretted  hydrogen.    See 

CABBCSsnKD  HtSBOOEN. 

OXAIO  AOZSi  A  neutral  oil,  obtained  by  saponifying  mutton-fat  with  potash, 
and  decomposing  the  soap  with  sulphuric  acid.  The  fat  acids  are  dissolved  in  hot 
alcohol ;  the  solution  on  cooling  is  expressed,  and  the  operation  frequently  repeated. 
Oleic  add  is  insoluble  in  water,  but  soluble  in  alcohol  and  ether.  Its  formula  appears 
to  be  OfH-CHO  (0"K"0»). 

OUUWB,  or  Lipyle.  Obtained  by  boiling  tallow  in  alcohoL  It  is  regarded  as  an 
oteats  <ff  oxide  ofgb/cerule.    It  constitutes  the  more  fluid  portion  of  oils. 

OUKMISAMi.  The  name  given  to  a  picture  printed  in  oilB.  It  is  prepared  by 
a  process  of  block -priotiDg. 

OUOAJrVM  IS  a  gnm-reain,  used  only  as  incense  in  Boman  Catholic  churches, 

o&rraoab.  SeeOiu. 

OnooXAi  or  moO&O.  a  variety  of  onyx  iiaving  a  ground  of  deep  brown,  in 
which  is  a  band  of  bluish-white.  It  is  used  for  cameos,  and  diflers  from  the  ordinary 
onyx  in  a  certain  blending  of  the  two  colours. — B.  W.  B. 

OVTX*  A  mineral  belonging  to  the  chalcedonic  variety  of  quartz.  It  resembles 
agate,  excepting  that  the  coloui-s  are  arranged  in  flat  horizontal  planes.  When  the 
layers  consist  iSsard  and  white  chalcedony,  the  stone  is  called  sardonyx. 

These  stones  were  formerly  more  prized  than  thqr  are  at  present,  and  were  fre- 
quently cntin  cameo  and  intaglio. 

OOIiini.  {Ooliih,  Ger.  From  Mr,  an  egg,  and  ^Stos,  a  stone.)  A  geological 
term.  Those  varieties  of  limestone  which  are  composed  of  an  aggregation  of  small 
spherical  concretions  resembling  in  appearance  the  roe  of  a  flsh,  and  bound  together 
by  a  calcareous  cement.  When  first  quarried  they  are  generally  soft,  but  harden  by 
exposure  to  the  air  and  the  evaporation  of  the  water. 

The  particles  are  generally  formed  of  concentric  layers  of  carbonate  of  lime  arranged 
ronnd  a  grain  of  sand,  a  fragment  of  shell,  or  some  organic  substance,  forming  the 
nucleus  around  which  the  calcareous  matter  lias  been  deposited. 

The  name  Koestone,  fKim  the  fanciful  resemblance  of  these  oolitic  concretions  to 
the  roe  of  a  fish,  has  likewise  been  given  to  this  kind  of  limestone  when  the  grains 
are  of  small  sizes ;  when  of  comparatively  large  dimensions,  as  in  some  beds  of 
Inferior  Oolite  in  the  neighbourhood  of  Cheltenham,  they  are  distinguished  by  the 
name  of  Feastone  or  Fiaolite  (from  rtaoo,  a  pea,  and  Ai0o>,  ttone). 

In  geological  nomenclature,  the  term  Oolite  has  a  more  extended  signification,  and 
is  applied  indiscriminately  to  the  entire  accumulation  of  strata  consisting  of  limestonrs, 
marls,  days,  and  sands,  intervening  between  the  Trias  or  New  Bed  and  the  Wealden 
formations,  in  consequence  of  the  limestones  of  those  deposits  frequently  possessins 
an  oolitic  structure.  Of  these,  Portland  stone.  Coral  Bag,  Bath  or  Great  Ot^te,  and 
Inferior  Oolite  are  the  most  important  in  an  economical  point  of  view,  owing  to  their 
furnishing  fine  descriptions  of  freestone,  suitable  for  building  and  ornamental  purposes, 
both  from  their  tints,  which  are  either  white  or  cream  coloured,  and  the  large  blocks 
in  which  they  can  be  obtained. 

The  well-known  white  freestone  obtained  from  Caen  in  Normandy  is  an  Oolitie 
limestone  belonjpng  to  the  Bath  or  Great  Oolite  formation. 

Altiioogh  the  oolite  formations  constitute  the  chief  repositories  of  limestones 
possessing  an  oolitic  structure,  they  are  not  confined  to  those  groups  of  strata,  but  are 
met  with  in  other  formations,  as  for  instance  in  some  beds  of  carboniferous  or 
mountain  limestone  in  the  neighbourhood  of  Bristol,  as  well  as  very  largely  in  that 
of  Inland.— H.W.B. 
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OOIiZTXO  TilW'l'WJ.  Limeatones  of  the  Oolitic  swies  of  Toeka,  fnch  as 
Bath  stone,  Portland  stone,  and  Caen  stone.     See  Lixestonb. 

OOBT,  or  OAST.  The  proTincial  name  of  the  stove  in  vhich  picked  hops  are  dried. 

OVA&.  An  ornamental  stone.  The  foUoving  are  the  more  important  varietiee  of 
the  opal : — Theyreaam  opal,  exhibiting  a  play  of  rich  colours.  .Fire  opal  or  giraaol, 
wiA  hyacinth-rod  and  yellow  reflections.  Commim  opal,  tetm-opal ;  non-opuescent 
rarieties.  Hj/drophane ;  non-transparent,  bnt  becoming  so  by  immersion  in  water. 
Cackolong ;  nearly  opaque,  of  a  blmsh-white  colonr.  Hyalite ;  colonrlees,  pellaeid,  or 
white.  Oval  ja»ptr,  raood  opal ;  and  several  others.  All  these  are  composed  of 
silica  in  the  gelatinising  or  colloidal  state,  with  more  or  less  water,  and  occasionally, 
as  accidental  admixtures,  other  bodies  in  small  proportions.  By  analyses  the  following 
results  have  been  obtained  as  regards  the  silica : — The  precious  opal  of  Hungary 
contains  82  per  cent,  of  silica ;  the  fire  opal  of  Mexico,  92 ;  the  fire  opal  of  Faroe, 
88-73;  semi-opsl  of  Hanau,  8275;  semi-opal  of  Kaschan,  92-16 ;  and  the  cacholong 
of  Faroe,  95-82. 

Opal  may  be  regarded  as  an  undeavable  quartz.  Its  fracture,  eonchoidal ;  lustre, 
vitreous  or  rerinous ;  colours,  white,  yellow,  red,  brown,  green,  grey ;  lively  play  of 
light.  Hardness,  6-6  to  6-6 ;  specific  gravity,  2-091.  It  occurs  in  small  Udney-shaped 
and  stalactitic  shapes,  and  large  tu^rose  concretions.  The  phenomena  of  the  play 
of  colours  in  pecious  opal  hare  not  been  satisfactorily  explained.  Ea9y  attributes 
the  play  of  colours  to  the  fissures  oi  the  interior  being  filled  with  films  of  air,  agreeably 
with  the  law  of  Newton's  coloured  rings.  Mohs,  however,  thinlu  this  would  produce 
iridescence  merely.  Brewster  concludes  that  it  is  owing  to  fissures  and  cracks  in  the 
interior  of  the  mass  of  a  uniform  shape. 

The  precious  opal  stands  high  in  estimation,  and  is  considered  one  of  the  most 
valuable  gems,  the  size  and  beauty  of  the  stone  and  the  variety  of  the  colours 
datanninii^  its  ralue.  The  so-called  '  mountain  of  light,'  an  Hungarian  opal  in  the 
Qnat  Exbibitioii  of  1861,  weighed  626^  carats,  and  was  estimated  at  4,000(.  sterling. 

In  Vienna  is  a  precious  oped  weighing  17  oz. ;  and  it  is  said  a  jeweller  of  Amsterdam 
offered  half  a  million  of  flonns  for  it,  whidi  was  reftised. 

Budropham,  at  Oadi»  mundi,  is  a  variety  of  opal  without  transparency,  bat  acquiring 
it  when  fmmened  in  water,  or  in  any  tranroarent  fluid. 

Hungary  has  long  been  the  chief  locality  oi  predons  opal,  where  it  occurs  near 
Kaschan,  along  with  common  and  semi-opal,  in  a  kind  of  porphyry.  Fine  varieties 
have,  however,  been  discovered  in  the  Faroe  Islands ;  and  most  beautiful  ones,  some- 
times quite  transparent,  near  Orados-a-Dios,  in  the  province  of  Honduras,  America. 
Ftecions  anal  has  also  been  recently  found  in  Queensland,  and  to  a  less  extent  in  Kew 
South  Wales.  The  red  and  yellow  bright  coloured  varieties  of  fire  opal  are  found 
near  Zimapan,  in  Hexica  In  modem  times,  fine  opals  of  moderate  bulk  have  been 
frequently  sold  at  the  price  of  diamonds  of  equal  size ;  the  Turks  being  particularly 
fond  of  Uiem.  The  estimation  in  which  opal  was  held  by  the  ancient^  is  hardly 
credible.  Nonius,  the  Koman  senator,  preferred  banishment  to  parting  with  his 
&ronrite  opal,  which  was  co;veted  by  Harlc  Antony.  Opal  which  appears  quite  red 
when  held  against  the  light,  is  called  ginaol  by  the  French;  a  name  also  given  to 
the  sapphire,  or  corundum  asteria,  or  star-stone. 

Ovaar-OAar.  A  mmer't  term,  signifying  that  the  nuneral  is  obtained  by  open 
woridngs,  and  not  by  mining. 

OaSBAMam  is  the  name  given  to  an  apparatus  invented  by  Samuel  Walker, 
of  Leeds.  It  consists  of  a  train  of  toothed  wheels  and  pinions  enclosed  in  a  box, 
having  indexes  attached  to  the  central  arbor,  like  the  hands  of  a  dock,  and  a  dial- 
plate  ;  whereby  the  number  of  rotations  of  a  shaft  projecting  f^m  the  posterior  part 
of  the  box  is  shown.  If  this  shaft  be  connected  by  any  convenient  means  to  the 
working  parts  of  a  g^g-mill,  shearing-frame,  or  any  other  machinery  of  that  kind  for 
dressing  cloths,  the  number  of  rotations  made  by  the  operating-machine  will  be  ex- 
hibited by  the  indexes  upon  the  dial- plate  of  this  apparatus. 

A  similar  clock-work  mechanism,  called  a  counter,  has  been  for  a  great  many  years 
employed  in  the  cotton-factories,  and  in  the  pumping-engines  of  the  Cornish  and 
other  mines,  to  indicate  the  nnmber  of  revolutions  Of  the  main-shaft  of  the  mill,  or  of 
the  strokes  of  the  piston.  A  common  pendulum,  or  spring-clock,  is  commonly  set  up 
alongside  of  the  counter;  and  sometimes  the  indexes  of  both  are  regulated  to  go 
together. 

OaZUM  is  the  juice  which  exudes  from  incisions  made  in  tiie  heads  of  ripe  poptnes 
(iVzpatvr  totninferum).  rendered  concrete  by  exposure  to  the  air.  The  beet  opiimi 
which  is  found  in  the  European  markpts  comes  from  Asia  Hinor  and  Egypt;  what  is 
imported  i^m  India  is  reckoned  inferior  in  quality.  This  is  the  most  valuable  of  all 
the  vegetable  products  of  the  ^m-resin  family,  and  very  remarkable  for  the  com- 
plexity of  its  cnemical  composition. 
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OBCHBLLA  WEEDS 


Tb«  fbUowioj;  lut  contains  most  of  the  Tarioties  of  opiuia  knoirn  in  commarce  :- 

Indian  opium.    Benares,  MaliM, 


and  Patna. 
English  opium. 
French  and  Gennan  opium. 


Smvrna  opium,  from  Turkey  or 

Uie  Zeoant. 
Constantinople  opiom. 
Egyptian  opium. 
Trebizond  opium,  Persian  opium. 

See  Walls's  '  Dictionary  of  Chemistiy.' 

Our  Consul  in  China,  reporting  on  the  opinm  trade,  says  that  the  use  and  abuse  of 
opiom  are  much  exaggerated-.  Taking  iJie  total  import  into  China  at  12,800,000  lbs. 
in  the  year,  what  is  that  for  a  population  numbering  about  400,000,000  7  He  states 
that  the  use  of  opium  is  confined  to  narroirer  limits  than  is  generally  supposed  ;  anil 
excess  in  its  consumption  is  the  exception,  not  the  rule.  To  oonfirmea  smokers  it 
becomes  a  necessity  of  existence ;  by  others  it  is  regarded  as  a  luxury.  Mr.  Hughes, 
British  Consul  at  Hankow,  gives  the  Chinese  credit  for  a  growing  preference  of  the 
native  opinm  on  account  of  its  mildness,  which  makes  it  easier  to  gire  up  its  use  tempo- 
rarily, or  abandon  it  altogether,  without  serious  effect  upon  the  health.  He  says  the 
production  of  native  opium  is  very  considerable ;  and  his  colleague,  M.  Blancheton, 
after  a  visit  to  Szechuen,  estimates  the  nett  value  of  all  the  opium  grown  in  that  pro- 
vince at  about  35,000,000  taels  sycee  (the  Hankow  tael  averages  «  fraction  over  6«.); 
but  the  figures  are  given  as  '  anything  but  certain.'  Mr.  Morgan,  Consul  at  Tient-sin. 
thinks  there  are  some  grounos  for  anticipating  that  the  prohibitory  edict  will 
be  executed  more  efficienUy  than  others  which  have  preceded  it;  and  Acting-Constil 
Harvey,  at  Newchwang,  reports  that  in  that  province  the  action  of  the  authorities  in 
enforcing  the  prohibition  of  the  growth  of  opium  has  lessened  the  production,  and 
raised  the  price  nearly  to  that  of  foreign  opium. 

OVOBAXBAM  IS  the  balsam  of  Peru  in  a  dry  state.    See  Bauav  or  Pbbv. 

OVOVOITAaC.  This  is  a  gum-resin  ;  the  dried  milky  juice  which  exudes  by  in- 
cision from  the  root  of  the  parsnip-like  plant  Opoponax  Chironium ;  this  plant  is 
found  abundantly  growing  wild  in  Macedonia  and  Sicily. 

The  gum  was  formerly  used  in  medicine.  Beferring  to  the  plant,  Dioscoridcs 
names  it  Panax  Herculeum,  from  Hercules,  who  was  supposed  tu  have  discovered  it 
In  his  time  it  was  one  of  the  three  celebrated  panacea  or  universal  medicines ;  at  a 
later  period  it  was  not  administered  internally,  but  was  in  general  use  in  the  form 
of  an  ointment  for  the  euro  of  wounds.  So  recently  as  fifty  years  ago  it  was  one 
of  the  standard  drugs  of  the  apothecary,  bnt  then  chiefly  employed  in  the  form  of 
a  plaster. 

O  WB  AZJUJUrSBTDM.  A  mosaic  pavement,  consisting  of  geometric  figures 
in  black  and  red  tessera  on  a  white  ground. 

OSAaraa.    A  well-known  fhiit.    See  Cmvs. 

0&A3raa>0KB01iak  A  snbchromate  of  lead ;  a  fine  orange-coloured  pigment, 
which  is  very  durable.    See  Chbomates  ot  Lbu>. 

_  OMAHUM'VntM  is  given  by  a  mixture  of  red  or  yellow  dyes  in  various  propor- 
tions.   Amotto  alone  dyes  orange ;  but  it  is  a  fugitive  colour. 

OBOBSUbA  HmSS.  The  cylindrical  and  fiat  species  of  BocceUa  used  in  tin- 
manufacturo  of  Ore^  or  Archil,  and  Cudbear,  sxe  so  called  by  the  makers. 

The  following  list  of  orohella  weeds  is  given  by  Pereira : — 


Angola  otcbella,  BocceUa  fiteifor- 

mw.    • 
Madagascar  orchella,  B,  ftieifomtis. 
Mauntins  orchella. 
Canary  orchella,  E.  iinetoria. 
Cape  de  Verd  orchella,  B,  Unctoria, 
Axon  orchella,  B.  Hnetcria. 
Madeira  orchella,  B.  tinetoria  and 

B./ueiforms. 


Lima  orchella,  large  and  ronnd,  B. 

Unctoria. 
Lima  orchella,  small  and  flat,  B. 

fuciformis. 
Capo  of  Good  Hope  orchella.  B. 

mpomechtt. 
Barbary  orchella,  B.  tinetoria. 
Corsican    and  Sardinian  orobelln, 

B.  tinetoria. 


Br.  Pereira  savs:— 'Mr.  Harman  Visger,  of  Bristol,  informs  me  that  every  lichen 
but  the  best  orchella  weed  is  gone,  or  rapidly  going,  out  of  use ;  not  from  dete- 
rioration of  their  quality,  for,  being  allowed  to  grow,  they  aro  finer  than  ever,  but 
because  the  Angola  weed  is  so  superior  in  quality,  and  so  low  priced  and  abun- 
dant, that  the  prodoct  of  a  veiy  few  other  lidiens  would  pay  the  expense  of  manu- 
facture.' 

In  the '  Philosophical  Transactions '  for  1818,  Dr.  Stenhouse  has  a  valuable  paper 
on  the  colouring-matters  of  the  lichens.  From  it  we  extract  his  directions  for 
estimating  the  colouring-matter  in  lichens  by  means  of  a  solution  of  hypochlorite 
«f  lime: — 
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Abt  oonTeniant  qoanti^  of  the  orchells  weed  may  be  cnt  into  very  small  pieces, 
and  then  macerated  with  milk  of  lime,  til!  the  coloaring-matter  is  extracted.  Throe 
or  four  macerations  are  quite  Bufficient  for  this  purpose,  if  the  lichen  has  been  suffi- 
'ciently  comminuted.  The  clear  liquors  should  be  filtered  and  mixed  together.  A 
solution  of  bleaching-powder  of  known  strength  should  then  be  poured  into  the  lime 
solution  fh>m  a  graduated  alkalimeter.  The  moment  the  bleaching-liquor  comes  in 
contact  with  the  lime  solution  of  the  lichen,  a  blood-red  colour  is  produced,  which 
disappears  in  a  minute  or  two,  and  the  liquid  has  only  a  deep  yellow  colour.  A  new 
quantity  of  the  bleaching-liquid  should  then  be  poured  into  th;  lime  solution,  and  the 
mixture  carefully  stirred.  This  operation  should  be  repeated  so  long  as  the  addition 
of  the  hypochlorite  of  lime  causes  the  production  df  the  rod  colonr,  for  this  shows  that 
the  lime  solution  still  contains  unoxidised  colorific  principle.  Towards  the  end  of  the 
process,  the  bleaching-sdntion  should  be  added  by  only  a  few  drops  at  a  time,  the 
mixture  being;  careftally  stirred  between  each  addition.  We  hare  only  to  note  how 
many  measures  of  the  bleaching-liquid  have  been  required  to  destroy  the  colouring- 
matter  in  the  solution,  to  determine  the  amount  of  the  colorific  principle  it  contained. 
Dr.  Stenhouse  suggests  the  following  method  for  extracting  the  colorific  principle  for 
transport : — Cnt  the  lichens  into  small  pieces,  macerate  them  in  wooden  Tats  with 
milk  of  lima^  and  saturate  the  solution  with  either  muriatic  or  acetic  add.  The  gela- 
tinous principle  is  then  to  be  collected  on  cloths  and  dried  by  a  gentle  heat.  In  this 
way  the  whole  of  the  heat  can  be  easily  extracted,  and  the  dried  extract  transported 
from  the  most  distant  localities.    See  Abchil  ;  Lickbns. 

OSOHZ&.    See  Abchil. 

OBOnr  is  the  name  of  the  colouring-principle  of  sereral  of  the  lichens.  The 
lichen  dried  and  pnlrerised  is  to  be  exlwusted  by  boiling  alcohol.  The  solution 
filtered  hot  lets  fall,  in  the  cooling,  crystalline  flocks,  which  do  not  belong  to  the 
colonring-matter.  The  supernatant  alcohol  is  to  be  distilled  ofT,  the  residuum  is  to 
be  evaporated  to  the  consistence  of  an  extract,  and  triturated  with  water  till  this 
Eqoid  will  dissolve  no  more.  The  aqueous  solution,  reduced  to  the  consistence  of 
syrnp,  and  left  to  itself  in  a  cool  place,  lets  fall,  at  the  end  of  a  few  days,  long  brown 
brittle  needles,  which  are  to  be  need  by  pressure  firom  the  mother-water,  and  dried. 
That  water  being  treated  with  animal  charcoal,  filtered  and  evaporated,  will  yield  a 
second  crop  of  crystals.  These  are  orcin.  See  Lichbn  ;  Lrrinrs.  See  also  Watts's 
*  Bicdonary  of  Chemistry.' 

OBSBAIi  BSAir.    The  Calabar  bean ;  the  seeds  of  Phyto$tigma  vtnatum,  Balf. 

OKa.  The  natnral  chemical  compound  of  a  metal  with  some  other  element,  such 
as  oxygen,  sulphur,  arsenic,  &c.  These  elements  have  been  sometimes  termed 
i>UHerali$ert;  and  when  metals  are  found  free  finm  them  they  are  called  native  motals, 
and  not  om. 

OUIoa  is  the  name  given  by  MM.  Henrier  and  Valient,  of  Paris,  to  an  alloy 
which  has  a  golden  brilliancy.  It  is  composed  of  copper  100,  anc  17,  magnesia  6, 
aal-ammoniac  8-6,  quicklime  I'SO,  and  tartar  of  commerce  9. 

The  copper  is  first  melted,  and  then  the  other  things  are  added  by  small  portions  at 
a  time,  skimming,  and  keeping  in  fusion  for  about  half  an  hour. 

The  oreide,  which  is  a  brass,  has  a  fine  grain,  is  malleable,  takes  a  most  brilliant 
polish,  and,  if  it  tarnishes,  its  lustre  is  restored  by  acidulated  water. 

mtWVItTtK,  A  yellow  colonring-matter  contained  in  amatto.  It  is  soluble  in 
water,  in  alcohol,  and  ether.    It  dyes  alumed  goods  yellow, 

OS3U,  mtMBBZWa  or.    See  Sbbssikq  of  Orbs. 

OBICSAXiOinK.    An  old  alloy,  called  also  false  sUver. 

tAXD.    The  name  given  to  green  sapphire. 


OSIBMTA&  TOVAX.    The  name  given  to  yellow  sapphire. 

OB>MOXiV>  A  brass,  in  which  there  is  lees  zinc  and  more  capper  than  in  the 
ordinary  brass  ;  the  object  being  to  obtain  a  nearer  imitation  of  gold  than  ordinary 
brass  affords.  In  many  of  its  applications  the  colonr  is  heightened  by  means  of  a 
gold  lacquer,  but  in  some  cases,  and,  as  we  think,  with  very  great  advantage,  the  true 
colonr  01  the  alloy  is  preserved  after  it  has  been  properly  developed  by  means  of  dilute 
sulphuric  add. 

OVfUHMHIl  (Eng.  and  Ft. ;  Opermeni,  Bauachgdh,  Ger. ;  Yellow  sulphide  of  or- 
*enie)  is  found  native  in  many  ports  of  the  world,  as  in  Hungary,  Turkey,  China,  && ; 
thefiuest  specimens  being  brought  from  Persia,  in  brilliant  yellow  masses,  of  a  lamellar 
texture,  called  'golden  orpiment.' 

Native  orpiment  is  the  auriptgmentum,  or  paint  of  mid,  of  the  ancients.  It  was  so 
called  in  allusion  to  its  use  and  its  colour,  and  also  because  it  was  supposed  to  con- 
tain gold.  From  this  term  the  common  name  of '  orpiment,'  or  '  gold  paint,'  lus  been 
deri^d. 

Id  nature  it  is  found  most  generally  in  amorphous  mosses  of  a  bright  yellow  colour, 
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bat  somatimei  in  oystala,  vhicb  are  oblique  rhombic  prirau;  these  erystali  are 
flexible,  of  a  yellow  colour,  and  possess  a  brilliant  lustre.    See  Absbnic. 

Native  orpiment  has  a  specific  gravity  of  about  8'48.  Orpiment  is  also  prepared 
artificially,  chiefly  in  Saxony,  by  subliming  in  cast-iron  cucurbits,  surmounted  by 
conical  cast-iron  capitals,  a  mixture  in  due  proportions  of  sulphur  and  arsenious  acid. 
As  thus  obtained,  it  is  in  yellow  compact  opaque  masses,  of  a  glassy  aspect;  yielding 
a  powder  of  a  pale  yellow  colour. 

Artificial  orpiment  seems  to  be  a  substance  of  uncertain  oompantioD,  it  eontaining 
sometimes,  according  to  Quibourt,  94  per  cent  of  arsenious  ado,  and  only  6  per  cent, 
of  the  tersnlphide  of  Srsenio.  On  this  account  it  is  much  more  soluble  in  water  than 
the  native  orpiment,  and  consequently  a  much  more  powerful  poison.  It  has  been 
administered  several  times  with  criminal  intentions,  and  in  many  of  tlie  cases  proved 
&tal.  Orpiment  is  the  colouring-matter  of  the  pigment  called  king's  yellow,  which 
is  a  mixture  of  arsenious  acid  with  a  little  tersulphide  of  arsenic,  just  aa  the  sample 
analysed  by  Quibourt.    See  Kino's  Ykllow. 

A  proper  tersulphide  of  arsenic  may  be  obtained  by  passing  a  stzaam  of  sulphuretted 
hydrogen  gas  through  a  solution  of  arsenious  acid  in  hydrochloric  acid.  It  foils  as 
a  brilliant  yellow  amorphous  powder. 

Tersulphide  of  arsenic  is  insoluble  in  water  and  dilute  adds,  but  is  decomposed 
by  nitric  add  and  aqua  regia.  It  fuses  easily,  and  when  heated  in  air  boms  with 
a  pale  blue  flame,  generaung  arsenious  and  sulphnrous  acids.  In  close  Tsssels  it 
sublimes  unchanged.  It  is  dissolved  by  ammonia,  and  the  caustic  fixed  alkalis 
forming  colourless  solutions,  from  which  it  is  again  precipitated  by  the  addition  of 
an  acid.  The  alkaline  sulphides  also  dissolTe  it,  forming  double  salts,  from  irtiieh 
solutions  it  is  prodpitated  even  more  completely  than  from  the  former,  by  the  addi- 
tion of  an  add. 

According  to  Br.  Paris,  Delcroix's  depilatory,  called  poudre  ttAtSe,  consists  of 
quicklime,  orpiment,  and  some  vegetable  powder. 

Orpiment  is  used  by  pyrotechnists,  and  as  a  jngment :  the  best  kinds  of  nattrs  orpi- 
ment being  reserved  for  artists. 

OBXZS-JtOOT.    The  dried  rhizomes  of  several  spedes  of  IrU, 

OSTKOO&ASa.    See  Felsfab. 

.OBXWM.  Salut.  The  Willow-Tree.  About  800  spedes  of  these  plants  have  been 
described.  The  common  white  willow  is  a  native  of  Great  Britain  and  many  parts  of 
Europe,  and  is  extensively  culUvated.  The  wood  is  soit,  and  is  employed  in  making 
various  small  artides.  The  charcoal  prepared  from  it  is  considered  superior  to  any 
other  for  the  mannfactun  of  gunpowder.  The  bark  is  veiy  bitter,  and  from  it  a 
bitter  principle,  idlimne,  is  obtained,  which  has  been  used  with  some  advantage  as 
a  Bubstitate  for  quinine,  and  it  is  sometimes  used  for  adulterating  that  drag.  See 
SAUciMa. 

OSBCnm  is  one  of  the  rare  metals,  most  ||eneraUy  found  in  the  ores  of  platinum, 
in  which  it  was  discovered  by  Mr.  Tennant  in  1808.  Then  ores  generally  contain 
the  metals  palladium,  rhodium,  osmium,  ruthenium,  and  iridium,  mixed  with  the 
platinum. 

The  process  for  obtaining  osmium  from  these  ores  has  been  much  simplified  by 
H.  Primy.  After  the  exhaustion  of  the  ores  by  (tma  rtgia  there  remains  a  residue, 
which  often  contains  titaniferous  iron  and  chrome  iron ;  but  the  most  impactant  con- 
stituent is  an  alloy  existing  in  flat  plates  or  scales,  of  a  white  colour  and  metallic 
lustre,  and  which  was  formerly  thought  to  contain  only  osmium  and  iridium,  but  later 
experiments  have  proved  the  presence  of  ruthenium,  and  a  little  rhodium.  Fr&ny 
takes  advantage  of  the  oxidabiUty  of  osmium  and  of  the  volatility  of  its  peroxide. 
Bis  process  condsts  in  roasting  Uie  alloy  in  a  current  of  dry  aii ;  for  this  purpose 
the  reddue  above  mentioned  is  placed  in  a  porcelain  or  plut-iniiin  tube,  and  heated  to 
redness. 

The  equivalent  of  osmium  is  99'6 ;  and  its  symbol,  Os. 

Fire  compounds  of  osmium  and  oxygen  exist,  viz. : — Protoxide,  OsO ;  it  is  a  dark 
green  powder,  slowly  soluble  in  adds.  Saquiotida,  OsK}*,  has  never  been  obtained 
piiro ;  it  is  formed  by  heating  a  solntion  of  osmate  of  ammonia,  when  a  brown  powder 
falls,  which  is  this  compound  mixed  with  some  ammonia,  which  explodes  feebly  when 
heated.  Binoxide,  OsO',  is  a  black  powder,  insoluble  in  adds,  and  bnming  to  osmic 
add  when  heated  in  the  air.  OtmUnu  acid,  OsO' ;  this  only  exists  in  combinAtion ; 
it  forms  a  rose-red  crystalline  powder  with  potassa  (EO,OsO',2HO) ;  this  salt  is  ob- 
tained by  adding  alcohol  to  a  solution  of  osmate  of  potassa ;  the  osmic  add  is  reduced 
by  the  alcohol,  and  this  salt  is  predpitated ;  on  attempting  to  separate  this  acid, 
it  is  decomposed  into  binoxide-  and  osmic  add.  Otmic  acid,  OsO*;  the  prepara- 
tion of  this  compound  has  already  been  described ;  it  mdts,  and  even  boils,  below 
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21 2° :  iti  Tsponr  is  irritating  and  deleterioos,  and  has  a  poeuUariy  oflbnsirs  odoor, 
hence  the  name  of  the  metal  from  iiriiii,  an  odour.  Three  combinations  of  osmium 
and  chlorine  are  known  :  prolochloride,  OsCl ;  uaquichloride,  Os*Cl*  (this  only 
exists  in  solution) ;  and  bichloride,  OsCl'  (this  exists  onlT  in  a  double  salt,  -with 
chloride  of  potassium,  OsCl'4-KCl).  Osmium  'combines  also  with  phosphorus  and 
sulphur, 

OMPUM-IKIPIUM,  or  Indomine.  This  alloy  is  found  with  platinum  in 
the  province  of  Choco,  in  South  America,  and  in  the  Uml  Hountains.  It  was 
llrst  diMorered  bj  Mr.  Smithwn  Tennant  in  the  black  scales  which  remain  when 
uatiTS  platinum  is  dissolred  in  agua  regia.  Jt  is  rather  abundant  with  the  alluvial 
gold  of  Cali£)mia,  ocenrring  in  small  bright  lead-coloured  scales,  sometimes  six-sided 
{Dana).    It  has  been  reeenUy  found  in  Gippsland,  Victoria. 

The  following  analysisof  this  alloy  is  by Berzelins :— Iridium  48'77i  osmium  49-86, 
iron  0^74,  rhodium  8'15.    See  IsiDnni. 

OnCOaS  VOBOa«    See  EzosMOSB  and  Einx>SK0SB. 

OSTSOOOKXiA.  The  glue  obtained  from  bones,  by  rsmoying  the  earthy  phos- 
phates with  muriatic  acid,  and  dissolving  the  cartilaginous  residuum  in  water,  at  a 
temperature  oonsiderably  above  the  boiling-point, 

OTTO,  OTTAX,  or  ATTAX  OV  SOBBB  (ih>m  an  Arabic  word  signifying 
aroma),  is  a  volatile  oil,  too  well-known  to  require  description  as  to  its  odour  and 
uses.  It  is  obtained  by  distilling  roses  with  water.  It  is  manufactured  exten- 
sively at  dhanpoor  in  Hindostau,  as  well  as  at  Shiraz  in  Persia.  Poller  says 
that,  to  obtain  a  little  less  than  3  drachms  of  otto  from  100  lbs.  of  rose-petals  in 
India,  it  requires  a  most  favourable  season,  and  the  operation  to  be  oareiully  per- 
formed. According  to  Donald  Hunro,  the  otto  is  procured  without  distiliation, 
merely  by  macerating  the  petals  in  water ;  and  in  India  it  is  sometimes  thus  pre* 
pared ;  the  roses  macerating  in  water  are  exposed  to  the  sun,  when  the  oil  separates 
and  floats  on  the  water.  It  has  also  been  said  to  be  obtained  at  Damascus,  and  other 
parts  of  Asia  Hinor,  by  the  dry  distillation  of  the  rose  at  the  temperature  of  a  salt- 
water both. 

It  has  bttle  oolour.  It  is  combustible;  and  its  vapour  forms  with  oxygen  an 
explosive  mixture.  Its  spedflo  gravity  at  90°  Fahi.  is  0-832.  At  67°  Fahr.,  1,000 
parts  of  alcohol  (specific  gravity  0806)  dissolve  7  parts ;  and  at  72°  Fahr.,  88  parts 
of  otto. 

Otto  of  roses  consists  of  two  volatile  oils :  one  solid  and  the  other  liquid  at  ordi- 
nary temperatnres,  in  the  proportion  of  about  one  of  the  former  to  two  of  the  latter. 
To  separate  them,  the  otto  must  be  frozen,  and  compressed  between  folds  of  blotting- 
paper,  which  absorb  the  li(^uid,  and  leave  the  solid  oiL  They  may  also  be  separated 
by  alcohol  (of  spedflc  gravity  0'8),  which  dissolves  the  liquid  and  scarcely  any  of  the 
solid  oiL  The  solid  ou,  according  to  Sanssure,  contains  only  carbon  and  hydrogen, 
and  these  in  equal  number  of  atoms,  and  is  therefore  isomeric  with  oil  of  turpentine ; 
it  occurs  in  crystalline  plates,  fusible  at  95°  Fahr.  The  liquid  oil  has  not  been  care- 
fully examined ;  it  is  uncertain  whether  it  contains  nitrogen,  or  only  carbon,  hydrogen, 
and  oxygen. 

Turkey  supplies  the  commercial  world  with  otto  of  roses.  The  rose-farms  are 
principaUy  situated  in  the  low  countries  of  the  Balkan  between  Selimno  and  Carloya 
as  far  as  Philippolis  in  Bulgaria.  It  is  tlie  Christian  inhabitants  of  this  district  that 
are  chiefly  engaged  in  the  business. 

B^izaulik  in  Ronmelia  is  the  head-quarters  of  the  trade.  Turkey  yields  from  60,000 
to  75,000  ounces  per  annum.  The  average  importation  of  otto  of  roses  into  Britain  is 
12,000  ounces,  very  nearly  the  whole  of  which  is  from  Turkey. 

A  small  quantity  of  otto  of  roses  is  produced  in  the  south  of  France  and  in  Savoy 
and  the  Italian  borders. 

Pure  Turkish  otto  of  roses  congeals  at  -i-  68°  Fahr.,  and  boils  at  482°  Fahr.  Italian 
otto  of  roses  congeals  at  +  62°  Fahr.  A  sample  otto  of  roses  produced  from  English- 
grown  roses  at  Hitcham,  remained  solid  at  ■<■  70°  Fahr.,  but  above  that  temperature 
at  once  became  liquid. 

Otto  of  roses,  like  other  articles  that  are  of  value,  is  systematically  adulterated, 
principally  with  essence  of  geranium ;  when  this  is  the  case,  the  boiling-p<nnt  is 
lowered,  and  the  congealing-point  raised.  The  insertion  of  a  sample  of  otto  in  a 
bottle  into  water  cooled  with  ice  is  a  very  good  physical  test  of  punl^.  Spermaceti 
was  at  one  time  used  to  sophisticate  otto,  but  its  insolubility  in  alcohol  rendered  it  too 
easily  detected. 

om-OSOV.    A  geological  and  mining  term,  to  signify  that  the  edge  of  any 
inclined  stratimi,  bed  of  coal,  or  mineral  vein,  comes  to  the  surface, 
are  saline  compounds  of  the  bases  with  oxalic  acid. 
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OXAXIO  AOZ9  (Aoide  oaaUque,  Fr. ;  SaiteriUtsSurt,  Qer.)  is  now  the  object  of 
a  considerable  chemical  maDufaotnie,  It  is  usually  prepared,  upon  the  small  scale, 
by  the  folloving  process ; — 

One  part  of  sugar  is  gently  heated  in  a  retort  with  five  parts  of  nitrio  aoid,  of 
specific  gravity  1-42,  diluted  with  twice  its  weight  of  water;  copious  rod  fumes 
are  disengaged,  and  the  oxidation  of  the  sugar  proceeds  rapidly.  When  the  action 
shtckens,  heat  may  be  again  applied  to  ^e  vessel,  and  the  liquid  concentrated, 
by  distilling  off  the  excess  of  nitric  add  until  it  deposits  crystals  on  cooling. 
These  ciystals  are  purified  by  redissolving  in  a  small  quantity  of  water,  and  re- 
crystallisation. 

Oxalic  acid  occurs  in  aggregated  prisms  when  it  (oystallises  rapidly,  but  in  tables 
of  greater  or  less  thickness  when  slowly  formed.  They  lose  their  water  by  crystal- 
lisation in  the  open  air,  fail  into  powder,  and  weigh  0'28  less  than  before ;  but  still 
retain  0'14  parts  of  water,  which  the  acid  does  not  part  with,  except  in  favour  of 
another  oxide,  as  when  it  is  combined  with  oxide  of  lead.  The  effloreeoed  acid  con- 
tains 20  per  cent,  of  water,  according  to  Berzelius. 

The  effloresced  acid  may  be  sublimed  in  a  great  measure  without  decomposition ; 
whereas  the  ordinary  crystallised  acid,  containing  the  three  equivalents  of  water,  is 
decomposed  by  a  high  temperature  into  carbonic  and  formic  acids,  and  carbonic  oxide. 
The  crystals  of  oxalic  acid  dissolve  in  eight  parts  of  water  at  60°  Fahr.,  and  in  their 
own  weight,  or  less,  of  boiling  water ;  ^ey  are  also  soluble  in  spirit.  The  aqueous 
solution  has  an  intensely  sour  taste  and  most  powerful  acid  reaction,  and  is  highly 
poisonous.  In  cases  of  poisoning  with  this  acid  the  proper  antidote  is  chalk  or  mag- 
nesia, as  these  substances  form  with  oxalic  acid  compounds  almost  insoluble  in  water, 
the  lime  compound  being  much  less  soluble  than  the  magnesian.  The  formula  of  the 
crystallised  acid  is  CK>',H0-f2H0  (0<B'0«  +  aB*0) ;  the  effloresced  add,  C<0>,HO 
(O'R^O')-  Oxalic  acid  is  decomposed  by  hot  sulphuric  add  into  a  mixture  of  car- 
bonic oxide  and  carbonic  acid.  The  binoxides  of  lead  and  manganese  e&ct  the 
aame  change,  becoming  reduced  to  protoxides,  which  combine  with  the  unaltered 
add. 

By  exposing  100  parts  by  weight  of  dry  sugar  to  the  action  of  825  parts  of  hot 
jiitnc  acid  of  1*38  specific  gravity,  evaporating  the  solution  down  to  one-sixth  of  its 
bulk,  and  setting  it  aside  to  crystallise,  from  58  to  60  parts  of  beautiful  crystals  of 
oxalic  acid  may  be  obtained,  according  to  Schlesinger. 

Oxalic  acid  may  be  produced  by  the  action  of  nitric  acid  upon  most  vegetable  sub- 
stances, and  especially  &om  those  which  contain  no  nitrogen,  such  as  well-washed 
sawdust,  starch,  gum,  and  sugar.  The  latter  is  the  article  generally  employed,  and 
possesses  many  advantages  over  every  other  material.  Treacle,  which  is  a  modifi- 
cation of  sugar,  also  comes  within  the  same  ranges.  A  spirit  of  exaggeration  pre- 
vails in  respect  to  the  amount  of  produce  attainable  by  oxalic-add  makers  mm 
a  given  weight  of  sugar.  The  generality  of  the  statements  is  absurdly  false.  One 
cwt.  of  good  treacle  will  yield  about  116  lbs.  of  marketable  oxalic  acid;  and  the 
same  weight  of  good  brown  sugar  may  be  calculated  to  produce  about  140  lbs.  of 
add.  As  a  general  rule,  6  cwts.  of  saltpetre,  or  an  et^uivalent  of  nitrate  of  soda,  with 
2}  cwts.  of  sulphuric  add,  will  generate  sufficient  nitric  add  to  decompose  1  cwt.  of 
good  sugar,  and  yield,  as  above,  140  lbs.  of  fair  marketable  oxalic  add,  free  from 
superfluous  moisture. 

On  the  large  scale  leaden  vessels,  or  wood  vessels  lined  with  lead,  are  employed  in 
the  manufacture  of  oxalic  acid.  For  this  purpose  square  open  vessels,  8  feet  square 
and  3  feet  deep,  are  a  convenient  size,  the  liquor  being  heated  by  moans  of  steam 
passed  through  a  coil  of  lead  ^pe.  A  coil  of  about  48  feet  of  one-inch  pipe  in  a  vessel 
of  the  size  above  mentioned  is  su£Scient  to  keep  the  liquor  at  the  required  tempera- 
ture. In  using  these  vessels,  the  liquor  (whatever  it  may  be)  to  be  converted  into 
oxalic  acid  is  put  into  t^em  together  with  the  add  employed,  and  heated  until  the 
required  decomposition  is  effect^.  The  liquor  is  then  drawn  off  by  a  syphon,  or  by 
a  cock  placed  at  the  bottom  of  the  vessel,  into  shallow  leaden  vessels,  or  wooden 
vessels  lined  with  lead,  to  cool  and  crystallise,  and  the  mother-waters  are  drawn  off 
iVom  the  crystals,  and  used  in  the  next  operation. 

A  process  for  the  conversion  of  formic  acid  into  oxalic  add  has  been  patented  by 
Mr.  JuUion  ;  and  also  a  process  for  obtaining  oxalic  add  from  uric  add,  this  latter 
being  produced  &om  guano,  patented  by  Dr.  Wilson  Turner.  But  owing  to  the 
cheapness  of  sugar,  these  processes  are  of  no  commercial  value.  The  patents  token 
out  of  late  years  for  the  manufacture  of  oxalic  acid  have  been  chiefly  confined  to  the 
saving  of  nitric  add,  by  reconverting  the  rod  fumes  of  nitrous  and  hyponitric  adds  into 
nitric  acid. 

Instead  of  cane-sugar  or  treacle,  the  saccharine  substance  obtained  by  the  action  of 
an  add  on  potato  starch  is  sometimes  employed.    For  this  purpose  the  potatoes  are 
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well  washed,  and  then  reduced  into  a  fine  pulp  by  rasping,  grinding,  or  other  suitable 
means ;  such  pulp  is  then  washed  two  or  tLree  times,  by  placing  it  in  water,  and  well 
stirring  it  therein,  then  permitting  the  pulp  to  subside,  and  running  off  tlie  water. 
The  pmp  thus  obtained  is  next  placed  in  an  open  vessel  of  lead,  or  wood  lined  with 
lead,  with  as  much  water  as  will  allow  of  the  mixture  being  boiled  freely,  by  means 
of  steam  passed  through  leaden  pipes  placed  therein.  Into  the  mixture  of  pulp  and 
water,  about  2  per  cent  by  weight  (of  the  potatoes  employed)  of  sulphuric  acid 
(oxalic  add  acts  more  rapidly)  is  to  be  stirred  iu,  which  will  be  at  the  rate  of  irom 
8  to  10  per  cent,  of  acid  on  the  quantity  of  &rina  contained  in  the  potatoes ;  the 
whole  is  now  to  bo  boiled'  for  some  hours,  until  the  pulp  of  the  potatoes  is  converted 
Into  saccharine  matter,  the  completion  of  this  process  being  readily  ascertained  by 
applying  a  drop  of  tincture  of  iodine  to  a  small  quantity  of  boiling  liquor  placed  on 
the  Bur&ce  of  a  piece  of  glass,  when,  if  tbere  be  any  farina  remaining  unconverted, 
a  purple  colour  will  be  produced.  The  saccharine  product  thus  obtained  is  then 
filtered  through  a  horse-nair  cloth,  after  which  it  is  carefully  evaporated  in  any 
convenient  v^el,  until  a  gallon  of  it  weighs  about  14  or  14Jf  lbs. ;  it  is  now  in  a 
proper  condition  to  be  employed  in  the  manu&cture  of  oxalic  acid,  by  the  application 
of  nitric  add,  as  in  the  case  of  operating  from  sugar  or  treacle.  .  Horse-chestnuts, 
deprived  of  their  outer  shells,  are  also  applicable  to  the  manufacture  of  oxalic  add 
when  treated  in  the  way  above  described  f«  potatoes. 

Instead  of  operating  with  sulphuric  add,  the  farina  of  potatoes  and  of  chestnuts  may 
be  treated  with  diastase,  and  converted  into  a  liquor  similar  to  that  obtained  after 
evaporation  from  the  farina  and  sulphuric  acid  before  mentioned,  using  about  the  same 
proportion  of  diastase  as  before  directed  for  sulphuric  add.  In  this  case  the  liquor  is 
made  of  the  required  strength  at  once,  and  the  processes  of  filtration  and  evaporation 
are  rendered  unnecessary. 

A  new  method  of  preparing  oxalic  add,  said  to  be  cheaper  than  any  other  process, 
has  been  introduced  by  Messrs.  Boberts,  Dale,  and  Co.  A  mixed  solution  of 
caustic  soda  and  potash,  in  the  proportion  of  two  equivalents  of  the  former  to  one 
of  the  latter,  is  evaporated  to  a  sp.  gr.  of  about  1-35.  It  is  then  made  into  a  thick 
pasta  with  sawdust,  and  heated,  with  constant  stirring,  on  an  iron  plate,  when  the 
mass  intumeeces  and  disengages  much  inflammable  gas.  The  mixture  is  then  exposed 
for  some  hours  to  a  temperaturo  of  400°  ¥.,  and  the  groy  powder  thus  obtained  is 
treated  with  water  at  about  60°  F.  The  oxalate  of  soda  which  remains  undissolved 
is  then  washed,  and  decomposed  with  slaked  lime ;  the  oxalate  of  lime  being 
decomposed  in  turn  by  sulphuric  add,  and  the  oxalic  acid  thus  obtained  in  a  free 
state. 

Almost  the  only  oommerdal  attide  made  from  oxalic  add  is  the  binoxalate  of 
potash  or  salt  of  sorreL  This  substance  results  from  the  decomposition  of  carbonate 
of  potash  by  an  excess  of  oxalic  add.  The  carbonate  of  potash  is  first  dissolved  in 
hot  water,  and  the  oxalic  acid  added  until  the  effervescence  ceases ;  after  which  a 
similar  quantity  of  o^ic  acid  to  that  previously  employed  is  thrown  in,  and  the  solu- 
tion is  boiled  for  a  few  minutes ;  and  tben  it  is  set  aside  to  crystallise.  The  oystals, 
after  being  drained  and  dried,  are  fit  for  the  market. 

Oxalic  add  is  employed  chiefly  for  certain  styles  of  discharge  in  calico-{>rinting 
(which  see),  and  for  whitening  the  leather  of  boot-tops.  Oxalate  of  ammonia  is  an 
excellent  reagent  for  detecting  lime  and  its  salts  in  any  solution.  The  add  itself,  or 
the  binoxalate  of  potash,  is  often  used  for  removing  ink  or  iron-mould  stains  £rom  linen. 

OX  I  OUW.  A  sub-tribe  of  animals  belonging  to  the  class  Mammalia,  order 
Buminantia,  family  Sovida,  or  hollow-homed  ruminants.  The  ox  appears  from  the 
earliest  periods  to  have  been  a  domesticated  animal.  Its  importance  to  man  is  great ; 
not  only  does  its  flesh  form  an  artide  of  food,  but  its  skin,  its  horns,  and  its  hoofs  are 
employed  in  the  arts  and  manufactures. 

OSFOSS  CBBOm.    An  oxide  of  iron  used  in  oil  and  water-colour  painting, 

OSKPOKII  OIJkT.  An  argillaceous  or  clayey  deposit  which  is  well  developed  in 
the  neighbourhood  of  Oxford.  It  forms  the  base  of  the  Coral  Bag  or  Coralline 
Oolite,  and  extends  across  England  in  a  north-easterly  direction  fcom  Weymouth,  in 
Dorsetshire,  to  the  river  Humber.  Its  general  character  is  that  of  a  tough  brown  or 
bluish-block  clay,  sometimes  attaining  a  thickness  of  five  or  six  hundred  feet  It 
famishes  admirable  pasture ;  a  favourable  ezam]ple  of  which  is  afforded  by  the  vale 
of  Blackmoor,  in  Dorsetshire,  so  famous  for  its  dairy  produce. — H.  W.  B. 

OX  OATiBi,  A  mucous,  transparent,  ropy  liquid,  of  a  greenish  brown  colour,  with 
a  bitter  taste,  obtained  from  the  gall  bladder  of  the  ox.  It  has  many  uses  in  the  arts. 
See  'Watts's  'Dictionary  of  Chemistry '  (artide  Bum). 

OXXSS  or  TXM,    See  Tin  and  Pittty  Fowdkb. 

OXI9BS  are  compounds  containing  oxygen  in  definite  proportions. 

Tbey  ore  usually  divided  into  batic  oxides,  which  unite  with  adds ;  acid  osidai. 

Vol.  in.  H  H 


Digitized  by 


Google 


466  OXIDISED  OIL 

which  neutralise  basic  oxidei,  combining  with  them ;  and  lutUral  oxide*,  which  ds 
not  units  with  cither  bases  or  adds.  In  addition  to  these,  are  saline  oxidtt,  or  com- 
pounds which  are  produced  by  the  union  of  two  oxides  of  the  same  metal. 

OMXOMB,  for  polishing.  The  finest  crocus  and  jeweller's  rouffi  are  thus  prepared : — 
Crystals  of  sulphate  of  iron  are  taken  from  the  pans  in  whicli  they  have  crystallised, 
and  are  put  at  once  into  crucibles,  or  cast-iron  pots,  and  exposed  to  a  high  tempem- 
ture ;  the  greatest  care  being  taken  to  avoid  the  presence  of  dust. 

The  least-calcined  portions  are  of  a  scariet  colour,  and  form  the  jewellers'  rongo  for 
polishing  gold  or  silver  articles.  The  more  calcined  portions  are  of  a  purple  or 
bluish-purple  colour,  and  these  form  crocus  for  polishing  brass  or  steel.  It  is  found 
that  the  bme  particles,  which  are  those  which  have  been  exposed  to  the  greatest  heat, 
are  the  hardest.  It  will,  of  course,  be  understood  that  the  result  of  the  action  of  heat 
is  to  drive  off  the  sulphuric  acid  from  the  protoxide  of  iron,  which  becomes  peroxidised 
in  the  process. 

lord  Bosse,  in  the  '  Philosophical  Transactions,'  thus  describes  his  process  of  pie- 
paring  his  polishing  powder : — 

'  I  prepare  the  peroxide  of  iron  by  precipitation  with  water  of  ammonia,  from  a 
pure  dilute  solution  of  sulphate  of  iron.  The  precipitate  is  washed,  pressed  in  a 
screw-press  till  nearly  dry,  and  exposed  to  a  hent,  which  in  the  dark  appeura  a  dull 
low  red.  The  only  points  of  importance  ore,  that  the  sulphate  of  iron  should  be 
pure,  and  the  water  of  ammonia  should  bo  decidedly  in  excess,  and  that  the  heat 
should  not  exceed  that  I  have  described.  The  colour  will  be  a  bright  crimsou, 
inclining  to  yellow.  I  have  tried  both  potash  and  soda  pure,  instead  of  water  of 
ammonia,  but  after  washing  with  some  degree  of  care,  a  trace  of  the  alkali  still  re- 
mained, and  the  peroxide  was  of  an  ochrey  colour,  and  did  not  polish  properly.' 

JewelleiB*  rouge  is,  however,  frequently  prepared  in  Loudon  by  precipitating 
sulphate  of  iron  with  potash,  well  woricing  the  yellow  oxide,  and  calcining  it  until  it 
acquires  a  scarlet  colour. 

Crocus  is  sometimes  prepared  after  the  manner  recommended  by  Mr.  Heath. 
Chloride  of  sodium  and  sulphate  of  iron  are  well  mixed  in  a  mortar ;  the  mixture  is 
tlien  put  into  a  shallow  crucible,  and  exposed  to  a  red  heat  Vapour  escapes  and  the 
mass  flues.  When  no  more  vapour  escapes,  remove  the  crucible,  and  let  it  cool. 
The  colour  of  the  oxide  of  iron  produced,  if  the  fire  has  been  properly  regulated,  is  a 
fine  violet — if  the  heat  has  been  too  high  it  becomes  black.  The  mass  when  cold  is 
to  be  powdered  and  washed,  to  separate  the  sulphate  of  soda.  The  powder  of  crocus 
is  then  to  be  submitted  to  a  process  of  careful  elutriatjon,  and  the  finer  particles 
reserved  for  the  more  delicate  work. 

OJCmaS  OF  ntOW.  Four  definite  combinations  of  iron  and  oxygen  are  known, 
namely: — Protoxide,  FeO;  sesgvioxide,  FoK)*;  black  or  magnetic  oxide,  Fe'0*o 
FeO,  Fo«0';  Firrio  acid,  FeO».    See  Iboic. 

OJUBas  or  KBAS  and  Tnr.  These  ore  both  used  for  polishing.  For  oxide 
of  tin,  see  Prmr  Powdkb. 

OZZnUSB  OXK.  At  a  meeting  of  the  Society  of  Arts,  on  April  4,  1862,  Hr. 
Frederick  Walton  read  n  paper  '  On  the  introduction  and  use  of  elastic  gums  and 
analogous  substanoea,'  which  described  a  new  preparation  bearing  the  above  name. 
The  following  is  Hr.  Walton's  description  of  the  manufacture : — 

'  Whilst  engaged,  about  two  years  ago,  in  a  series  of  experiments  on  the  manu- 
facture of  artificial  leather,  it  was  of  the  greatest  importance  to  the  success  of  the 
material  that  it  should  have  a  coat  of  fine  varnish,  which,  whilst  drying  quickly, 
possessed  the  fiexibility  of  india-rubber.  Copal  varnish  has  always  been  acoountod 
the  best  varnish,  but  made  with  drying  oil  combined  with  gum  opal  at  a  high  tem- 
perature, it  will  not,  of  course,  be  dry,  until  the  action  of  oxidation  has  reduced  the 
oil  contained  therein  into  a  solid  film.  Whilst  revolving  in  my  mind  this  knotty 
difficulty,  and  presenting  every  phase  of  it  to  careful  thought,  it  suddenly  occurred  to 
me  that  if  the  oil  was  first  dried  into  a  skin,  like  those  I  had  often  seen  on  paint-cans, 
but,  like  other  people,  had  before  considered  as  waste,  was  dissolved  in  a  volatile 
solvent,  like  india-rubber  sheet,  that  the  semi-rosinous  material  would  immediately, 
on  the  evaporation  of  the  solvent,  resume,  like  india-rubber,  the  form  it  was  in  prior 
to  solution.  By  dipping  panes  of  gloss  into  linseed  oil,  and  allowing  the  films  or 
layers  to  dry,  then  repeating  the  process,  I  imitated  the  manufacture  of  india-rubber 
from  the  milk,  and  thereby  produced  a  solid  elastic  substance,  composed  of  many 
layers  of  perfectly  oxidised  oil.  Up  to  this  stage  I  had  done  nothing  new  or  original, 
for  the  oil-sheet  manufacturers  have  for  more  than  a  centuiy  waterproofed  linen  by 
layers  of  oil.  But  to  treat  this  semi-resinous  matter  and  render  it  available  to  pur- 
poses of  mann&ctnre,  will  be  admitted  to  be  perfectly  new,  and  I  now  proceed  to 
describe  the  invention.  Having  accumulated  a  quantity  of  solid  oxidised  oil  by  drying 
it  upon  extensive  surfaces  of  any  kind,  such  as  prepared  cloth,  stretched  in  frames,  as 


Digitized  by 


Google 


OXYGEN  467 

described  in  my  patent  of  Jannaty  27>  I86O1 1  tlien  scraped  01  peeled  it  off  by  suitable 
means. 

'  At  first,  as  before  stated,  my  attention  was  solely  directed  to  the  attainment  of  a 
speedily-daring,  flexible  yarnish  at  a  moderate  temperature,  bat  very  fetr  experiments 
'with  this  oxidised  oil  led  me  to  notice  its  rubber-like  qualities,  which  I  at  once  con* 
eeived  might,  with  Airther  manipulation,  and  with  some  combinations,  be  developed 
more  fully,  and  become  a  very  valnable  substitute  for  that  article. 

*  Encouraged  by  success  at  every  step,  I  proceeded,  and  soon  found  that  by  crushing 
the  solid  oxidised  oil  obtained  in  sheets  as  described  in  my  patent,  and  working  it 
thoroughly  in  hot  mixing  rolls,  I  produced  a  substance  which  required  only  the 
cohesive  nature,  which  in  the  early  part  of  this  paper  wo  noticed  as  existing  so 
strongly  in  india-rubber.  The  addition  of  a  small  proportion  of  shelbic  foon  gave 
that  which  was  wanting,  and  I  fonnd  in  my  power  a  material  singularly  like  caont- 
chouc  when  worked  into  dough,  and  which  could  bo  rolled  on  to  fabrics  in  the  same 
manner  and  with  the  same  facility — giving  a  perfect  waterproof  cloth,  unlike  oil-clotli, 
but  having  the  rubber  finish  and  flexibility.  Pigments  could  easily  be  added  to  give 
colour ;  the  addition  of  resins  gave  other,  or  rather  varied  proportions  of  adhesion, 
useAil  as  affording  the  means  rtf  uniting  fabrics  as  by  rubber.  Rbre,  whether  flock 
or  cork,  mixed  in  and  rolled  into  sheets,  gave  me  samples  of  kamptnlicoa  and  other 
floor-cloths. 

'  Not  only  has  this  singular  product  been  thus  assimilated  to  robber  for  uses  on 
fabrics,  or  combined  with  fibre  for  floor-cloths,  but  it  is  capable  of  being  worked  with 
pigment  and  vulcanised  exactly  as  india-rubber  has  been,  and  forms  a  hard  compotmd, 
like  vulcanite  and  ebonite,  excepting  that  the  sulphur  is  not  necessary.' 

This  preparation  has  not  yet  found  a  place  amongst  manufactures,  and  the  list  of 
applications  given  in  the  last  Edition  is  no  longer  useful. 

OZTOair  ( Oxygine,  Fr. ;  BauerHoff,  Oer.)  is  a  permanent  gas,  and  is  best  ob- 
tained  by  heating  a  mixture  of  chlorate  of  potash  and  binoxide  of  manganese,  when 
the  chlorate  is  decomposed  into  oxygen  and  chloride  of  potassium,  KCIO' =  KCl  ■(■  O*. 
Oxygen  may  be  obtained  from  binoxide  of  manganese  alone  by  the  action  of  heat ; 
but  in  this  case,  when  used  with  chlorate  of  potash,  the  binoxide  seems  only  to  act  in 
moderating  the  evolution  of  oxygen  from  tlie  chlorate.  AVhen  chlorate  of  potash 
alone  is  used,  the  evolution  of  gas  does  not  commence  so  soon,  and  often  is  given  off 
rather  suddenly  at  first,  and  may  cause  the  tecture  of  the  glass  vessel. 

Oxygen  was  first  discovered  by  Dr.  Priestley  in  England,  and  Scheele  in  Sweden,  in 
1774,  about  the  same  time,  but  independently  of  each  other.  Dr.  Priestley  called  it 
dephlogitticated  air,  and  Scheele  empyreal  air.  It  was  Lavoisier  who  gave  it  tho  name 
of  oxygen,  from  the  idea  that  it  was  the  acidifying  principle  in  all  acids  (from  i^is, 
acid,  and  ywritt,  I  beget,  or  gjve  rise  to);  but  this  name  has  of  late  years  been  shown 
to  be  a  false  one.  Oxygen  may  be  obtained  from  several  substances,  viz.  by  heating 
red  oxide  of  mercury,  HgO  ■=  Hg  -1-  0  ;  or  by  heating  three  parts  of  bichromate  of  potash 
with  fuur  parts  of  oil  of  vitriol  in  a  glass  retort.  The  products  in  the  latter  case  are 
sulphate  of  potash,  sulphate  of  chromium,  water,  and  oxygen. 

Oxygen  is  colourless,  odourless,  tasteless,  incombustible,  but  the  most  powerful 
agent  in  maintaining  combustion.  According  to  Begnault,  100  cubic  inches  of  this 
gas  weigh,  at  60°  Fahr.  and  barometer  at  30  inches,  34'19  grains,  and  its  specific 
gravity  is  1-1056.    According  to  Berzelius  and  Dnlong,  its  sp.  gr.  is  1-1026. 

Of  all  known  substances  oxygen  is  the  most  abundant  in  nature  for  it  constitutes 
at  least  three-fourths  of  the  known  terraqueous  globe.  Water  contains  eight-ninths 
of  its  weight  of  oxygen  ;  and  tho  solid  crust  of  our  globe  probably  consists  of  at  least 
one-third  port  by  weight  of  this  principle  ;  for  silica,  carbonate  of  lime,  and  alumina, 
— ^the  three  most  abundant  constituents  of  the  earth's  strata — contain  each  about 
one-half  their  weight  of  oxygen.  Oxygen  also  constitutes  about  twenty  per  cent, 
by  volume,  or  about  twenty-throe  per  cent,  by  weight,  of  the  atmosphere ;  and  it  is 
an  essential  constituent  of  all  living  beings.  Plants,  in  tho  sunlight,  absorb  carbonic 
acid,  decompose  it — keeping  the  carbon  and  liberating  the  oxygen ;  while  animals, 
on  tho  other  hand,  absorb  oxygen  and  give  off  carbonic  acid.  Oxygen  is  tht  great 
supporter  of  combustion  ;  substances  which  bum  in  air  bum  with  greatly-increased 
bnllianey  in  pure  oxygen.  Several  propositions  have  been  made  to  produce  intense 
light  by  the  use  of  pure  oxygen  gas,  in  the  place  of  atmospheric  air.  The  Dmmmond 
Light,  the  Bude  Light,  Fitzmaurice's  Light,  and  others,  employ  oxygen  in  combination 
with  hydrogen  or  carburetted  hydrogen  at  the  moment  of  entering  into  combustion ; 
and  some  of  these  bring  in  the  additional  aid  of  a  solid  incandescent  body,  as  lime, 
to  increase  the  intensity  of  the  illuminating  power.  The  useful  employment  of  any  of 
these  plans  appeals  to  depend  upon  the  production  of  oxygen  by  some  cheaper  process 
than  any  at  present  employed. 
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MarMial  and  Teseie  du  Mothay  prepare  oxygen  by  beatiog  the  mang«nates,  per- 
manganates, chromatee,  and  ferrates  of  the  alkalis,  in  a  current  of  steam.  The 
mangannte  of  soda  is  used  for  this  purpose  in  Ameriea. 

The  manganate  is  crushed  to  a  coarse  powder,  and  is  then  placed  in '  elliptical 
jetorts,  7  feet  long,  1  foot  wide,  and  2  feet  deep.  These  are  placed  horizontally,  the 
ellipse  being  vertical.  A  current  of  super-heated  steam  is  then  passed  through  the 
mass,  at  first  slowly,  afterwards  more  rapidly ;  when  the  heat  has  become  sufficiently 
high,  part  of  the  oxygen  is  eliminated,  and  passes  off  with  the  steam,  which  latter, 
being  condensed,  oxygen  remains  in  a  state  of  tolerable  purity.  The  condensers  used 
are  similar  to  those  employed  in  gas-works  to  separate  the  less  Tolntile  constituents 
from  the  coal-gas.  They  are  simply  a  system  of  upright  cast-iron  U-pipes  inverted. 
The  water  thus  farmed  is  sufBcient  in  quantity  to  wash  all  soluble  impurities  from  the 
gas.  Farther  impurities  are  removed  in  a  scrubber,  whence  the  oxygen  passes,  fit  for 
use,  into  the  gas-holder. 

After  the  manganate  of  soda  has  been  subject  to  the  action  of  the  steam  for  about 
ten  minutes,  the  current  is  shut  off,  and  atmospheric  air  blown  in  its  place,  the 
effect  of  which  is  to  re-oxidise  so  much  of  the  soda-salt  as  has  parted  with  its  oxygen. 
The  nitrogen  of  the  air  escapes.  After  ten  minutes  the  air  is  cut  off  and  steam  re- 
introduced, which,  as  before,  carries  with  it  oxygen  into  the  condensers. 

Some  difficulties  have  been  found  in  working  this  process.  Theoretically,  the  man- 
ganate should  continue  to  yield  oxygen  ad  infitiium ;  but,  in  practice,  it  is  found  that 
after  being  some  time  in  use  it  loses  its  porosity,  and  consequently  does  not  permit  the 
steam  to  act  through  its  whole  mass.  It  becomes,  therefore,  necessary  to  recharge 
the  retorts  after  not  very  long  intervals.  It  is  believed  that,  if  the  steam  could  be 
kept  perfectly  dry  throughout  the  process,  a  result  much  more  nearly  approaching  that 
predicted  by  theory,  would  be  attained  to. 

OBOXBWnrB  or  OXOOnUXa.  A  mineral  wax  found  in  the  Urpeth  Colliery, 
Kewcastle-on-Tyne,  at  Uphall  in  Linlithgowshire,  and  in  one  or  two  of  the  collieries, 
in  South  VTales.  Its  composition  is,  usually,  hydrogen  13'79,  carbon  86-20.  Ozokerite 
is  found  in  considerable  quantity  in  Moldavia  and  in  Galida,  and  has  been  used 
for  the  distillation  of  paraffin  and  the  manufacture  of  candles.  See  Camdles; 
Pabaffin. 

OXOXTB  and  AVTOXOWSa  The  most  convenient  method  of  procuring  ceone, 
or  rather  an  ozonised  atmosphere,  is  to  place  in  a  large  bottle  of  air,  which  can  be 
completely  closed,  a  stick  of  phoaphonu  freshly  scraped.  Sufficient  distilled  water 
should  be  poured  into  the  bottle  to  partially  cover  the  phosphorus ;  the  vessel  should 
then  be  closed  with  the  stopper,  and  kept  in  a  room  at  a  temperature  between  60°  and 
70°.  The  phosphorus  is  oxidised  in  the  bottle  in  the  usual  way ;  and,  during  this 
process  of  oxidation,  a  portion  of  the  oxygen  passes  to  the  state  of  ozone,  and  is 
diffi^ed  through  the  air  in  the  bottle.  The  test  for  its  presence  is  a  slip  of  paper 
moistened  with  a  solution  of  starch  and  iodide  of  potassium.  When  ozone  is  pro- 
duced, this  paper  on  immersion  acquires  a  blue  colour,  owing  to  the  oxidation  of  the 
potassium,  and  the  production  of  iodide  of  starch.  If  a  similar  slip  of  paper  is  put 
into  a  similar  bottle  of  air  containing  distilled  water  without  phosphorus,  no  change 
is  produced.  In  a  warm  room,  the  evidence  of  the  presence  of  ozone  in  a  bottle  is 
usually  procured  in  about  ten  or  twelve  minutes ;  but  the  maximum  quantity  of  ozone 
is  found  in  it  from  two  to  ten  hours.  Only  a  small  part  of  the  oxygen  (&om  l-50th 
to  l-200th)  appears  to  undergo  this  change;  and  if  kept  long,  the  ozone  may  be  lost 
by  combining  with  the  oxidising  phosphorus.  So  if  the  iodide  paper  be  left  in 
the  bottle,  the  bine  colour  will  after  a  time  disappar  by  the  ozone  combining  with 
the  iodine  to  form  iodic  acid.  It  is  not  pcoduced  in  dry  oxygen,  nor  in  humid  air, 
or  in  oxygen  mixed  with  certain  gases  or  vapours  which  prevent  the  oxidation  of 
the  phosphorus  ;  but  it  appears  to  be  more  readily  produced,  cteUru  paribui,  when 
oxjrgen  IB  mixed  with  nitrogen,  hydrogen,  or  carbonic  acid.  By  washing  and 
decautation,  the  ozonised  air,  which  is  quite  insoluble  in  water,  may  be  deprived  of 
the  phosphorus-vapour  associated  with  it,  and  kept  in  well-closed  bottles.  It  is 
speedily  lost  by  diffiision,  Graham  found  that  ozone  traversed  dry  and  porous  stone- 
ware. Ozone  may  be  produced  on  a  small  scale  by  placing  a  piece  of  phosphorus 
with  water  in  a  watch-glass,  and  inverting  over  this  another  glass  containing  the 
test-paper  or  liquid. 

Ozone  is  produced  by  passing  the  electric  spark  silently  into  pure  and  dry  oxygen. 
Frimy  and  Becquerel  found  that  pure  oxygen  contained  in  a  sealed  tube,  when  treated 
for  a  sufficient  time  with  a  series  of  electric  sparks,  underwent  a  complete  conversion 
into  ozone,  as  the  whole  contents  of  the  tube,  when  broken,  were  absorbed  by  a  solu- 
tion of  alkaline  iodide,  in  which  it  was  immersed.  In  the  electrolytic  decomposition 
of  water,  the  oxygen  at  the  positive  pole  has  ozonic  properties,  provided  the  poles 
employed  are  of  gold  or  platinum.    The  hydrogen  evolved  gave  no  indication  of 
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ozone.  Faiadaj  found  that  a  mixture  of  iodide  of  potassium  and  staich  was  decom-' 
posed  at  the  positive  pole,  even  after  the  gaseous  oxprgen  had  been  made  to  mss 
through  a  tube  containing  a  layer  of  cotton  soaked  m  a  solution  of  potash.  The 
object  of  this  airangement  vas  to  arrest  any  acid  which  might  be  simultaneously 
produced,  and  thus  lead  to  the  decomposition  of  the  iodide.  Dr.  Letbeby  found  that 
the  ozone  thus  evolved  at  the  positive  pole  possessed  the  same  power  of  colouring 
strychnia  as  the  oxygen  (ozone)  liberated  by  sulphuric  acid  from  the  peroxides  of 
manganese  and  lead,  and  from  chromic  acid. 

In  18S0,  Schonbcin  found  that  ozone  was  a  product  of  the  slow  combustion  of  etlter. 
If  a  small  quantity  of  ether  be  poured  into  a  jar  or  bottle,  and  a  clean  glass  rod, 
heated  to  about  dOO°,  is  introdncod,  acid  vapours  are  riven  off  which  redden  wetted 
litmus  at  the  mouth  of  the  jar,  and  which  set  free  iodine  from  iodide  of  potassium, 
causing  the  blueing  of  starch-paper  impregnated  with  this  salt  Clean  platinum,  and 
even  copper  or  iron,  will  produce  similar  effects.  The  residuary  ether  in  the  jar  at 
tlie  same  time  acquires  new  properties — those  of  antozone.  It  bleaches  sulphate  of 
indigo,  and  converts  chromic  into  perchromic  ncid.  Antotona  is  usually  produced 
during  this  slow  combustion  of  ether,  but  its  existence  as  a  separate  principle  is  ex- 
ceedingly hypothetical — it  is  probably  a  peroxide  of  hydrogen.  See  '  Ozone  and 
Antozone,'  by  Cornelius  B.  Fox,  MJ). ;  and  Watts's  'Dictionary  of  Chemistry.' 


VAOXVOWtt*  An  East  Indian  alloy,  forming  a  white  metal  like  German  silver. 
It  is  the  Chinese  nickel-silver.    It  appears  to  contain  copper,  zinc,  and  nickel. 

yACOi  or  PACOS,  is  the  Peruvian  name  of  an  earthy-looking  ore,  which  con- 
sists of  brown  oxide  of  iron,  with  almost  imperceptible  particles  of  native  silver  dis- 
seminated through  it. 

yASSnrO  KACKXVa  (Machine  a  plaqiter,  Fr. ;  Klattch,  or  CrrundermaschitK, 
Oer.),  in  calico-printing,   is   the  apparatus  for  imbuing  a  piece  of  cotton  cloth 
uniformly  with  any  mordant.    In  y^.  1682,  abco  represeuts  in  section  a  cast-iron 
frame,   supporting    two   opposite 
standards  Jibove  jc,  in  whose  ver-  /^    r 

tical  slot  the  gudgeons  a  &  of  two 
copper  or  bronze  cylinders,  x  f, 
run  ;  the  gndgeons  of  b  turn  upon 
fixed  brasses  or  plummer  blocks ; 
but  the  superior  cylinder  f  rests 
upon  the  surface  of  the  under  one, 
and  may 

it  with  greater  or  less  force  by 
moans  of  the  weighted  lever  d  efg, 
whose  centre  of  motion  is  at  d, 
and  which  bears  down  upon  the  a 
axle  of  F.  X  is  the  roller  upon 
which  the  pieces  of  cotton  cloth 
intended  to  be  padded  are  wound, 
several  of  them  being  stitched 
endwise  together.  They  receive 
tension  from  the  action  of  a 
weighted  belt,  on,  which  passes 
round  a  pulley,  n,  upon  the  end  of 
the  roller  x.  The  trough  o,  which 
contains  the  colouring-matter  or 
mordant,  rests  beneath  the  cylinder  C  _ 
upon  the  table  l,  or  other  conve- 
nient support.  About  two  inches  above  the  bottom  of  the  trough  there  is  a  copper  dip 
roller,  c,  under  which  the  cloth  passes,  after  going  round  the  guide  roller  m.  Upon 
escaping  from  the  trough,  it  is  drawn  over  the  half-round  stretcher-bar  at  i,  grooved 
obliquely  right  and  left,  as  shown  at  n,  whereby  it  acquires  a  diverging  extension 
from  the  middle,  and  enters  with  a  smooth  surface  between  the  two  cylinders  B  F. 
These  are  lapped  round  6  or  7  times  with  cotton  cloth,  to  soften  and  equalise  their 
pressure.  The  piece  of  goods  glides  obliquely  npwnids,  in  contact  with  one-third 
of  the  cylinder  f,  and  is  finally  wound  about  the  uppermost  roller  h.    The  gudgeon 
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of.K  rerolves  in  the  end  of  the  mdiiis  hk,  irhich  is  joint«d  at  Jc,  and  moveaUe  by  a 
mortise  at  t  along  the  quadrantal  aic  towards  I,  as  the  roller  x  becomes  enlarged  by 
the  cooToltttions  of  the  web.  The  nnder  cylinder  b  teceires  motion  by  a  pulley  or 
rigger  npon  its  opposite  end,  from  a  band  connected  with  the  driving-shait  of  the 
printshop.  To  ensure  perfect  equability  in  the  application  of  the  mordant,  the  goods 
are  in  some  works  passed  twice  through  the  trough ;  the  pressure  being  increased  the 
second  time  by  sliding  the  weight  g  to  the  end  of  the  lever  df.    See  Cixico-PKUtTiiio. 

VJUISIUi,    A  mttallurgkal  term.     The  name  of  a  tool  used  by  the  iron-puddler. 

PAS9T.    The  Indian  name  for  rice  in  the  unhnsted  condition. 

rMOKXM,  or  Coralline.    See  Cabbouc  Acm. 

PAOnra  XAOKZVB.  a  self-acting  machine  for  pa^ng  books  and  numbering 
documents,  by  Messn.  Waterlow  and  Sons,  is  of  a  very  in^ienious  character.  The 
numbering  apparatus  consists  of  fire  discs,  which  are  prorioed  with  raised  flgnree  on  their 
periphery,  running  from  1 ,  2,  3,  See.,  to  0 ;  and  these  figures  serve  (like  letter-press  type) 
to  print  the  numbers  required.  The  discs  are  moun(  ed  at  the  outer  end  of  a  vibrating 
frame  or  arm  on  a  common  shaft,  to  which  the  first  or  units  disc  is  permanently  fixed ; 
and  the  other  four  discs  (viz.  those  for  marking  tens,  hundreds,  thousands,  and  tens  of 
thousands)  are  mounted  loosely  thereon,  so  that  they  need  not,  of  necessity,  move  when 
the  shaft  is  rotating :  bnt  they  are  severally  caused  to  move  in  the  following  order : — 
the  tens  disc  performs  one-tenth  of  a  revolution  for  every  revolntion  of  the  units  disc ; 
the  hundreds  disc  makes  one-tenth  of  a  revolution  for  every  revolntion  of  the  tens 
disc,  and  so  on.  As  the  discs  rise  from  the  paper  after  every  impression,  the  units 
disc  is  caused  to  perform  one-tenth  of  a  revolution  (in  order  that  the  next  number 
printed  may  be  a  unit  greater  than  the  preceding  one)  by  a  driving  click  taking  into 
the  teeth  of  a  ratchet-wheel,  fixed  on  the  left-hand  end  of  the  shaft.  The  movement 
of  the  other  discs  is  effected,  at  intervals,  by  means  of  a  spring  catch,  afBxed  to  the 
rade  of  the  units  disc,  and  rotating  therewith ;  which  catch,  each  time  that  the  units 
disc  completes  a  revolution,  is  caused  by  a  projection  on  the  inner  snr&ce  of  the 
vibrating  frame  to  project  behind  one  of  the  raised  figures  on  the  tens  disc,  and  carry  it 
round  one-tenth  of  a  revolntion  on  the  next  movement  of  the  units  disc  taking  place ; 
and  then,  the  catch  having  passed  away  from  the  projection,  no  further  increase  in 
the  number  imprinted  by  the  tens  disc  will  be  etbcted  until  the  units  disc  has  per- 
formed another  revolution.  Evciy  time  that  the  tens  disc  completes  a  revolution,  the 
spring  catch  causes  the  hundreds  disc  to  move  forward  one-tenth  of  a  revolution,  and 
similar  movements  are  imparted  to  the  remaining  discs  at  suitable  times.  The  shaft 
IS  prevented  from  moving,  except  when  it  is  acted  on  by  the  driving  click,  by  a  spring 
detent  or  pull  entering  the  notches  in  the  periphery  of  a  wheel  fixed  on  Uie  right- 
hand  end  of  the  shaft ;  and  thus  the  discs  are  held  steady  while  numbering,  and  a 
clear  and  even  impression  of  the  figure  is  ensured.  The  leaves  of  the  book  to  bo 
paged  or  numbered  are  laid  on  the  raised  part  of  the  table  of  the  machine,  covered 
with  vulcanised  india-rubber,  and  as  each  page  is  numbered  it  is  turned  over  by  the 
attendant,  so  as  to  present  a  fresh  page  on  their  next  descent.  As  the  discs  ascend 
after  numbering  each  page,  an  inking  apparatus  (consisting  of  three  rollers  mounted 
in  a  swing  frame,  and  revolving  in  contact  with  each  other,  so  as  to  distribute  the 
Ink  which  is  fed  to  the  first  roller  evenly  on  to  the  third  or  inking  roller)  descends 
and  inks  the  figures  which  are  to  be  brought  into  action,  when  the  numbering  appamtus 
next  descends.  By  this  means  books  or  documents  may  bo  paged  or  marked  with  con- 
secntive  numbers.  For  printing  duplicate  setsof  numbers,  as  for  bankers'  books,  a  simple 
and  ingenious  contrivance  is  adopted.  This  consists  in  the  employment  of  an  additional 
ratchet-wheel,  which  is  acted  on  by  the  driving  click  that  moves  the  ratchet- wheel  above 
mentioned,  and  is  provided  with  a  like  number  of  teeth  to  that  wheel.  But  the  diame- 
ter of  the  additional  ratchet-wheel  is  increased  to  admit  of  the  teeth  being  so,  formed 
that  the  driving  click  will  be  thereby  held  back  from  contact  with  every  alternate  tooth 
of  the  first-mentioned  ratchet-wheel ;  and  thus  the  arrangement  of  the  numbering  discs 
will  remain  unchanged,  to  give,  on  their  next  descent,  a  duplicate  impression  of  the 
nnmber  previously  printed ;  but,  on  the  re-ascending  of  tJie  numbering  apparatus,  the 
olick  will  act  on  a  tooth  of  both  ratchet-wheels,  and  move  both  forward  one^enth  of 
n  revolntion ;  and,  as  the  shaft  accompanies  the  first  ratchet-wheel  in  its  movements, 
the  number  will  consequently  be  changed. 

Messrs.  Schlesinger  and  Co.  have  introduced  a  paging  machine,  the  capabilities  of 
which  are  similar  to  the  above,  but  somewhat  differently  obtained.  The  numbering 
discs  in  this  instance  are  provided  with  ten  teeth,  with  a  raised  figure  on  the  end  of 
each  tooth  ;  and  they  receive  the  change  motion  from  cog-wheels  mounted  below  them 
on  the  same  frame.  At  each  descent  of  the  frame  a  stationaiy  spring  catch  or  hook 
piece  drives  round  the  wheel  one  tooth,  that  gears  into  the  teeth  of  the  units  disc,  and 
thereby  causes  the  unit's  disc  to  bring  forward  a  ttesh  figure.  The  toothed  wheels 
•ze  somewhat  narrower  than  the  numbering  discs,  bnt  one  tooth  of  each  wheel  is 


Digitized  by 


Google 


PAINTS,  GRINDING  OF  471 

enlarged  laterally  to  aboat  donble  the  size  of  the  other  teeth ;  bo  that  at  tlie  completion 
of  ereiy  levolation  of  the  -wheel  the  projecting  tooth  Bhall  act  upon  a  tooth  of  the 
next  disc,  and  carry  that  disc  forward  one-tenth  of  a  reTolntion.  By  this  means  the 
leqoisits  morements  of  the  discs  for  effecting  the  regnlar  progression  of  the  numbers 
are  prodnced ;  the  first  wheel  driving  its  own  disc,  and  conunnnicating  motion  at  in> 
terrahi  to  the  next  disc,  and  the  other  wheels  each  receiving  motion  at  interrals  from 
the  disc  -with  which  it  is  connected,  and  transmitting  motion,  at  still  greater  intervals 
of  time,  to  the  next  disc. 

The  machine  is  caused  to  print  the  figures  in  duplicate  by  drawing  the  spring  catch 
out  of  action  at  every  alternate  descent  of  the  &amo,  and  thereby  preventing  any  change 
of  the  figures  taking  place  until  after  the  next  impression. 

The  numbers  may  be  increased  two  units  at  each  impression,  so  as  to  print  all  even 
or  all  odd  numbers,  by  bringing  a  second  catch  into  action,  which  causes  the  unit  disc 
to  advance  one  step  daring  the  ascending  movement  of  the  frame,  in  addition  to  the 
advance  during  the  descent  of  the  same. 

VAXarrs  are  colouring-matters  in  combination  with  oil.  In  most  cases  for  the 
ordinary  paints  the  basis  is  white  lead,  with  the  colouring  agents  derived  &om  the 
mineral  or  vegetable  kingdom  mixed  with  it.  This  does  not  npply  to  artistt^  colours 
(see  C01.0DBS).  The  advantAges  of  lead  are,  that  its  carbonate  (or  white  lend) 
actually  combines  with  the  oil,  -whereas  white  zinc  is  merely  mechanically  suspended 
in  it.  In  the  one  case  we  have  a  plaster  spread  over  the  -n-ood  or  canvas  to  which 
the  paint  is  applied,  in  the  other  we  have  only  a  fine  powder  held  by  the  oil  so  long 
as  it  continues  permanent,  but  which  -washes  out  when  the  oily  coating  begins  to  give 
way. 

Oxide  of  cine,  or  white  zinc,  is,  ho-wever,  much  used  as  a  paint.  Ground  with  oil,  it 
does  not  cover  the  sur&ce  of  wood  so  well  as  a  lead  paint  does,  owing  to  the  condition 
in  -which  it  exists,  as  already  explained.  It  has,  however,  one  advantage  over  white 
lead,  as  it  is  not  liable  to  tarnish  or  blacken  when  exposed  to  the  action  of  sulphide 
of  hydrocen.  It  has  been  st-ited  that  whito  zinc  is  not  injurious,  as  white  lead  is,  to 
the  health  of  tlie  painter.  This  is  veiy  questionable.  It  has  been  found  that  the  long- 
continned  use  of  whita  zinc  paint  produces  a  distressing  nausea. 

A  white  paint  has  been  made  from  the  oxide  of  bimmth ;  but  the  metal  is  too  scarce 
to  make  it  an  article  of  commercial  vnlae.  A  tung$ten  -white  was  made  in  tolerably 
large  quantities  a  few  yean  since,  and  it  was  advertised  as  possessing  many  advantages ; 
as  it  has  not  maintained  its  ground,  we  may  therefore  suppose  that  the  promises  were 
not  folfilled. 

Copprr  is  largely  used  as  a  paints  The  most  brilliant  greens  are  compounds  of  the 
oxide  of  this  met^  with  arsenic  and  other  bodies.  There  are  also  several  blues  of 
great  value  produced  from  copper. 

Iron. — The  oxides  of  iron,  in  vsrioiu  forms,  are  employed  in  the  production  of 
yellow,  brown,  and  black  paints.  A  very  beautiful  black  is  produced  by  calcining 
with  care  spalJiic  iron  ore,  the  white  carbonate  of  iron ;  the  result  is  a  black  magnetic 
oxide,  -which  mixes  well  with  oil,  and  forms  a  most  permanent  covering  for  out-of-door 
work.  Calcined  hematitic  iron  ores  are  also  found  to  produce  most  permanent 
colours,  which  resist  the  action  of  the  weather  in  a  remarkable  manner. 

Anthracite,  ground  to  an  impalpable  powder,  has  been  extensively  used,  when 
mixed  -with  a  drying  oil  as  a  blade  paint.  A  considerable  quantity  of  this  paint  was 
maniifR::tured  at  Bideford,  in  North  Devon,  where  the  anthracite  is  obtained  ftom  the 
well-known  culm  measures  of  that  district.  Nearly  all  paints  employed  by  the 
ordinary  house-painter  should  be,  however,  lead  paints  to  which  colour  has  been 
imparted  by  the  use  of  some  of  the  metallic  oxides.  For  artists'  paints,  see  Coloubs  ; 
Lead,  Oxichlobide  ;  and  White  Lead. 

PAimrS,  VUXtrOTMU  or.  There  are  many  pigmented,  such  as  common  orpi- 
ment,  or  king's  yellow,  and  verdigris,  which  are  sti^ing  poisons ;  others  which  are 
Tory  deleterious,  and  occasion  dreadful  mo  ladies,  such  as  white  lead,  red  lead,  chrome 
yellow,  and  vermilion ;  none  of  which  can  bo  safely  grotmd  by  hand  with  the  slab 
and  mailer,  but  should  always  be  tritnratcd  in  a  miU.  The  emanations  of  white  load 
eanse,  first,  that  dangerous  disease  the  colica  pieUmmn,  afterwards  paralysis,  or 
premature  decrepitude  and  lingering;  death. 

Figt.  1583,  1584,  and  1585  exhibit  the  construction  of  a  good  colour-mill  in  thn>e 
-views:  fig.  1588  being  an  elevation  shown  upon  the  side  of  the  handle,  or  whore  the 
po-wer  is  applied  to  the  shaft ;  .fig.  1584  a  second  elevation,  taken  upon  the  side  of  the 
line  od  of  the  plan  or  bird's-eye  -new,  fig.  1685. 

The  frame-work  A  A  of  the  mill  is  made  of  wood  or  cast-iron,  strongly  mortised  or 
bolted  together,  and  strengthened  by  the  two  cross  iron  bars  bb.  Fig.  1686  is  a  plan 
of  the  millstones.  The  Ijring  or  nether  millstone  c,  fig.  1584,  is  of  cast  iron,  and  is 
channelled  on  its  upper  face  by  corn  millstones.    It  is  fixed  upon  the  two  iron  bars 
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BB,  but  may  be  preferably  supported  upon  the  three  points  of  adjustable  screws, 

Cing  up  through  beariug-barg.    The  millstone,  c,  is  surrounded  by  a  large  iron 
J,  D,  for  preventing  the  pasty-consistenced  colour  from  running  over  the  edge. 
It  can  escape  only  by  the  sluice-hole  K,  Jig.  1684,  formed  in  the  hoop,  and  is  then 
receiTed  in  the  tub  x,  placed  beneath. 
The  upper  or  moving  millstone,  f,  ii  also  made  of  cast  iron.    The  dotted  lines  indi- 


C=S) 


cate  its  shape.  In  the  centre  it  has  an  aperture  with  ledges,  a,  a ;  there  is  also  a 
ledge  upon  its  outer  circumference,  sufficiently  fiigh  to  confine  the  colour  which  may 
occasionally  accumulate  upon  its  surface.  An  upright  iron  shaft,  h,  passes  into  the 
turning-stone,  and  gives  motion  to  it.  A  horizontal  iron  bevel-wheel,  K,  Jiffs.  1581, 
1585,  furnished  with  27  wooden  teeth,  is  fixed  upon  the  upper  end  of  the  upright 


1586 


\k±o 


shaft  H.  A  similar  bevel-wheel,  i.,  having  the  same  number  of  teeth,  is  placed  verti 
cally  upon  the  horizontal  iron  axis  u  k,  and  works  into  the  wheel  k.  This  horizontal 
axis,  M  M,  bears  at  one  of  its  ends  a  handle  or  winch,  k,  by  which  the  workmen  may 
turn  the  millstone  r ;  and  on  the  other  end  of  the  same  axis  the  fly-wheel,  o,  is  made 
fiist,  which  serves  to  regulate  the  movements  of  the  machine.  Upon  one  of  the 
spokes  of  the  fly-wheel  Uiere  is  flxed  in  like  manner  a  handle,  p,  which  may  ser^-e 
upon  occasion  for  turning  the  mill.  This  handle  may  be  attached  at  any  convenient 
distance  from  the  centre  by  means  of  the  slot  and  screw-nut  i.  The  colour  to  be 
ground  is  put  into  the  hopper  r,  below  which  the  bucket,  s,  is  suspended  for  supplying 
the  colour  uniformly  through  the  orifice  in  the  millstone  o.  A  cord  or  chain,  T,  by 
means  of  which  the  bucket,  s,  is  suspended  at  a  proper  height  for  pouring  out  the 
requisite  quantity  of  colour  between  the  stones,  pulls  the  bucket  obliquely,  and  makes 
its  beak  rest  against  the  square  upright-shaft  H.  By  this  means  the  bucket  is  con- 
Unually  agitated  in  such  a  way  as  to  discharge  more  or  less  colour,  according  to  its 
degree  of  inclination.  The  copper  cistern,  x,  receives  the  colour  soccessively  as  it  is 
ground ;  and  when  full  it  may  be  carried  away  by  the  two  handles  z  z ;  or  it  may  be 
emptied  by  the  stopcock  t,  without  removing  the  tub.    For  many  pnrposes,  as  for 
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colour-printing,  it  is  highly  important  tliat  the  paint  need  should  be  in  the  finest 
possible  state.  To  efiect  this,  at  Messrs.  Be  La  Bue's  and  some  other  large  establish- 
ments,  the  colonrs  are  passed  between  flnely-polishod  steel  rollers  -which  are,  by 
■crews,  brought  very  close  together. 

VASVTSt  ▼XTBXrXABKB.    See  FoBCBLUN ;  Fottkbt  ;  and  Smikied  Olass. 

Wiittitun  mtJMt  lir009<  a  name  employed  on  the  Continent  for  rosewood. 
Holtzapffel  has  the  following  remarks  on  this  wood : — 

*  There  is  oonsidemble  irregularity  in  the  employment  of  this  name ;  in  the  work 
of  Bergeron  a  kind  of  striped  ebony  is  figured  as  boil  d»  Palisandn;  in  other 
French  works  this  name  is  considered  a  synonym  of  boit  vioUt,  and  stated  as  a 
wood  brought  by  the  Dutch  &om  their  South  American  colonies,  and  much  es- 
teemed.' 

VAXAABXmc,  a  metal  possessed  of  valuable  properties,  was  discovered  in  1803, 
bjr  Dr.  Wollaston,  in  native  platinum.  It  constitutes  about  1  per  cent  of  the  Colum- 
bian ore,  and  from  {  to  1  per  cent,  of  the  Uralian  ore  of  this  metal ;  occurring  nearly 
pure  in  loose  grains  of  a  steel-grey  colour,  passing  into  silver-white,  and  of  a  specific 
gravity  of  from  11-8  to  12-14 ;  also  as  an  alloy  with  gold  in  Brasil;  and  it  is  also 
found  in  many  varieties  of  native  gold.  In  ue  nitro-mnriatic  solution  of  native 
platinum,  if  a  solution  of  cyanide  of  mercury  be  poured,  the  pale  yellow  <7anide  of 
palladium  will  be  thrown  down,  which,  being  ignited,  a£Rsxls  the  metal.  This  is  the 
ingenious  process  of  Dr.  WoUaston.  The  palladium  present  in  the  Brazilian  gold  ore 
may  be  readily  separated  as  follows  : — 

Helt  the  ore  along  with  2  or  3  parts  of  silver,  granulate  the  alloy,  and  digest  it 
with  heat  in  nitric  acid  of  specific  granty  1-3.  The  solution  containing  the  silver- 
palladium,  for  the  gold  does  not  mssolve,  being  treated  with  chloride  of  sodium 
or  with  hydrochloric  add,  will  part  -with  all  its  silver  in  the  shape  of  a  chloride. 
The  supernatant  liquor  being  concentrated  and  neutralised  with  ammonia  will  yield 
a  rose-coloured  salt  in  long  silky  cr3rBtals,  the  ammonio-chloride  of  palladium, 
which,  being  washed  in  ice-cold  water,  and  then  ignited,  will  yield  40  per  cent,  of 
metal. 

Falladinm  is  one  of  the  hardest  of  the  metals ;  its  colour  is  not  so  bright  as  that 
of  silver ;  it  is  malleable,  ductile,  and  capable  of  being  welded.  This  metal  is  more 
oxidisable  than  silver,  for  it  tarnishes  in  air  at  the  ordinary  temperature;  when 
heated  in  air  it  becomes  blue  at  first  from  partial  oxidation ;  but  if  tlie  temperature 
be  increased,  this  colour  disappears  and  its  brightness  returns. 

Falladinm  is  sometimes  substituted  for  silver  in  the  manufacture  of  mathematical 
instruments.  The  commoner  metals  may  be  plated  with  palladium  by  the  electrotype 
process.  Falladiam  is  sometimes  used  in  the  construction  of  accurate  balances,  and 
for  some  of  the  works  of  chronometers.  An  alloy  of  palladium  and  silver  is  employed 
by  the  dentists  &om  the  circumstance  that  it  does  not  tarnish.    The  influence  of 

?illadium  in  protecting  silver  from  tarnishing  is  a  remarkable  and  valuable  property, 
he  Wollaston  medal,  given  by  the  Geological  Society  in  honour  of  its  discoverer,  was 
formerly  made  of  palladium. 

VAXMITIO  AOn*.  C«H<H}«  (0>*a«0<).  This  acid  was  first  discovered  in 
palm-oil,  from  which  it  derived  its  name ;  it  has  since  been  found  in  many  other 
natural  productions,  and  may  also  be  manufactured  artificially  from  many  other  sub- 
stances. It  is  contained,  for  instance,  in  bees'-waz,  and  that  in  considerable  quan- 
tities ;  the  portion  of  the  wax  insoluble  in  boiling  alcohol  is  called  myricint,  and  is  a 
nilmitate  of  frntricyle.  This  mtfricine  requires  a  lirong  solution  of  potash  to  saponify 
It,  and  then  the  palmitic  acid  is  obtained  as  a  palmitate  of  potash,  from  which  it  may 
be  separated  by  adding  an  acid. 

Several  chemical  processes  have  been  introduced  for  obtaining  palmitic  acid,  but 
none  of  them  have  been  used  commercially  for  obtaining  it,  which  is  largely  used  in 
making  candles.  When  thus  required,  it  is  obtained  in  the  same  manner  as  stearic 
acid,  by  distilling  with  high-pressure  steam.    See  Okxtyua. 

When  pure,  palmitic  acid  is  a  colourless  solid  substance,  without  smell,  lighter  than 
water.  It  is  quite  insoluble  in  water,  but  freely  soluble  in  boiling  alcohol  or  ether. 
These  solutions  have  an  acid  reaction,  and  when  concentrated  become  almost  solid 
on  cooling ;  but  if  more  dilute,  the  palmitic  add  separates  in  groups  of  fine  needles. 
It  fuses  at  143'6°  Fahr. ;  and  becomes,  on  cooling,  a  moss  of  brilliant  pearly  scales. 
It  unites  with  bases  to  form  salts,  most  of  which  are  insoluble  in  water.  It  may  also 
be  made  to  unite  with  glycerine  to  form  palmitin,  in  which  state  it  previously  existed 
in  palm-oil. 

WAHmrZK.  This  is  the  principal  constituent  of  fresh  palm-oil.  It  may  be 
obtained  from  it  by  the  following  process : — 

The  palm-oil  is  subjected  to  pressure  to  remove  the  liquid  portions ;  the  solid  por- 
tion is  then  boiled  with  alcohol,  which  dissolves  the  tree  fdtty  acitls  which  may  b« 
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pTosent.  The  residuo  is  then  crude  palmitin ;  and  it  is  porified  hj  repeated  aystat- 
lisations  with  ether.  When  thns  obtained  it  is  in  small  ciystals ;  these  fiise,  and 
become,  on  cooling,  a  semi-transparent  mass,  irhich  may  be  easily  reduced  to  powder. 
It  is  almost  entirely  insoli-ble  in  cold  alcohol,  and  only  slightly  soluble  in  boiling 
alcohol,  from  which  it  ngain  separates,  on  cooling,  in  flakes.  It  is  soluble  in  nil  pro- 
portions in  boiling  ether. 

M.  Duffjr  states  that  there  are  three  modifications  of  palmitin,  difiering  in  their 
melting-point :  the  first  melting  at  1 15°  Fahr.,  the  second  melting  at  143°  Fahr.,  and 
the  third  at  146-2o  Fahr. 

VAU»4>ab.    See  Oils. 

9  Ik  TiM^iPCfcMU  The  juices  of  many  of  the  palms  yield  a  saccharine  matter, 
from  which  cane-sugar  can  be  extracted. 

VAUK-num<  The  woods  obtained  £rom  the  rarious  palms  of  the  tropics  pass 
under  different  names  in  commerce,  according  to  the  patterns  they  present.  The  only 
two  rarieties  much  used  are :  the  Betel-nut  palm,  or  Areca  caicchn,  which  yields  a 
wood  of  a  light  yellow-brown  colour ;  and  tho  Cocoa-nut  palm,  Cooot  nucifera.  This 
wood  is  of  a  chestnnt-brown  colour.  It  is  much  employed  for  joists,  water-troughs, 
jcc,  in  small  quantities  for  marquetry,  and  other  ornamental  worlo.  We  receive  this 
wood  under  the  various  names  of  palm,  palmetto,  palmyrn,  nutmeg,  leopard,  and 
porcupine  woods.  The  la«t  two  receive  their  names  accordingly  as  the  section  is 
made  in  one  direction  or  nnothor. 

If  the  wood  is  cut  horizontally  it  exhibits  dots,  lilce  spice  ;  when  cut  obliquely,  the 
markings  are  something  like  the  quills  of  the  porcupine. 

VASM-WAX,  tho  produce  of  the  CeroxyUM  Andicda,  a  pnlm  growing  in  tropical 
America.  The  stem  of  the  tree  is  thickly  covered  with  wax,  which  is  scraped  ofl°  and 
softened  and  purified  in  hot  water.  It  is  mixed  with  tallow  to  render  it  less  brittle ; 
and  in  this  state  it  is  used  in  South  America  for  candles.  Tlio  leaves  of  the  Camauba 
palm  are  coated  with  a  layer  of  wax,  which  peels  off,  and  is  collected  when  the  leaves 
are  dried.  Teschemaker  informs  us  that  the  leaves  of  the  dwarf-palm  are  imported 
into  the  United  States  from  the  West  Indian  Islands  for  tho  use  of  tho  hatters ;  they 
are  thickly  covered  with  wax.    See  Caxnaiiba. 

yAWXVZCATIOX.    The  making  of  bread.    See  Bbbad. 

WAMVXStM.  A  curvilinear  tile,  so  formed  to  facilitate  tho  flow  of  water.  Fiain 
tilet  are  flat  tiles. 

rAVAVnuins.  C"H"NO«  (0««»'W0*).  One  of  the  many  alkaloids  con- 
tained in  opium.  It  was  discovered  by  Merck  in  1850,  but  has  been  chiefly  examined 
by  Dr.  Anderson. 

VAPBS-COA&.  {PapiarkoUe,  Qet.)  A  name  given  to  certain  layers  of  lignite, 
from  their  leaf-like  character ;  this  mineral  is  known  also  as  DgaodUe. 

VAPax-U UTTUro>  Some  machines  have  been  patented  for  this  purpose; 
one  by  Hr.  Crompton  of  Famworth,  and  another  by  Enoch  Hiller.  Mr.  EcUranl 
Cowper  patented  a  machine  wliich  has  been  extensively  employed,  and  which,  there- 
fore, we  must  describe.  It  consists  of  a  macliine,  with  a  reel  on  which  the  web  of 
paper  of  very  considerable  length  has  been  previonsly  wound ;  this  web  of  paper  being 
of  sufficient  width  to  produce  two,  three,  or  more  sheets  when  cut. 

The  several  operative  parts  of  the  machine  are  mounted  upon  standards,  or  frame- 
work, of  any  convenient  form  or  dimensions,  and  consist  of  travelling  endless  tapes  to 
conduct  the  paper  over  and  under  a  series  of  guide-rollers ;  of  circular  rotatory  cutters 
for  the  purpose  of  separating  the  web  of  paper  into  strips  equal  to  the  widths  of  the 
intended  sheets ;  and  of  a  saw-edged  knife,  which  is  made  to  slide  horizontally,  for 
the  purpose  of  separating  the  slips  into  such  portions  or  lengths  as  shall  bring  them 
to  the  dimensions  of  a  sheet  of  paper. 

The  end  of  the  web  of  paper  from  the  reel  <i,  fig.  1587,  is  first  conducted  up  an 
inclined  plane,  b,  by  hand ;  it  is  then  taken  hold  of  by  endless  tapes  extended  upon 
rollers,  as  in  Mr.  Oowper's  Printing-Machine.  These  endless  tapes  cany  the  web 
of  paper  to  tho  roller  e,  which  is  pressed  against  the  roller  d  by  weighted  levers, 
acting  upon  the  plummer-blocks  that  its  axle  is  mounted  in.  The  second  roller,  d, 
may  be  either  of  wood  or  metal,  having  several  grooves  formed  round  its  periphery 
for  the  purpose  of  receiving  the  edges  of  the  circular  cutters,  e,  mounted  upon  iin 
axle  turning  upon  bearings  in  the  standards  or  frame. 

In  order  to  allow  tho  web  of  paper  to  proceed  smoothly  between  the  two  rollers, 
0,  d,  a  narrow  rib  of  leather  is  placed  round  the  edges  of  one  or  both  of  these  rollers, 
for  the  purpose  of  leaving  a  free  space  between  tliem,  through  which  the  paper  may 
pass  without  wrinkling. 

From  the  first  roller,  o,  the  endless  tapes  conduct  the  paper  over  the  second,  d,  and 
then  under  a  pressing-roller,  /,  in  which  progress  the  edges  of  the  circular  knives,  e, 
revolving  in  the  grooves  of  the  second  roller,  d,  cut  the  web  of  paper  longitudinally 
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into  strips  of  buci;  width  as  may  bo  required,  according  to  the  nnmber  of  the  citcnlar 
cutters  and  distances  between  them. 


1687  l.«_If 


The  stripe  of  paper  proceeding  onward  from  between  the  knifo-roUcr,  il,  and 
prtwing-rollor,  /,  conducted  by  tapes,  until  they  reach  n  fourth  roUor,  g,  when  they 
are  allowed  to  descend,  and  to  pass  through  the  apparatus  designed  to  cut  them  trans- 
ToTfoly;  that  is,  into  sheet-lengths. 

The  apparatus  for  cutting  the  strips  into  sheets  is  a  sliding  knife,  placed  horizon- 
tally upon  a  fhime  at  h,  which  f^me,  with  the  knife  e,  is  moved  to  and  fro  by  a 
jointed  rod,  t,  connected  to  a  crank  on  the  axle  of  the  pulley  k.  A  flat  board  or  plate, 
\  is  fixed  to  the  standard  frame  in  an  upright  position,  across  the  entire  width  of  the 
machine,  and  this  board  or  plate  lias  a  groove  or  opening  cut  along  it  opposite  to  the 
edge  of  the  knife.  The  paper  descending  from  the  fourth  roller,  g,  pnsses  against 
the  £sice  of  this  board,  and  as  the  carriage  with  the  knife  advances,  two  xmnll  blocks, 
mounted  upon  rods  with  springs,  m  m,  come  against  the  paper,  and  hold  it  tight  to 
the  board  or  plate  /,  while  the  edge  of  the  knife  is  protmded  forward  into  the  groove 
of  that  board  or  pinto,  and  its  sharp  saw-shaped  teeth  passing  through  the  paper,  cut 
one  row  of  sheets  from  the  descending  strips ;  which,  on  the  withdrawing  of  the 
blocks,  fall  down,  and  are  collected  on  the  heap  below. 

The  power  for  actuating  this  machine  is  applied  to  the  reverse  end  of  the  axle  on 
which  the  pulley  k  is  fixed,  and  a  band,  nnnn,  passing  from  this  pulley  over 
tension-wheels,  o,  drives  the  wheel,  j,  fixed  to  the  axle  of  tie  knife-roller,  d ;  hence 
this  nailer  receives  the  rotatory  motion,  which  causes  it  to  conduct  forward  the  . 
web  of  paper ;  but  the  other  rollers,  c  and  /,  are  impelled  slowly  by  the  friction  of 
contact. 

The  rotation  of  the  crank  on  the  axle  of  k,  through  the  intervention  of  the  crank- 
red  «,  moves  the  carringo  A,  with  the  knife,  to  and  fro  at  certain  periods,  and  when  tlie 
spring  blacks  m  come  against  the  grooved  plate  I,  they  slide  their  guide  rods  into  tliem, 
while  the  knife  advances  to  sever  the  sheets  of  paper.  But  as  sheets  of  different 
dimensions  are  occasionally  required,  the  lengths  of  the  slips  delivered  between  each 
return  of  the  knife  are  to  be  regulated  by  enkrging  or  diminishing  the  diameter  of 
the  pulley  k,  which  will  of  course  retard  or  fsdlitat«  the  rotation  of  the  three  con- 
ducting rollers,  e,  d,f,  and  cause  a  greater  or  less  length  of  the  paper  to  descend 
between  each  movement  of  the  knife  carriage. 

The  groove  of  this  pulley  k,  which  is  susceptible  of  enlargement,  is  constructed  of 
wedge-formed  blocks,  passed  through  its  sides,  and  meeting  each  other  in  opposite  di- 
rections, so  that  on  drawing  out  the  wedges  a  short  distance,  the  diameter  of  the  pulley 
becomes  diminished.;  or  by  pushing  the  wedges  further  in,  the  diameter  is  increased ; 
and  a  tension  wheel,  p,  being  suspended  in  a  weighted  frame,  keeps  the  band  always 
tight 
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Af)  it  is  necessary  that  tbe  paper  shonld  not  continue  dcH:ending  while  it  is  held  I^ 
the  blocks,  jn  ot,  to  be  cut,  and  yet  that  it  should  be  led  on  progressively  oyer  the  knife 
roller,  d,  tlie  fourth  roller,  g,  which  hangs  in  a  lever,  j',  is  made  to  rise  at  that  time,  so 
as  to  take  up  the  length  of  paper  delivered,  and  to  descend  agnin  when  the  paper  is 
withdrawn.  This  is  effected  by  a  rod,  r,  connected  to  the  crunk  on  the  shaft  of  Ae 
aforesaid  roller  k,  and  also  to  the  under  part  of  the  lever,  j,  which  lever  hanging  loosely 
■upon  the  axle  of  the  knifo-roller  d,  as  its  fulcrum,  vibrates  with  the  under-roUer,  g,  so 
as  to  effect  the  object  in  the  way  described. 

ITje  patentee  states  that  several  individual  parts  of  this  machine  are  not  new,  and 
that  some  of  them  ore  to  be  found  included  in  the  Specifications  of  other  persons,  such 
as  the  circular  cutters  e,  which  are  employed  by  Mr.  Dickinson  (Cabd-cdttiko),  and 
the  horizontal  cutter  h,  by  Mr.  Hansard ;  he  therefore  claims  only  the  general  arrange- 
ment of  the  parts  in  the  form  of  a  machine  for  the  purpose  of  cutting  paper,  as  the 
subject  of  his  invention. 

The  machine  for  cutting  paper  contrived  by  Mr.  John  Dickinson,  of  Nash  Mills, 
was  patented  in  January  1829.  The  paper  is  wound  upon  a  cylindrical  roller,  a, 
fig.  1688,  mounted  upon  an  aile,  supported  in  an  iron  frame  or  standard.    From  this 


roller  the  paper  in  its  breadth  is  extended  over  a  conducting  drum  6,  also  mounted 
upon  an  axle  turning  in  the  frame  or  standard,  and  after  passing  under  a  small  guide 
roller,  it  proceeds  through  a  pair  of  drawing  or  feeding  rollers,  c,  which  cnny  it  into 
the  cutting  machine. 

Upon  a  table  d,  d,  firmly  fixed  to  the  floor  of  the  building,  there  is  a  series  of  chisel- 
edged  knives,  «,  t,  t, «,  placed  at  such  distances  apart  as  the  dimensions  of  the  cut  sheets 
of  paper  are  intended  to  be.  These  knives  are  made  fust  to  the  table,  and  against 
them  a  series  of  circTilar  cutters  /,/,  /,/,  mounted  in  o  swinging  frame  g,  g,  are  intended 
to  act.  The  length  of  paper  being  brought  along  the  table  over  the  edges  of  the 
knives  up  to  a  stop,  h,  the  cutters  are  then  swung  forwards,  and  by  passing  over  the 
paper  against  the  stationary  knives,  the  length  of  paper  becomes  cut  into  three  separate 
sheets. 

The  finme^'ij',  which  carries  the  circular  cutters/,/,/,/,  hangs  upon  a  very  elevated 
axle,  in  order  that  its  pendulous  swing  may  move  the  cutters  as  nearly  in  a  horizontal 
line  as  possible  ;  and  it  is  made  to  vibrate  to  and  fro  by  an  excentric,  or  crank,  fixed 
upon  a  horizontal  rotatory  shaft  extending  over  the  drum  b,  considerably  above  it, 
which  may  bo  driven  by  any  convenient  maichinery. 

The  workmen  draw  the  paper  from  between  the  rollers,  c,  and  bring  it  up  to  the 
stop  h,  in  the  intervals  between  the  passing  to  and  fro  of  the  swing-cutters. 

The  following  very  ingenious  apparatus  for  cutting  the  paper  web  transversely  into 
any  desired  lengths,  was  made  the  subject  of  a  patent  by  Mr.  £.  N.  Fourdrinier,  in 
June  1881,  and  hus  since  been  performing  its  duty  well  in  many  establishments. 

Fy.  1589  is  an  elevation,  taken  upon  one  side  of  the  machine ;  and  Jig.  1590  is  a 
longitudinal  section,  a,  a,  a,  a,  are  four  reels,  each  covered  with  one  continuous  sheet 
of  paper ;  which  reels  are  supported  upon  bearings  in  the  framework  b,  h,  b,  c,  c,  c, 
is  an  endless  web  of  felt-doth  passed  over  the  rollers  d,  d,  d,  d,  which  is  kept  in  close 
contact  with  the  under  side  of  the  drum  e,  e,  seen  best  in  jig.  1590. 

The  several  parallel  layers  of  paper  to  be  cut,  being  passed  between  the  drum,  e,  and 
the  endless  felt  c,  will  be  drawn  off  their  respective  reels,  and  fed  into  the  madiine, 
whenever  the  driving-band  is  slid  from  the  loose  to  the  fast  pulley  upon  the  end  of  the 
main  shaft/.  But  since  the  progressive  advance  of  the  paper -webs  must  be  arrested 
during  the  time  of  making  the  cross  cut  through  it,  the  following  appamtua  becomes 
necessary  : — A  disc,  g,  which  carries  the  pin  or  stud  of  a  crank,  t,  is  made  fast  to  the 
end  of  the  driving  shalt/.  This  pin  is  set  in  an  adjustable  sliding  piece,  which  may 
be  confined  by  a  screw  within  the  bevelled  graduated  groove,  upon  the  face  of  the 
disc  g,  at  \'ariable  distances  from  the  axis,  whereby  the  excentricity  of  the  stud  t,  and 
of  course  the  throw  of  the  crank,  may  be  considerably  varied.    The  crank  stud,  t,  is 
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connected  by  its  ToiJ,  to  the  swinging  carrilinear  rack  k,  which  takes  into  the  toothed 
irheel  I,  that  tarns  freely  upon  the  sole  of  tie  feed-drum  e,  e.  From  that  irheel  the 
arms,  mm,  rise,  and  bear 
one  or  more  palls,  n,  which 
work  in  the  teeth  of  the 
great  ratchet- wheel  o  o, 
mounted  npon  the  shaft  of 
the  drum  «. 

The  crank-plate  ^  being 
driven  round  in  the  direc- 
tion of  its  arrow,  will  com- 
municate a  see-saw  move- 
-  ment  to  the  toothed  arc  k, 
next  to  the  toothed  wheel 
I,  in  gearing  with  it,  and 
an  oscillatory  motion  to 
the  arms  m  m,  as  also  to 
their  surmounting  pall  n. 
In  its  swing  to  the  left 
hand,  the  catch  of  the  pall 
will  slide  over  the  slope 
of  the  teeth  of  the  ratchet- 
wheel  0 ;  but  in  its  return 
to  the  right  hand,  it  will 
lay  hold  of  these  teeth, 
and  pull  them,  with  their 
attached  drum,  round  a 
part  of  a  revolution.  The 
Inyeis  of  paper  in  dose 
contact  with  the  under 
half  of  the  drum  wilt  be 
thus  drawn  forward  at 
intervals,  from  the  reels, 
by  the  friction  between  its 
surface  and  the  endless 
felt,  and  in  lengths  corre- 
sponding to  the  arc  of 
vibration  of  tho.poll.  The 
knife  for  cutting  these 
lengths  transversely  is 
brought  into  action  at  the 
time  when  the  swing  arc  is 
makingits inactive  stroke, 
viz.  when  it  is  sliding  to 
the  left  over  the  slopes 
of  the  ratchet-teeth  o.  The  extent  of  this  vibration  varies  accordiag  to  the  distance 
of  the  crank  stud  t,  from  the  centre,  /,  of  the  plate  ff,  because  that  distance  regulates 
the  extent  of  the  oscillations  of  the  curvilinear  rack,  and  that  of  the  rotation  of  the 
drum  e,  by  which  the  paper  is  fed  forwards  to  the  knife  apparatus.  The  proper 
length  of  its  several  layers  being  by  the  above-described  mechanism  carried  forward 
over  the  bed,  r,  of  the  cutting  knife  or  shears  r,  v,  whose  under  blade,  r,  is  fixed,  the 
wiper  >,  in  its  revolution  wiUi  the  shaft/,  lifts  the  tail  of  the  lever  t,  consequently 
depresses  the  transverse  moveable  blade  c  (as  shown  in  Jla.  1691),  and  slides  the  slant- 
ing blades  across  each  other  obliquely,  like  a  pair  of  scissors,  so  as  to  cause  a  clean 
cut  acroes  the  plies  of  paper.  But  just  before  the  shears  begin  to  operate,  the  trans- 
verse board,  u,  descends  to  press  the  paper  with  its  edge,  and  hold  it  fast  upon  the 
bed  r.  Boring  the  action  of  the  upper  blade  v,  against  the  under  r,  tlie  fall  board  « 
is  suspended  by  a  cord  passing  across  pulleys  from  the  arm  y  of  the  bell-crank  lever 
t,  t.  Whenever  the  lifter  cam,  t,  has  passed  away  from  the  tail  of  the  bell-crank  t, 
the  weight  e,  hung  upon  it,  will  cause  the  blade  v  and  the  pinching  board  «,  to  be 
moved  up  out  of  the  way  of  the  next  lengtli  of  paper,  which  is  regularly  brought 
forward  by  the  rotation  of  the  drum  e,  as  above  described.  The  upper  blade  of  the 
shears  is  not  set  parallel  to  the  shaft  of  the  drum,  but  obliquely  to  it,  and  is,  more- 
over, somewhat  carved,  so  as  to  close  its  edge  progressively  upon  that  of  the  fixed 
blade.  The  blade  t>  may  also  be  set  between  two  guide  pieces,  and  have  the  necessary 
motion  given  to  it  by  levers. 

i,  called  more  properly  by  the  French,  ^/)i<!r»j)«»i?».    The 
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itrt  of  nuking  paper-hangiiigs  has  b«ea  copied  from  the  Cbineae,  among  whom 
it  hai  been  piactisM  from  time  immemorial.  The  EngUih  fint  imported  nnd  began 
to  imitate  the  Chinese  paper-hangings;  but  being  long  exposed  to  n  high  Kzcise 
duty  npon  the  mannfactare,  they  hare  only  recently  carried  it  to  that  extent  and 
degree  of  refinement  which  the  French  have  been  enabled  to  do,  unchecked  by  taxa- 
tion. The  first  method  of  making  this  paper  was  stencilling;  by  laying  upon  it, 
in  an  extended  state,  a  piece  of  pasteboard  haTing  spaces  cut  out  of  various  figured 
devices,  and  applying  different  water-colours  with  the  brush.  Another  piece  of 
pnstobcard,  with  other  patterns  cut  out,  was  next  applied,  when  the  former  figures 
vruro  dry,  and  new  designs  were  thus  imparted.  By  a  series  of  such  operations,  a 
tolersible  pattern  was  executed,  but  with  no  little  labour  and  expense.  The  processes^ 
of  the  cahco-printer  were  next  resorted  to,  in  which  engraved  blocks,  of  the  pear  or 
sycamore,  were  employed  to  impress  the  coloured  designs. 

Paper-hangings  may  be  distinguished  into  two  classes :  1,  those  which  are  really 
painted,  and  which  are  designed  in  France  under  the  title  of  papiers  pi'mti,  with 
brilliant  flowers  and  figures ;  and  2,  those  in  which  the  designs  are  formed  by  foreign 
matters  applied  to  the  paper,  under  the  name  of  papier  tontiue,  or  flock  paper. 

The  operations  common  to  paper-hangings  of  both  kinds  may  be  stated  as  follow : — 

1.  The  paper  should  be  well  sized. 

2.  The  edges  should  be  evenly  cut  by  an  apparatus  like  the  bookbinder's  press. 

3.  The  ends  of  each  of  the  24  sheets  which  form  a  piece  should  be  nicely  pa&tcd 
together ;  or  a  web  of  paper  should  be  taken. 

4.  Laying  the  grounds  is  done  with  earthy  colours  of  coloured  lakes  thickened  with 
size,  ana  applied  with  brushes. 

An  expert  workman,  with  one  or  two  children,  can  lay  the  grounds  of  800  pieces 
in  a  day.  The  pieces  are  now  suspended  upon  poles  near  the  ceiling,  in  order  to  be 
dried.  They  were  then  rolled  up  and  earned  to  the  apartment  where  tliey  are  po- 
lished, by  being  laid  upon  a  smooth  table,  with  the  painted  side  undermost,  and  rubbed 
with  the  polisher.  Pieces  intended  to  be  satined  are  grounded  with  fine  Paris  plaster, 
instead  (^  Spanish  white ;  and  are  not  smoothed  with  a  brass  polisher,  but  with  a 
hard  brush  attached  to  the  lower  end  of  a  swing  polishing'rod.  After  spreading 
the  piece  upon  the  table  with  tlie  groonded  side  undermost,  the  paper-stainer  dusts 
the  upper  surface  with  finely-powdered  chalk  of  Briancon,  commonly  called  talc,  or 
with  China  clay,  and  rubs  it  strongly  with  the  brush.  In  this  way  u)e  satiny  lustre 
is  produced. 

The  pinting  operations  are  as  follow : — 

Blocks  about  two  inches  thick,  formed  of  three  separate  boards  glued  together,  of 
which  two  are  mode  of  poplar,  and  one  (that  which  is  engraved)  of  pear-tree  or  syca- 
more, are  used  for  printing  paper-hangings,  as  for  calicoes.  The  grain  of  the  upper 
layer  of  wood  should  be  laid  across  that  of  the  layer  below.  As  many  blocks  are  re- 
quired as  there  are  colours  and  shades  of  colour.  To  make  the  figure  of  a  rose,  for 
example,  three  several  reds  must  be  applied  in  succession,  the  one  deeper  than  the 
other,  a  white  for  the  clear  spaces,  two  and  sometimes  three  greens  for  the  leaves,  and 
two  wood  colours  for  the  stems ;  altogether  from  9  to  12  for  a  rose.  Each  block 
carries  small  pin-points  fixed  at  its  comers  to  guide  the  workman  in  the  insertion  of 
the  figure  exactly  in  its  place.  An  expert  band  places  these  guide  pins  so  that  their 
marks  are  covered  and  concealed  by  the  impression  of  the  next  block ;  and  the 
finished  piece  shows  merely  those  belonging  to  the  first  and  last  blocks. 

In  printing,  the  workman  employs  the  same  tmiaming-lMb  apparatus  which  has  been 
described  under  block-printing  (see  CAUCO-PRiKTUca),  takes  off  the  colour  upon  his 
blocks,  and  impresses  them  on  the  paper  extended  upon  a  table  in  the  very  same  way. 
The  tub  in  which  the  drum  or  f^me  covered  with  calf-skin  is  inverted  contains 
simply  water  thickened  with  parings  of  paper  from  the  bookbinder,  instead  of  the 
pnsty  mixture  employed  by  uie  calico-printers.  In  impressing  the  colour  by  the 
block  upon  the  paper,  he  employs  a  lover  of  the  second  kind,  to  increase  the  power 
of  his  arm,  making  it  act  upon  the  block  through  the  intervention  of  a  piece  of  wood, 
shaped  like  the  bridge  of  a  violin.  The  tool  is  called  tasteau  by  the  French.  A 
child  is  constantly  occupied  in  spreading  colour  with  a  brush  upon  the  calf -skin  heiid 
of  the  drum  or  sieve,  and  in  sliding  off  the  paper  upon  a  wooden  trestle  or  horse,  in 
proportion  as  it  is  finished.  When  the  piece  has  received  one  set  of  coloured  impres- 
sions, the  workman,  assisted  by  his  little  aid,  called  a  drawer,  hooks  it  upon  the 
diying  polos  under  the  ceiling.  A  sufficient  number  of  pieces  should  be  provided  to 
keep  the  printer  occupied  during  the  whole  at  least  of  one  day,  so  that  they  will  be 
driwl  ana  ready  to  receive  another  set  of  coloured  impressions  hy  the  following 
morning. 

All  the  colours  ore  applied  in  the  same  manner,  eveiy  shade  being  formed  by  moans 
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of  the  blocks,  \rhich  determine  all  the  beauty  and  regularity  of  the  design.  A  patt«m 
diairer  of  taste  may  produce  a  very  beautiful  effect. 

When  the  piece  is  completely  printed,  the  vorkman  looks  it  all  over,  and  if  there 
be  any  defects,  he  corrects  them  by  the  brush  or  pencil,  aj^lying  first  the  oorrectiou 
of  one  colour,  and  afterwards  of  the  rest, 

A  final  satining,  after  the  colours  are  dried,  is  communicated  by  the  friction  of  a 
finely-polished  toiss  roller,  attached  by  its  end  gudgeons  to  the  lower  extremity  of 
a  long  swing  frame ;  and  acting  along  the  cylindriml  surface  of  a  smooth  table,  upon 
wliich  the  paper  is  spread. 

The /ofl^u  or  rainbow  style  of  paper-hangings  is  produced  by  means  of  an  assort- 
ment of  oblong  narrow  tin  pans,  fixed  in  a  frame,  cldse  side  to  side,  each  being 
about  1  inch  wide,  2  inches  deep,  and  8  inches  long ;  the  colours  of  the  prismatic 
spectrum,  red,  orange,  yellow,  green,  &c.,  are  put  in  a  liquid  state,  snccessiTely  in 
these  pane ;  so  that  when  the  oblong  brush  ▲,  B  {fig.  1692),  with  guide  ledges,  a,  c,  h, 
is  dipped  into  them  across  the  whole  of  the  pornllel  row  at  once,  it  comes  out 
impressed  with  the  different  colours  at  successive  points, 
t,  e,  e,  e,  of  its  length,  and  is  then  drawn  by  the  paper-stainer  over  \i&% 

the  face  of  the  woollen  dmm-head,  or  sieve  of  the  swimming      *  m  y    .        k» 
tub,  upon  which  it  leaves  a  corresponding  series  of  stripes  in         ^gilV'bi^' 
colours,  graduating  into  one  another  like  those  of  the  prismatic  '  '    ' 

spectnun.  By  applying  his  block  to  the  tear,  the  workman  takes  up  the  colour  in 
rainbow  hues,  and  ttaiufers  these  to  the  paper.  /,/  /,/,  show  the  separate  brushes  in 
tin  sheaths,  set  in  one  fhune. 

The  operations  employed  for  common  paper-hangings  are  also  used  for  making 
fiock  paper,  only  a  stronger  size  is  necessary  for  the  ground.  The  fiocks  are  ob- 
tained from  the  woollen-cloth  manufacturers,  being  cut  off  by  their  shearing  machines, 
called  kwita  by  the  English  workmen,  and  are  preferred  in  a  white  state  by  the 
Frensh  paper-Iuinging  makers,  who  scour  them  well,  and  dye  them  of  the  proper 
colours  themselves.  When  they  are  thoroughly  stove-dried,  they  are  put  into  a  conical 
fluted  mill,  like  that  for  making  snufl^  and  are  properly  ground.  The  powder  thus 
obtained  is  afterwards  'sifted  by  a  bolting  machine,  like  that  of  a,  fiour-mill,  whereby 
flocks  of  different  degrees  of  fineness  are  produced.  These  are  applied  to  the 
paper  after  it  has  undergone  all  the  usual  printing  operations.  Upon  the  workman's 
left  hand,  and  in  a  line  with  his  printing  table,  a  large  chest  is  placed  for  receiving 
the  flock  powders:  it  is  7  or  8  feet  long,  2  feet  wide  at  the  bottom,  8}  feet  at  top, 
and  from  15  to  18  inches  deep.  It  has  a  hinged  lid.  Its  bottom  is  made  of  tense 
calf-skin.  This  chest  is  called  the  drum ;  it  rests  upon  four  strong  feet,  so  as  to 
stand  frt>m  24  to  28  inches  above  the  floor. 

The  block  which  serves  to  apply  the  adhesive  basis  of  the  velvet  powders,  bears  in 
relief  only  the  pattern  corresponding  to  that  basis,  which  is  formed  with  linseed  oil, 
rendered  drying  by  being  boiled  with  litharge,  and  afterwards  ground  up  with  white 
lead.  The  workmen  call  this  the  encausiie.  It  is  put  upon  tbe  cloth  which  covers 
the  inverted  swimming  tub,  in  the  same  way  as  the  common  colours  are,  and  is 
qnread  with  a  brush.  The  workman  daubs  the  blocks  upon  the  encaustic,  spreads 
the  pigment  even  with  a  kind  of  brush,  and  then  applies  it  by  impression  to  the  pnpeir. 
Whenever  a  sufficient  surface  of  the  paper  has  been  thus  covered,  the  child  draws  it 
along  into  the  great  chest,  sprinkling  the  fiock  powder  over  it  with  his  hands ;  and 
when  a  length  of  7  feet  is  printed,  he  covers  it  up  within  the  drum,  and  beats  upon 
the  calfHSkin  bottom  with  a  couple  of  rods  to  raise  a  cloud  of  fiock  inside,  and  U> 
make  it  oover  the  prepared  portion  of  the  paper  uniformly.  He  now  lifts  the  lid  of 
the  dieet,  inverts  the  paper,  and  beats  it  back  lightly,  in  order  to  detach  all  the  loose 
particles  of  the  woolly  powder. 

By  the  operation  just  described,  the  velvet  down  being  applied  everywhere  of  tbo 
same  colour,  would  not  be  agreeable  to  the  eye,  if  shades  could  not  be  introduced  to 
relieve  the  pattern.  I'or  this  purpose,  when  the  piece  is  perfectly  dry,  the  workman 
stretches  it  upon  his  table,  and  by  the  guidance  of  the  pins  in  his  blocks,  he  applies  to 
the  flock  sornice  a  colour  in  distemper,  of  a  deep  tint,  suited  to  the  intended  shades, 
so  that  he  dyes  the  wool  in  its  place.  Idght  shades  are  produced  by  applying  some 
of  his  lighter  water-colours. 

dold-Ieaf  is  applied  upon  the  above  mordant,  when  nearly  dry;  which  then  forms 
a  proper  gold  size ;  and  the  same  method  of  application  is  resorted  to  as  for  the  ordi- 
nanr  gilding  of  wood.  When  the  size  has  become  perfectly  hard,  the  superfluous 
gold-leaf  is  brushed  off  with  a  dossil  of  cotton-wool  or  fine  linen. 

The  colours  used  by  the  paper-hangers  are  the  following : — 

1.  WMtee.- — These  are  either  white  lead,  good  whitening,  or  a  mixture  of  he  two. 

2,  YdlotBS. — These  are  frequently  vegetable  extracts;  as  those  of  weld,  or  of 
Avignon  or  Persian  berries,  and  are  made  by  boiling  the  substances  with  water. 
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Chrome  yellow  i<  also  frequently  used,  as  wrll  a»  the  terra  di  Sienna  and  yelloir 
ochre. 

3.  Beds  are  olmoat  exdnsirely  decoctions  of  Biaal-wood. 

4.  Blua  are  mther  Frossian  blue  or  blue  verditer. 

6.  Cfreent  are :  Scheele's  green,  a  combination  of  arsenious  acid  and  oxide  of 
copper ;  the  green  of  Schweii^uith,  or  green  Terditer ;  as  also  a  mixture  of  blues  and 
yellowa.  The  uw  of  anenic  in  paper-hangings  has  of  late  (1869)  been  the  subject  of 
much  disoussion,  and  many  absurd  statements  have  been  made  respecting  its  injurious 
effects.    See  Absbhic. 

It  has  been  suggested  by  Piesse  that  paper  variously  coloured  in  the  pulp  may  hare 
designs  printed  upon  them  after  the  same  manner  as  calioos  are  printed,  sometimes  by 
a  discharge-mordant,  or  by  chemical  reagents  applied  by  an  engrared  roller,  so  as  to 
modify  the  colour  of  the  pulp. 

6.  Violeti  are  produced  by  a  mixture  of  a  blue  and  red  in  various  proportions,  or 
they  may  be  obtained  directly  by  mixing  a  decoction  of  logwood  with  alum. 

7.  Browns,  Blacks,  and  Gra/s. — Umber  furnishes  the  brown  tints.  Blacks  aro 
either  common  ivory-  or  Frankrort  black ;  and  greys  are  formed  by  mixture  of  Prus- 
sian blue  and  Spanish  white. 

All  the  colours  are  rendered  adhenve  and  consistent  by  being  worked  up  with 
gelatinous  size  or  a  weak  solution  of  glue,  liquefied  in  a  kettle.  Many  of  the  colonts 
are  previously  thickened,  however  with  starch.   Sometimes  coloured  la|(es  are  employed. 

>A>a»,  ntl>llTiTBTi»  OBSQinL  The  fueility  with  which  ordinary-written 
characters  can  be  expunged  from  paper  by  chemical  bleaching-Iiquids,  acids,  and 
alkalis,  has  led  to  the  adopUon  by  bankers,  for  their  cheques  and  drafts,  of  papers 
which  present  obstacles  to  the  flraadutent  alteration  of  the  amount  and  intent  of  these 
documents. 

Instances  of  this  description  of  forgery  have  occasionally  occurred.  In  the  spring 
of  1859  a  cheque  Was  paid  at  a  branch  of  the  Bank  of  England  in  which  both  the 
amount  had  been  altered  and  the  crossing  extracted  by  chemical  means. 

In  1822  William  Robson  patented  a  method  of  securing  bankers'  cheques  by 
printing  upon  their  surface  vegetable  colours  equally  fiigitive  with  common  writing-ink. 

This  method,  and  its  extension  to  the  tinting  of  writing-papers  in  the  pulp,  has 
been  geneniUy  adopted  by  bankers.  Those  papers  which  exhibit  the  perfection  of 
Bobson's  principle  are  limited  in  practice  almost  exclusively  to  certain  tints  obtained 
from  logwood. 

Mr.  Baildon's  paper  is  a  tinted  one,  from  which  the  colour  is  removed.  The 
patentee  states  that  he  of&rs  absolute  integritu  and  security  from  alteration  for  any 
document  once  issued ;  and  this  is  obtained  by  a  fluid  or  ink,  which,  when  used, 
becomes,  in  fact,  a  fermanent  dm,  di£brent  from  any  inks  ^et  introduced  for  this 
purpo^  which  are  pigments.  The  least  attempt  to  tamper  with  the  ink  or  paper  is 
instantly  detected  by  a  darJc  stain  in  the  paper,  which  can  never  he  removed. 

As  early  as  1817  Gabriel  Tigere  patented  a  method  of  mauu&ctnring  'writing- 
paper  fipom  which  it  would  be  extremely  difficult,  if  not  impossible,  afterwards  to 
extract  or  discharge  any  writing  from  such  paper.'  This  paper  was  impregnated 
during  the  siring  process  with  the  ferrocyanide  of  potassium. 

Mr.  'William  Stone's  patent,  1851,  was  an  effort  to  supply  the  deficiencies  of  this 
method.  He  added  a  solution  of  cyanide  of  potassium  and  starch  to  the  ferro-  or 
ferridcyanide  of  potassium.  This  method  has  been  ftally  carried  out  into  jnactice, 
but  it  &iled  to  give  the  complete  security  desired.  The  chemical  defects  of  Tigere's 
method  may  be  stated  thus : — ^Although  admirable  in  the  protection  it  afibrds  against 
the  application  of  acids,  it  is  powerless  to  resist  the  bleaching-powers  of  such  sub- 
stances as  common  chloride  of  lime  (bleaching-powder)  in  solution  ;  and  the  ink  may 
also  be  removed  by  the  application  of  either  of  the  caustic  alkalis.  In  Stone's  method, 
although  by  the  application  of  bleaching  agents  containing  chlorine  the  paper  is 
stained  by  the  blue  compound  termed  the  iodide  of  starch,  this  is  removed  again  by 
the  application  of  an  alkali. 

The  Linen  Company  Bank  of  Scotland  employ  green-coloured  cheque-paper,  on 
whi<^  the  sum  drawn  is  written  for  with  a  discharge-ink. 

In  1837  David  Stevenson  patented  the  manufacture  of  a  paper  which  he  specified 
as  containing  'a  solution  of  manganese,  mixed  with  a  solution  of  prussiate  of  potassa 
in  a  liquid  form,  and  mixed  with  the  pulp  whereof  the  writing-paper  is  to  be  made.' 

In  June  1869,  Mr.  Robert  Barclay  patented  a  process  of  manufacturing  a  white 
writing-paper,  on  which  writing-ink  is  stated  to  he  unalterable  for  fraudulent  pur- 
poses by  any  existing  chemical  process.  He  incorporates  in  the  paper  an  insoluble 
ferrocyanide  and  an  insoluble  salt  of  manganese,  and  provides  agiinst  the  discolora- 
tion of  the  paper  in  the  sizing  process  (which  has  been  a  serious  objection  in  practice 
to  the  xiae  of  toe  ferrocyanide  of  potassium)  by  discarding  the  use  of  alum,  and  siring 
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the  paper  by  the  acetate  cf  alumina  in  lien  of  it.  This  paper  vaa  examined  by 
Frofeesor  Brando  of  the  Mint,  Professor  Miller  of  King's  College,  and  Mr.  H.  War- 
rington of  Apothecaries'  Hall,  who  reported  iaTouiably  on  the  invention.  Writing 
placed  npon  this  paper  strengthens  in  intensity  when  exposed  to  damp,  sea,  air,  or 
water :  infloencea  which  ordinarily  cause  common  writing-ink  to  fade  and  become 
ill^ble. 

St.  Hodges  of  Bel&st,  and  some  others  hare  patented  chemically-prepared  papers  for 
the  use  of  bankers ;  bnt,  as  &r  as  our  enqnines  have  gone,  most  bankers  appear  to 
think  they  are  already  sufficiently  secured  by  the  known  methods  of  engmving  and 
printing. 

VAPXX,  MCAJmrAOTUBa  or.  It  is  much  to  be  regretted  that  in  tracing 
the  (^gin  of  so  curions  an  art  as  that  of  the  manufacture  of  modem  paper,  any  defl- 
site  ocmelnsion  as  to  the  precise  time  or  period  of  its  adoption  should  hitherto  hare 
proved  altogether  unattainable.  The  Soyal  Society  of  Elciences  at  Oottingen,  in  1755 
and  1763,  o&red  considerable  {oeminms  for  that  especial  object,  bnt  unfortunately 
all  researches,  howeTer  directed,  were  utterly  fruitless.  The  most  ancient  manuscript 
on  cotton  paper  appears  to  have  been  written  in  lOfiO,  while  Eustathius,  who  wrote 
towards  the  end  of  the  12th  century,  states  that  the  Egyptian  papyrus  haid  gone  into 
disuse  bat  a  little  before  his  time.  To  reconcile,  however,  in  some  measure,  contra- 
dictory accounts,  it  may  be  observed  that,  on  some  particular  occasions,  and  by  some 
particular  persons,  the  Egyptian  paper  might  have  been  employed  for  several  hundred 
years  after  it  ceased  to  be  in  general  use ;  and  it  is  quite  certain,  that  although  the 
new  invention  must  have  proved  of  great  advantage  to  mankind,  it  could  only  have 
been  introduced  by  degrees.  Amongst  the  records  ^niich  are  now  preserved  in  the  Be- 
cord  Office,  will  Iw  found  a  letter  addressed  to  Heniy  UL,  and  written  previously  to 
1222,  which  appears  to  be  upon  strong  paper,  of  mixed  materials.  Several  letters  of 
the  following  reign,  which  are  there  preserved,  are  evidently  written  on  oolton  paper. 
Were  we  able  to  determine  the  precise  time  when  paper  was  first  made  from  cotton, 
we  should  also  be  enabled  to  fix  the  invention  of  the  art  of  paper-making  as  it  is  now 
practised ;  for  the  application  of  cotton  to  the  purposes  of  paper-making  requires 
almost  as  much  labour  and  ingennity  as  the  use  of  linen  rags.  Some  have  conceived, 
and  probably  with  sufficient  reason,  that  China  originally  gave  birth  to  the  inven- 
tion. Certain  it  is,  that  the  art  of  making  paper  from  vegetable  matter  reduced  to 
pulp  was  known  and  understood  there  long  beforo  it  was  practised  in  Europe,  and  the 
Chineee  have  carried  it  to  a  high  degree  of  perfection.  Several  kinds  of  their  paper 
evince  the  greatest  art  and  ingenuity,  and  aro  applied  with  much  advantage  to  many 
purposes.  One  especially,  manu&ctured  from  Uie  inner  bark  of  the  bamboo,  is  par- 
ticularly celebrated  for  affioding  the  clearest  and  most  delicate  impressions  from 
copper-plates,  which  are  ordinarily  termed  Adia  proofs.  The  Chinese,  however, 
make  paper  of  various  kinds,  some  of  the  i»A  of  trees,  especially  the  mulberry- 
tree  and  the  elm,  but  chiefly  of  the  bamboo  and  cotton-tree ;  and  occasionally  from 
other  substances,  such  as  hemp,  wheat-,  or  rice-stiaw.  ,  To  give  an  idea  of  the  manner 
of  &bricating  paper  fhim  these  different  substances,  it  will  suffice  (the  process  being 
nearly  the  same  in  each)  to  confine  our  observations  to  the  method  adopted  in  the 
mani^Eactnre  of  paper  from  the  bamboo — a  kind  of  cane  or  hollow  reed,  divided  by 
knots,  but  larger,  more  elastic,  and  more  durable  than  any  other  reed.  The  whole 
substance  of  Uie  bamboo  is  at  times  employed  by  the  Chinese  in  this  operation,  but 
the  yonnger  stalks  are  preferred.  The  canee,  being  first  cut  into  pieces  of  four  or 
five  feet  in  length,  are  made  into  parcels,  and  thrown  into  a  reservoir  of  mud  and 
water  for  about  a  fortnight,  to  soften  them ;  they  aro  then  taken  out,  and  carefully 
washed,  every  one  of  the  pieces  being  again  cut  into  filaments,  which  are  exposed  to 
the  rays  of  the  sun  to  dry,  and  to  bleach.  After  this  they  aro  boiled  in  large  kettles, 
and  then  reduced  to  pulp  in  mortars,  by  means  of  a  hammer  with  a  long  handle  ;  or 
as  is  more  commonly  the  case,  by  submitting  the  mass  to  the  action  of  stampers, 
raised  in  the  usual  way  by  cogs  on  a  revolving  axis.  The  pulp  being  thus  far  pre- 
pared, a  glutinons  substance  extracted  from  the  shoots  of  a  certain  plant  is  next 
mixed  wiUt  it  in  stated  quantities,  and  npon  this  miztnro  duefly  depends  the  quality 
of  the  paper. 

As  soon  as  this  has  taken  place  the  whole  is  again  beaten  together  until  it  becomea 
a  thick  viscous  liquor,  which,  after  being  reduced  to  an  essentul  state  of  consistency, 
by  a  further  admixture  of  water,  is  then  transferred  to  a  large  reservoir  or  vat,  having 
on  each  side  of  it  a  drying  stove,  in  the  form  of  a  ridge  of  a  house,  that  is,  consisting 
of  two  sloping  sides  touching  at  top.  These  sides  aro  covered  externally  with  an 
exceedingly  smooth  coating  of  stucco,  and  a  flue  passes  through  the  brickwork,  so  as 
to  keep  Sie  whole  of  each  side  equally  and  moderately  warm.  A  vat  and  a  stove  aro 
placed  alternately  in  the  manufactoryj  so  that  thero  ore  two  sides  of  two  different 
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itovM  adjacent  to  each  vat.  The -workman  dips  his  monlcl,  which  is  sometime*  formad 
merely  of  bulrushes,  cut  in  narrow  strips,  and  mounted  in  a  &ame,  into  the  Tat,  and 
then  raises  it  out  again,  the  water  passing  off  through  the  perforations  in  the  bottom, 
and  the  pulpy  paper-stuff  remaining  on  its  surface.  The  frame  of  the  mould  is  then 
lemoved,  and  the  bottom  is  pressed  against  the  sides  of  one  of  the  stores,  so  as  to 
make  the  sheet  of  paper  adhere  to  its  surface,  and  allow  the  sieve  (as  it  were)  to  be 
irithdiawn.  The  moisture,  of  course,  speedily  evaporates  by  the  warmth  of  the  stove, 
but  before  the  paper  is  quite  dir,  it  ia  brushed  over  on  its  outer  sorfoce  with  a  size 
made  of  rice,  whicb  also  soon  ones,  and  the  paper  is  then  stripped  off  in  a  flnishod 
state,  having  one  sur&ce  exquisitely  smooth,  it  being  seldom  the  practice  of  the 
CShinese  to  write  or  print  on  both  sides  of  the  paper.  While  all  this  is  taking  place, 
the  moulder  has  mode  a  second  sheet,  and  piessiBd  it  against  the  side  of  the  other 
stove,  where  it  undergoes  the  operation  of  sixing  and  drying,  precisely  as  in  th« 
former  case. 

That  very  ddicate  mateiial,  which  is  bronj^t  from  China  in  piece*  only  a  few 
indies  square,  and  commonly,  but  erroneously,  termed  riae  paper,  is  in  reality  but 
Uie  pith  of  the  Aralia  papyri/era,  obtained  by  cutting  the  stem  spirally  round 
the  axis,  and  afterwards  flattening  it  by  pressure.  That  it  is  not  an  artificial 
production  may  vei^  readily  be  perceived  by  oontzaating  one  of  the  more  trans- 
lucent specimens  with  a  piece  of  the  finest  manu&ctured  paper,  by  the  aid  of  the 
microscope. 

The  precise  period  at  which  the  manu&ctnre  of  paper  was  first  introduced  into 
Europe  appears  to  be  rather  a  matter  of  uncertainty.  Paper-mills,  moved  by  water- 
power,  were  in  operation  in  Tuscany  at  the  commencement  of  the  fourteenth  centmy ; 
and  at  Nuremberg,  in  Germany,  one  was  established  in  1390,  by  Ulman  Stromer, 
who  wiote  the  first  work  ever  published  on  the  art  of  paper-making.  He  seems  to 
have  employed  a  great  nomber  of  persons,  all  of  whom  were  obliged  to  take  an  oath 
that  they  would  not  teach  any  one  the  art  of  paper-making,  or  make  it  on  their  own 
account.  In  the  following  year,  when  anxious  to  increase  the  means  of  ite  produc- 
tion, h*  met  with  such  strong  opposition  from  those  he  employed,  who  would  not 
consent  to  any  enlargement  of  the  mill,  that  it  became  at  length  requisite  to  bring 
them  before  the  magistrates,  by  whom  they  were  imprisoned,  after  which  they  sub- 
mitted by  renewing  their  oaths.  Two  or  three  centuries  later,  we  find  tlie  Dutcll,  in 
like  manner,  so  extremely  jealous  with  respect  to  the  manufactiue,  as  to  prohibit  the 
exportation  of  moulds,  under  no  less  severe  a  penalty  than  that  of  death. 

With  reference  to  any  particular  time  or  place  at  which  this  inestimable  invention 
was  first  adopted  in  England,  all  researches  into  existing  records  contribute  little  to 
our  assistance.  The  first  paper-mill  erected  hero  is  commonly  attributed  to  Sir  John 
^nalman,  a  Qerman,  who  established  one  in  1S88,  at  Oartfoid,  for  which  the  honour 
of  knighthood  was  afterwards  conferred  upon  him  by  Queen  Elizabeth,  who  was  also 
pleased  to  grant  him  a  licence  '  for  the  sole  gathering  for  ten  years  of  all  rags,  &c, 
necessary  for  the  making  of  such  paper.'  It  is,  however,  quite  certain  that  paper- 
mills  were  in  existence  here  long  before  Spielman's  time.  Shakspeara,  in  the  Second 
Fart  of  Henry  the  Sixth,  the  plot  of  iraich  appears  laid  at  least  a  century  pre- 
viously, refers  to  a  paper-mill.  In  feet,  he  inlzoduoes  it  as  an  additional  weight 
to  the  charge  which  Jack  Cade  is  made  to  bring  against  Lord  Say :  '  Thou  hast  most 
tnutoroasly  corrupted,'  says  he,  '  the  youth  of  the  realm  in  erecting  a  grammar 
sehool :  aiid  whereas,  before,  onr  forefathers  had  no  other  books  but  the  score  and  the 
tally,  then  hast  caused  printing  to  be  used,  and,  contrary  to  the  king,  his  crown  and 
dimi^,  thou  hast  built  a  paper-mill.' 

The  earliest  trace  of  the  manu&otnn  in  this  country  occurs  in  a  book  printed  by 
CaxtoD,  about  the  year  1490,  in  which  it  is  said  of  John  Tate — 

Which  late  liathe  In  England  doo  make  thya  paper  thTiine, 
Itiot  now  in  onr  Englyssh  tbya  books  Is  printed  Inne.' 

His  mill  was  situate  at  or  near  Stevenage,  in  Hertfordshire,  and  that  it  was  con- 
sidered worthy  of  especial  notice  is  evident  from  an  entry  made  in  Heniy  the 
Seventh's  Household  Book,  on  Hay  25,  1498 — '  For  a  rewards  geven  at  the  paper- 
roylne,  1S«.  8d.'    And  again  in  1499 — *  Oeren  in  rewarde  to  Tato  of  the  mylno. 

Still,  it  appears  for  less  probable  that  Shakspeara  alluded  to  this  mill,  although 
established  at  a  period  corresponding  in  many  respecte  with  that  of  occurrences  re- 
ferred to  in  connection,  than  to  that  of  Sir  John  Spielman's,  which,  standing  as  it  did 
in  the  immediate  neighbourhood  of  Jack  Cade's  rebellion,  and  being  esteemed  so 
important  at  the  time  as  to  call  forth  the  marked  patronage  of  Qneen  Elizabeth ; 
while  the  extent  of  the  operations  carried  on  there,  if  we  may  judge  from  the 
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nmarlu  of  a  poet  of  the  time,  ven  eqo&UT  calenlated  to  arouse  andivided  national 
intere«t ;  one  can  haidly  help  thinking,  mat  the  prominence  to  vhich  Sbaksprare 
assigns  the  existence  of  a  paper-mill,  coupled,  as  such  allusion  is,  irith  an  acknow- 
ledgiad  libortj,  inherent  in  him,  of  transposing  events,  to  add  force  to  his  style,  as  also 
irith  very  considerable  doubt  as  to  the  exact  year  in  vhich  he  wrote  the  play,  that 
the  reference  made  iraa  to  none  other  than  that  of  Sir  Jdrn  Spielman's  establisbuent 
of  1688,  concerning  vhich  we  find  it  said — 

'■z  bimdnd  awn  ne  set  to  woric  by  bim. 
That  eln  ml^  (tarre  or  aeek  abroad  Char  bread, 
Wbo  DOW  Uts  mil,  and  go  full  btSTe  and  trim. 
And  who  may  boast  tbey  an  with  i»p«  led.' 

Be  the  introduction  or  establishment  of  the  invention,  so  &r  as  this  country  is  con- 
cerned, when  it  mar,  little  progress  appears  to  hare  resulted  therefrom,  even  so  late 
as  the  middle  of  the  seyentetmth  century.  In  1695,  a  company  was  formed  in 
Scotland  'for  mann&cturing  white  writing  and  printing  paper,'  relating  to  whicli, 
'Articles  concluded  and  a^eed  upon  at  a  general  meeting  at  Edinburgh,  the  19tli 
day  of  Angost,'  in  the  same  year,  may  still  be  seen  by  those  who  are  sufficiently 
carious  in  the  library  of  the  British  Museum.  It  is  also  recorded  in  the  '  Craftsman ' 
(910),  that  William  the  Third  granted  the  Huguenots  refu^  in  England  a  patent 
for  establishing  paper-mannfitetories,  and  that  Parliament  likewise  granted  to  thorn 
other  piivilsges,  amongst  which,  in  all  probability,  that  very  unsatioTactory  practice 
of  pattmg  op  each  ream  with  two  quires  composed  entirely  of  sheets  spoiled  in  coarse 
of  production.  Their  undertaking,  however,  like  that  of  many  othois,  appears  to 
have  met  with  very  little  success. 

In  fact,  the  making  of  paper  here  scarcely  reached  any  high  degree  of  perfection 
until  about  1760-6,  at  which  period  the  celebrated  James  nhatman  established  his 
repotstion  at  Maidstone. 

The  Beport  of  the  Jnries  of  the  Oreat  Exhibition  of  1861  contains  on  unfor- 
tunata  error  with  reference  to  the  position  of  Mr.  Whatman  at  that  time.  It 
is  there  stated  that  he  gained  his  knowledge  of  the  manu&ctnre  prior  to  estab- 
lisluDg  these  well-known  mills,  'by  woiking  as  a  journeyman  in  most  of  the 
prindpsl  paper  manufiu^ries  of  the  Continent,'  which  is  ^together  an  erroneous 
assertion;  for  Hr.  Whatman,  previously  to  his  bein^  engaged  as  a  manufacturer, 
was  an  <^cer  in  the  £ent  Hihtia,  and  acquired  the  information,  which  eventually 
rendered  him  so  successful,  by  travelling  in  the  suite  of  the  British  Ambassador 
to  Holland,  where  the  beet  papers  were  then  made,  and  the  insight  thus  obtained 
enabled  his  genius  to  efifect  the  great  improvements  aftenrards  so  universally  ad- 
mitted. 

At  the  present  time,  Whatman's  papers  are  manufactured  at  two  mills,  totally 
distinet,  both  of  which  are  still  worked  by  the  descendants  of  Hr.  Whatman's  suc- 
cessors ;  the  paper  in  the  one  case  being  readily  distinguished  by  the  water-mark, 
'  J,  Whatman,  Turkey  Mill,'  and  in  the  other,  1^  the  water-mark  simply  '  J.  What- 
man,' but  bearing  upon  the  upper  wrapper  of  eacn  ream  the  original  and  well-known 
•tamp,  containing  Uie  initials  Ii.  V.  Q.,  which  are  those  of  L.  V.  Qerrevink,  as  cele- 
brated a  Dutch  mannfhctnrer  prior  to  Mr.  Whatman's  improvements  as  Mr.  What- 
man's name  has  since  become  in  all  parts  of  the  world. 

The  colnparatively  recent  application  of  continuous  or  rotatory  motion  has  effected 
wonderflil  resiilts  in  the  singular  conversion  of  pulp  into  paper. 

The  largest  paper  now  made  by  hand,  which  is  termed  Antiquarian,  measures  68 
inches  by  81,  and  so  great  is  the  weight  of  liquid  pulp  employed  m  tlie  formatiott  of  a 
single  sheet,  that  no  fewer  than  nine  men  are  required,  besides  additional  assistance, 
in  raising  the  mould  out  of  the  vat  by  means  of  pulleys ;  while  by  the  aid  of  the 
paper  machine,  the  most  perfect  production  may  be  ensured,  of  a  continuous  length, 
and  eight  feet  wide,  without  any  positive  necessity  for  personal  'superintendence.  As 
an  evidence  of  the  enormous  length  of  paper  sometimes  produced,  two  rolls  were 
exhibited  in  1861,  one  of  which  measured  760  yards,  and  the  other  2,400  yards  in 
length. 

Thfl  principle  of  paper-making  by  machinery  is  simply  this :  instead  of  employing 
moulds  and  felts  A  limited  dimensions,  as  was  origin^y  the  practice,  the  peculiar 
merit  of  the  invention  consists  in  the  adaptation  of  an  endless  wire-gauze  to  receive 
the  paper-pulp,  and  again  an  endless  felt,  to  which  in  progress  the  paper  is  trans- 
fiened ;  and  thus  by  a  marvellously  delicate  adjustment,  while  the  wire  at  one  end 
receives  but  a  constant  flow  of  liquid  pulp,  in  the  course  of  two  or  three  minutes  the 
flnidied  fabric  is  carefully  wound  on  a  roller  at  the  other  extremity. 

It  is  a  fiict,  which  certainly  deserves  to  be  noticed  for  its  Angularity  as  well  as  for 
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the  strong  point  of  view  in  wbidt  it  places  the  merits  of  this  invention,  that  an  art  of 
such  great  importance  to  society  as  that  of  the  manufactore  of  paper,  should  hay« 
remained  for  at  least  eight  centuries  since  paper  is  first  believed  to  have  been  in  nse, 
and  that  upwards  of  200-of  those  yean  should  have  elapsed  since  its  first  introduction 
into  England,  without  any  mechanical  improvement  irhateTer  as  regards  the  pro- 
cesses which  were  then  employed.  It  is  true,  that  various  attempts  fi^>m  time  to 
time  were  made,  but  in  every  instance  they'  appear  to  have  met  with  very  little 
success.  In  France,  an  ingenious  artist  (Monrieur  Hontgolfier)  contrivea  three 
figures  in  wood  to  do  the  work  of  the  vatman,  the  coucher,  and  the  layer ;  but,  after 
persevering  for  six  months,  and  incurring  considerable  expense,  he  was  at  length 
compelled  to  abandon  his  sdieme.  And  although  paper  was  previously  manufactured 
in  China,  in  Persia,  and  indeed  throughout  all  Asia,  sometimes  of  considerable 
length,  it  was  ^o,  not  by  machinery,  but  by  means  of  a  mould  of  the  sise  of  the 
paper  intended  to  be  made,  suspended  like  a  swing,  and  having  men  placed  at 
the  distance  of  about  every  four  feet,  for  the  purpose  of  prodndng  an  uniform 
shaking  motion,  after  the  mould  had  been  immerwd  m  the  vat,  in  order  to  compact 
the  pulp. 

Such,  then,  was  the  rude  state  of  this  important  mannfiutnre,  even  up  to  the  com- 
mencement of  the  present  centn]7,  when  a  small  working  model  of  a  continuous 
machine  was  introduced  into  this  countrv  from  S^nce  by  Mr.  John  Gamble,  a 
brother-in-law  to  Monsieur  Leger  Didot,  tha  proprietor  at  that  time  of  the  paper 
manufactory  at  Essoune. 

The  individual  to  whose  genius  we  owe  that  beautiful  contrivance,  which  has  since 
been  adopted  wherever  the  want  which  it  was  designed  to  remedy  has  been  trul^ 
felt,  and  which  has  contributed  in  an  eminent  degree  to  the  advancement  of  civili- 
sation, was  an  unassuming  derk  in  the  establiidiment  of  Monsieur  Bidot,  named 
Louis  Bobert,  who  following  his  favourite  pursuit  of  inventing  and  improving,  not  on- 
frequently  had  to  bear  the  reproach  of  wasting  time  on  an  invention  that  could  never 
be  brought  to  perfection.  Fortunately,  however,  the  patience  and  attention  of  this 
persevering  mau  were  at  length  sufficiently  rewarded  by  the  completion  of  a  small 
model  not  larger  than  a  bird  organ,  which  enabled  him  to  produce  paper  of  a  con- 
tinuous length  although  but  the  width  of  a  piece  of  tape.  So  sncc^sful  was  this' 
performance  that  bis  employer,  instead  of  continuing  to  thwart  his  progress,  was  now 
induced  to  afford  him  the  means  of  making  a  model  upon  a  larger  scale,  and  in  a  few 
months  a  machine  was  completed  capable  of  making  paper  the  width  of  Colombier 
(24  inches),  for  which  the  consumption  in  France  was  very  great.  After  a  series  of 
experiments  and  improvements,  Louis  Bobert  applied  to  the  French  Government  for 
a  patent  or  brevet  cTinvevtion,  which  he  obtained  in  1780  for  a  term  of  fifteen  years, 
and  was  awarded  the  sum  of  8,000  francs  as  a  reward  for  his  ingenuity.  The  Specifi- 
cation of  this  patent  is  published  in  the  second  volume  of  the  '  Brevets  d'Inventions 
Ezpir^.'  Shortly  afterwards,  M.  Bidot  purchased  Louis  Robert's  patent  and  paper- 
machine  for  25,000  francs,  to  be  paid  by  instalments  ;  but  not  fulfilling  his  engage- 
ments, the  latter  commenced  legal  proceedings,  and  recovered  possession  of  his 
patent,  by  a  decision  dated  June  23rd,  1801.  Towards  the  dose  of  the  year  1800 
M.  Bidot  proposed  to  his  brother-in-law,  Mr.  Gamble,  that  patents  should  betaken  out 
in  England,  and  suggested  that  he  being  an  Englishman,  and  holding  a  situation 
under  the  British  Government,  would  in  all  probability  accomplish  it  without  much 
difficulty.  To  this  .prwosition  Mr.  Gamble  assented,  and  in  the  month  of  March 
1801,  he  left  Paris  fdr  London,  where,  happily  for  the  vigorous  development  of  this 
project,  he  obtained  on  introduction  immediately  upon  his  arrival  to  one  of  the  prin- 
cipal wholesale  stationery  houses  in  Great  Britain — a  firm  of  considerable  opulence — 
and  to  those  gentlemen  he  mentioned  the  nature  and  circumstances  of  his  visit,  at  the 
same  time  shpwing  them  several  rolls  of  tlie  paper  of  great  length,  which  bad  been 
made  at  Essonne  by  Louis  Bobert's  machine,  and  which  induced  them  to  take  a  share 
in  the  patent.  , 

The  firm  alluded  to  was  that  ot  the  Messrs.  Fourdrinier — a  name  which  has  indeed 
become  alike  famous  and  unfortanate — and  this  transaction  it  was  which  first  con- 
nected them  with  the  paper-machine.  In  the  year  1801,  Mr.  Gamble  returned  to 
Paris,  and  concerted  measures  with  Monsieur  Leger  Bidot  and  Louis  Bobert,  to  have 
the  working  model,  which  was  then  at  Essonne,  sent  over  tn  England  to  assist  in  the 
construction  of. other  machines ;  and  the  following  year  M.  Bidot  arriving  in  London, 
was  introduced  by  Mr.  Gamble  to  the  Messrs.  Fourdrinier,  when  a  series  of  experi- 
ments for  improving  the  machine  was  considered  deeirable  and  at  once  commenced. 
But  in  order  to  accomplish  the  arduous  object  which  those  gentlemen  then  had  in 
view,  they  laboured  without  intermission  for  nearly  six  years,  when,  after  incurring 
an  expense  of  60,000/.,  which  was  borne  exclusively  b^  the  Messrs.  Fourdrinier,  they 
at  length  succeeded  in  giving  some  further  oigamsation  and  connection  to  tlio 
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mechanical  paita,  for  which  they  likewise  ohtsined  a  patent,  and  finding  erentnally 
that  there  was  Uttle  prospect  of  being  recompensed  for  labour  and  risk,  or  even 
reimbnrsed  their  expenses,  nnless  Parliament  shonld  think  proper  to  grant  an  exten- 
sion of  the  patent,  they  determined  upon  making  a  fresh  appucation  to  the  Legislature 
for  that  purpose.  But,  it  would  appear  that  although  in  the  Bill  as  it  passed  the 
House  of  Commons,  such  prolonged  period  extended  to  fourteen  years,  in  the  Ixnds 
it  was  limited  to  seTen,  witn  an  understanding  that  such  term  shonld  be  extended  to 
seven  yean  more  in  Uie  event  of  the  patentees  proving,  upon  a  future  application, 
that  they  had  not  been  sufficiently  remunerated.  Mo  sudi  application,  however,  was 
made,  in  consequence  of  a  Standing  Order  of  the  House  of  Loriis,  placed  on  their 
Journals  subsequently  to  the  passing  of  the  said  act ;  which  regulation  had  the  effect 
of  depriving  the  Messrs.  Fourdrinier  of  any  benefit  whatever  from  the  invention ; 
and  lUtimately,  so  great  were  the  difficulties  they  had  to  encounter,  and  so  little  «n- 
eonragement  or  support  did  they  receive,  that  the  time  and  attention  required  to 
mature  this  valuable  invention,  and  the  large  capital  which  it  absorbed, '  were  the 
means  of  reducing  those  wealthy  and  libenJ  men  to  the  homiliating  condition  of 
bftnkmptcy. 

In  reverting  strictly  to  the  manu&cture  of  paper,  the  natnre  of  some  of  the 
materials  employed  first  claim  attention.  Silks,  wooUans,  flax,  hemp,  and  cotton,  in 
all  their  varied  forms,  whether  as  cambric,  lace,  linen,  hoUand,  f^tian,  corduroy, 
bagging,  canvas,  or  even  as  cables,  are  or  can  be  used  in  the  manufacture  of  paper  of 
one  kind  or  another.  Still,  rags,  as  of  necessity  they  accumulate  and  are  gathered 
up  by  those  who  make  it  their  bnsiness  to  collect  them,  are  very  far  from  answering 
the  purposes  of  paper-making.  Bags,  to  the  paper-maker  are  almost  as  vahons  in 
point  of  quality  or  distinction,  as  the  materials  which  are  sought  after  through  the 
infiuence  of  fuhion.  Thus  the  paper-maker,  in  buying  rags,  requires  to  know 
exactly  of  what  the  bulk  is  composed.  If  he  is  a  manufiicturer  of  white  papers,  no 
matter  whether  intended  for  writing  or  printang,  silk  or  woollen  rags  would  be  found 
altogether  useless,  inasmuch  as  it  is  well  known,  the  bleach  will  fail  to  act  upon  any 
animal  substance  whatever.  And  although  he  may  purchase  even  a  mixture  in  proper 
proportions  adapted  for  the  quality  he  is  in  the  habit  of  supplying,  it  is  as  essential  in 
the  processes  of  preparation  that  they  shall  previonsly  be  separated.  Cotton  in  its 
raw  state,  as  may  oe  readily  conceived,  requires  far  less  preparation  than  a  strong  hempen 
fabric,  and  thus,  to  meet  the  requirements  of  the  paper-maker,  rags  are  classed  under 
different  denominations,  as  for  instance,  besides ^nM  and  iecond»,  there  are  thirdt,  which 
ore  composed  of  fustians,  corduroy,  and  similar  fabrics ;  slampt  or  prvtU  (as  they  are 
teimed  by  the  paper-nujier),  which  are  coloured  rags,  and  also  innumerable  foreign 
rags,  distinguished  by  certain  well-known  mai^  indicating  their  varions  peculiarities. 
It  might  be  mentioned,  however,  that  although  by  far  the  greater  portion  of  the 
materials  employed  are  such  as  have  already  been  alluded  to,  it  is  not  from  their 
possessing  any  exclusive  suitableness — since  various  fibrous  vegetable  substances 
have  frequently  been  used,  and  are  indeed  still  successfully  employed — but  rather  on 
account  of  their  comparatively  trifiing  valne,  arising  from  the  limited  osa  to  which 
thqr  are  otherwise  applicable. 

To  convey  some  idea  of  the  number  of  substances  which  have  been  really  tried ;  in 
the  Kbiary  of  the  British  Museum  may  be  seen  a  book  printed  in  Low  Dutch,  containing 
upwards  of  sixty  specimens  of  paper,  made  of  diflerent  materials,  the  result  of  one 
man's  experiments  alont,  so  far  back  as  the  year  1772.  In  fact,  almost  every  species 
of  tough  fibrous  vegetable,  and  even  animal  substance,  has  at  one  time  or  another 
been  employed :  even  the  ^oots  of  trees,  their  bark,  the  bine  of  hops,  the  tendrils  of 
the  vine,  the  stalks  of  the  nettle,  the  common  thistle,  the  stem  of  the  hollyhock,  the 
sugar-cane,  cabbage-stalks,  beet-root,  wood-shavings,  sawdust,  hay,  straw,  willow, 
and  the  like.  Straw  is  frequently  used  in  connection  with  other  materials,  such 
as  linen  or  cotton  rags,  and  even  with  considerable  advantage,  providing  the  pro- 
cesses cf  preparation  are  tlioroughly  understood.  Where  such  is  not  the  case,  and 
the  silica  contained  in  the  straw  has  not  been  destroyed  (by  means  of  a  strong 
alkali),  the  paper  will  invariably  be  found  more  or  less  Inrittie  ;  in  some  cases  so  much 
so  as  to  be  hardly  applicable  to  any  purpose  whatever  of  practical  utility.  The 
waste,  however,  which  the  straw  undergoes,  in  addition  to  a  most  expensive  process  ^ 
of  preparation,  necessarily  precludes  its  adoption  to  any  great  extent.  Two  inventions 
have  been  patented  for  manufacturing  p<ipcr  entirely  from  wood.  One  process  consists 
in  first  boiling  the  wood  in  caustic  soda-lye  in  order  to  remove  the  resinous  matter, 
and  then  washing  to  remove  the  alkali ;  the  wood  is  next  treated  with  chlorine  gas 
or  an  oxygenous  compound  of  chlorine  in  a  suitable  apparatus,  and  washed  to  free  it 
from  the  hydrochloric  acid  formed :  it  is  now  treated  with  a  small  quantity  of  caustia 
soda,  which  convert*  it  instantiy  into  pulp,  which  has  only  to  be  washed  and  bleached, 
when  it  will  merely  require  to  be  beaten  for  an  hour  or  an  hour  and  a  half  in  the 
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oidiiuuy  beaUDg-«ngioe,  and  made  into  pnper.  Tlie  otber  inrention  u  very  simple, 
congisdng  merely  of  a  wooden  box  enclosing  a  grindstone,  'which  has  a  roughened 
sur&ce,  and  against  which  the  blocks  of  wood  are  kept  in  close  contact  by  a  ierer,  a 
small  stream  of  water  being  allowed  to  flow  upon  Uie  stone  as  it  turns,  in  order  to 
free  it  of  the  pulp,  and  to  assist  in  carrying  it  off  through  no  outlet  at  the  bottom. 
Of  course  the  pulp  thus  produced  cannot  be  employed  for  any  but  the  coarser  kinds 
of  paper.  For  all  writing  and  printing  purposes,  which  manifestly  are  the  most 
important,  nothing  has  been  discovered  to  sreatly  lessen  the  value  of  rags,  noithisr  is 
it  at  all  probable  that  there  will,  inasmoch  as  rags,  of  necessity,  must  continue 
accumulating;  and  before  it  will  answer  the  purpose  of  the  paper-maker  to  em- 
ploy new  material,  which  is  not  so  well  adapted  for  his  purpose  as  the  old,  he 
must  be  enabled  to  purchase  it  for  considerably  less  than  it  would  be  wcHlh  in 
the  manu&cture  of  textile  £sd)rics ;  and;  besides  all  this,  rags  possess  in  themselves 
the  vary  great  advantage  of  having  been  repeatedly  prepared  for  paper-making  by  the 
numerous  alkaline  washings  \rhich  they  necessarily  receive  during  their  period  of  use. 

With  all  the  drawbacks  attending  the  preparation  of  straw,  it  is  an  exceedingly 
nsefnl  material  for  the  manufacture  of  certain  kinds  of  paper.  A  thick  brown 
paper,  of  tolerable  strength,  may  be  made  from  it  cheaply ;  but  for  printing  or  writing 
purposes  only  an  inferior  description  can  be  produced,  and  of  little  comparative 
strength  to  that  of  rag-paper.  Its  chief  and  best  use  is  that  of  imparting  stiffiiess 
to  common  newspaper.  Some  manufacturers  prefer  for  this  purpose  an  intermixtnia 
of  stmw  with  paper  shavings,  and  others,  in  place  of  the  paper  shavings,  give  the 
preference  to  rags.  The  proportion  of  straw  used  in  connection  with  lags  or  paper- 
shavings  varies  from  SO  to  80  per  cent. 

The  cost  of  producing  two  papers  of  equal  quality,  one  entirely  from  straw  and 
the  other  entirely  from  rags,  would  be  very  nearly  equal ;  the  Reparation,  which 
includes  power,  labour,  and  chemicals,  being  very  much  greater  in  the  case  of  the 
straw  ;  indeed  from  two  to  three  times  as  much  as  that  of  rags. 

In  order  to  reduce  the  straw  to  a  suitable  consistency  for  paper^nakiog,  it  is  placed 
in  a  boiler  with  a  large  quantity  of  strong  alkali,  and  with  a  preosore  of  steam  equal 
to  120 lbs.,  and  sometimes  to  150 lbs.,  per  square  inch;  the  extreme  heat  being  at- 
tained in  super-heating  the  steam  after  it  leaves  the  boiler,  by  passing  it  through 
a  coiled  pipe  over  a  fire,  and  thus  the  silica  becomes  destroyed,  and  the  straw 
softened  to  pulp,  which,  after  being  freed  fr«m  the  alkali  by  washing  it  in  cold  water, 
is  subsequently  bleached  and  beaten  in  the  ordinary  rag-engine,  to  which  we  shall 
presently  refer. 

The  annual  consumption  of  rags  in  this  oonntty  alone  &r  exceeds  130,000  tons, 
three-fourths  of  which  are  imported,  Italy  and  Oermany  famishing  the  principal 
supplies. 

All  that  can  be  said  as  to  the  suitableness  of  fibre  in  g«neml  may  be  ttunmed  up 
in  very  few  words :  any  vegetable  fibre  having  a  eormgated  edge^  which  will  enable 
it  to  cohere  in  the  mass,  is  fit  for  the  purpose  of  paper-maldng.  Among  the  many 
fibres  that  have  been  introduced  for  use  in  this  manufacture,  the  most  important  nn- 
donbtodly  is  the  coarse  grass  known  as  Esparto  in  Spain,  and  as  Jlfa  in  Northern 
^rica.  It  was  first  imported  by  Mr.  Koble  in  18S1,  but  it  was  not  until  the  scarcity  of 
cotton  was  felt  during  the  American  War  that  paper-makers  folly  realised  the  valne  of 
esparto  fibre ;  in  1868  as  mneh  as  96,000  tons  were  imported.  Other  fibres  have 
recently  been  used,  such  as  those  of  the  diss-grass,  the  dwarf-palm,  the  baobaVtree^ 
and  the  Now  Zealand  flax  ;  but  it  is  said  that  none  of  these  can  snccessfUly  compete 
with  esparto.  Canada  rice  lias  recently  been  recommended  as  an  excellent  paper-making 
material. 

In  considering  the  various  {voeesses  or  stages  of  the  manufacture  of  paper,  we 
have  first  to  notice  that  of  carefully  sorting  and  cutting  the  rags  into  small  {neoes, 
which  is  dona  by  women ;  each  woman  standing  at  a  table-frame,  the  upper  suriiaoe 
of  whicli  consists  of  very  coarse  wire-doth  ;  a  large  knife  being  ilxed  in  the  centre  of 
the  table,  nearly  in  a  vortical  position.  The  woman  stands  so  as  to  have  the  back 
of  the  blade  opposite  to  her,  while  at  her  right  hand,  on  the  floor,  is  a  huge  wooden 
bos,  with  several  divisions.  Her  business  consists  in  examiuingthe  rags,  opening  the 
seams,  removing  dirt,  pins,  needles,  and  buttons  of  endless  variety,  'Mich  would  Jm 
liable  to  itgure  the  machinery,  or  damage  the  quality  of  the  paper.  She  then  cues 
the  rags  into  small  pieces,  not  exceeding  4  inches  square,  by  dra'wing  them  sharply 
across  the  edge  of  the  knife ;  at  the  same  time  keeping  each  quality  distinct  in  the 
several  diviiaons  of  the  box  placed  on  her  right  hand.  During  this  process,  much  of 
the  dirt,  sand,  and  so  forth,  passes  through  the  wire-cloth  into  a  drawer  underneath, 
whicli  is  occasionally  cleaned  out.  After  this,  the  rags  Rore  removed  to  what  is  called 
the  dtuiinff-machinc,  which  is  a  Large  cylindrical  frame  covered  with  similar  coarse 
iron  'wire-oloth,  and  having  a  poweorfiil  revolviug  shaft  extending  through  the  inte- 
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rior,  Trith  a  nmnber  of  spokes  fixed  tiansrenely,  aeailj  long  enough  to  tonch  the 
cage.  Bj  means  of  this  contrivance,  the  machine  being  fixed  upon  an  indine  of  some 
iDchae  to  the  foot,  the  mgs,  -which  are  put  in  at  the  top,  haye  any  remaining  particles 
of  dnat  that  may  still  adhere  to  them  effectually  beaten  out  by  the  time  they  reach 
the  bottom. 

The  rags  being  thus  far  cleansed,  have  next  to  be  boiled  in  an  allcaline  lye  or 
solution,  made  more  or  less  strong  as  the  rags  are  more  or  less  coloured,  the  object 
being  to  get  rid  of  the  remaining  dirt  and  some  of  the  colouring-natter.  The  pro- 
portion is  £rom  4  to  10  lbs.  of  carbonate  of  soda  with  one-third  of  quicklime  to 
the  cwt.  of  material.  In  this  the  tags  are  boiled  for  several  houn,  according  to  their 
quality. 

The  method  generally  adopted  is  that  of  placing  the  rags  in  large  cylinders,  which 
are  constantly,  though  slowly,  revolving,  thus  causing  the  rags  to  be  as  frequently 
turned  over,  and  into  which  a  jet  of  steam  is  cast  with  a  pressure  of  something  near 
30  lbs.  to  the  square  inch. 

After  this  process  of  cleansing,  the  rags  are  considered  in  a  fit  state  to  be  torn  Or 
macerated  until  they  become  reduced  to  a  pulp,  which  was  accomplished,  some 
fifty  years  since,  by  setting  them  to  heat  and  ferment  for  many  days  in  close 
vessels,  whereby  in  reality  they  underwent  a  species  of  putrefaction.  Another 
method  subsequently  employed  was  that  of  beating  them  by  means  of  stamping-rods, 
shod  with  iron,  working  in  strong  oak  or  stone  mortars,  and  moved  by  water-wheel 
machineiy.    So  rude  and  ineffective,  however,  was  this  apparatus,  that  no  fewer  than 

1603 


40  pairs  of  stamps  were  required  to  operate  a  night  and  a  day  in  preparing  1  cwt 
of  material.  At  the  present  time  the  average  weekly  consumption  of  rags,  at  many 
paper-mills,  exceeds  even  80  tons.  The  cylinder-  or  en^ne-mode  of  comminuting 
rags  into  paper-pulp  appears  to  have  been  invented  in  Holland,  about  the  middle 
of  the  last  century,  but  received  very  little  attention  here  for  some  years  after- 
wards. The  accompanying  figures  (figs.  1693  and  1694)  will  serve  to  convey  soma 
idea  of  the  wonderful  rapidity  with  which  the  work  is  at  present  accomplished. 
No  less  than  ttailve  tons  per  week  can  now  be  prepared  by  means  of  this  simple 
contrivdncs.  The  horizontal  section  {fa.  1604)  represents  an  oblong  cistern,  of  cast 
iron,  or  wood  lined  with  lead,  into  which  the  rags,  with  a  snfilcient  quantity  of 
water,  are  loceived.     it  is  divided  by  a  partition,  as  shown  (a),  to  regnlats  the 
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Gonne  of  the  stuff;  the  spindle  upon  which  each  cylinder,  c,  movee,  extending  aenfli 
the  engine,  and  being  pat  in  motion  by  a  band-Trheel  or  pinion  at  the  point,  b. 
One  cylinder  is  made  to  txarerse  at  a  mach  swifter  rate  than  the  other,  in  otdtt 
that  the  rags  may  be  the  more  effectually  tritniated.  The  cylinders,  c,  as  shown  in 
the  Tertical  section,  are  furnished  with  numerous  cutters,  running  pnnUlel  to  the  axis, 
and  again  beneath  them  similar  cutters  are  mounted  (d)  somewhat  obliquely,  against 
which,  when  in  motion,  the  rags  are  drawn  by  the  rapid  rotation  of  the  cylinders, 
and  thus  reduced  to  the  smaUest  filaments  requisite,  sometimes  not  exceeding  the 
sixteenth  of  an  inch  in  length ;  the  distance  between  the  fixed  and  moveable  blades 
being  capable  of  any  a4justment,  simply  by  eleTating  or  depressing  the  bearings 
upon  which  the  necks  of  the  shaft  are  supported.  When  in  operation,  it  is  of  course 
necessary  to  enclose  the  cylinders  in  a  case,  as  shown,  be,  otherwise  a  laige  proportion 
of  the  rags  would,  ineritably,  be  thrown  out  of  the  engine.  The  rags  are  fint  worked 
coarsely,  with  a  stream  of  water  running  through  the  engine,  irtiich  tends  effectually 
to  wash  them,  as  also  to  open  thor  fibres ;  and  in  order  to  carry  off  the  dirty  water, 
what  is  termed  a  nxuiinff  drum  is  firequentljr  employed,  consisting  simply  of  a 
framework  oorered  with  Teiy  fine  wire-gauze,  in  the  interior  of  which,  connected 
with  the  shaft  or  spindle,  which  is  hollow,  arc  two  suction  tubes,  and  by  this  means, 
on  the  principle  of  a  syphon,  the  dirty  water  constantly  flows  away  through  a  larger 
tube  running  down  outside,  which  is  connected  with  that  in  the  centre,  without  carry- 
ing away  any  of  the  fibre. 

After  this,  the  mass  is  placed  in  another  engine,  where,  if  necessary,  it  is  bleached 
by  an  admixture  of  chloride  of  lime,  which  is  retained  in  the  engine  until  its  action 
becomes  apparent.  The  pulp  is  then  let  down  into  large  slate  cisterns  to  steep,  prior 
to  being  reduced  to  a  suitable  oonsistenqr  by  the  beating-engine,  as  already  described. 
The  rolls  or  cylinders,  however,  of  the  beating-engine  are  always  made  to  rotate 
much  faster  tnAn  when  employed  in  washing  or  bleaching,  revolving  probably  from 
120  to  150  times  per  minute,  and  thus,  supposing  the  cylinders  to  contain  48  teeth 
each,  passing  over  eight  others,  as  shown  in  the  figures,  effecting  no  fewer  than 
103,680  cuts  in  that  abort  period.  From  this  the  great  advantage  of  the  modem 
engine  over  the  old-fiishioned  mortar  machine,  in  turning  out  a  quantity  of  paper-pulp, 
wiU  be  at  once  apparent.  The  introduction  of  colounng-matter  in  connection  with 
the  paper-manufacture  is  accomplished  simply  by  its  intermixture  with  the  pulp  while 
in  process  of  beating  in  the  engine. 

Although  the  practice  of  bludng  paper  is  not,  perhaps,  so  customaiy  now  as  was 
the  case  a  few  years  back,  the  extent  to  which  it  is  still  carried  may  be  a  matter  of 
considerable  astonishment.  On  its  first  introduction,  when,  as  regards  colour,  the  best 
paper  was  anything  but  pleasing,  so  striking  a  novelty  would  no  doubt  be  hailed  as  a 
great  improvement,  and  as  such  received  into  general  use,  but  the  superior  delicacy 
of  a  fint-datt  paper  now  made  without  any  colouring-matter  whatever,  and  without 
any  superfluous  marks  on  its  surface,  is  so  truly  beautiful,  both  in  texture  and  ap- 
pearance, as  to  occasion  some  surprise  that  it  is  not  more  generally  used.' 

Common  materials  are  frequently  and  very  readily  employed,  through  the  assistance 
of  oolouring-matter,  which  tends  to  conceal  imperfections.  Indeed,  it  would  o 
difficult  to  name  an  instance  of  apparent  deception  more  forcible  than  that  which  is 
accomplished  by  the  use  of  ultramarine.  'Dntil  recently  the  fine  blneish  tinge  given 
to  many  writing-papers  was  derived  from  the  admixture  of  that  formerly  expen- 
sive, but  now,  being  prepared  artificially,  cheap,  mineral  blue ;  1  pound  of  ultra- 
marine going  finther  than  4  of  smalts,  the  former  necessarily  meets  with  more 
extended  application,  and  where  its  use  is  rightly  understood,  and  the  materials 
employed  instead  of  being  floe  rags,  comparative  rubbish,  excessively  bleached, 
its  application  proves  profitable  to  the  paper-maker  in  concealing  for  a  time  all 
irregularities,  and  making  the  paper  surpass  in  appearance  the  best  kinds.  The  oxide 
of  cobalt,  generally  termed  imaita,  has  still  the  advantage  over  the  ultramarine  of 
imparting  a  colour  which  will  endure  for  a  much  longer  period. 

At  first  the  introduction  of  ultramarine  led  to  some  difficulty  in  sizing  the  paper, 
for  so  long  as  smalts  continued  to  be  tised,  any  amount  of  alum  might  m  employed. 
Mid  it  was  actually  added  to  the  size  to  preserve  it  from  putrefaction.  But  since 
artificial  ultramarine  is  bleached  by  alum,  it  became  of  course  necessary  to  add  this 
salt  to  the  size  in  very  small  proportions,  and,  as  a  natural  consequence,  the  gelatine 
was  no  longer  protected  from  the  action  of  the  air,  which  led  to  incipient  de- 
compoeition,  and  in  such  cases  the  putrefaction  once  commenced,  proceeded  even  after 
the  size  was  dried  on  the  paper,  and  gave  to  it  a  most  offensive  smell,  which  rendered 
the  paper  unsaleable.  This  difficulty,  however,  has  now  been  overcome,  and  providing 
the  size  be  quite  free  from  taint  when  applied  to  the  paper,  and  quickly  dried,  putre- 

•  See  Riebard  Hening's '  Fore  Wore  Writing  F^ier.' 
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feetion  trill  not  Bubeeqnently  oocnr ;  but  if  decay  hns  once  commeocad,  it  cannot  b» 
arrested  by  drying  only. 

The  operation  of  paper-making,  after  the  rags  or 
materials  to  ba  tued  have  been  thns  reduced  and 
prepared,  may  be  divided  into  two  kinds :  that  which 
IS  carried  on  in  hand-mills,  -where  the  formation  of 
the  sheet  ia  performed  by  mannal  labonr ;  and  that 
which  is  carried  on  in  machine-mills,  where  the 
paper  is  produced  npon  the  machine  wire-doth  in  one 
eontinuons  web. 

With  respect  to  hand-mada  papers,  the  sheet  is 
formed  by  the  ratman's  dipping  a  mould  of  fine  wire- 
cloth  fixed  upon  a  wooden  frame,  nnd  having  what 
is  termed  a  deckle,  to  determine  the  size  of  the  sheet, 
into  a  quantity  of  pulp  which  has  been  proriously 
mixed  with  water  to  a  requisite  consistency ;  when, 
after  gently  shaking  it  to  and  fro  in  a  horizontal 
position,  the  fibres  become  so  connected  as  to  form 
one  uniform  fabric,  while  the  water  drains  away. 
The  deckle  is  then  removed  from  the  mould,  and 
the  sheet  of  paper  turned  off  npon  a  felt,  in  a  pile 
with  many  others,  a  felt  intervening  between  each 
sheet;  and  the  whole  subjected  to  great  pressure,  in 
order  to  displace  the  snperfiuous  water ;  when,  after  ( 
being  dried  andpressed  without  the  felts,  the  sheets 
are  dipped  into  a  tub  of  fine  animal  size,  the  super- 
fluity of  which  is  again  forced  out  by  another  press- 
ing ;  each  sheet  after  being  finally  dried,  nndergoing 
careful  examination  before  it  is  finiahed. 

Thus  we  have,  first,  what  is  tanned  the  mttar-ltqf, 
the  condition  in  which  the  paper  appears  after  being 
pressed  between  the  felts — uis  is  the  first  stage. 
Next,  a  sheet  from  the  bulk,  as  pressed  without  the 
felts,  which  still  remains  in  a  state  unfit  for  writing 
on,  not  having  been  sized.  Then  a  sheet  after  sizing, 
which  completely  changes  its  character;  and  lastly, 
one  with  the  finished  surface.  This  u  produced  by 
placing  the  sheets  separately  between  very  smoom 
copper-plates,  and  then  passing  them  through  rollers, 
which  impart  a  pressure  of  from  20  to  30  tons. 
After  only  three  or  four  such  pressures,  it  is  simply 
called  '  rolled,'  bnt  if  passed  through  more  frequently, 
the  paper  acquires  a  higher  sui&ce,  and  is  then  called 
•^aied.' 

The  paper-making  machine  is  constructed  to  imitate 
in  a  great  measure,  and  in  some  respects  to  improve, 
the  processes  nsed  in  making  paper  by  hand ;  but 
its  cliief  advantages  are  the  increased  rapidity  with 
which  it  accomplishes  the  manufacture,  and  the 
means  of  prodneing  paper  of  any  size  which  eas 
practically  be  required. 

By  ihe  agency  of  this  admirable  contrivance, 
which  is  so  adjusted  as  to  produce  the  intended  effect 
with  unerring  precision,  a  process  which,  in  the  old 
system  of  piper-making,  occupied  about  three  iceeit 
is  now  performed  in  aa  many  minatei. 

The  paper-malung  machine  {Jiff.  1594)  is  supplied 
firom  the  '  chests '  or  reservoir,  p,  into  which  the  pulp 
descends  from  the  beating-engine,  when  sufficiently 
ground ;  being  kept  in  constant  motion,  as  it  descends, 
by  means  of  the  agitator,  o,  in  order  that  it  shall  not 
settle.  From  this  reaarroir  the  pulp  is  again  con- 
veyed by  a  pipe  into  what  is  technically  termed  the 
'lifter,'  R,  which  consists  of  a  caat-iion  wheel,  on- 
doeed  in  a  wooden  case,  and  having  a  number  of 
buckets  affixed  to  its  drcumference.  The  trough,  I, 
placed  immediately  beneath  tlte  endleas  wire,  x,  is  for  the  purpose  of  receiving  the 
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water  which  diaiDS  away  from  the  palp  daring  the  process  of  manofactpre,  and  ae  tlus 
water  is  fre^uontty  impregnated  with  certain  chemicals  used  in  connection  with  paper- 
making,  it  IS  returned  again  by  a  conducting  spant,  into  the  '  lifter,'  where,  by  the 
rotation  of  the  budcets,  both  the  pulp  and  back-water  become  again  thoronghly  mixed, 
and  ar*  *og»thei  raised  by  the  bfter  throngh  the  spout,  l,  into  the  trongh,  m,  where 
the  palp  ia  atrained  by  means  of  a  sieve  or  '  knotter,'  as  it  is  called,  which  is  nsoally 
formed  of  brass,  haring  fine  slits  cnt  in  it  to  allow  the  comminnted  pnlp  to  pass 
throngh,  while  it  retains  all  Inmpe  and  knots ;  and  so  fine  are  these  openings,  in  order 
to  free  the  palp  entirely  &om  anything  which  wonld  be  liable  to  damage  the  quality 
of  tke  pwer,  that  it  becomes  necessary  to  apply  a  means  of  exhaustion  underneath,  in 
otder  to  Builitate  the  passage  of  the  palp  through  the  strainer. 

The  lumps  collected  upon  the  top  ol  this  knotter,  more  particnlariy  when  printing- 
papen  are  being  mano&ctured,  are  composed  to  a  considerable  extent  of  india-rubber, 
which  is  a  souAie  cS  much  greater  annoyance  to  the  paper-maker  than  is  readily  con- 
ceired.  For,  in  the  first  place,  it  is  next  to  impossible  in  sorting  and  catting  the  m^ 
to  free  them  entirely  from  the  braiding,  and  so  forth,  with  which  ladies  adorn  their 
dresses ;  and,  in  the  next,  the  bleach  failing  to  act  upon  a  sabitanee  of  that  character, 
the  quality  of  the  neper  becomes  greatly  deteriorated  by  the  large  black  specks  which 
it  occasions^  asd  wnich,  by  the  combined  heat  and  pressure  of  the  rolls  and  cylinders, 
enlarge  considerably  as  it  proceeds. 

Passing  from  the  strainer,  the  pulp  is  next  made  to  distribute  itself  eqoally 
thiooghoat  the  entire  width  of  the  mtichine,  and  is  afterwards  allowed  to  flow  orer 
a  small  lip  or  ledge,  in  a  regular  and  even  stream,  whence  it  is  receiyed  by  the 
upper  Samoa  of  .the  endless  wire,  x,  upon  whidi  the  first  procees  of  manufictura 
takes  |daee.  Of  course  the  thickness  of  the  paper  depends  in  some  measure  upon 
the  speed  at  which  the  machine  is  made  to  trarel,  but  it  is  mainly  determined  by 
the  quantity  ct  pulp  allowed  to  flow  upon  ^e  wire,  which,  by  rarious  contriTances, 
can  be  regrilated  to  great  nicety.  Paper  may  be  made  by  this  machine  consider- 
ably less  than  the  thousandth  of  an  inch  in  thickness,  and,  although  so  thin,  it  is 
capable  ef  being  coloured,  it  is  capable  of  being  glazed,  it  is  capable  of  receiving 
a  watcT'Oaik ;  and,  what  is  periiaps  still  more  astonishing,  a  strip  not  exceeding 
4  inehes  in  width  is  sometimes  capable  of  sustaining  a  weight  of  20  lis.,  so  great 
is  it!  tenaeSty. 

Bnt  to  leton  to  the  machine  itself.  The  quantity  of  pulp  required  to  flow  from 
the  Tat,  X,  being  determined,  it  is  first  receired  by  the  continuous  woren  win,  x, 
upon  which  it  foams  itself  into  paper ;  this  wira-gance,  which  resembles  a  jack-towel, 
passing  over  the  small  copper  rollers,  y,  round  the  larger  one,  mariced  o,  and  being 
kept  in  pioper  tension  by  two  others  placed  nndemeath.  A  gentle  vibratory  motion 
frmn  side  to  ode  is  given  to  the  wire,  whidi  assists  to  spreul  the  pulp  evMily,  and 
also  to  ftdlitate  the  separation  of  the  water ;  and  by  this  means,  aided  by  a  suction- 
pump,  t^  palp  solidifies  as  it  advances.  The  two  black  squares  on  either  side  of  the 
'  dandy '  ndler,  p,  indicate  the  position  of  two  wooden  boxes,  from  which  the  air  is 
partially  exhausted,  thus  causing  the  atmospheric  pressure  to  operate  in  compacting 
the  pulp  into  paper,  the  water  and  moisture  being  drawn  through  the  win  and  th« 
pulp  retained  on  the  surface. 

Next,  we  have  to  notice  the  deckle  or  boundary  straps,  a,  which  regulate  the  width 
of  the  paper,  travelling  at  the  same  rate  as  the  wire,  and  thus  limiting  the  spread  of 
pulp.  The  '  dandy'  roller,  p,  is  employed  to  give  any  impression  to  the  paper  that 
may  be  feqnired.  AVe  may  suppose,  for  instance,  that  the  circnmfennce  of  that  roller 
answcn  exactly  to  the  length  or  breadth  of  the  wire  forming  a  hand-mould,  which, 
supposing  such  wire  to  be  fixed  or  curved  in  that  form,  would  necessarily  leave  the 
same  impression  as  when  employed  in  the  ordinary  way.  Being  placed  between  the 
air-boxes,  the  paper  becomes  impressed  by  it  when  in  a  half-formed  state,  and  what- 
ever nailcs  on  thus  made  the  paper  will  effectually  retain.  1^6  two  roUen  ibUowing 
the  dandy,  marked  b  and  o,  are  termed  couching-rellers,  from  their  performing  a 
rimilar  operation  in  the  mannikiture  of  machine-made  papen  to  the  business  of 
the  eoaeher  in  conducting  the  process  by  hand.  They  aie  simply  wooden  rollen 
covered  with  felt.  In  some  instances,  however,  the  upper  eoudi-roll,  k,  is  made  to 
answer  a  doable  purpose.  In  making  writing-  or  other  papen  where  smalts,  ultia- 
mariae,  and  various  oolonrs  are  usod,  considerable  difference  will  frequently  be 
found  in  the  tint  of  the  paper  when  the  two  sides  are  compared,  in  consequence  of 
the  culoaiing-matter  sinking  to  the  lower  side  by  the  natural  subsidence  of  the  watw, 
or  from  the  action  of  the  snctton-boxes  ;  and,  to  obviate  this,  instead  of  employing 
the  ordinary  couch-roll,  which  acts  upon  the  upper  surface  of  the  paper,  a  hollow 
one  is  substituted,  having  a  auction-box  within  it,  acted  upon  by  an  air-pump,  which 
tends  in  some  measure  to  counteract  the  efiect  justly  considered  as  objectionable. 
Uoiging  from  these  rollers,  the  paper  is  receirM  team  the  wire-gauss  by  a  coBr 
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tinnons  Mt,  s,  -wUch  oondncU  it  thiongh  two  pain  of  preasing-ioUen,  and  after' 
ward*  to  tbe  drying-cylinden.  After  paasing  through  the  first  pair  of  rolleni,  the 
paper  is  carried  along  tiie  felt  for  some  distance  and  then  tamed  over,  in  order 
to  leceiTe  a  corresponding  pretanre  on  Uis  other  side,  thos  obriating  the  inequality 
of  surface  which  would  otherwise  be  apparent,  especially  if  the  paper  were  to  be 
employed  for  books. 

The  advantage  gained  l2y  the  use  of  so  great  a  length  of  felt  is  amply  that  it 
becomes  less  necessary  to  stop  the  machine  for  the  purpose  of  washing  it,  tDan  would 
be  the  case  if  the  felt  were  limited  in  length  to  its  absolute  necessity. 

In  some  instances,  when  the  paper  being  made  is  sized  in  the  pulp  with  such 
an  ingredient  as  renn,  the  felt  becomes  so  completely  clogged  in  the  space  of  a 
few  hours,  that  unless  a  yery  great  and  apparently  unnecessary  length  of  felt  bo 
employed,  a  considerable  waste  of  time  is  constantly  incurred  in  washing  or  changing 
the  felt. 

The  operation  of  the  manufacture  will  now  be  apparent  The  pulp  flowing  from 
the  reservoir  into  the  lifter,  and  thence  through  the  strainer,  passes  over  a  small  lip 
to  the  continuous  wire,  being  there  partially  compacted  by  the  shaking  motion,  more 
thoroaghly  so  on  its  passage  oyer  the  air-boxes,  receiving  any  desired  marks  by  moans 
of  tbe  dandy-roUer  passing  over  the  continuous  felt  between  the  first  pressing-rollers, 
then  tamed  over  to  receive  a  corresponding  pressure  on  the  other  side,  and  from 
thence  off  to  the  drying-cylinders,  wluch  are  heated  mora  or  less  by  injected  steam ; 
the  cylinder  which  receives  the  paper  first  being  heated  lees  than  the  second,  the 
second  than  the  third,  and  so  on ;  the  paper,  after  passing  over  those  eylindersi  being 
finally  wound  upon  a  reel,  as  shown,  unless  it  be  printing-paper,  which  can  bis  sized 
eufficienUy  in  the  pulp  by  an  admixture  of  alum,  soda,  and  resin,  or  the  like ;  in 
which  case  it  may  be  at  once  conducted  to  the  cutting-machine,  to  be  divided  into  any 
length  and  width  required.  Bnt,  supposing  it  to  bo  intended  for  writing  parposes,  it 
has. first  to  undergo  a  more  eBhctoal  method  of  sizing,  as  shown  in  the  accompanying 
drawing ;  the  size,  in  this  instance,  being  made  from  parings  obtained  from  tanners, 
curriers,  and  parchment-makers,  as  employed  in  the  case  of  hand-made  papers.  Of 
course,  sizing  in  the  pulp  or  in  the  engine  offers  many  advantages ;  but  as  gelatine,  or 
animal  sise,  which  is  really  essential  for  all  good  writing  quedities,  cannot  at  present 
be  employed  during  the  process  of  manufacturing  by  the  machine  without  injury  to 
the  felts,  it  becomes  necessary  to  pas*  the  web  of  paper,  after  it  has  been  dried  by  the 
qrlinders,  through  this  apparatus. 

In  most  cases,  however,  the  paper  is  at  once  guided  as  it  issues  fiom  the  machine, 
through  the  tub  of  size,  and  is  thence  carried  oVer  the  skeleton  drums  shown,  inside 
each  of  which  are  a  nomber  of  £uis  rapidly  revolving ;  sometimes  there  are  forty  or 
fifty  of  these  drums  in  succession,  the  whole  confined  in  a  chamber  heated  by  steam. 
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A  paper-machine,  with  the  sizing-apporatus  attached,  sometimes  measures,  £rom  the 
>riTe.«loth,  where  tlio  pulp  first  flows  on,  to  the  cutting-machine  at  the  extremity,  no 
less  than  1,000  feet.  The  advantage  of  drying  the  paper  in  this  manner  over  so 
many  of  these  drums  is,  that  it  turns  out  much  harder  and  stranger  than  if  dried 
more  rapidly  over  heated  cylinders.  Some  mannlacturers  adopt  a  peculiar  process  of 
sizing,  which,  in  fact,  answers  very  much  better,  and  is  alike  applicable  to  papers 
mode  by  hand  or  by  machine,  provided  the  latter  description  be  flrst  cut  into  pieces  or 
sheets  of  the  required  dimensions.  The  contrivance  consists  of  two  revolving  felts^ 
between  which  the  sheets  are  carried  under  several  rollers  through  a  long  trough  of 
size ;  being  afterwards  hong  up  to  dry  upon  lines  previously  to  rolling  or  glazing. 
The  paper  thus  sized  becomes  much  harder  and  stronger,  by  reason  of  the  freedom 
with  which  the  sheets  can  contract  in  diying ;  and  this  is  mainly  the  reason  why 
paper  mode  by  hand  continues  to  be  so  much  tougher  than  that  made  by  tbe  machine. 
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In  conseqaenco  of  the  natnml  tendency  of  the  pnlp  to  contract  in  dtying,  uid  conM« 
qncntly  becoming,  -vliere  no  resintance  is  ofierod,  more  entirined  and  entangled,  which 
of  course  adds  rery  considerably  to  the  strength  and  durability  of  the  paper.  In 
making  by  the  machine,  this  tendency  is  completely  checked. 

The  following  note  from  a  correspondent  is  well  worthy  the  attention  of  paper- 
manafacturers : — 

'  Yon  are  most  probably  aware  that,  in  the  paper-machine,  the  pnlp  or  half-stufl| 
after  leaving  the  plane  of  wire,  is  pressed  between  rollers  and  becomes  paper,  and 
then  only  reqnires  to  be  made  dry  and  smooth.  These  objects  are  efiecied  by  tho 
machine  condnctjng  tho  paper  over  the  polished  surfaces  of  large  cylinders  heated  by 
steam,  and  afterwards  through  a  series  of  heavy  and  highly-poljshed  metal  rollers, 
which  are  in  some  cases  also  heated  by  steam  to  increase  ^e  eflect  Now,  a  great 
advantage  would  be  gained  by  electro-plating  those  cylinders  and  rollers  with  nidiel.' 
(See  Nickel  ;  ELBCTBO-METAij.tniaT.)  '  A  surface  far  superior  to  that  of  burnished 
steel  wonld  be  obtained  ;  being  harder  than  steel,  it  would  not  become  scratched,  and, 
no  rust  being  formed,  it  wo^d  be  always  clean  and  bright  The  paper  would  be 
found  to  possess  a  surface  like  ivory,  the  pores  being  entirely  filled  up.  The  only 
cleaning  required,  and  that  at  long  intervals,  would  be  washing  with  soap  and  water, 
and  rubbing  with  a  dry  leather.  The  expense  (about  |(f.  per  square  inch)  wonld  be 
very  trifling  as  compared  with  that  of  grinding  and  re-burnishing ;  and,  if  all  the 
bright  parts  of  the  machine  were  electro -plated  with  nickel,  a  vast  saving  of  expense 
in  labonr  would  be  efiected.  I  am  strenguiened  in  these  conclusions  by  the  &ct,  that 
photographers  find  that,  after  passing  prints  when  damp  through  ordinary  steel 
rollers,  an' impression  is  left  on  them,  wnich,  if  not  cleaned  off  immediately,  causes 
the  kteel  to  nut,  and  which  rost  cannot  be  got  rid  of  withont  grinding  and  re- 
burnishing.' 

It  may  be  interesting  to  mention,  that  the  first  experiment  for  drying  paper  by 
means  ol  heated  cylinders  was  made  at  Grellibrand's  calico-printing  factory,  near 
Stepney ;  a  reel  of  paper,  in  a  moist  jstate,  having  been  conveyed  there  firom  IMrtford 
in  a  post-chaise.  The  experiment  was  tried  in  the  presence  of  the  patentees  of  the 
paper-machine  and  JSi.  Donkio,  the  engineer,  and  proved  highly  satisfactory ;  and 
the  adoption  of  copper  cylinders,  heated  by  steam,  wiu  thenceforward  considered  in- 
dispensable. 

The  next  operation  to  be  noticed,  now  that  the  paper  is  finished,  is  that  of  catting 
it  into  standard  sizes.  Originally,  the  wheel  upon  which  it  was  finally  wound  was 
formed  so  that  its  diameter  might  be  lessened  or  increased  at  pleasure,  according  to 
the  siaes  which  were  required.  Thus,  for  instance,  supposing  Uie  web  of  paper  was 
required  to  be  cut  into  sheets  of  18  inches  in  length,  the  diameter  of  the  reel  would 
be  lessened  to  6  inches,  and  thus  the  circumference  to  18  inches,  or,  if  convenient,  it 
would  be  increased  to  36  inches,  the  paper  being  afterwards  cut  in  two  by  hand  with 
a  large  knife ;  the  width  of  tho  web  being  regulated  by  the  deckle-straps,  q,  to  either 
twice  or  three  times  the  width  of  the  sheet,  as  th^  case  might  be.  However,  in  regard 
to  the  length,  considerable  waste,  of  necessity,  arose  from  the  great  increase  in  the 
circumference  of  the  reel  as  the  paper  was  wound  upon  it,  and  to  remedy  this,  several 
contrivances  have  been  invented.  To  dwell  upon  their  various  peculiarities,  or  sepa- 
rate stages  of  improvement,  would  prove  of  little  comparative  interest  to  the  general 
reader;  it  will,  therefore,  be  well  to  limit  attention  to  the  cutting-machine,  of  which 
an  illustration  is  given  (fig.  1596),  which  is  unquestionably  we  best,  as  well  as 
the  moat  ingenious,  invention  of  the  kind. 

The  first  movement  or  operation  peculiar  to  this  machine  is  that  of  cutting  the  web 
of  paper  longitudinally  into  such  widths  as  may  be  reqtured ;  and  this  is  effected 
by  means  of  circular  blades,  placed  at  stated  distances,  which  receive  the  paper  as  it 
issues  direct  from  the  other  machineiy,  and,  by  a  very  swift  motion,  much  greater 
than  that  at  which  the  paper  travels,  sUt  it  up  with  unerring  precision  wherever  they 
may  be  fixed. 

A  pair  of  those  circular  blades  is  shown  in  the  drawing,  A  {fig.  1696),  the  npper  on« 
being  much  larger  than  the  lower,  which  is  essential  to  the  smoothness  of  the  cut.  And 
not  only  is  the  npper  blade  larger  in  drctmiference,  but  it  is  also  made  to  lerolve 
with  much  greater  rapidity  by  means  of  employing  a  small  pinion,  worked  by  one 
at  least  twice  its  diameter,  which  is  fixed  upon  the  same  shaft  as  the  lower  blade,  to 
which  the  motive-power  is  applied.  The  action  aimed  at  is  precisely  such  as  we 
obtain  from  a  pair  of  scissors. 

The  web,  as  it  is  termed  by  the  paper-maker,  being  thus  severed  longitndinally, 
the  next  operation  is  that  of  cutting  it  off  into  sheets  of  some  rarticular  length  hori- 
zontally ;  and  to  do  this  reqnires  a  most  ingenious  movement.  To  give  a  very  general 
idea  of  the  contrivance,  the  dotted  line  represents  the  paper  travelling  on  with  a 
zapidity  in  aome  cases  of  80  feet  per  minute,  and  yet  its  coarse  has  to  be  temporsrilx 
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knestad  vhil«  tiie  nqnired  Bepantion  is  effected,  and  that,  too,  -without  the  paper 
aocumnlating  in  any  mass,  or  getting  creased  in  the  sli^test  degree. 

The  large  dmm,  b,  over  which  the  paper  passes  in  the  direction  indicated  by  the 
HTOvs,  hui  simply  an  alternating  motion,  -wnieh  serves  to  gather  the  paper  in  sncb 


lengths  as  may  be  required ;  the  crank  arm,  c,  which  is  capable  of  any  adjustment 
either  at  top  or  bottom,  regulating  the  extent  of  the  movement  backwards  and  for- 
wards, and  thus  the  length  of  the  sheet.  As  soon  as  the  paper  to  be  cut  off  has 
passed  below  the  point  n,  at  which  a  presser  is  suspended,  having  an  alternating 
motion  given  to  it  in  order  to  make  it  approach  to,  and  recede  from,  a  stationary 
presaer-faoard,  it  is  taken  hold  of  as  it  descends  from  the  drum,  and  the  length 
pendant  from  the  presser  is  instantly  cut  off  by  the  moveable  knife,  e,  to  which 
motion  is  given  by  the  crank  F,  the  oonnecting-iod  o,  the  lever  h,  and  the  connecting- 
rod  I.  The  combined  motion  of  these  rods  and  levers  admits  of  the  moveable  knife,  s, 
remaining  nearly  quiescent  for  a  given  time,  and  then  speedily  closing  upon  the  fixed 
knife,  k,  cutting  off  the  paper  in  a  similar  manner  to  a  pair  of  shears,  when  it  imme- 
diately slides  down  a  board,  or,  in  some  instances,  is  carried  along  a  revolving  felt,  at 
the  extremity  of  which  several  men  or  boys  are  placed  to  receive  the  sheets,  according 
to  the  number  into  which  the  width  of  the  web  is  divided. 

As  soon  as  the  pressers  are  closed  for  a  length  of  paper  to  be  cut  off,  the  motion  of 
the  gathering-drum  is  reversed,  smoothing  out  the  paper  upon  its  surface,  which  is 
now  held  between  the  pressers ;  the  tension- roll,  l,  taking  np  the  slack  in  the  paper 
as  it  accumulates,  or  rather  gently  bearing  it  down,  until  the  movement  of  the  drum 
is  again  reversed  to  furnish  another  length.  The  handle,  ir,  is  employed  merely  to 
stop  a  portion  of  the  machinery,  should  the  water-mark  not  &11  exactly  in  the  centre 
of  the  sheet,  when  by  this  means  it  can  be  momentarily  adjusted. 

The  paper  being  thus  made,  and  cut  up  into  sheets  of  stated  dimensions,  is  next 
looked  over,  and  counted  out  into  quires  of  24  sheets,  and  afterwards  into  roams  of  20 

a  aire*,  which  subsequently  are  carefully  weighed,  previously  to  their  being  sent  into 
to  market. 

Connected  with  the  mann&cture  of  paper,  there  is  one  point  of  considerable  inte- 
rest and  importance,  and  that  is,  what  is  commonly,  but  erroneously,  termed  the 
water-mark,  which  may  be  noticed  in  the  '  Times '  newspaper,  in  the  Bank  of  Eng- 
land notes,  cheques,  and  bills,  as  also  in  every  postage*  and  receipt-stamp  of  the  present 
day. 

The  curious,  and  in  some  instances  absurd  terms,  which  now  puzzle  us  so  much  in 
describing  the  different  sorts  and  sizes  of  paper,  may  frequently  be  explained  by 
reference  to  the  various  paper-marks  which  have  been  adopted  at  diffisrent  periods. 
In  ancient  times,  when  comparatively  few  people  could  read,  pictures  of  every  kind 
were  much  in  use  where  writing  would  now  be  employed.  Every  shop,  for  instance, 
had  its  sign,  as  well  as  every  public-house,  and  those  signs  were  not  then,  as  they 
often  are  now,  only  painted  upon  a  board,  but  were  invariably  actual  models  of  the 
tiling  which  the  sign  stressed — as  we  still  occasionally  see  some  such  sign  as  a  be«« 
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hira,  a  tea-eaniiter,  or  a  doU,  and  the  liko.  For  the  tame  raaaon,  printan  eitaployed 
■ome  derioe,  -which  they  pnt  upon  the  title-pages  and  at  the  end  of  their  booki ;  and 
paper-maken  alio  introdueed  marks,  by  way  of  diitin^iihing  the  paper  of  their 
mannikctnre  from  that,  of  others;  which  mans,  beooming  common,  naturally  gave 
their  names  to  different  sorts  of  paper.  And,  since  names  often  remain  long  after 
the  origin  of  them  is  forgotten  and  drcnmstances  are  changed,  it  is  not  surprising 
to  find  the  old  names  still  in  use,  though  in  some  cases  they  are  not  applied  to  the 
same  tilings  which  they  originally  denoted.  One  of  the  illustrations  of  ancient  water- 
maAs  given  in  the  accompanying  plate,  that  of  an  open  hand  with  a  star  at  the  top, 
which  was  in  use  as  eariy  as  1530,  probably  gave  the  name  to  what  is  still  called 
kand  paper,  fig.  1S97. 

Another  rei^  faronrite  paper-mark,  at  a  snbseqnent  period,  1540-60,  was  the  jug 
or  pot,  which  is  also  shown,  fig.  1598,  and  would  appear  to  have  originated  the  term 
pot  paper. 

The  fool's-cap  was  a  later  device,  and  does  not  appear  to  have  been  nearly  of  such 
long  continuance  as  the  former,  fig.  1599.  It  haJs  given  place  to  the  figue  of 
Britannia,  or  that  of  a  lion  rampant  supporting  the  cap  of  liberty  on  a  pole.  The 
name,  however,  has  continued,  and  we  still  denominate  paper  of  a  particular  sise  by 
the  title  otfoohcap.  The  original  figure  has  the  cap  and  bells,  of  which  we  so  often 
read  in  old  plays  and  histories  as  the  particular  head-drees  (MT  the  fool,  who  at  one 
time  formed  part  of  every  great  man's  establishment. 

The  water-mark  of  a  «ap  may  sometimes  be  met  with  of  a  much  simpler  form 
than  just  mentioned — fireqnently  resembling  the  jockey-caps  of  the  present  day, 


1697 


1590 


1598 


with  a  tnfling  ornamentation  or  addition  to  the  apper  part  The  first  edition  of 
'Shakespeare,'^ printed  by  baae  Jagpard  and  Ed.  Mount,  1623,  will  be  found  to 
contain  this  mark,  interniersed  with  several  others  of  a  diflbrent  character.  Ko 
doubt  the  general  nse  of  the  term  eap  to  various  papers  of  the  present  day  owes  its 
origin  to  marks  of  this  description. 

The  term  imperial  was  in  all  probability  derived  ftom  the  finest  spedmens  of 
paOTri,  which  were  so  called  by  the  ancients. 

rost  paper  seems  to  have  derived  its  name  taua  the  poat-hora,  which  at  one  time  was 
iu  distinguishing  mark,;%r.  1600.  It  does  not  appear  to  have  been  used  prior  to  the 
establishment  of  the  Oeneml  Post-office  (1670),  when  it  becHM  the  enatom  to  blow  a 
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horn,  to  which  i^nmitaaes  no  donbt  w»  may  attribnt*  ita  introduction.  The  mark 
is  itiU  ireqnently  used,  but  the  game  change  which  lias  to  much  dimiDitfaed  tlie 
nomber  of  painted  rigni  in  the  vtreota  of  our  towns  and  cities,  has  uearty  made 
paper-marks  a  matter  of  antiquarian  curiosity ;  the  maker's  name  being  now  geneinlly 
used,  and  tbe  mark,  in  the  few  instances  where  it  still  remains,  serving  the  purpose  at 
nere  omamant,  rather  than  that  of  distinction. 

Water-mwlca,  h9weTer,  have  at  various  periods  boon  the  means  of  detecting  frauds, 
fcngeries  and  impositions,  in  our  courts  of  law  and  elsewhere,  to  say  nothing  of  the 
pioteetion  they  aflbrd  in  the  instances  sinady  tefened  to,  such  as  bank  notes, 
cheqneB,  leeeipt,  bill,  and  postage-stamps.  The  «elel»ated  Currsn  once  distin- 
guished himself  in  a  case  which  he  had  undertaken  by  shrewdly  referring  to  the 
•water-mark,  which  eSfectuolly  determined  the  verdicti  And  another  instance,  wliich 
may  be  introduced  in  tbe  form  of  an  amusing  anecdote,  occurred  once  at  Messina, 
where  the  monks  of  a  certain  monastery  exhibited,  with  great  triumph,  a  letter  as 
being  written  by  the  Virgin  Mary  wiUi  her  own  hand.  UnlncUly  for  them,  how- 
ever, this  was  not,  as  it  easily  might  have  been,  written  upon  the  ancient  papyrus, 
bat  on  paper  made  of  rags.  On  one  occasion  a  visitw,  to  whom  this  was  shown, 
observed,  with  afiixrted  solemnity,  that  the  letter  involved  abo  a  mtrade,  for  the 
paper  on  which  it  was  written  was  not  in  existence  until  several  eenturies  after  the 
mother  of  oar  Lord  had  died. 

A  Airther  illustration  of  the  kind  oeenrs  in  a  woric  entiUad  '  Ireland's  Cionfossions,' 
whidi  was  pablished  respecting  his  fabrication  of  the  Shalcsjjeare  .manoseripts, — a 
literary  forgery  even  etIU  more  remarkable  than  that  which  is  said  to  hare  been 
p^etratad  by  Chattefton,  as  Bowley's  Foems. 

The  interest  which  at  the  time  was  universally  felt  in  this  production  of  Ireland's 
may  be  partially  gathered  tiom  the  fact,  that  the  whole  of  the  original  edition,  which 
appeared  in  the  form  of  a  shilling  pamphlet,  was  disposed  of  in  a  few  hours ;  while  so 
great  was  the  eagerness  to  obtain  copies  aiterw»ds,  that  single  impressions  were  sold 
in  an  aoction-ioom  at  tbe  extravagant  price  of  a  guinea. 

This  gentleman  tells  us,  at  one  port  of  his  explanation,  that  the  sheet  of  paper  which 
he  used  was  the  oatside  at  several  others,  on  some  of  which  accounts  had  been  kept 
in  tbe  reign  of  Charles  the  first ;  and  being  at  that  time  wholly  unacquainted  with 
tiM  water-nurks  nsed  in  the  reign  of  Queen  Elizabeth,  '  I  carefully  selected  (says  he) 
two  half-sheets,  not  having  any  mark  whatever,  on  wUcb  I  penned  my  first  efRision.' 
A  few  pages  ftairther  on,  he  writes — '  Being  thus  urged  forward  to  the  production  of 
more  manuscripts,  it  became  necessary  that  I  sheuld  possess  a  snfllcient  quantity  of 
old  paper  to  enable  me  to  proceed  ;  in  oonsemience  of  which  I  applied  to  a  bookseller, 
named  Verey,  in  Qieat  Hay's  Buildings,  St  Martin's  Lane,  who,  fbr  the  sum  of  five 
shillings,  sumredmetotake  ftora  all  the  folio  and  quarto  volumes  in  his  shop  the  fly- 
leaves which  they  contained.  By  this  means  X  was  amply  stored  with  that  eommo- 
^ty ;  nor  did  I  fear  any  mention  of  the  cinmmstanoe  by  Mr.  Verey,  whose  quiet  un- 
suspecting disposition,  I  was  well  convinced,  would  never  lead  him  to  make  th» 
transaction  pablic,  in  addition  to  which  he  was  not  likely  even  to  know  anything 
concerning  the  supposed  Shakspearian  discovery  by  myself,  and  even  if  he  had,  I  do 
not  imagine  that  my  pmehase  of  the  old  paper  in  question  would  have  excited  in  him 
the  naallest  degree  of  suspicion.  As  I  was  fully  aware,  from  the  variety  of  water- 
marks which  are  in  existence  at  the  present  day,  that  they  must  have  constantly  been 
altered  since  the  period  of  £lizabeth,  and  being  for  some  time  \riiolly  unacquainted 
with  the  water-marks  of  that  age,  I  very  carefully  produced  my  first  specimens  of  the 
writing  on  such  dieets  of  old  paper  as  had  no  mark  \riiatever.  Having  heard 
it  frequently  stated  that  the  appearances  of  such  marks  on  the  papers  would  have 
greatly  tended  to  establish  their  validity,  I  listened  attentively  to  every  remark 
which  was  made  npon  the  subject,  and  ftom  thence  I  at  length  gleaned  the  intelli- 
gence that  a  jug  was  the  prevalent  water-mark  of  the  reign  of  Elizabeth,  in  conse- 
quence of  whi^  I  inspected  all  the  sheets  of  old  paper  then  in  my  possession, 
and  having  selected  such  as  had  the  jug  upon  them,  I  prodocsd  the  succeeding 
manoseripts  npon  these,  being  careful,  however,  to  mingle  with  them  a  certain 
number  of  blank  leaves,  that  the  production  on  a  sudden  of  so  many  water-marks 
might  not  excite  suspicion  in  the  breasts  of  those  }>ersons  who  wore  most  conversant 
wiUi  the  manuscripts.' 

Thus,  this  notorious  literary  forgery,  through  tbo  cunning  ingennity  of  the  per- 
petrator, ultimately  proved  so  successful  as  to  ueoeive  many  learned  and  able  critics 
of  the  age.  Indeed,  on  ono  occasion  a  kind  of  certificate  was  drawn  up,  stating 
that  the  undersigned  names  were  affixed  by  gentlemen  who  entertained  no  doubt 
whatever  as  to  the  validity  of  the  Shakspearian  production,  and  that  they  voluntarily 
gave  such  public  testimony  of  their  convictions  upon  the  subject,    To  this  document 
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seveiai  names  were  appended  by  penona  aa  eonapicnona  for  their  erudition  a«  they 
were  pertinacious  in  their  opinions. 

The  -water-mark  in  the  form  of  a  letter  e,  of  which  an  iUuntration  ia  giveo,  fi^.  1601, 
was  taken  from  Caxton'a  well-known  work,  'The  Oame  of  the  Chesse,'  a  fae-nmilt  of 
which  has  been  published  aa  a  tribute  to  hia  memory.  Paper  waa  made  espreealy 
for  the  pnrpoae,  in  exact  representation  of  the  original,  and  eontaining  this  water- 
mark, wnich  will  be  found  common  in  works  printed  by  him. 

The  ordinary  mode  of  effecting  such  paper-marks  as  we  hare  been  describing 
is  that  of  affixing  a  stoat  wire  in  the  form  of  any  object  to  be  represented  to  the 
surface  of  the  fine  wire-gause,  of  which  the  hand-mould,  or  machine  dandy  roller  ia 
constructed. 

The  perfection,  however,  to  which  water-marks  have  now  attained,  which  in- 
many  instances  is  really  very  beantifnl,  is  owing  to  a  more  ingenious  method  which  has 
been  patented,  and  is  adopted  by  the  Bank  of  England,  as  affording  considerable  pro- 
toctlou  to  the  public  in  determining  the  genuineness  of  a  bank-note. 

To  produce  a  line  water-mark  of  any  autograph  ot  crest,  we  mi(^t  either  eagrare 
the  pattern  or  derice  first  in  some  yielding  soiface,  precisely  as  we  should  engrave  a 
Copper-plate  for  printing,  and  afterwards,  by  immersing  the  plats  in  a  solotion  of 
sulphate  of  copper,  and  electrotyping  it  in  the  usual  way,  allow  the  interstices  of  the 
engraving  to  give  as  it  were  a  casting  of  pure  copper,  and  thus  an  exact  representation 
of  the  original  device,  which,  npon  being  removed  team  the  plate,  and  affixed  to  the 
surface  of  the  wire-gauze  forming  the  mould,  wonld  produce  a  corresponding  impression 
in  the  paper :  or,  supposing  perfect  identity  to  be  essential,  aa  in  the  case  of  a  bank' 
note,  we  might  engrave  the  design  npon  the  snrfoce  of  a  steel  die,  taking  care  to  out 
those  parts  in  the  die  deepest  which  are  intended  to  give  greater  effect  in  the  paper, 
and  then,  after  Iiaving  hudened,  and  otherwise  properly  prepared  the  die,  it  would 
be  plncod  under  a  steam-hammer  or  other  staminng  apparatus,  for  the  purpose  of 
producing  what  is  technically  termed  a  'force,'  which  is  required  to  assist  in  trans- 
ferring an  impression  &om  the  die  to  a  plate  of  sheet  brass.  This  being  done,  the  die 
with  the  mould-plate  in  it,  wonld  next  be  taken  to  a  perforating  or  cutting  machine, 
whore  the  back  of  the  mould-plate — that  is,  the  portion  whiui  projects  above  the 
face  of  the  die — would  be  removed,  while  tiiat  portion  which  was  impressed  into  tiie 
design  engraven  wonld  remain  untouched,  and  this  being  subsequently  token  from 
the  interstices  of  the  die  and  placed  in  a  frame  npon  a  backing  of  fine  wire-cloth, 
becomes  a  mould  for  the  manu&cture  of  paper  of  the  pattern  which  is  desired, 
oe  for  the  production  of  any  water-mark,  autograph,  crest,  or  device,  however  com- 
plicated. 

Light  and  shade  are  occasioned  by  a  very  similar  process,  but  one  which  perhapa 
requires  a  little  more  care,  and  necessarily  becomes  somewhat  more  tedious.  For 
instance,  in  the  former  case  the  pulp  is  distributed  equally  throughout  the  entire  snr- 
&ce  of  the  wire  forming  the  mould,  whereas  now  we  have  to  contrive  the  means  of 
increasing  to  a  very  great  nicety  the  thickness  or  distribution  of  the  pulp,  and  at  the 
same  time  to  make  provision  for  the  water  draining  away.  This  has  been  acoom> 
plished  by  first  taking  the  electrotype  of  the  raised  surface  of  any  model  or  design,  and 
again  from  that,  forming  in  a  sinular  manner  a  matrix  or  mould,  both  of  which  are 
subsequently  mounted  upon  lead  or  gutta-percha,  in  order  that  they  may  withstand 
the  pressure  which  is  required  to  be  put  upon  them  in  giving  impression  to  a  sheet  of 
very  fine  copper  wiro-gause,  which,  in  the  form  of  a  mould,  and  in  the  hands  of  the 
vatman,  suffices  ultimately  to  produce  those  beautifhl  transparent  effects  in  paper-pulp. 
The  word  '  Five '  in  the  centre  of  the  Bank  of  England  note  is  produced  in  the  same 
manner.  The  deepest  shadows  in  the  water-mark  being  occasioned  by  the  deepest 
engraving  upon  the  die,  the  lightest,  by  the  shallowest,  and  so  forth ;  the  die  being 
employed  to  give  impression  by  means  of  the  stamping  press  and  '  force '  to  the  fine 
wire-^uze  itself,  which  by  this  means,  providing  the  die  be  properly  cut,  is  ac- 
complished fiir  more  suoeessfUly  than  'by  any  other  process,  and  with  tne  additional 
advantage  of  securing  perfect  identity. 

It  may  be  interesting  to  call  attention  to  ths  contrast  as  regards  the  method  of 
mould-making  originally  practised  and  that  which  has  since  been  adopted  by  tha 
Bank  of  England.  In  a  pair  of  five-pound  note  moulds,  prepared  by  the  old  process, 
there  were  8  curved  borders,  16  figures,  168  large  waves,  and  210  letters,  which  had 
all  to  be  separately  secured  by  the  finest  wire  to  the  waved  surface.  There  were 
1,066  wires,  67,684  twists,  and  the  same  repetition  where  the  stout  wires  were  intro- 
duced to  support  the  under  surface.  Therefore,  with  the  backing,  laying,  large 
waves,  figures,  letters,  and  borden,  before  a  pair  ot  moulds  was  completed,  there  were 
some  hundreds  of  thousands  of  stitches,  most  of  which  are  now  avoided  by  the  new 
patent.  But  Airtber,  hy  this  multitudinous  stitching  and  sewing,  the  parts  were 
iMver  placed  precisely  in  the  same  position,  and  the  water-mark  waa  conseqnentiy 
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nsTer  identicaL  Now,  the  same  die  gives  impreesion  to  the  metal  vfaich  transfers  it 
to  the  water-mark,  vith  a  certaintj  of  identity  unattainable  before,  and  one  could 
almost  say,  never  to  be  surpassed. 

And  may  we  not  detect  principles  in  this  process  which  are  not  only  valuable  to 
the  Bank,  but  to  all  pablio  establishments  having  importaut  documents  on  paper,  for 
what  can  exceed  the  value  of  such  a  test  for  discovering  the  deceptions  of  dishonest 
men  ?  One's  rignature,  crest,  or  device  of  any  kind,  rendering  the  paper  exclusively 
one's  own,  can  now  be  secured  in  a  pair  of  moulds,  at  the  cost  merely  of  a  few  guineas, 

Manuiiictured  paper,  independently  of  the  misceUaneous  kinds,  such  as  blotting, 
filtering,  and  the  like,  which  are  rendered  absorbent  by  the  tree  use  of  vxoUm  rags, 
may  be  divided  into  three  distinct  classes,  vie.  writing,  printing,  and  wrapping,  ^e 
former  again  vaiofive,  cream-wove,  yellow-wove,  blue-wove,  cream-laid,  and  blue-laid. 
The  printing  into  tvo,  laid  and  wove ;  and  the  latter  into /our,  blue,  purple,  brown,  and 
whited-brown,  as  it  is  commonly  termed. 

To  obtain  a  simple  definition  of  the  mode  adopted  for  distinguishing  the  various 
kinds,  wo  must  include,  with  the  class  denominated  mriting  papers,  those  which  are 
used  for  drawing,  which  being  sized  in  like  manner,  and  with  the  exception  of  one  or 
two  larger  kinds,  of  precisely  the  same  dimensions  as  those  passing  by  the  same- name, 
which  are  used  strictly  for  writing  purposes  (the  only  distinction,  in  fKct,  being,  that 
the  drawings  are  cream-wove,  while  the  writings  are  laid),  there  would  of  course  be 
no  necessity  for  separating  them.  Indeed,  since  many  of  the  sizes  used  for  printing 
are  exactly  the  same  as  those  which  would  be  named  as  writing  papers,  for  the  sake 
of  abridgment  we  will  reduce  the  distinctions  of  difference  to  but  two  heads,  fine  and 
coarse ;  under  the  latter,  including  the  ordinary  brown  papers,  the  whited-brown,  or 
small-hand  quality,  and  the  blues  and  purples  used  by  grocers.  The  smallest  size  of 
the  fine  quali^,  as  sent  from  the  mill,  measures  12^  by  16  inches,  and  is  termed 
pot ;  next  to  that  foolscap,  16i  by  18* ;  then  post,  18j  by  \5\ ;  copy,  20  by  16i  ;  large 
post,  20}  by  16};  medium  post,  18  by  22};  sheet-and-third  foolscap,  22^  by  \Z\i 
sheet-and-balf  foolscap,  24}  by  13\ ;  double  foolscap,  27  by  17  ;  double  pot,  15  by  25  ; 
double  post,  30J  by  19 ;  double  crown,  20  by  30  ;  demy,  20  by  15i  ;  ditto  printing, 
22}  by  17J;  medium,  22  by  17}  ;  ditto  printing,  23  by  18}  ;  royal,  24  by  10  ;  ditto 
printing,  26  by  20  ;  super-royal,  27  by  10 ;  ditto  printing,  21  by  27  ;  imperial,  30  by 
22 ;  elephant,  28  by  23 ;  atlas,  84  by  26 ;  Colombia,  34}  by  28} ;  double  elephant, 
26}  by  40 ;  and  antiquarian,  58  by  31.  Tie  di%rent  sizes  of  letter-  and  note-paper 
ordinarily  used  are  prepared  bom,  those  kinds  by  the  stationer,  whose  business  consists 
chiefly  in  smoothing  the  edges  of  Uie  paper,  and  afterwards  packing  it  up  in  some 
tasteful  form,  which  serves  to  attract  attention. 

Under  the  characteristic  names  of  coarse  papers  may  be  mentioned :  Kent  cap,  21 
by  18  ;  bag  cap,  19)  by  24  ;  Eavon  cap,  21  by  26  ;  imperial  cap,  22)  by  29 ;  double 
2-lb.,  17  by  24 ;  double  4-lb.,  21  by  31  ;  double  6-lb.,  19  by  28;  casing  of  various 
dimensions,  also  cartridges,  with  other  descriptive  names,  besides  middle  hand,  21  by 
16 ;  lumber  hand,  19}  by  22i  ;  royal  hand,  20  by  25  ;  double  small  hand,  19  by  29 ; 
and  of  the  purples,  such  significations  as  copy  loaf,  16}  by  21},  38-lb. ;  powder  loaf, 
18  by  26,  68-lb. ;  double  loaf,  16}  by  23,  48-lb. ;  single  loaf,  21}  by  27,  78-lb. ;  lump, 
28  by  38,  100-lb. ;  Hambro',  16}  by  23,  48-lb. ;  titler,  29  by  36,  120-lb. ;  PrussiMi  or 
double  lump,  32  by  42,  200-lb. ;  and  so  forth,  with  glazed  boards  of  various  sizes, 
used  chiefly  by  printers  for  pressing,  which  are  manii^actured  in  a  peculiar  manner 
by  hand,  the  boards  being  severally  composed  of  various  sheets  made  in  the  ordinary 
way,  but  turned  off  the  mould  one  sheet  upon  another,  until  the  required  substance 
be  attained ;  a  felt  is  then  placed  upon  the  mass  and  another  board  formed.  By  this 
means  the  sheets,  when  pressed,  adhere  more  effectually  to  each  other,  and  the  boards 
consequently  become  much  more  durable  than  would  be  the  case  if  they  were  pro- 
duced by  pasting.  Indeed,  if  any  great  amount  of  heat  be  applied  to  pasteboards, 
they  will  split,  and  be  rendered  utterly  useless.  The  glazing  in  this  case  is  accom- 
plished by  friction. 

To  complete  the  category  of  coarse  papera  must  be  mentioned  milled  boards, 
employed  m  bookbinding,  <^  not  less  than  160  descriptions,  as  regards  sizes  and 
substances.  Still,  however,  an  incomplete  idea  is  conveyed  of  the  extraordinaiy 
number  of  sizes  and  descriptions  into  which  paper  is  at  Resent  divided.  For  instance, 
we  have  said  with  reference  to  writing  quabties,  that  there  are  j5i»  kinds,  cream-wove, 
yellow-wove,  blue-wove,  cream-laid,  and  bine-laid ;  and  again,  that  of  each  of  those 
kinds  there  are  numerous  sizes ;  but  in  addition  there  are,  as  a  matter  of  course, 
various  thicknesses  and  makes  of  each  size  and  kind.  In  fact,  no  house  in  London, 
carrying  on  tlie  wholesale  stationery  trade,  is  without  a  thousand  different  sorts; 
many  keep  stock  of  twice  that  number.' 

'  Por  farther  InfomuiMon  npon  this  point,  see  the '  Practical  OaMe  to  the  TsrletJos  and  B«la11v» 
Values  of  Fftper.'    Losgmui  s  Co. 
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The  quantity  of  paper  manufactured  in  ihii  country  at  the  commenoement  of  the 
eighteenth  eentuiy  appears  to  hare  been  far  from  sufficient  to  meet  the  necessities  of 
the  time.  Even  in  1721  it  is  supposed  that  there  were  but  about  300,000  reams 
of  paper  annually  produced  in  Great  Britain,  -which  were  equal  merely  to  two-thirds  oi 
the  consumption.  But  in  1784,  the  value  of  tile  paper  mann£actared  in  England 
alone  is  stated  to  hare  amounted  to  800,000^ ;  and  that,  by  reason  of  the  increase  in 
price,  as  also  of  its  use,  in  less  than  twenty  years  it  nearly  doubled  that  amoupt 

It  may  be  well  to  append  some  eztzacts  from  various  Parliamentary  returns  relating 
to  the  £^cise  duties  levied  upon  papeoc: — 

In  one  return,  specifying  the  rates  of  duty  and  amount  of  duty  leoeived  upon  each 
denomination  of  paper  since  1770,  it  appears  that  the  total  amount  of  duty  on  paper 
manufactured  in  England  for  the  year  1784  was  46,867'.  19<.  9j<f.,  the  duty  at  that 
time  being  divided  into  seven  distinct  classes  or  rates  of  collection ;  while  twenty 
years  after,  when  the  mode  of  assessing  the  duty  w.is  reduced  to  but  three  classes,  it 
had  risen  to  31S,8022.  4s.  8d.;  in  1830,  fifteen  years  after,  to  6I9,824J.  7«.  Ud.;  in 
183S,  for  the  United  Kingdom,  to  833,822/.  12«.  4<;.,  or,  in  weight,  to  70,656,287  lbs., 
which  was,  again,  within  so  short  a  period  as  fifteen  years,  very  nearly  doubled. 
Since  1859  it  has  not  been  possible  to  collect  any  exact  information  as  to  the  quan- 
tity of  paper  made ;  with  the  cessation  of  the  duty  all  means  of  obtaining  returns 
ceased. 

The  latest  returns  of  the  paper-mills  in  working  order  in  England  give  the  number 
as  272 ;  the  mills  in  Scotland  as  67 ;  and  those  in  Ireland  as  21. 

The  chaiacter  of  the  production  in  the  English  mills  is  given  as  follows : — 

Haking  writing  papers  Hiand-made) 21 

„  „  „       (machine-made)  .        .        .        .22 

„  Printing  News  and  Long  Elephants  .        .        .        .96 

„  Cartridges 29 

„  Oiocery  papers  (white  and  coloured)         .        .        .48 

„  Small  hasds  and  caps 60 

„  Browns 108 

Considering  the  enormous  extent  of  the  paper-manu&eture,  and  the  vast  improve- 
ments which  have  taken  place  in  connection  therewith,  it  is  not  a  little  remarkable 
that,  with  the  exception  of  the  unfortunate  Fourdriniers,  who  saerifieed  their  all  to 
present  to  mankind  the  bare  principles  of  the  art,  as  in  the  main  they  now  eodst,  no 
other  name  should  rest  upon  the  page  of  history  as  being  similarly  assodated  with 
those  many  introductions  and  improvements  which  have  successively  raised  the  paper- 
mannfncture  to  the  apparently  perfect  standard  which  it  has  at  length  attained.  It  is 
true  there  would  be  no  difficulty  in  recording  the  names  of  very  many  who,  by  the 
employment  of  the  wealth  which  they  have  inherited,  are  now  altogether  unsurpassed 
us  paper-manufacturers ;  and  it  is  equally  true  that  if  we  turn  to  the  Beports  of  the 
Jurors  of  the  Great  Exhibition  of  1861,  we  shall  find  many  other  names  more  or  less 
distinguished  by  the  greater  or  lesser  importance  of  the  materials  or  means  for  which 
they  have  themselves  applied  for  and  obtained  the  security  of  a  patent.  Still  we 
search  in  vain  for  any  name  upon  record  as  indicating  the  true  genius  to  whom  is 
chiefly  owing  the  surpassing  beauty  of  the  finest  specimens  of  the  paper  fabric. 

Undoubtedly  the  most  enterprising  and  successful  paper-manufacturer  of  his  day 
was  Mr.  William  Joynson,  of  St.  Mary  Cray,  Kent,  who  by  individual  effiirt  succeeded 
in  working  his  upward  way  from  a  poor  and  uneducated  journeyman,  in  a  humble 
paper-mill,  to  the  level  of  the  most  respected,  and  probably  the  most  wealthy  of  paper- 
manu&ctnrers. 

But  Mr.  Joynson,  distingubhed  as  he  was  for  the  superior  finish  of  his  writing 
papers,  was  not  the  originator  of  the  process  by  which  that  finish  was  attained.  At 
the  coet  of  much  time  and  some  thousands  of  pounds,  Mr.  Joynson  laboured  to  acquire 
a  knowledge  of  the  means  by  which  that  peculiar  character  and  surface  was  so  sue- 
cessfolly  accomplished,  which,  it  is  said,  was  first  given  to  writing  papers  at  the  Hele 
paper-mills,  near  Gollumpton,  Devon,  by  the  late  Mr.  John  Dewdney.  Not  only  in  this 
respect,  but  in  many  others,  Mr.  Dewdney  rendered  very  distinguished  service  to  the  art 
of  paper-making ;  probably  no  man  more  so,  and  yet  thron^out  his  entire  life  as  a 
psper-manu&cturer  he  never  once  patented  a  single  invention,  or  reftased  admitting  to 
his  mill  any  person  who  wished  to  go  over  it.  Whether  the  same  kind-hearted 
and  generous  spirit  that  appean  uniformly  to  have  prompted  Mr.  Dewdney 
in  the  conduct  of  his  business  would  be  consistent  now-a-days,  many  may 
question,  as  indeed  in  practice  most  do ;  but  with  Mr.  Dewdney  it  certainly 
answered  no  bad  end,  for  after  acquiring  a  competency  for  himself  and  each 
member  of  a  large  fiinuly,  he  quietlv  retired  from  the  paper-manufacture ;  and  in 
the  early  port  of   the  year  1852,  immediately  after   the  Commissioners  of  the 
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Great  Exhibition  had  avrarded  him  n  prize  medal '  for  the  excellence  of  his  writing 
papers,  and  aleo  for  the  permanent  dye  of  his  blue  papers  for  the  use  of  starch  mann- 
lactorers,'  he  disposed  of  his  well-known  mills  and  everything  connected  with  them, 
to  his  old  friend  and  competitor,  Mr.  Joynson,  to  whom  to  the  last  day  of  his  life  he 
continued  warmly  attached,  and  by  whom  he  was  ever  consulted  upon  the  rarious 
alterations  and  iuTentions  which  were  adopted  at  St,  Mary  Cray. 

The  circumstances  of  Mr.  Sewdney's  decease  formed  a  painful  C(nn(9deDce  at  the 
close  of  so  remarkably  energetic  and  useful  a  career.  He  it  was  who  first  introduced 
a  steam-engine  for  paper-manufacture  into  the  county  of  Deron ;  and  at  the  Hele 
Station,  a4]oining  the  Hele  mills,  almost  on  the  same  spot  where  thirty  yean  previously 
he  reared  bis  engine  for  manu&ctore,  the  engine  of  tne  express  train  from  Bristol  to 
Exeter  struck  him  dead. 

Another  method  of  making  paper,  which  was  invented  by  Mr.  Dickinson,  consists 
in  causing  a  polished  hollow  brass  cylinder,  perforated  with  holes  or  slits,  and  covered 
with  wire-cloth,  to  revolve  over  and  in  contact  with  the  prepared  pulp.  The  cylinder 
being  connected  with  a  vessel  from  which  the  air  has  been  exnansted,  the  film  of 
piUp  adheres  to  the  hollow  cylinder.  It  is  then  turned  off  continuously  upon  a  solid  one 
covered  with  felt,  upon  which  it  is  condensed  by  the  pressure  of  a  third  revolving 
cylinder,  and  is  thence  delivered  to  the  drying  rollers.  This  description  of  machine 
is  not  suitable  for  the  mannfacture  of  any  paper  requiring  strength.  Indeed, 
throughout  the  United  Kingdom  there  are  prol^bly  not  more  than  a  dozen  in  work, 
and  those  chiefly  in  the  manufacture  of  thin  tissue  papers. 

Since  1865  our  Imports  of  papers  and  materials  for  paper,  and  our  Exports  of  paper 
hare  been  as  follow : — 

Importations  of  Paper  for  Printing  or  Writing; 

1865        1866        1867        1868        1860         1870         1871         1872 

cwts.  cwte.  cwts*  cwts.  cwts*  cwts.  owts.  cwts* 

113,624    169,008    174,129    177,220    169,274    173,616    168,885   205,510 

Iir^ortation  of  Bags  and  Paper-making  materials : 

tons  tons  tons  tons  tona  tons  tons  tons 

18,868     24,408     10,201      17,902     17,027     22,394     26,868     22,254 

Importations  of  Esparto  and  other  materialt : 
62,788     70,586     65,972     96,539     89,156   110,389   154,367    115,157 

Exportations  of  Paper  other  than  Hangings: 

owts*         cwts.         owts.         cwti.         cwts.         owts.         owts*         cwts. 

146,262    210,892    200,632    186,697   214,983    177,683    228,894    303,293 

The  Import*  of  paper  for  printing  or  writing  made  in  1873  were  106,336  cwts* ; 
and  in  1874,  192,200  cwt»*  

VAraB-BOX  BKASnfO  IKAOSm.  Among  the  most  novel  pieces  of 
mechanical  construction  recently  brought  to  public  notice  must  be  reckioned  the 
machines  invented  by  Mr.  H*  H*  Heyl,  Philadelphia,  for  making  paper-boxes,  and  for 
the  first  time  publicly  exhibited  at  a  recent  monthly  meeting  of  the  Franklin  Institute. 
The  machines  in  question  are  the  result  of  years  of  patient  laboor  and  perseverance, 
and  the  inventor  is  deserving  of  all  praise  for  having  so  completely  and  efficienUy 
triumphed  over  many  difficulties.  He  has  in  the  past  seven  years  built  three  machines 
for  making  paper-boxes,  the  last  and  most  perfect  of  which  has  just  been  completed, 
and  is  the  one  referred  to  as  having  been  placed  on  exhibition.  As  to  the  usefulness  of 
machinery  to  produce  paper-boxes  with  greater  rapidity  and  economy  than  by  hand 
labour,  litUe  need  be  said,  since  a  simple  enumeration  of  the  various  branches  of 
industry  in  which  they  are  indispensable,  affords  superabundant  evidence  of  their 
great  utility — viz.,  perfumery,  jewelleiy,  hardware,  trimmings,  matches,  and  a  host  of 
other  branches* 

The  first  machine  constructed  by  Mr.  Heyl  for  this  purpose  was  adapted  to  the 
automatic  shaping,  and  fastening  by  paste,  of  the  usual  rectangular  box,  vamng  the 
style  according  to  the  materials  used.  The  capacity  of  this  madiine  is  2,000  boxes  in 
ten  hours — a  capacity  which  is  equivalent  to  the  duty  of  ten  of  the  most  expert  work- 
men employed  during  the  same  time. 

The  second  machine  has  for  its  object  the  production  of  boxes  for  various  purposes 
without  the  use  of  paste,  the  fastening  of  the  edges  of  the  paper  being  accomplished 
by  delicate  pieces  of  iron  wire,  measured  and  shaped  by  the  machine  into  miniature 
staples,  which  are  pressed  through  the  material  and  clinched  at  the  proper  instant. 
The  primary  design  of  this  second  macliine  was  the  production,  at  rapid  rate  and 
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cfaeaplj,  of  match-boxes  and  other  cheap  receptacles  for  tacks,  scieirs,  and  Tarious 
small  articlee ;  and  the  substitution  of  wire-fastenings  for  the  paste,  besides  greatly 
increasing  the  duty  of  the  machine,  is  quite  a  desiderattmi  on  other  accounts.  It  is 
said  by  those  familiar  with  the  details  of  such  trades,  that  the  dels^  in  drying  the 
boxes  when  pasted,  which  often  occurs  in  damp  weather,  frequently  interferes  with 
the  shipment  of  lai^  invoices  of  goods ;  in  some  cases  of  protracted  damp  weather, 
the  paper-boxes  really  mildew  before  tjiey  dry,  and  might  ruin  or  seriously  damage 
the  goods  packed  in  Uiem.  It  was  to  obTiate  Uiese  obrious,  but  to  others  insuperable, 
difficulties,  that  the  iuTcntor  has  produced  the  wire-fastening  machine  wo  have  alluded 
to.  The  work  accomplished  by  it  is  not  only  neater  and  stronger  than  that  done  by 
hand,  but  the  rate  of  production  of  one  machine  is  that  of  seventy-five  workmen.  The 
method  of  fastening  the  edges  of  the  paper  with  wire  staples  is  as  follows :— The  wire 
is  wound  on  a  spool,  from  which  the  proper  lengths  are  drawn  by  the  machine  for 
each  box ;  the  staples  are  farmed  and  brought  each  to  its  place,  at  right  angles  with 
the  box  material,  and  are  made  at  the  proper  moment  to  puncture  it,  upon  which  they 
are,  an  instant  later,  firmly  clinched  on  the  opposite  sur&ce,  The  power  of  impact 
exerted  at  right  angles  with  an  opposing  surface  is  here  beautifully  illustrated ;  and 
be  it  remembered,  that  the  entire  production  of  the  box  is  to  be  ascribed  to  the 
machine,  every  portion  of  the  work  being  automatic.  The  machine  sizes  the  slips  of 
wrapper  singly,  and  shapes  them,  and  throws  out  a  match-box  complete — even  to 
being  touched  with  glue  and  sprinkled  with  sand — at  the  rate  of  30,000  pieces  per 
day  of  ten  hours. 

The  third  machine  is  simply  a  modified  form  of  the  one  jost  described,  in  which 
its  metallic  fsstenings  and  general  movements  are  applied  to  the  production  of 
rectangular  boxes  of  superior  quality  and  of  various  sizes,  applicable  for  safe  packa^ 
and  display  of  articles  of  luxury,  &c.  The  completion  of  these  machines  is  a  realisation 
of  the  labonr  of  seven  years,  and  they  are  now  bnsily  plying  their  functions  with 
perfect  success. 

The  invention  of  the  paper-box  machine,  by  which  the  supply  of  articles  indispen- 
sable to  many  of  the  small-ware  producers  is  vastly  increased  and  cheapened,  cannot 
fail  speedily  to  result  in  the  complete  substitution  of  machine-labour  for  the  hand- 
labour  formerly  universally  employed  for  the  purpose;  while,  ftom  its  perfect 
adaptation  to  the  uses  for  which  it  is  designed,  and  the  mechanical  ingenuity  dis- 
played in  its  conception  and  design,  it  is  worthy  of  all  praise. 

VAVISS-ltAasa.    The  fine  old  philosopher  Boyle  says : — 

*  Though  paper  be  one  of  the  commonest  bodies  that  we  use,  there  are  vary  few 
that  imagine  it  is  fit  to  be  employed  other  ways,  in  writing  and  printing,  or  wrapping 
up  of  other  things,  or  about  some  such  obvious  piece  of  service ;  without  dreaming 
that  frames  of  pictures,  and  divers  fine  pieces  of  embossed  work,  with  other  curious 
moveables,  may,  ns  trial  has  informed  us,  be  made  of  it.' 

The  origin  of  the  manufacture  of  articles  for  use  or  ornament  from  paper,  is  not 
very  clearly  made  out ;  we  are  naturally  led  to  believe,  firom  the  name,  that  the  French 
must  have  introduced  it.  We  find,  however,  a  French  writer  ascribes  the  merit  of 
producing  paper  ornaments,  to  the  English.  After  describing  some  peculiar  orna- 
mental work,  the  writer  proceeds: — 

As  this  work  had  to  be  done  on  the  spot,  and  with  much  rapidity  of  execution,  in 
order  to  prevent  the  stucco  from  setting  before  it  had  acquired  the  intended  form, 
the  art  was  somewhat  difficult ;  the  workman  had  to  deragn  almost  as  he  worked ; 
therefbre,  to  do  it  well,  it  was  necessary  that  he  should  have  some  of  the  requirements 
and  qualities  of  an  artist.  This  circumstance,  of  course,  tended  very  much  to  limit 
the  number  of  workmen,  and  their  pay  became  proportionally  large.  The  artisans 
assumed  more  than  belonged  to  their  humble  rank  in  life,  and  ultimately  the  workers 
in  stucco  combined  together  to  extort  from  their  employers  a  most  inordinate  rate  of 
wages.  It  would  be  superfluous  here  to  detail  all  that  followed ;  it  is  sufficient  to  state 
that  the  total  ruin  of  their  art  was  the  final  result  of  these  delusive  efforts  to  promote 
their  individual  interests. 

Contrivances  were  resorted  to  by  the  masters  which  soon  supplanted  the  old  mode 
of  working  in  stucco.  The  art  of  moulding  and  casting  in  plaster,  as  prerionsly 
practised  in  TiKoce,  was  generally  introduced,  and  the  art  of  preparing  the  pulp  oj 
paper  became  improved  and  extended,  so  as  ultimately  to  render  practicable  the 
adoption  of  papier-mAchi  in  the  formation  of  architectural  decorations.  Thus,  at  last, 
was  extinguished  the  original  mode  of  producing  stucco  ornaments,  and  there  pro- 
bably has  not  been  for  many  years  a  single  individual  in  England  accustomed  to  that 
business. 

From  the  '  Oentleman's  Magazine,'  we  learn  that  many  of  the  fine  old  ceilings  in 
deep  relief  of  the  Elizabethan  era  are  of  papier-mich&  The  handsome  ceilings  in 
Chesterfield  Houso  are  of  this  material. 
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A.  kind  of  papier-m&cbi  haa  been  introdnced,  called  fibrout  ilab ;  for  tiie  preparation 
of  this  interesting  material  the  coarse  varieties  of  fibre  only  are  required.  These  are 
heated  and  snbjed^d  to  mochagitation,  to  secure  the  reduction  of  the  fibre  to  the  proper 
size.  This  being  efieeted,  the  pulp  is  removed  and  subjected  to  the  action  of  the  desic- 
cating appsiattui,  or  centriibgal  drying  machine.  By  the  means  of  this  apparatus  the 
water  is  driven,  by  the  action  of  the  centrifrugal  force,  from  the  fibre,  and  the  pulp 
can  thus  be  obtained  in  a  few  minutes  of  an  equal  and  proper  degree  of  dryness,  and 
this  without  the  application  of  any  beat.  The  mass  thus  obtained  may  be  regarded 
as  a  very  coarse  mixture. 

This  fibrous  pulp  is  next  combined  with  some  earthy  matter  to  ensure  its  solidity,  and 
certain  chemical  preparations  are  introduced,  for  the  double  purpose  of  preserving  it 
from  the  attacks  of  insects  and  to  ensure  its  incombustibility.  The  whole  being 
mixed  with  a  cementing  size,  is  well  kneaded  together,  steam  being  applied  during 
the  process.  While  the  kneading  process  is  going  forward,  an  iron  table  running 
on  wheels  is  properly  adjusted  and  covered  with  a  sail-cloth ;  this  table  being  arranged 
to  that  it  passes  under  an  immense  iron  roller.  The  fibrous  mixture  is  removed  from 
the  kneading  troughs,  and  is  laid  in  a  tolerably  uniform  mass  upon  the  sail-cloth,  so 
as  to  cover  about  one-half  of  the  table ;  over  this  again  is  placed  a  length  of  sail-cloth 
equal  to  that  of  the  entire  slab,  as  before.  This  being  done,  the  table  and  roller  ara 
set  in  action,  and  the  mass  passes  between  them.  It  is  thus  squeezed  out  to  a  per- 
fectly uniform  thickness,  and  is  spread  over  the  whole  table.  The  fibrous  slab  is 
passed  through  the  rollen  some  three  or  four  times,  and  it  is  then  drawn  off  upon  a 
frame  fixed  upon  wheels  prepared  to  receive  it,  by  means  of  which  it  can  be  removed 
to  the  drying  ground.  The  drying  process  of  course  varies  much  with  the  tempera- 
ture and  di^ess  of  the  air.  It  does  not  appear  necessary  that  these  slabs  should  dry 
tooquickly,  and  there  are  many  reasons  why  the  process  should  not  be  prolonged. 

We  tried  an  experiment  upon  the  non-inflammability  of  this  material,  by  having  a 
fire  of  wood  made  upon  a  slab  and  maintained  there  some  time.  When  the  ashes, 
still  in  a  state  of  vivid  combustion,  were  swept  away,  the  slab  was  found  to  be  merely 
charred  by  the  intense  heat.  Beyond  this,  a  piece  of  fibrous  slab  was  thrown  into 
the  middle  of  the  fin  and  the  fiames  were  urged  upon  it :  under  the  influence  of  this 
intense  action  it  did  not  appear  possible  to  kindle  it  into  a  flame;  it  smouldered  very 
slowly,  the  organic  matter  chamng,  but  nothing  more. 

The  Fibrous  Slab  Company  produced  a  material  which,  in  many  of  its  applications, 
promised  to  prove  of  the  greatest  utility,  while  much  additional  value  was  given 
to  it  from  the  circumstance  of  its  resisting  the  attacks  of  insects,  and  being  non- 
inflammable.    We  believe,  however,  that  this  manufacture  hss  been  discontinued. 

Papier-M&chi  may  be  said,  therefore,  to  consist  of  three  varieties  : — 1.  Sheets  of 
paper  pasted  together,  exposed  to  groat  pressura,  and  then  polished ;  2.  Sheets  of 
considerable  thi(£nes8,  made  from  orainary  paper-pulp;  and  3.  Such  as  we  have  de- 
scribed in  the  manufacturo  of  the  fibrous  slab. — E.  J.  H. 

A  new  composition  was  patented,  in  18S8,  by  Ur.  John  Cowdary  lilartin,  which 
he  designated  a .'  Plastic  compound  for  the  manufacture  of  articles  in  imitation  of 
wood  carvings,  &&'  The  patentee  thus  describes  his  process,  and  the  resulting 
material : — 

'  The  object  I  have  had  in  view  is  the  production  of  a  plastic  compound  applicable 
to  the  manufacture  of  moulded  articles,  which,  when  hardened,  resembles  wood  in  the 
doseness  of  its  texture  and  fibrous  character  throughout,  and  is  particularly  applicable 
to  the  mann&cturo  of  articles  intended  to  imitate  wood-carvings.  The  new  manu- 
facturo may  also  be  called  ceramio  papier-mdchi,  from  the  wax-like  character  of  the 
compound  when  in  a  soft  state,  or  before  hardening.  The  compound  consists  of 
twenty-eight  parts  (dry)  by  weight  of  paper-pulp,  or  of  any  fibrons  substances  of 
which  paper  may  be  made,  reduced  to  pulp  by  means  of  an  ordinary  beating  engine, 
or  other  means  used  for  the  manufacture  of  pulp ;  twenty  parts  of  resin,  or  rosin,  or 
pitch,  or  other  resinous  substance.  I  prefer  resin  or  rosin  ;  ten  parts  of  soda  or  potash 
to  ronder  the  resin  soluble ;  twenty-four  parts  of  glue,  twelve  parts  of  di^ng  oil,  and 
one  part  of  acetate  or  sugar  of  lead,  or  other  substance  capable  of  hardening  or  drying 
oil.  The  pulp  after  leaving  the  beating  engine  is  to  be  drained  and  slightly  pressed 
under  a  screw  or  other  press,  to  free  it  partly  firom  water.  The  resin  and  allnli  are 
then  to  be  Ixnled  or  heated  together  and  well  mixed.  The  glue  is  to  be  broken  up  in 
pieces  and  melted  in  a  separate  vessel  with  as  much  water  as  will  cover  it,  and  then 
to  be  added  to  the  rosin  and  alkali,  which  mixture  is  tHen  to  be  added  to  the  pulp  and 
thoroughly  incorporated  with  it.  The  acetate  of  lead  well  mixed  in  the  oil  is  then  to 
be  added,  and  the  whole  mass  or  compound  is  then  to  be  thoroughly  mixed.  The 
quantity  of  resin  and  alkali,  in  proportion  to  the  glue  used,  might  vary,  or  glue  might 
even  bo  dispensed  with  when  the  acetate  of  lead  would  be  proportionally  increased. 
After  mixing  the  compound,  it  is  to  remain  exposed  to  the  air  for  three  or  four  days 
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before  asing,  and  to  be  continually  turned  to  free  it  from  eome  of  its  moistiire,  for  the 
pnrpoee  of  partially  drying,  wben  it  is  to  be  well  kneaded,  and  again  exposed  to  the 
air  for  a  few  hours ;  and  this  operation  of  Icneadingand  partial  drying  may  be  repeated 
until  the  compound  is  considered  to  be  sufficiently  stiff  and  plastic,  as,  during  the 
process  of  kneading  or  -working  together,  it  becomes  extremely  plastic,  resembling 
horn  this  quality,  when  sufficiently  kneaded,  wax  or  clay,  and  it  may  then  be  worked, 
}>ressed,  or  moulded  into  any  required  form.  The  compound  may  be  kept  in  a  plastic 
state  for  some  weeks,  or  even  months  before  using,  if  required,  by  keeping  it  from 
exposure  to  the  air  and  occasionally  kneading  or  working  it  together.  The  moulds 
should,  preyions  to  pressing  therein  the  compound,  be  brushed  with  oil,  or  with  oil  in 
which  ia  mixed  a  little  acetate  of  lead.  The  article  taken  from  the  mould  is  to  be 
thoroughly  dried,  and  afterwards  it  may  be  baked  in  an  oven  at  a  moderate  heat,  the 
temperature  to  be  low  at  first,  and  gradually  increased,  care  being  takoi  not  to  scotch 
or  injure  the  fibres  of  the  compound.  The  plastic  compound  so  made  and  treated 
acquires  many  of  the  peculiarities  of  wood,  as  regards  hardness  and  strength,  and  it 
may  be  cut,  or  carved  and  polished,  if  required.  Any  colour  may  be  added  to  the 
compound  when  in  a  soft  state,  or  two  or  more  portions  of  the  compound,  stained  with 
different  colours,  may  be  worked  together  to  form  a  grain  to  more  nearly  imitate  the 
ajmearance  of  wood.  The  use  of  Uie  alkali  being  to  render  the  resinous  substance 
sufficiently  soluble  to  combine  with  the  wet  pulp,  a  more  or  lees  quantity  than  that 
giTen  in  proportion  to  the  resin  may  be  used,  according  to  the  degree  of  solubility 
thought  to  be  necessary.  When  potash  is  used,  it  may  be  dissolved  in  water  before 
being  heated  with  the  resin.  The  quantity  of  glue  may  vary,  and  may  be  increased 
to  twice  the  quantity  of  resin,  or  even  more,  or  sufficiently  so  as  to  dispense  with  the 
acetate  of  lead,  as  it  gives  hardness,  and  with  oil  prevents  the  compound  firom  sticking ; 
but  mixed  in  tiiis  manner  it  cannot  be  so  well  kneaded,  and  does  not  retain  so  fine  an 
impression.  I  prefer  using  with  the  ingredients  as  above  mentioned  the  acetate  of 
lead  ;  but  half  a  part  by  weight  of  a  solution  of  sulphuric  or  other  add,  diluted  with 
twenty  times  its  volume  of  water,  may  be  substituted  for  the  one  part  of  acetate  of 
lead.  The  oil  mixed  with  the  other  ingredients  is  used  to  prevent  the  compound  ^m 
adhering  to  the  surface  of  the  moulds,  but  the  less  oil  consistently  with  this  object 
that  is  used,  the  better.  Only  half  the  proportion  of  oil  stated  to  be  used  as  above 
may  be  added  at  the  time  of  mixing  the  ingredients  of  the  compound,  and  the  remainder 
may  be  added  during  the  process  of  kneamng  or  working  up  the  mass.  I  wish  it  to 
be  understood,  although  I  prefer  to  use  resin  or  rosin  or  pitch  to  form  the  compound, 
that  other  resinous  bodies  soluble  with  alkalis  may  be  used,  as  the  gums  copal,  mastic, 
elemi,  lac,  Canadian  balsam,  Venice  turpentine,  or  otherresinous  bodies  of  a  like  kind, 
either  separately,  or  mixed  according  to  the  facility  with  which  they  will  combine 
with  wet  pulp,  and  the  convenience  with  which  the  compound  may  be  worked,  as  will 
be  well  understood  by  persons  conversant  with  these  substances.' 

VAVIirs  SZaaSTSB.    See  DiGESTEB. 

9liMliVflM  ;  from  parum  affinie,  indicating  the  want  of  affinity  which  this  8ub> 
stance  exhibits  to  most  ouier  bodies. 

Faiaf&n  is  a  white  substance,  void  of  taste  and  smell ;  it  has  a  specifin  gravity  of 
0'87 ;  melts  at  112°  f  ahr.,  and  boils  at  a  higher  temperature,  with  tlio  exhalation  of 
white  fumes ;  it  is  not  decomposed  by  dry  distillation ;  bums  with  a  clear  white  flame, 
without  smoke  or  residuum  ;  and  does  not  stain  paper.  It  is  decomposed  neither  by 
chlorine,  strong  acids,  alkalis,  nor  potassium ;  and  mixes  by  fusion  with  sulphur, 
phosphorus,  wax,  and  resin.  It  dissolves  readily  in  warm  fat  oils,  in  cold  essential 
oils,  and  in  ether,  but  sparingly  in  boiling  absolute  alcohol.  It  has  been  obtained  by 
the  destructive  distillation  of  peat,  wax,  wood,  bones,  coal,  and  shale. 

The  solid  obtained  is  mannfiictured  into  beautiful  candles,  more  than  6^000 
tons  being  emplajei  annually  in  this  manu&cture.  The  lining  of  beer-barrels,  the 
preserving  of  jams,  fruits,  and  meots,  and  waterproofing  and  aofteniag  of  &bric8,  are 
some  of  its  patented  usee.  It  may  also  be  used  as  an  insulator.  Soft  paraffin  is  much 
employed  in  the  Incifer-match  manufacture.  See  Naphtha  ;  Mihbral  Candles  ;  Pbat  ; 
DestbucttvA  Distillation  ;  Fetroleiw. 

Paraffin  is  a  generic  term  for  a  series  of  compounds  of  carbon  and  hydrogen,  in 
which  the  hydrogen  is  in  the  highest  proportion  to  the  carbon  in  which  these  elements 
can  unite.  Marsh-gas,  the  lowest  member  of  the  series,  contains  1  atom  carbon  to 
4  of  hydrogen  ;  the  other  members  thence  ascend  by  an  addition  of  CH*  to  very  com- 
pUeated  molecules,  thus : — 

OH*,  marsh-gas  or  methane ; 

C»H',  ethane; 

CH*,  propane ;  and  so  on. 

Biodie  obtained  two  paraffins  from  bees'-wax ;  one  had  C",  and  the  other  0" ;  while. 
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paraffinB  stdll  higher  in  the  veries  an  known  to  exist.  By  removal  of  two  atoms  of 
hydrogen,  any  member  of  the  series  may  be  removed  into  that  of  the  olefines :  thius, 
ethane  —  2H  gives  olefiant  gas.  Beginning  with  highly  permanent  gases,  the  paraffin 
series  passes  gradually  into  trery  volatile  liquids,  ^ence  throngh  those  of  less  vola- 
tility into  Boliob  melting  a  little  over  ordinary  temperature,  and  up  by  higher-melting 
solids  to  one  ftising  as  high  as  176°  Fahr.  The  petroleum  of  commerce  consists 
entirely  of  this  series ;  whilst  the  so-called  paraffin  oils  contain  only  ^th  or  |th  part 
of  it,  utur  other  constituents  being  mainly  olefines. 

The  softest  of  the  solid  paififfins  boil  over  600°  F. ;  bnt  those  of  the  highest  melting- 
point  only  decompose  slightly  by  distillation.  Chlwine  passed  through  melted  paraffin 
gradually  converts  it  into  a  thick  clear  liquid  like  castor  oil ;  but,  by  longer  continued 
nction,  changes  it  to  a  brittle  solid.  Bromine  acts  on  paraffin  when  both  are  heated 
together  in  sealed  tubes.  When  equal  quantities  of  sulphur  and  paraffin  are  heated 
togedier,  a  current  of  pure  sulphuretted  hydrogen  is  generated.  Sulphuric  acid, 
heated  to  a  very  high  temperature^  chars  paraffin  on  contact,  with  evolution  of 
snl^nrous  acid.  Nitric  acid  reacts  on  it,  produdng  an  oily  nitiD-compoand,  and  also 
acids  of  the  succinic  and  but^c  series. 

The  manniactnre  of  paraffin  and  paraffin  oils  &om  cannel  and  shales  has  now 
become  one  of  the  important  branches  of  national  industry.  The  rapidity  of  its  de- 
velopment is  almost  unexampled. 

At  the  expiry,  in  1861,  of  the  patent  of  Messrs.  Young  &  Co.,  a  long  list  of  wealthy 
and  influential  companiee  embarked  in  this  new  industry,  principally  in  the  Bathgate 
oil  district,  which  has  extended  thronghout  neariy  the  whole  of  Linlithgow,  and  en- 
croaches npon  Edinburghshire ;  and  the  Leeswood  oil  district  in  Flintshire.  Bat  the 
great  importation  of  American  petroleum  brought  on  a  crisis  in  1866 ;  and  ever  since, 
through  various  causes,  this  new  manu&cture  has  been  dwarfed  from  its  first  antici- 
pated gigantic  dimensions. 

The  Scotch  oil  works  are  almost  exclusively  supplied  with  shales,  of  which  the 
most  important  is  the  Boghead  or  Torbane  ^I  mineral,  the  technical  definition  of 
which,  whether  coal  or  shale,  was  once  the  subject  of  so  warm  a  controversy.  It  is 
found  a  little  to  the  south  of  Bathgate.  It  takes  precedence  of  all  the  raw  materials 
for  the  distillation  of  paraffin  and  paraffin  oila,  both  historically  and  in  point  of  rich- 
ness. It  was  the  material  originally  woriced  by  Mr.  Young,  as  above  described ;  but 
the  limited  basin  coDtoining  it  is  now  virtually  worked  out  The  other  shales  of  the 
district  vary  considerably  in  richness,  both  as  regards  the  quantity  and  quality  of  the 
distiUed  products.    See  Skai.es  and  MnnsAi.  Ons. 

In  FUntshire  three  varieties  of  material  were  nsed :  the  curly  cannel,  the  tmooih 
eamiel,  and  the  bottom  shtUe  or '  bastard  cannel.'  But  the  high  price  now  given  for 
them  by  gas-makers  has  withdrawn  the  first  two  minerals  fnnn  the  raw  material  of 
the  oil-manu&ctnrer.  The  demonstration  of  their  value  as  sources  of  paraffin,  Sk.  is 
due  entirely  to  the  persevering  effiirts  of  Mr.  W.  C.  Hnssey  Jones,  during  the  years  of 
1861  and  1862,  which  finally  resulted  in  the  formation  of  tiie  '  Leeswood-Green  Cannel 
and  Oas-Coal  Company,*  and  the  oil  works  of  Messrs.  Femie  &  Ca,  at  Leeswood  in 
Flintshire,  and  at  Saltney  in  Cheshire. 

The  Leeswood  cannel-seam  is  from  6  to  6  feet  thick  in  the  best  portions  of  the 
basin,  which  is  but  of  a  very  limited  area,  and  thins  out  at  its  boundaries.  Tkt  upper 
portion  of  the  seam  consists  of  the  smooth  cannel,  having  a  thickness  of  about  25 
to  30  inches ;  next  below  is  the  curly  cannel,  abont  18  inches  in  thickness ;  and 
below  this  the  shale  or  bastard  cannel,  which  varies  considerably,  both  in  thickness 
and  richness.  It  ranges  from  about  14  inches  to  2  feet  in  thickness.  In  some  places, 
especially  to  the  westward  of  Leeswood,  this  shale  is  replaced  by  a  common  bitumi- 
nous coal,  which,  adhering  firmly  to  the  smooth  cannels,  seriously  interferes  with  its 
value  as  a  source  of  burning-oil ;  the  distillate  firom  this  coal  containing  oils  of  the 
benzole  and  naphthaline  series,  giving  red  smoky  flames.  Northward,  beyond  the 
river  Alyn,  and  towards  Hold,  the  whole  seam  thins  out  to  18  or  24  inches,  and  con- 
tains only  smooth  cannel. 

BesidM  these,  there  is  a  bituminous  ironstone  similar  to  the  '  black-band  ironstone' 
of  Scotland,  which  comes  in  irregularly  with  the  bottom  shale ;  and  a  blade  shale 
forming  the  roof  above  the  smooth.  Both  of  theae  contain  oil,  but  have  not  hitherto 
been  regularly  worked. 

Curly  cannel  yields  upon  distillation  about  30  per  cent  of  crude  cal,  of  specific 
grarity  varying  from  876  to  890 ;  smooth  cannel,  about  16  per  cent  of  erttdc  oil,  of 
specific  gravity  from  925  to  940  ;  and  the  shale,  which  is  very  variable,  yields  from 
12  to  16  per  cent  of  oil,  specific  gravity  about  900.  ' 

As  cannels  yielding  a  coke  are  limited  in  area,  and  are  valnable  in  gas-making,  it 
is  now  found  commercially  unprofitable  to  use  them  in  oil-making.  All  the  Welsh 
seams  above  described,  except  the  lowest  one,  are  no  longer  put  into  the  retorts ; 
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consequently  crude-oil  makiDg  docs  not  flourish  in  tliiti,  for  three  years,  once  busy 
centre.  The  Flintshire  refiners  now  look  to  Scotland  for  the  raw  material  of  their 
manufacture.  Hany  ingenious  retorts  designed  specially  to  use  cannel,  some  of  which 
were  fully  described  in  a  previous  edition,  are  now  abandoned. 

In  the  extraction  of  crude  oil,  the  cannel  or  shale  has  to  be  enclosed  in  a  suitable 
vessel,  subjected  to  the  degree  of  heat  necessary  to  drive  off  its  condensible  vapours, 
which  vapours  must  pass  throngh  an  outlet  communicating  with  a  suitable  condensing 
apparatus. 

This  is  simple  enough ;  and,  for  the  mere  production  of  paraffin  oils  from  caonel  or 
shale,  any  Idnd  of  pot  with  an  outlet-pipe,  heated  sufficiently  by  any  kind  of  fixe,  inll 
suffice ;  but  to  produce  the  mftTiniTTin  quantity  of  condmtibU  vapours,  and  the  mini- 
mum quantity  of  incondensible  gas,  with  the  greatest  degree  of  rapidity,  and  with  the 
smallest  amount  of  outlay  in  plant,  labour,  and  fuel,  is  a  problem  of  some  practical 
difficulty. 

At  first  sight,  the  distillation  of  crude  oil  from  cannels  and  shales  appears  almost 
identical  with  gas-making,  and,  accordingly,  the  early  retorts  were  simply  copies  of 
those  foimd  by  experience  to  be  most  suitable  for  gas-making. 

It  soon  be(»me  understood,  however,  that  some  of  the  most  important  conditions 
to  be  observed  are  exactly  the  opposite  of  those  upon  which  success  in  gas-making 
depends.  In  gas-making  the  desideratum  is  to  obtain  the  maximum  amount  of  per- 
manently elastic  gas,  and  the  minimum  of  condensible  vapours  ;  in  oil-making,  we 
require  to  reduce  the  permanent  gases  to  the  minimum,  or,  if  possible,  to  make 
none,  and  to  obtain  in  their  place  the  greatest  possible  quantity  of  condensible 
vapours.  It  is  now  well  known  that  if  these  condensible  vapours  are  exposed  to 
a  high  temperature  they  are  decomposed,  and  to  a  considerable  extent  converted 
into  permanent  gas,  and  that  the  proportion  of  permanent  gas  bears  some  relation 
to  the  excess  of  temperature ;  the  greater  the  heat,  the  more  incondensible  gas  and 
the  less  condensible  vapours  are  formed.  In  gas-making,  therefore,  a  very  high  tem- 
perature is  desirable ;  in  oil-n;iaking  the  great  object  is  to  subject  the  coal  to  no  excess 
of  temperature  beyond  that  which  is  absolutely  necessary  for  its  distillation  into  con- 
densible vapours. 

Without  dwelling  fbrther  on  obscure  theoretical  considerations,  we  may  state 
generally  that  the  practical  result  of  excessive  heat  is,  besides  a  wasteful  produc- 
tion of  permanent  gas,  the  production  of  a  crude  oil  of  darker  colour,  higher  specific 
gravity,  and  possessing  a  characteristic  odpur  well  known  to  practical  oil-makers  as 
that  of  '  burnt  oil.'  This  bomt  crude  oil  contains  less  solid  paraffin,  and  is  much 
more  difficult  to  refine  tiian  crude  oil  made  nt  a  lower  temperature  from  like  material. 
It  requires  much  more  acid  treatment,  and  even  then  produces  burning-oil,  which 
still  retains  the  '  burnt'  odour,  and  blackens  the  lamp-glasses. 

The  difficulties  standing  in  the  way  of  distillation  at  the  proper  temperature  are : 
1,  the  necessity  of  decomposing  before  distillation  ;  2,  the  varying  boiling-points 
of  the  different  products  ;  3,  tie  law  of  radiation,  which  demands  a  higher  tem- 
perature in  the  retort  than  that  of  coal ;  and  4,  the  commercial  necessity  of  rapid 
working. 

We  will  consider  these  seriatim ;  and,  in  describing  the  improvements  and 
attempted  improvements  in  retorts,  refer  each  to  the  difficulty  that  it  aims  to  over- 
come:— 

I.  Although  these  hydrocarbons  known  as  paraffin  oils  and  paraffin  are  obtained 
&om  the  cannel  by  distillation,  it  is  quite  clear  that  they  do  not  exist  there  as  such. 
We  may  satuate  a  mass  of  the  porous  cannel  coke  with  these  hydrocarbons,  or  with 
crude  solid  paraffin,  and  produce  a  flaming  coal  thereby,  which,  upon  careful  distilla- 
tion, will  give  back  the  volatile  hydrocarbons ;  bnt  this  artificially-saturated  coke  is 
essentially  different  from  the  original  cannel,  ns  shown  by  the  fact  that  we  may  remove 
the  hydrocarbon  from  the  saturated  coke  by  pounding  it  and  washing  with  a  solvent 
of  piuaffin,  &C.,  while  the  cannel  itself  resists  tiie  action  of  all  such  solvents.  The 
same  is  the  case  with  Boghead  and  paraffin  shales  generally,  though  they  are  not 
nn&equentiy  described  as  porous  minerals  merely  saturated  with  bituminous  matter 
by  innltiation.  Hr.  Qellatiey  of  Bathgate  proved  this  experimentally  by  converting 
paraffin  into  anthracene  and  naphthaline  by  passing  its  vapours  through  a  red-hot 
tube. 

The  distillation  of  cannels  and  shales  is  thus  a  more  complex  process  than  the 
distillation  of  a  volatile  oil,  a  resin,  or  bitumen.  In  the  latter  case  the  substance  is 
merely  raised  to  its  boiling-point,  and  this  heat  being  maintained  its  vapour  is  driven 
off.  In  the  distillation  of  coal,  the  first  function  of  the  heat  is  to  overcome  the 
chemical  affinities  which  hold  the  hydrocarbon  elements  in  the  peculiar  form  in  which 
they  exist  in  the  coal,  and  then  after  this  separation  to  drive  their  vapours  over.  It 
is  a  compound  process  of  decomposition  and  distillation,  and  the  heat  has  to  overcome 
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the  combined  forces  of  chemical  and  oohesire  attraction.  Hence  a  considerably  higher 
temperature  than  that  of  the  mere  boiling-point  of  the  resultant  hydrocarbons  is 
necessary.  Here,  then,  at  the  outset  we  encoanter  an  insuperable  necessity  for  heating 
the  Taponrs  considerably  above  their  boiling-points — to  a  temperature,  in  &ct,  at 
which  some  degree  of  further  decomposition  must  take  place,  and  some  amount  of 
permanent  gas  must  be  formed. 

2.  The  boiling-points  of  the  different  volatile  hydrocarbons  obtainable  from  the 
cannel  or  shale,  range  firom  about  200°  to  about  dOO°Fahr.  In  order  to  drive  off 
the  latter,  we  are  compelled  to  raise  the  temperature  to  about  300°  above  the  boiling- 
point  of  the  former,  exclusive  of  the  excess  of  heat  required  for  the  primary  decompo- 
sition described  under  No.  1. 

3.  When  any  kind  of  closed  retort  or  oven  is  used  which  is  charged  intemally, 
and  the  coal  receives  its  heat  from  the  outside,  it  is  not  merely  necessary  to  mise 
the  temperature  of  the  sides  of  such  retort  to  the  decomposing  and  distillation-heat, 
but  to  something  above  this  heat,  as  no  body  can  give  off  any  heat  by  radiation 
or  oonrectioD  to  another  body  unless  it  be  hotter  than  the  body  which  is  to  re- 
ceive the  heat.  As  the  quantity  of  heat  communicated  by  radiation  to  a  given 
snrf&ce  varies  inversely  with  the  square  of  the  distance  from  it,  this  difference  of 
temperature  requires  to  be  increased  very  considerably,  as  we  enlarge  the  retort 
in  any  manner  that  increases  the  distance  of  portions  of  the  ooid  from  its  heated 
sar&ce. 

4.  The  commercial  necessity  of  rapid  working,  in  order  to  economise  original  out- 
lay upon  plant,  drives  us  to  enlarged  retorts  acting  disadvantageously  under  No.  3,  and 
to  exaggerate  the  excess  of  temperature  of  the  retort-surface,  in  oi^er  to  effect  rapid 
commonicatioQ  of  beat. 

It  will  be  at  once  understood  that  the  combined  action  of  these  four  necessities  is 
to  expose  the  vapour  that  is  formed  to  the  action  of  the  greatly-superheated  retort- 
walls,  and  thereby  decompose  it.  The  primary  object  of  all  improvements,  beyond 
those  directed  to  economising  labour  and  plant,  is  to  overcome  or  diminish  these 
sources  of  loss  and  deterioration ;  and,  in  describing  the  different  forms  of  retort,  we 
shall  refer  to  their  intent  accordingly. 

It  will  be  readily  seen  that  the  first  of  these  diificnlties  is  insuperable,  that  the 
others  for  the  most  part  can  only  be  partially  overcome,  and  thus  that  the  process  is 
necessarily  wasteful  to  some  extent.  All  crude-wl  works  until  lately  presented  a 
painftil  manifestation  of  this  in  the  flaring  jets  of  gas  that  illuminated  so  vividly  the 
surrounding  country.  But  this  waste  gas  is  now  utilised  in  supplying  small  towns, 
like  Bathgate  and  West  Calder  in  Scotland,  with  a  cheap  illuminaut ;  or  in  generating 
heat  for  the  boilers  and  retorts  after  the  light  condensible  oil  has  beon  suitably  re- 
moved from  it.  Young's  Company  recover  in  this  way  a  gallon  of  mineral  spirits  in 
every  thousand  cubic  feet  of  gas  generated. 

The  first  step  made  in  Wales  beyond  using  the  common  gas-retort  was  to  increase 
greatly  the  width  and  diminish  the  height  of  the  D-retort,  and  forming  thereby  the 
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'  flat  D,*  now  very  extensively  used,  and  by  most  manufacturers  still  regarded  ns  prac- 
tically the  moat  useAiI  form  of  retort.    As  almost  every  firm  has  its  particular  pattern, 
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■we  can  only  state  dimensions  ffeneially :  from  8  to  10  feet  is  the  nsnikl  length ;  vidth, 
&om  30  inches  to  6  feet  0  inches,  commonly  3  to  4  faet ;  and  height,  from  12  to  24 
inches.  The  veidict  of  experience  rnns  in  favour  of  farther  flattening  down  to  the  1 2 
inches. 

Fiff.  1603  repreaents  the  general  arrangement  of  Mr.  Birkbeck's  flat  D's  in  plan 
and  section,  where  a  &  is  the  body  of  the  retort,  e  the  ontlet-pipe,  d  e  the  flat  condenser, 
fa,  transverse  section  of  body  of  retort  at^  g",  h  the  retort-door  and  screw-clamp,  and 
tit  furnace  and  flue.     These  retorts  are  5  feet  6  inches  wide. 

The  advantage  of  such  retorts  over  the  D  gas-retort  is  obvious  upon  conmderation 
of  difficulty  No.  3.  The  coed  is  spread  over  a  larger  surface  in  a  thinner  layer,  and 
yet  a  laigo  quantity  is  included  in  one  charge.  All  experience  goes  in  favour  of  spreading 
out  the  coal  in  thin  layers  rather  than  packing  it  in  a  thick  mass.  The  thinnoi 
the  layer  the  smaller  will  be  the  difference  of  temperatnre  between  the  retort  icseli 
and  the  least  heated  portion  of  its  contents.    . 

Fia.  1804  represents 
another  form  of  flat  D; 
a  b,  body  of  the  retort; 
c  d,  main  condenser  and 
outlets; «««,  sigzag supple- 
mentary condenser  made  of 
cast  spouting  pipe.  It  is 
made  by  Bf^an  Johnson, 
of  Chester. 

This  retort  differs  but 
little  from    the   previous 
one,  excepting  in  having 
n  large  outlet  with  more 
direct  commnnication  with 
the   condenser,    and    the 
modified  form  of  the  con- 
denser  itself.      A    large 
outlet  is  always  advanta- 
geous, as  by  its  means  the 
vapours  more  readily  escape  from  the  decomposing  action  of  the  heated  retort  and  its 
contents. 
Fiff.  1606  represents  in  section  the  upright  retort  of  Hr.  Holmes  of  Koabon,  where 
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a  a  a  is  the  body  of  the  retort,  b  the 
discharging  outlet  for  the  coke,  e  the 
charging  month,  d  the  vaponiHiutlet, 
e  «  and //the  condensers. 

In  tlds  retort  the  internal  cage  shown 
in  the  figure  serves  the  purpose  of  the 
shelves,  &c.  already  described,  as  by  its 
means  the  chnige  forms  a  layer  occupy- 
ing the  spiice  a  a  a  in  contact  with  the 
retort-walls,  while  the  vapours  pass  into 
the  cage  and  thence  to  the  condenser. 
It  is  easily  charged  where  the  coal  is 
brought  &om  an  upper  leveL 

Fiff.  1606  represents  Biyan  John- 
son's modification  of  the  Scotch  upright 
retorts,  which  work  a  continuously-de- 
Bcending  charge.  Supposing  the  retort 
to  be  filled,  the  valve  at  a  is  opened, 
and  a  portion  of  the  coke  let  down  into 

^^     _  the  receiving  water-tank,    c  c.      The 

"  hopper,  d,  being  filled  with  a  correspond- 

ing quantity  of  fresh  cannel  or  shale,  the  valve,  o,  is  raised  by  means  of  -the  lever  e  e, 
and  the  retort  is  filled.  This  is  repeated  at  short  intervals,  and  thus  the  charge  is 
gradually  worked  downwards.  Theoretically,  these  retorts  should  be  hottest  at  the 
bottom,  and  the  heat  gradnally  diminish  upwards ;  but  practically  there  <s  great  diffi- 
culty in  arranging  the  fines  to  obtain  a  regular  gradation  of  heat  on  account  of  the 
ramdity  with  whish  the  heated  gases  of  the  flues  ascend  when  the  draught  is  at  all  free. 
In  Scotland  the  common  D-sbaped  gas-retort  continues  in  a  few  crude  works.  The 
retorts  in  them  are  now  set  in  benches  naked  to  the  fire,  and  the  waste  gas  is  also  led 
below  them ;  so  that  a  saving  of  4  cwts.  of  coal  in  eadi  charge  of  shale  is  oSbcted. 
But,  after  much  conttoversy,  a  continuous  vertical  retort,  similar  to  that  in  fy.  1606, 
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but  of  s  more  oval  Bbapo  is  profeired.  The  merits  of  the  case  appear  to  be  that 
parties  deairons  of  maldng  only  crade  oil  ehould  erect  horizontal  ratorts,  vhiUt  refiners 
making  their  own  emde  should  rely  on  Terticals.    The  oil  &om  vertical  retorts  has  a 
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specific  grarity  of  890' ;  that  from  horizontal  retorts  Taries  from  860°  to  860° ;  but 
indeed  baa  been  as  low  as  840°.  The  latter  commands  the  best  price  in  the  market ; 
but  the  former  is  more  cheaply  made  by  the  refiner ;  and  it  is  more  valuable,  for 
though  there  is  lees  buming-oil  and  naphtha,  it  contains  3  per  cent,  more  paraffin.  In 
the  Scotch  upright  retort  the  distillation  is  ptr  aicentum ;  and  the  condensers  are 
simpler  than  those  figured  in  the  drawing ;  indeed,  very  complex  forms  of  condensers 
were  used  in  the  first  stages  of  coal-oil  making ;  such  as  worm-tabes,  with  water-tanks 
and  hydranlic  mains  of  various  patterns.  It  is  now  found  that  simple  radiation  is 
a  sufficient  cooling  agent. 

Mr.  Young  of  Straiton,  near  Edinbnrgh,  some  years  ago  introduced  a  very  effective 
retort  resembling  somewhat  in  section  fy.  1605.  But  the  csge  is  represented  by 
a  framework  of  impervious  iron,  round  which  the  waste  gases  are  first  conducted  away 
with  the  other  products  in  tliis  case  by  distillation  per  dacensum,  but  afterwards 
reintroduced  by  a  suitable  opening  play,  assisting  the  small  fire.  Kot  only  is  coal 
saved,  an  item  of  importance  even  in  days  of  cheap  fuel,  becanse  sash  shale  works  are 
generally  far  from  coal-pits,  bat  more  paraffin  is  obtained.  The  Oakbank  Oil  Com- 
pany, SUdcalder,  have  used  these  retorU  with  great  satisfaction. 

The  revolving  retort  is  an  American  invention.  It  is  shown  in  elevation  and 
section  in  fig».  1607,  1608,  1609,  the  lettering  being  the  same  in  the  sections  and  the 
elevation. 

a  a  is  the  body  of  the  retort,  a  cast-iron  cylinder  (wrought-iron  has  also  been 
used)  nsnally  about  7  feet  diameter  and  7  feot  long.  The  cylinder  turns  on  the 
axles  o  and  d  d ;  the  latter,  d  d,  is  hollow  and  serves  also  as  the  vapour-outlet  to  the 
condenser  g,  which  has  a  second  or  supplementary  condenser  shown  in  section  at  h, 
connected  with  the  first  by  the  swan-neck  1 1  {fig.  1608). 

The  cylinder  or  body  of  the  retort  is  turned  very  slowly  by  means  of  an  endless 
screw,  «,  working  in  a  toothed-wheel,  /  /.  The  charging  door,  k,  is  on  the  opposite 
face  of  the  cylinder.  The  heat  is  communicated  from  uie  furnace  by  moans  of  an 
arched  flue  which  embraces  the  whole  of  the  cylinder.  To  charge  the  retort  tlie 
door,  k,  is  turned  upwards,  as  shown  in  the  figure ;  to  discharge,  it  is  by  a  half-revola- 
tion  from  tins  position  brought  to  the  lower  side. 

The  action  of  these  retorte  will  be  easily  understood.  The  charge  is  continually 
rolled  over,  and  thos  fresh  portions  are  brought  in  direct  contact  with  the  heated 
surface.  By  this  means  a  very  rapid  distillation  is  effected.  In  this  respect  they  are 
most  efficient.  The  objections  to  them  are  their  costliness  in  the  first  plaae,  and  their 
liability  to  crack,  fivm  the  unequal  expansion  of  so  large  a  surface  of  metal.  They 
cannot  be  protected  all  round,  as  ordinaTy  retorte  are,  by  a  casing  of  fire-bricks,  and 
being  thus  exposed  to  the  direct  action  df  the  fire  are  rapidly  destroyed,  especially  if 
^ent  cam  is  not  taken  to  remove  the  lining  of  carbon-deposit  which  forms  on  the 
inside.  Whsn  ordinary  cannel  is  used,  they  have  to  be  cleaned  out  weekly,  which 
involves  a  serious  loss  of  time  in  cooling  down  and  reheating  all  the  surrounding 
brickworlt    This  difficulty  is  to  a  great  extent  overcome  by  working  lumps  of  hard 


Digitized  by  LjOOQ  IC 


508 


PARAFFIN 


sbnle  -with  the  cannol,  whicli  is  especially  necessary  when  cannel  slack,  for  which 
these  retorts  are  best  adapted,  is  nsed.    Where  the  material  to  be  used  is  liable  to 
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soften  and  become  at  all  adhesive  when  treated,  these  retorts  are  ntterly  useloKS. 
When  it  forms  a  hard  clinker  coke,  they  may  with  careful  management  be  adran- 
tageoiisly  nsed,  as  the  quantity  of  work  done  by  them"  is  very  great 

Another  difBcnlty  is  presented  by  a  very  friable  material  which  readily  crumbles 
into  dust,  as  such  dust  flies  over  with  the  vapour  and  makes  a  very  dirty  oil. 

Among  the  earlier  efforts  to  improve  the  process  of  distillation  of  coal,  &c.,  was  . 
the  application  of  superheated  steam.  Several  patents  have  been  secured  tor  this,  tho 
general  object  being  to  drive  the  heated  vapour  through  a  mass  of  coal  broken  into 
small  pieces,  and  thereby  apply  the  heat  directly  to  each  fragment,  thus  completely 
avoiding  the  third  source  of  excessive  temperature,  besides  aflTording  an  effectual 
means  oi  regulating  the  temperature  while  dififasiDg  it  equally  throughout  the  whole 
mass. 

This  method,  tiiongh  so  admirable  in  theory,  has  failed  in  practice,  after  being  well 
tried  by  Messrs.  Young,  by  Messrs.  Lavender  and  Co.  at  the  Cannoline  Oil  Works, 
Flintshire,  and  by  others.  It  is  now,  as  far  as  we  are  aware,  altogether  abandoned. 
The  difficiUties  that  have  led  to  its  abandonment  were  mainly  tho  costliness  of  the 
superheating  process,  and  the  great  amount  of  steam  required  to  be  formed  in  tho 
first  place,  and  then  to  be  condensed.  It  must  he  remembered  that  while  the  latent 
heat  of  steam  is  equal  to  about  1000°  Kihr.,  that  of  the  hydrocarbons  primarily  to  be 
distilled  is  not  above  one-tenth  of  this ;  thus  every  pound  of  steam  requires  for  its 
condensation  about  ten  times  the  amount  of  cooling  surface  which  is  necessary  for 
the  condensation  of  a  pound  of  oil-vapour ;  and  tiie  complete  condensation  of  the 
steam  is  necessary,  as  it  obstinately  retains  an  important  quantity  of  oil-vapour 
difiused  through  it. 

The  use  of  heated  gases,  such  as  nitrogen,  carbonic  acid,  &:&,  in  the  place  of 
steam,  overcomes  this  difficulty ;  but  the  cost  of  preparing  the  gases  renders  their 
application  equally  impracticable  on  the  primary  score  of  economy. 

The  '  meerschaum  retort '  is  a  modification  of  the  principle  of  distilling  the  coal  by 
internal  application  of  heat.  This  is  effected  by  means  of  «  large  chamber  or  kiln, 
rather  than  retort,  constructed  of  fire-brick  and  shaped  like  a  huge  tobacco  pipe- 
bowl,  with  which  an  exhaust-pipe  like  the  stem  of  a  tolncco-pipe  communicates 
with   the   bottom.      This    exhaust-pipe    communicates  with   suitable   condensing 
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duunlieTS.  •  The  bowl  or  kiln  is  chaiged  vith  the  cannel  or  shale,  on  the  top  of 
which  is  laid  a  stratom  of  burning  coke  or  a  miztura  of  coke  and  slack.  As  soon 
as  this  upper  stratum  is  in  a  state  of  full-  combustion,  the  exhaustion  is  commenced 
by  means  of  a  steam'jet,  and  the  heated  products  of  combustion  are  drawn  down 
throngh  the  charge.  Tliat  portion  immediately  below  the  fire  is  of  comae  the  first 
acted  upon,  the  action  commencing  with  a  distiUation  of  the  most  volatile  products. 
As  the  heat  increases,  the  more  stubborn  and  denser  vapours  are  driven  downwards 
through  the  lover  mass,  and  by  their  heat  commence  the  distillation  there.  Sub- 
sequently,  the  upper  layer  of  cannel  having  all  its  volatile  constituents  driven  oS, 
becomes  a  coke,  and  at  this  stage  is  so  highly  heated  as  to  bum  and  give  off  com- 
bustion products,  viz.  carbonic  oxide,  &&,  instead  of  distillation  products,  thus  serving 
as  fuel  for  the  cannel  below,  and  so  on  till  the  mass  is  coked  to  the  bottom.  When 
this  is  completed,  the  steam-jet  is  turned  off,  the  exhaustion  ceases,  and  the  charge  is 
drawn  fnnn  below,  a  portion  of  it. being  used  in  its  burning  state  for  starting  a 
nai^bouiing  kiln,  which  should  always  be  charged  ready  to  commence  working  when 
its  predecessor  has  reached  this  stage. 

The  size  of  Mr.  Holmes'  meerschaums  is  12  feet  high,  and  8  feet  diameter,  inttmal 
measuiement.  They  are  to  be  charged  to  a  depth  of  10  feet,  and  to  contain  12  tons 
of  cannel. 

Hr.  Holmes'  attempt  to  introdnce  this  retort  in  Wales  proved  disastrous.  In  1866, 
Mo  Beth  patented  an  adaptation  of  the  principle  to  the  ordinary  Scotch  retort  [Spec. 
AJ>.  1866,  No.  2788].  Very  poor  shales  were  worked  to  profit ;  but  the  skill  necessary 
to  produce  a  good  product  in  the  daily  working  proved  a  serious  drawback.  Ordinary 
labour  only  is  requisite  for  the  common  retorts.  Messrs.  Young  and  Stephens  have 
patented  a  new  retort  similar  to  one  already  described,  but  doing  without  the  aid  of 
coal.  Suppose  four  retorts,  similar  in  section  to  Jig.  1605,  built  in  a  bench,  but  the 
bottom  of  each  open,  and  having  attached  to  each  a  condensing  apparatus,  at  the 
extremity  of  which  is  a  steam-jet.  Elach  (grlinder  receives  a  charge  of  shale  which  is 
renewed  every  6  honrs ;  a  fire  of  coals  is  tben  lighted  in  the  furnace,  which  begins 
distillation,  at  the  same  time  igniting  the  lower  layer  of  shale :  a  portion  of  this  falls 
out  into  the  space  betwixt  the  furnace-wall  and  the  retort  and  acts  instead  of  coaL 
The  condensers  being  now  filled  with  vapours,  the  steam-jet  is  set  in  motion,  and  air 
is  exhausted  from  the  retort,  the  condensible  vapours  become  crude-oil,  and  the  inoon- 
densible  gas  is  returned  to  play  on  the  walls  of  the  shale  cylinders.  The  oil  is  of 
good  specific  gravity  nnbumt,  very  rich  in  paiafBn,  and  equal  in  yield  to  the  ordinary 
retorts.  Ko  coal  is  necessary,  except  when  the  distillation  begins  either  at  the  com- 
mencement of  the  works  or  afl»r  a  shut-down.  Other  inventors  are  busy  on  the  pro- 
blem, in  making  the  material  giving  the  valuable  paraffin  yield  power  for  its  eztiac- 
tion.  On  this  solution  mainly  rests  the  possibility  of  our  shale-oil  manufiicturers 
competing  successfully  with  the  petroleum  ih>m  the  American  springs ;  and  also  of  a 
more  extended  use  of  solid  paiamn  for  many  new  processes  in  the  arts.  For  the  pro- 
duction of  solid  paraffin,  a  bye-product  in  mineral-oils  when  burning-oil  brought  Is.  6d. 
to  St.  6d.  per  gallon,  is  now  a  main  source  of  income,  when  the  former  main  product 
only  brings  Is.  per  gallon  or  less  nett  at  the  works. 

Boghead  and  the  cannels  usually  yield  irom  1  to  1'4  per  cent  of  paraffin  scales  of 
raw  materials  used  ;  Scotch  shales,  in  ordinary  mann&cture,  8  to  4  per  cent  But 
individual  shales  are  known  yielding  a  very  laige  percentage  of  this  substance,  which, 
unlike  the  buming-oib,  increases  in  commercial  value.  When  bodies  are  worked  for 
this  alone,  mnch  of  the  expense  of  an  oil-refinery  will  be  saved ;  and  the  resulting 
oils  in  their  manufacture  may  be  sold  almost  at  the  price  of  waste  substances. 

Paraffin  refiners  receive  supplies  of  their  raw  material  from  other  natural  sources. 
Peat-tar  often  contains  a  large  percentage,  but  the  resulting  paraffin  is  veiy  soft 
Ozokerite  and  neft-oil,  dwired  from  the  Caspian  Sea  and  Hungary,  now  command 
high  prices  as  sources  of  paraffin  scales.  Neft-oil  is  said  to  give  68  per  cent,  of  dis- 
tillate, consisting  of  60  per  cent  of  cmde  paraffin  and  8  per  cent  of  oiL  The 
Qalician  ozokerite  gives  by  distillation  some  24  per  cent  of  paraffin,  and  45  per  cent 
of  oil. 

The  refining  of  the  liquid  portion  of  the  crude  oils  is  still  conducted  in  the  manner 
described.  (&6  Svlxxx  and  Minisal  Oils.)  A  great  many  patents  have  been  secured, 
a  large  proportion  of  them  evidently  based  upon  the  theory  that  the  refining  of  these 
oils  is  simply  a  process  of  oxidation  analogous  to  that  of  the  bleaching  of  vegetable 
colours.  Some  degree  of  oxidation  undoubtedly  does  take  place  in  the  course  of  the 
refining  process,  but  this  is  fnr  from  being  the  whole  action.  The  sulphuric  ncid 
appears  to  act  chiefiy  as  a  carbonising  agent,  and  by  heterogeneous  adhesion  to  the 
carbonaceous  or  jxtchy  colouring-matters  which  it  carries  down  with  it  in  the  form  of 
'  acid-tar.'  The  theory  of  the  action  is,  however,  by  no  means  Ailly  understood.  It 
still  offers  a  most  interesting  field  for  a  thorough  investigation. 
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Among  the  manj  proceaaea  patented  may  be  named  the  tue  of  hypochlorite  of 
lime,  the  application  of  chlorine  gas  to  the  vapoon  of  the  oils,  of  naacant  chlorine 
to  the  liquid  oil  by  the  decomposition  of  hydiochloric  add  or  chloride  of  sodium 
trith  black  oxide  of  mangauese,  the  use  of  bichtomate  of  potash  and  other  chromateg, 
and  of  tna  chiomio  acid,  of  the  permanganates,  and  almost  every  knovn  oxidising 
agent 

The  salphnrio-acid  treatment  is  the  only  method  which  has  been  -found  eommer- 
oially  socoessful.  The  proportion  of  add  required  depends  upon  the  oil,  and  must  be 
determined  by  experiment.  Generally  speaking,  the'  heavier  oils  reqture  more  acid 
than  the  lighter ;  but  even  this  rule  is  subject  to  special  exceptions. 

Hany  forms  of  agitatom  have  been  adopted,  from  simple  tubs  inth  a  paddle  to  very 
complex  devices  worked  by  steam-power ;  the  problem,  however,  is  merely  to  keep  a 
heavy  liquid — sulphuric  acid — stirred  up  amidst  a  lighter  one— the  crude,  or  '  once- 
run'  oiL  A  oiu<-iron  vessel,  fitted  with  paddles  working  on  an  axle  similar  to  a 
common  chum,  is  the  apparatus  generally  used.  Upright  cylindrical  vessels,  with 
an  Archimedean  screw  working'  vertically  to  raise  the  add  fiom  the  bottom,  have 
been  used,  but  not  extensively. 

In  some  refluxes  the  crude  oil  is  treated  with  the  add  and  alkali,  but  more  com- 
monly it  is  '  once  run,'  as  already  described. 

In  all  the  stsges  of  distillation  for  the  refinery  the  use  of  superheated  or  dry  steam 
is  found  very  advantageous,  not  as  the  primary  source  of  heat,  but  as  an  auxiliary. 
In  accordance  with  the  well-established  law  of  difilision  of  gases,  the  v^x>ur  ficom  the 
boiling  oil  will  difbse  much  more  readily  into  an  atmosphere  of  steam  than  into 
one  of  its  own  vapour ;  and  thus  the  superheated,  or  simply  the  dry  steam,  enables 
the  distillation  to  be  conducted  at  a  lower  temperature  than  would  be  necessary 
without  it,  which  is  a  matter  of  considerable  importance,  not  merely  as  regards 
the  quantity  of  work  done  with  given  tael,  but  also  as  affecting  the  quality  of  the 
oilproduced. 

The  form  of  still  most  commonly  used  is  shown  in  Jiff.  1610,  usually  of  a  capacity 
of  1,000  to  2,000  gallons.    Much  difference  of  opinion  prevails  among  refiners  as 

1610 


regards  the  merits  of  cast  or  wrought  iron.  Hany  serious  conflagrations  have  lately 
occurred  from  the  sudden  cracking  of  cast-iron  stills,  which  have  led  to  a  much  more 
extensive  use  of  wrought  iron  tian  formerly. 

It  is  a  common  practice  in  the  first  running  of  crude  oil  to  use  a  wronght-iron  still, 
or  still  of  cast  iron  with  bottom  outlet-pipe,  like  that  in  fy.  1610,  for  the  first  part 
of  the  process,  until  the  heavier  products  begin  to  run  over;  then  to  run  out  the 
leaidue  from  this  still  iuto  a  small  round  bottom  still,  without  bottom  outlet,  and  then 
*  coke  down,'  that  is,  cany  on  the  distillation  to  dryness.  By  this  means  the  most 
dangerous  stage  is  carried  on  in  the  smaller  still,  which  is  &r  less  liable  to  rupture. 
'Wrought-iron  stills  cannot  well  be  used  for  coking  down,  the  great  heat  required 
destroying  the  rivets. 

In  the  refining  of  the  solid  paraffin  considerable  progress  has  been  made. 

In  the  first  place,  the  crude  oil  is  distilled  over  to  d^ees,  '  coked  down,'  as  already 
described.  The  heavy  oil  obtained  &om  the  latter  stages  of  distillation  is  found  to 
contain  large  quantities  of  bright  crystalline  scales  of  solid  parafOn  in  suspension. 
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Bantffin  is  cryBtallised  from  the  first  distillation  in  several  works ;  bnt  it  is  nsoslly 
*  bagged'  from  the  second  distillation.  In  the  erode  oil,  the  pitchy  constitneitts  seem 
to  ciuig  to  the  raraffin  particles  and  hold  them  back  from  crystallisation,  so  that 
they  form  an  amorphous  greasy  mass  -when  the  light  oil  only  is  distilled  off  from 
the  cmde.  This  grease,  however,  when  distilled  gives  over  a  rich  Inbricating  oil  of 
pale  bioirn  colour,  with  the  paraffin  crystals  in  such  a  state  of  free  suspension 
that  they  are  readily  separated  at  a  low  temperature.  Tliis  separation  of  'brown 
paraffin  scale '  is  effected  by  *  bagging '  and  pressing.  The  bagging  is  simply  a 
filtration  in  canvas  bags,  which  are  asually  filled  and  tied  up,  then  heaped  together, 
or  thrown  into  perforated  boxes  till  the  greater  portion  of  the  oil  filters  out  The 
contents  of  the  bags  are  then  submitted  to  a  gradually-increasing  hydraulic  pres- 
sure till  the  utmost  poesible  degree  of  dryness  is  obtained  in  the  ctju  of  crystal- 
line scales. 

The  quantity  of  solid  paraffin  thus  obtained  depends  in  a  great  measure  upon  the 
temperature  at  which  these  operations  are  conducted,  as  the  oil  is  a  solvent  to  the 
paraffin,  and  the  quantity  it  is  capable  of  dissolving  rapidly  increases  as  the  tempera- 
ture rises.  In  small  works  this  separation  of  paraffin  is  only  conducted  in  cool 
weather;  in  larger  works,  refHgemting-machines  are  used. 

The  purification  of  the  brown  paraffin  scale  thus  obtained  is  now  effected  by 
the  simple  process  of  dissolving  it  in  a  hot  solution  of  the  most  volatile  '  paraffin 
spirit.' 

The  scale  having  been  dissolved  ia  abant  an  equal  weight  of  spirit,  the  solu- 
tion is  set  to  cool  in  suitable  vessels.  As  it  cools,  the  solid  paraffin  recrystoUises, 
in  the  ooune  of  which  action  it  rejects  the  impurities  associated  with  it,  giving 
up  its  brown  colour  and  the  liquid  solvent,  llie  cooled  mixture  of  crystal  and 
spirit  is  again  submitted  to  pressure,  whereby  the  spirit  is  separated,  and  the 
crystals,  now  of  a  cream  colour,  are  again  dissolved  in  colourless  spirit,  and  the 
same  treatment  repeated.  A  third  treatment  is  usually  necessary  to  obtain  per- 
fect ptnification,  when  beantiful  crystals  of  exquisite  snowy  whiteness  are  obtained, 
S resenting  the  most  perfect  oontiast  imaginable  to  the  coal  from  which  thej  are 
erived. 

The  chief  drawback  to  this  process  is  the  waste  of  spirit  by  evaporation  during- 
the  cooling  Euid  pressing  processes.  By  careful  and  intelligent  management  this 
waste  may  be  materially  reduced.  The  refuse  spirit,  which  has  received  the 
colouring-matter  and  other  impurities  from  the  brown  scale,  is  easily  refined  by 
simple  iustillation,  and  may  be  used  again  and  again.  The  brown  ref^ise  left  in 
the  still  may  be  treated  afresh  as  crude  paraffin  scale,  as  there  always  remains 
a  portion  of  paraffin  in  it  which  continued  in  solution  when  the  rest  crystallised 
out  This,  however,  is  of  inferior  quality,  having  a  lower  melting-point,  and  is 
usually  sold  in  a  semi-refined  state  tat  nuUdng  common  candles,  bnming  in  miners^ 
lamps,  tee. 

In  order  to  remove  the  last  traces  of  the  spirit,  which  if  left  behind,  lowers  the 
ftuing-point,  besides  giving  its  odour  to  the  pusffin,  the  scales  are  fiised  and  heated 
to  about  240°  Fahr. ;  care  being  taken  to  go  no  higher  than  this,  as  at  260°  the 
paraffin  acquires  a  yellow  colour  similar  to  that  of  beee'-wax.  It  is  therefore  neces- 
sary that  the  spirit  should  be  freely  and  frilly  volatile  at  or  below  240°,  and  that  all 
the  heavy  oil  would  be  separated  in  the  earlier  stages  of  the  process.  This  fused 
paraffin  is  run  into  moulds,  and  sold  in  cakes  as  '  paraffin  wax,'  which  is  now  be- 
coming the  great  staple  material  for  the  manu&cture  of  the  better  class  of  candles. 
Eveiy  year  Uie  price  of  these  candles  has  come  down  lower  and  lower,  in  consequence 
of  the  increased  production  by  improved  methods. 

Paraffin  as  washed  at  these  vanous  stages  is  now  used  in  candle-making  according 
to  the  value  of  the  manufactured  material  wanted. 

Whiteness,  freedom  from  smell,  and  a  high  melting-point,  are  the  commercial  tests 
upon  which  the  value  of  paraffin  depends. 

The  importance  of  the  latter  may  easily  be  understood  when  we  consider  that  the 
melting-point  of  the  best  paraffin  is  but  12S°  Fahr.,  while  inferior  qualities  are  much 
lower.  Paraffin,  like  wax,  resin,  and  such  substances,  softens  at  many  degrees 
below  its  melting-point;  hence  candles  made  of  an  inferior  paraffin  are  liable  to 
bend  over  into  strange  shapes  in  a  heated  ball-room,  or  in  a  hot  climate.  This  was 
very  vezatioasly  ana  absurdly  exemplified  at  the  coronation  of  the  Emperor  Maxi- 
milian in  Hexioo,  when  at  one  of  the  festivals  all  the  beautiful '  spermaceti '  candles, 
ordered  expressly  from  England,  and  numbering  several  thousands,  though  bril- 
liantly successful  at  first,  ^adually  softened  as  the  throng  increased,  and  finally 
bowed  over  altogether,  flaring  hideously,  and  guttering  in  streams  upon  tjie  dresses  of 
the  visitors. 

Price's  Candle  Company,  Idmited,  have  adopted  a  new  patented  method  of  paraffin 
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refining  yiitk  mnch  Mtvanbge,  the  coet  of  working  bein^  very  much  less,  and  the  jieJd  of 
white  parafSn  notably  larger  tlian  formerly.  As  no  spirits  are  nsed,  a  loss  of  abont  1  cwt. 
of  them  for  every  ton  of  finished  paraffin  is  aroided.  As  redistillation  of  the  expressed 
oils  also  ceases,  no  loss  occurs  In  this  vay  of  solid  parafSn  in  solntion.  Iluch 
more  safety  also  accompanies  the  operations  of  the  factory.  The  rationale  of  the 
process  consists  in  subjecting  the  paraffin,  after  being  previously  washed  with  sul- 

Shnric  acid  and  soda,  to  hot  pressure  and  filtration  at  the  same  time.    The  following 
etails  of  two  experiments  on  the  commercial  scale  show  the  worlcing  of  the  pro- 
cess:^- 

In  the  first  experiment,  good  average  scale  was  first  boiled,  and  blocked  into  a  cake, 
which,  on  being  cold-pressed,  yielded  lubricating-oil  and  pressed  cake ;  which,  after 
being  again  boiled  and  blo(^^,  was  subjected  to  the  new  method,  giving  a  hard 
paraffin,  which,  after  treatment  with  acid,  alkali,  and  ivory-black,  yielded  finished 
paraffin  equal  to  that  made  with  die  ordinary  process,  and  having  a  melting-point 
of  120°. 
There  was  taken  of  the  scale  200  cwts.  I  qt.  26  lbs.,  which  gave : — 

owts.  qn.  llM.    per  oent> 

finished  paraffin 131     1  27  >»  65-68 

Soft  paraffin,  &c.,  of  the  value  of  {[ths  of  original 

scale 36    0  12      17fil 

Dark  rough  oil      .        .        .       .       .       .        .    17    2    5        875 

91-84 
Loss,  including  paraffin  left  in  ivoiy-black    .       .    16    1  10        8-16  loss. 

200    1  26    100-00 

In  the  second  experiment,  scale  of  a  low  melting-point  was  treated  as  above;  only 
submitted  twice  to  the  special  process.    A  paraffin  with  a  melting-point  at  130°  re- 
sulted:— 
Of  the  scale  taken — 69  cwts.  26  lbs. — there  remained — 

c«t>,  qra.  lbs.    per  oeot. 

White  paraffin 39    3  27  •  57*83 

Soft  paraffin,  &c.,  valued  at  }ths  of  original  scale  .    18    1  27      2674 
Uough  dark  <nl     .......      6    3    0       9-76 


94-33 


69    0  26        5-67  loss. 

100-000 

This  process  must  be  of  immense  service  in  extracting  solid  paraffin  for  its  own  sake 
from  minerals  in  places  where  mineral  spirits  are  not  a  drug,  as  in  our  own  mineral- 
oil  factories. 

Paraffin  is  mixed  with  5  to  15  per  cent,  of  stearine  when  moulded  into  candles ; 
and  to  do  this  thoroughly  well  the  moulds  must  be  kept  for  at  least  an  hour  in  a  bath 
of  hot  water,  at  a  temperature  of  about  190°  Fahr.  I^e  mixed  stearic  acid  fiuilitates 
the  colouring  of  paraffin  candles. 

The  following  particnlars  of  the  paraffin  trade  in  Scotland,  derived  from  an 
authentic  source,  cannot  be  without  interest: — 

It  is  difficult  to  obtain  statistics  of  the  yield  of  bnming-oil,  lubricating  oil,  and  the 
other  products  derived  from  shale  in  the  process  of  oil-making.  Naturally  enough, 
one  mann&ctorer  does  not  care  to  let  another  know  the  particulars  of  his  produclion. 
Hence,  at  best,  nothing  more  than  an  estimate  can  be  arrived  at ;  but  this  coming 
from  a  sonrce  which  may  be  relied  upon,  will  give  a  tolerably  fair  idea  of  the  extent 
of  this  important  trade.  It  is  estimated  that  not  less  than  800,000  tons  of  shale  axe 
annually  put  into  the  retorts  at  the  various  Scotch  oil  works.  The  probable  yield  of 
crude  oil  from  this  source  is  reckoned  at  25,000,000  gallons.  To  obtain  this  result, 
and  also  for  the  distillation  of  the  crude,  a  great  amount  of  fuel — say  600,000  tons — 
must  be  used.  The  principal  product  fhim  the  crude  is,  of  course,  bnming-oil,  of 
which  from  300,000  to  360,000  barrels  may  be  taken  as  the  annual  yield.  Some 
of  this  is  sent  to  the  Continent,  but  the  bulk  is  consumed  in  this  count^.  Then  we 
have  of  lubricating-oil,  the  demand  for  which  appears  t*  be  increasing  every  day,  say 
9,800  tons.  Also  paraffin  wax,  of  which  the  bulk  is  made  into  beautiful  semi-trans- 
parent candles,  and  the  commonest  of  it  is  used  in  the  manufacture  of  lucifer-matches, 
say  5,800  tons.     To  these  figures  we  may  add  some  2,300  tons  of  sulphate  of 
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ammonia,  and  leTaroI  thousand  barrels  of  coal-oil  spirit  The  probable  commercial 
ralae  of  these  products  cannot  f^ll  tar  short  of  a  million  and  a  quarter  sterling.  This 
valuable  industry  has  been  developed  in  our  midst  in  little  more  than  20  years,  and 
has  had  to  make  headway  against  a  variety  of  opposing  elements  to  its  present  posi- 
tion. The  deliveries  during  1872  are  somewhat  short  of  1871  and  1870 ;  but  this 
is  aocoanted  for  by  temporary  canaea,  such  as  strikes  among  the  workmen  and  miners, 
and  the  high  price*  of  mal. 

VJUtAOVAT  miA>  The  leaves  of  the  Bex  Paroffuaientit,  which  are  used  as 
tea  in  Braol.  They  appear,  like  tea,  to  contain  some  titeine,  with  resin,  tannic  acid, 
oil,  and  albumen.    Ptoagoay  tea  is  known  also  as  Mati. 

9AMA.  WTS.    The  Brasil  nut,  which  see. 

V ASOBMJUi  '!'•  (Paroiemm,  Ft, ;  Payament,  Qer.)  This  writing  material 
has  been  known  since  the  earliest  times,  but  is  now  made  in  a  very  superior  manner 
to  what  it  was  anciently,  as  we  may  judge  by  inspection  of  the  old  vellum  and  parch- 
ment mannscripts.  The  art  of  miiang  parchment  consists  in  certain  manipulatioss 
necessary  to  prepare  the  skins  of  animals  of  such  thinness,  flexibility,  and  firmness, 
as  may  be  required  for  the  diflbrent  uses  to  which  this  substance  is  applied.  Though 
the  skins  of  all  animals  might  be  converted  into  writing  materials,  only  those  of  the 
sheep  or  the  she-goat  are  used  for  parchment ;  those  of  calves,  kids,  and  dead-born 
lambs  for  vellum ;  those  of  the  he-goat,  she-goat,  and  wolves  for  drum-heads ;  and 
those  of  the  ass  for  battledores.  All  these  skins  are  prepared  in  the  same  way,  with 
slight  variations,  which  need  no  particular  detaiL 

They  are  first  of  all  prepared  by  the  leather-dresser.  After  they  are  taken  out  of 
the  lime-pit,  shaved,  and  well  washed,  they  must  be  set  to  dry  in  such  a  way  as  to 
prevent  their  puckering,  and  to  render  them  easily  worked.  The  small  manufac- 
tnrers  make  use  of  hoops  for  this  purpose,  but  the  greater  employ  a  kerte,  or  stout 
wooden  frame.  This  is  formed  of  two  uprights  and  two  cross-bars  solidly  joined 
together  by  tenons  and  mortises,  so  as  to  form  a  strong  piece  of  carpentry,  which  is 
to  be  fixed  up  against  a  wall.  These  four  bars  are  perforated  all  over  with  a  series 
of  holes,  of  such  dimensions  as  to  receive  slightly-tapered  box-wood  pins,  truly 
turned,  or  even  iron  bolts.  Each  of  these  pins  is  transpierced  with  a  hole  like  the 
pin  of  a  violin,  by  means  of  which  the  strings  employed  in  stretching  the  skin  may  be 
tightened.  Above  the  herse,  a  shelf  is  placed,  for  receiving  the  tools  which  the  work- 
man needs  to  have  always  at  hand.  In  order  to  stretch  the  skin  upon  the  frame, 
larger  or  smaller  skewers  are  employed,  according  as  a  greater  or  smaller  piece  of  it 
is  to  be  laid  hold  of.  Six  holes  are  made  in  a  straight  line  to  receive  the  larger,  and 
four  to  receive  the  smaller  skewers  or  pins.  These  small  slits  are  made  with  a  tool 
like  a  carpenter's  chisel,  and  of  the  exact  size  to  admit  the  skewer.  The  string  round 
the  skewer  is  ofibed  to  one  of  the  bolts  in  the  firame,  which  are  turned  round  by 
means  of  a  key,  like  that  by  which  pianos  and  harps  are  tuned.  The  skewer  is 
threaded  through  the  skin  in  a  state  of  tension. 

Everything  being  thus  prepared,  and  the  skin  being  well  softened,  the  workman 
stretches  it  powerfully  by  means  of  the  skewers ;  he  attaches  the  coids  to  the  skewers, 
and  fixes  their  ends  to  the  iron  pegs  or  pins.  He  then  stretches  the  skin,  first  witli 
his  band  applied  to  the  pins,  and  afterwards  with  the  key.  Great  care  must  be  taken 
that  no  wrinkles  are  formed.  The  skin  is  usually  streliched  more  in  length  than  in 
breadth,  from  the  custom  of  the  trade ;  thongh  extension  in  breadth  would  be  prefer- 
able, in  order  to  reduce  the  thickness  of  the  part  opposite  the  backbone. 

The  workman  now  takes  the  fleshing  tool  represented  under  Cvbbtino.  It  is  a 
semi-circular  double-edged  knife,  mads  fitst  in  a  double  wooden  handle.  Other  forms 
of  the  fleshing-knife  edge  are  also  used.  They  ore  sharpened  by  a  steel.  The  work- 
man seizes  the  tool  in  his  two  hands,  so  as  to  place  the  edge  perpendicularly  to  the 
skin,  and  pressing  it  careAiUy  from  above  downwards,  removes  the  fleshy  excrescences, 
and  lays  them  aside  for  making  glue.  He  now  turns  round  the  herss  upon  the  wall, 
in  order  to  get  access  to  the  outside  of  the  skin,  and  to  scrape  it  with  the  tool  inverted, 
so  as  to  run  no  risk  of  cutting  the  epidermis.  He  thus  removes  any  adhering  filth, 
and  si^ueezes  ont  some  water.  The  skm  must  next  be  ground.  For  this  purpose  it 
is  spnnkled  upon  the  fleshy  side  with  sifted  chalk  or  sl^ed  lime,  and  then  rubbed  in 
all  directions  with  a  piece  of  pumice-stone,  4  or  5  inches  in  area,  previously  flattened 
upon  a  sandstone.  The  lime  soon  gets  moist  &om  the  water  contained  in  the  skin. 
The  pumice-stone  is  then  rubbed  over  the  other  side  of  the  skin,  but  without  chalk  or 
lime.  This  operation  is  necessary  only  for  the  best  parchment  or  vellum.  The  skin 
is  now  allowed  to  dry  upon  the  fiame ;  being  carefully  protected  from  sunshine,  and 
from  frost.  In  the  arid  weather  of  summer,  a  moist  cloth  needs  to  be  applied  to  it  from 
time  to  time,  to  pevent  its  drying  too  suddenly ;  immediately  after  which  the  skewers 
require  to  be  tightened. 

When  it  is  perfectly  dry,  the  white  colour  is  to  be  lemored  by  rubbing  it  with  the 
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voolly  ride  of  a  lambskin.  Bnt  great  can  nrait  be  taken  not  to  tiaj  the  surface ;  a 
circumstance  of  which  some  manAactarers  are  so  much  afraid,  as  not  to  use  either 
chalk  or  lime  in  the  polishing.  Should  any  grease  be  detected  upon  it,  it  most  be  re- 
mored  by  steepinf;  it  in  a  Ume-pit  for  ten  days,  then  stretching  it  ane-v  upon  the 
hern,  after  which  it  is  transferred  to  the  scraper. 

This  ToAman  employs  here  an  edge  tool  of  the  same  shape  as  the  fieehing-knife, 
but  larger  and  sharper.  He  mounts  the  skin  upon  a  &ame  like  the  ierte  above 
describ^ ;  but  he  extends  it  merely  with  cords,  without  skewers  or  pins,  and  supports 
it  generally  upon  a  piece  of  raw  calfikin,  strongly  stretched.  The  tail  of  the  skin 
being  placed  towards  the  bottom  of  the  frame,  the  woriunan  first  pcures  off,  with  a 
sharp  knife,  any  considerable  rou^nesses,  and  then  scrapes  the  outside  surfiice 
obliqnely  downwards  with  the  proper  tools,  till  it  becomes  perfectly  smooth:  the 
fleshy  side  needs  no  such  operation ;  and  indeed,  were  both  sides  scraped,  the  skin 
would  be  apt  to  become  too  thin,  the  only  olject  of  the  scraper  being  to  equalise  its 
thickness.  Whatever  irregnlarities  remain,  may  be  removed  with  a  piece  of  the  finest 
pumice-stone,  well  flattened  beforehand  upon  a  fine  sandstone.  This  process  is  per- 
formed by  laying  the  rough  parchment  upon  an  oblong  plank  of  wood,  in  the  form  of 
a  stool ;  the  plank  being  covered  with  a  piece  of  soft  panihment  stuffed  with  wool,  to 
form  an  elastic  cushion  for  the  grinding  operation.  It  is  merely  the  outside  surface 
that  requires  to  be  pumiced.  The  celebrated  Strasburg  vellum  is  prepared  with 
remarkably  fine  pumice-stones. 

If  any  small  noles  happen  to  be  made  in  the  parchment,  they  must  be  neatly 
patched,  by  cntUng  their  edges  thin,  and  pasting  on  small  pieces  with  gum-water. 

Parchment  is  coloured  green  only.  The  following  is  the  process.  In  SOO  parts  of 
rain-water,  bml  8  of  cream  of  tartar  and  80  of  cnrstuliaed  verdigris ;  when  this  solu- 
tion is  cold,  pour  into  it  4  parts  of  nitric  acid.  Moisten  the  parchment  with  a  brash, 
and  then  apply  the  above  liquid  evenly  over  its  surface.  Lastly,  the  necessary  lustre 
may  be  gjven  with  white-of-eggs,  or  mucilage  of  gum  arabic. 

VAJtOKBCBKT,  VaOBTABXia,  or  PABOBMSMT  »A»BS.  Vegetable 
parchment  is  made  from  unsized  paper,  of  which  ordinary  blotting-paper  is  an 
example,  and  is  well  adapted  for  the  process.  This  is  manu&ctored  from  rags  of 
linen  and  cotton,  thoroughly  torn  to  jneces  in  the  pulping  machine,  and  it  is  found 
that  loD^-flbred  paper  is  not  so  good  for  the  production  of  vegetable  parchment  as 
that  which  is  more  thoroughly  pulped.  The  structure  of  the  waterleaf  may  be 
regarded  as  an  interlacement  of  vegetable  fibres  in  every  direction,  simply  held 
together  by  contact,  and  consequently  offiring  a  vast  extension  of  surfiice  ana  minute 
cavities  to  &vour  capillary  action. 

To  make  vegetable  pardiment,  the  waterleaf  tx  blotting-paper  is  dipped  in  dilated 
snlphurio  aeia  w^en  the  change  takes  place,  and  though  nothing  appears  to  be 
added  or  subtracted,  the  waterleaf  loses  all  its  previous  properties  and  becomes 
vegetable  parchment. 

This  very  remarkable  transformation  is,  however,  a  most  delicate  chemical  pro- 
cess. The  strength  of  the  acid  must  be  regulated  to  the  greatest  nicety,  for  if  on  the 
one  hand  it  is  too  dilute,  the  fibre  of  the  paper  is  converted  into  a  soluble  substance, 
probably  dextrine,  and  its  paper-like  properties  are  destroyed.  If,  however,  the  acid 
be  too  strong,  it  also  destroys  the  paper  and  renders  it  useless. 

For  the  most  perfect  result,  the  sulphuric  acid  and  water  shonld  be  at  oidinaiy 
temperatures  in  the  proportion  of  about  two  volumes  of  oil  of  vitriol  and  one  volume 
of  water,  and  if  the  paper  be  simply  damped  before  immersion,  the  strength  of  the 
acid  is  altered  at  these  spots,  and  the  part  so  acted  upon  is  destroyed. 

To  make  vegetable  parchment,  the  waterleaf  is  dipped  into  the  sulphuric  add 
exactly  diluted  to  the  desired  strength,  when  in  the  course  of  a  few  seconds  Uie  paper 
will  be  observed  to  have  nndeigooe  a  manifest  change,  by  which  time  the  trans- 
formation is  efiected  in  all  its  essential  points.  The  acid  has  then  done  its  work,  and 
is  to  be  thoronghly  removed  from  the  paper,  first,  by  repeated  washings  in  water, 
and  subsequently  by  the  use  of  very  dilute  ammonia  to  neutralise  any  faint  trace  of 
acid  which  escapes  the  washing  in  water.  AU  minute  traces  of  sulphate  of  ammonia 
left  by  the  former  process  are  removed  as  far  as  possible  by  further  washings,  and  in 
certain  cases  the  infinitesimal  trace  of  ammonia  may  be  removed  by  lime  or  baryta. 

The  action  and  intent  of  these  several  processes  are  to  render  the  vegetable  parch- 
ment perfectly  free  from  any  acid  or  salt,  and  the  object  is  thoroughly  obtained  in  the 
large  way. 

When  the  paper  has  undergone  its  metamorphosis,  it  is  simply  dried,  when  it  be- 
comes  vegetable  parchment,  di^ring  from  blotting-paper,  and  possessing  peculiarities 
which  separate  it  from  every  other  known  material  The  surfaces  of  the  paper  ap- 
pear to  have  undergone  a  complete  change  of  structure  and  composition.  All  we 
cavities  of  the  waterleaf  are  dosed,  and  the  surhce  is  solidified  to  such  an  extent, 
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that  if  •  poitioii  of  vemtable  paichment  be  heated  orer  a  flame,  blisters  ■wHl  oocui 
fiom  pent-ap  steam,  voich  aie  inrolred  io  the  centre  of  the  paper,  and  even  in 
the  aSrial  state  the  vapour  cannot  pass  either  surface.  The  material  of  the  meta- 
morpbosed  ■orfaoes  is  certainly  one  of  the  most  unalterable  and  unchangeable  of 
all  known  otganio  substanoes,  and  reqniie*  a  distinctire  name  to  indicate  its  indi< 
Tiduality. 

From  Dr.  flofinann's  report  on  this  remarkable  substance  we  extract  the  following 
remarks : — 

'  In  aococdanoe  with  your  request,  I  have  earefUly  examined  the  new  material 
called  Tegetable  parchment,  or  parchment-paper,  which  you  hare  submitted  to  me 
lior  experiment;  and  I  now  beg  to  communicate  to  yon  the  results  at  which  I  hare 
arrired. 

'  I  may  here  state  that  the  artide  in  queetion  is  by  no  means  new  to  me.  I  became 
acquainted  with  this  remarkable  production  very  soon  after  Hr.W.  E.  Ghiine  had  made 
known  his  results ;  and  I  hare  now  specimens  before  me  which  came  into  my  posses-' 
•ion  as  early  as  18M. 

'The  substance  submitted  to  ma  for  examinatira  exhibits  in  most  of  its  properties 
so  dose  an  analogy  with  animal  membrane,  that  the  name  adopted  for  the  new 
material  seems  Ailly  justified.  In  its  appearand,  regetable  parchment  greatly  re- 
sembles animal  parchment :  the  same  peculiar  tint,  the  same  degree  of  transluceucy, 
the  same  transition  from  the  fibrous  to  the  horn-like  condition.  Vegetable,  like 
animal,  paichment  possesses  a  high  degree  of  cohesion,  bearing  frequently-repeated 
bending  and  rebending,  without  showing  any  tendency  to  break  in  the  folds ;  like  the 
latter  it  is  highly  hygroscopic,  acquiring  by  the  absorption  of  moisture  increased 
flexibility  and  toughness.  Immersed  in  water,  regetable  parchment  exhibits  all  the 
ciiaracters  of  animal  membrane,  becoming  soft  and  slippery  by  the  action  of  water, 
without,  howerer,  losing  in  any  way  its  strength.  Water  does  not  Nrcolats  through 
vegetable  parchment,  although  it  slowly  trareises  this  substance  like  animal  mem- 
brane by  endosmotic  action. 

*  In  converting  unsixed  paper  into  regetable  parchment,  or  paichmmt-paper,  by 
the  process  recommended  by  Mr.  Oaine — viz.  by  immersion  for  a  few  seconds  in  (dl  of 
vitnol  diluted  with  half  its  volume  of  water — I  was  struck  by  the  observation  how 
narrow  are  the  limits  of  dilution  between  which  the  experiment  is  attended  with 
success.  By  nsing  an  acid  containing  a  trifle  more  of  water  than  the  proportion  indi- 
cated, the  resulting  parchment  is  exceedingly  imperfect ;  whilst  too  concentrated  an 
add  either  dissolves  or  chars  the  paper.  Time,  also,  and  temperature  are  very  impor- 
tant elements  in  the  successful  execution  of  the  process.  If  the  acid-bath  be  only 
slightly  warmer  than  the  common  temperature,  60°  Fahr.  (16'5°  Cent.) — such  as  may 
happen  when  the  mixture  of  acid  and  water  has  not  been  allowed  sufficiently  to  cool — 
the  effect  is  very  considerably  modified.  Nor  do  the  relations  usually  observed  be- 
tween time,  temperature,  and  concentration,  appear  to  obtain  with  reference  to  this 
process ;  for  an  acid  of  inferior  strength,  when  heated  abore  the  common  tenip«n- 
ture,  or  allowed  to  act  for  a  longer  time,  entirely  fails  to  produce  the  desired  result 
Altogether,  the  transformation  of  ordinary  paper  into  vegetable  parchment  is  an 
operation  of  considerable  delicacy,  requiring  a  great  deal  of  practice ;  in  fact,  it  was 
not  until  repeated  fiulures  had  pointed  out  to  me  the  several  conditions  inrolred  in 
this  reaction,  that  I  succeeded  in  producing  papers  in  any  way  similar  to  those  which 
yon  have  submitted  to  me  for  experiment, 

'  It  is  obvious  that  the  transformation,  nnder  the  influence  of  sulphuric  add,  of 
paper  into  vegetable  parchment,  is  altc^ther  different  from  the  changes  which  vege- 
table fibre  sufims  by  the  action  of  nitric  add ;  the  cellulose  receiving,  during  its 
transition  into  puroxvlin  and  gun-eotton,  the  elements  of  hyponitric  add  in  exchange 
for  hydrogen,  wnereby  its  weight  is  raised,  in  some  cases  by  40,  in  others  by  as 
much  as  60  per  cent  As  the  nitro-compounds  thus  produced  differ  so  essentially 
in  eomposil3on  fW>m  the  original  cellulose,  wo  are  not  surprised  to  find  them  also  en- 
dowed with  properties  altogether  different ;  such  as  increased  combustibility,  change 
of  electrical  condition,  altered  deportment  with  solvents,  &c,  whilst  vegetable  parch- 
ment, being  the  result  of  a  molecular  transposition  only,'  in  which  Uie  paper  has 
lost  nothing  and  gained  nothing,  retains  all  the  leading  characters  of  vegetable  fibre, 
exhibiting  only  certain  modifications  which  confer  additional  value  upon  the  original 
substance. 

'The  nature  of  the  reaction  which  gives  rise  to  the  formation  of  ve^table  parch- 
ment having  been  satisfactorily  established,  it  became  a  matter  of  importance  to 
ascertain  whether  the  processes  used  for  the  meehanical  removal  of  sulphuric  acid 
from  the  paper  had  been  sufficient  to  produce  the  desired  effect  It  is  obvious  that 
the  ralnable  properties  acquired  by  paper,  by  its  conversion  into  vegetable  parch- 
ment, can  be  permanently  secured  only  by  the  entire  absence  or  peirfect  neutiali- 
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gation  of  the  agent  which  produced  tham.  The  presence  of  eren  trace*  of  Jrtt 
snlphnric  add  in  the  paper  iroald  rapidly  loosen  its  texture,  the  paper  would  gradn- 
ally  f^U  to  pieces,  and  one  of  the  most  important  applications  which  suggest  them- 
selves, Tiz.  the  use  of  vegetable  parchment  in  the  place  of  animal  jaarcbment  for  legal 
documents,  vould  thus  at  once  be  lost  The  paper  was  found  to  be  entirely  free  from 
this  acid. 

'The  absence  of  &ee  sulphuric  acid  in  the  parchment-paper  was,  moreover,  estab- 
lished by  direct  experiment.  The  most  delicate  test-papers,  left  for  hours  in  contact 
wiUi  moistened  vegetable  parchment,  did  not  exhibit  the  slightest  change  of  colour.' 

PJUUAjr.    See  FoTTKBT. 

auuua  B&m.  A  bright  blue  obtained  by  heating  aniline  withnUoiride  of  tin. 
See  Axnno. 

VAXZS  BBS.    A  fine  iron  rouge  employed  for  polishing. 

VAXX8ZVB.  A  preparation  so  called  from  the  inventor,  Hr.  Parks  of  Bir- 
mingham, was  exhibited  at  the  International  Exhibition  of  1862.  It  was  made 
by  incoroorating  castor  oil,  collodion  (gun-cotton  dissolved  in  ether),  and  wood- 
spirit.  The  mixture  gradually  solidifies,  and  eventnally  becomes  a  hard  mass, 
while  in  the  pasty  condition  it  was  moulded  into  a  great  variety  of  forms.  It  has 
not,  however,  taken  its  place  as  a  manu&cture.     See  0:(isiskd  Oils. 

VABQUWl'JlTi  Parquetage,  Inlaid  flooring.  In  most  cases  thin  veneers  are  cut 
into  geometric  forms,  and  cemented  to  the  planks  which  are  to  form  the  floors.  Lately 
the  Messrs.  Airowsmith  have  introduced  their  'solid  parquetry,'  in  which  the  wood 
is  cut  of  the  required  thickness,  and  iDgenionsly  joined  together  in  geometric  patterns. 
See  Buel;  MABOCKrar;  Kbismxb. 

yABTnro.    See  Gold  and  Silveti,  BsFimiia  of. 

VJUtTKXSOa-'WrOOS.  The  wood  of  several  trees  appears  to  be  imported 
under  this  name.  It  is  principally  used  for  walking-canes,  and  for  umbrella-  and 
parasol-sticks. 

VABVOKms  A  volatile  nitiyle  base  found  in  the  naphtha  from  the  Dorset 
Shale.  It  is  isomeric  with  camidine.  It  is  the  highest  known  member  of  the  pyridine 
series. 

VASTBXi  is  the  French  name  of  coloured  crayons.  Also  a  dye-stuff,  allied  to 
Inoioo. 

VASTMS,  or  Factitious  Genu.  (Pierres  pricieutea  artificidlea,  Fr. ;  Glaapattm, 
Oer.)    See  Geks,  Abtificial. 

WABiCZtmlM  iS'  the  English  name  of  small  cones  made  of  gnm-benzoin,  with 
powder  of  cinnamon  and  other  aromslics,  which  are  bnmcd  as  incense,  to  diffuse 
a  grateful  odour,  and  conceal  unpleasant  smells  in  apartments.  Pastille  is  the  French 
name  of  certain  aromatic  sugared  confections ;  called  also  tableitet.    See  Pebvuxhst. 

PATOHOVXiT.  Pachupat  or  Patseha-pat.  The  herb,  Pogottemon  PatehovH, 
which  is,  on  account  of  its  pungent  odour,  used  in  perfumery.  It  is  a  herb-like 
plant,  growing  very  much  like  sage,  indigenous  to  Northern  India ;  it  is  also  found 
in  China. 

The  plant  grows  readily  in  the  hothouses  in  England ;  specimens  are  to  be  found 
at  Kew  and  other  gardens.  The  leaves  have  long  been  in  use  as  a  perfume,  and  pre- 
ventive of  moth.  India-shawls  used  to  be  packed  with  patchouly,  on  account  of  its 
being  inimical  to  vermin,  and  so  efficacious  in  preserving  them  during  a  long  voyage ; 
it  was  thus  patchouly  was  flrst  introduced  into  Europe. 

When  the  patchouly-plant  is  distilled  it  yields  a  dense  essential  oil,  to  whidi  it 
owes  its  odour ;  this  dissolved  in  alcohol,  in  the  proportion  of  2  ounces  to  1  gallon 
of  spirit,  forms  the  'essence  of  patchouly'  of  the  shops.  The  essential  oil  of  pat- 
chomy  is  one  of  the  leasts  volatile  of  any  known ;  hence  it  is  one  of  the  most 
persistent  of  perfumes  from  plants.  Under  the  ordinary  conditions,  the  essential  oil 
of  patchouly  is  a  fluid,  and  will  not  congeal,  except  by  an  excessively  low  tempera- 
ture ;  but  if  the  plant  be  distilled  after  it  has  been  gathered  several  years,  more  than 
half  the  product  will  assume  a  crystallisable  form,  &t  less  fragrant  than  the  newer 
fluid  essential  oil,  and  would  probably  be  quite  odourless  if  repeatedly  crystallised 
from  alcohol. 

The  crystals  of  patchouly  are  rhombic-formed,  with  pyramidal  summits;  chemically 
they  resemble  camphor  in  composition.  When  the  fluid  essential  oil  of  patdiouly  is 
submitted  to  fractional  distillation,  there  comes  at  tiie  highest  temperature  a  peculiar 
blue  body,  termed  by  Piesse  aevlene,  resembling  the  blue  in  the  essential  oil  of  wild 
camomile ;  it  requires,  however,  further  examination.    See  Phbfuii>rt. 

PA'l'UT  TMUUiVr,  An  oxychloride  of  lead ;  called  also  Turner's  Yellow 
and  MontpelieT  Yellow.    See  Cassell  Yellow. 

PATXVAi  The  green  coating — carbonate  of  oxide  of  copper — which  coven  an- 
cient bronces  and  copper  medals.    True  patina  is  an  anigo,  or  verdigris,  produced  by 
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tile  lohg-continned  action  of  carbonic  add  on  the  metal  buried  in  the  soil.  It  is  very 
commonly  imitated  by  fntndulent  dealers.  Patina,  or  Patella,  vas  also  the  name  of 
a  bowl  made  of  cither  metal  or  earthenware. — Fairholt. 

VAVXi  vaxonSB  aKBav.  An  artist's  coloor;  a  pecnliarly-prepaied 
carbonate  of  copper. 

VBACHt  A  Cornish  flitn«r'«  term,  g^ven  to  chlorite  and  chloritic  rocks.  A 
peach!/  ^'"^  ''  *  mineral  yein  containing  this  substance,  generally  of  a  bluish-green 
coloor,  and  rather  sofb.    See  Cblokite. 

VBJkCB^'WOOS,  or  Nicaragua,  and  sometimes  termed  Saint  Martha  Wood,  is 
inferior  to  the  other  two  named ;  but  is  much  used  in  the  dyehouse,  and,  for  many 
shades  of  red,  is  preferred,  althoogh  the  colouring-matter  is  not  so  great.  It  gives  a 
bright  dye.  The  means  of  testing  the  qoality  of  these  woods  by  the  dyer  is  similar  to 
that  described  for  logwood,  with  the  same  recommendations  and  precautions. — Napier 
on  Dyeing. 

VBA,OOOX-COmB  OBB.  An  iridescent  copper  pyrit«s,  produced  by  a 
partial  decomposition  of  the  yellow  ore.  The  boys  and.  girls  employed  in  the  mines 
produce  this  condition  artificially  by  putting  the  ordinaiy  copper  pyrites  into  warm 
water  holding  sulphate  of  copper  in  solntion ;  and  sell  the  beautifully-coloured  spe- 
cimens to  strangers.  A  more  effective  way  of  producing  this  peacock  copper  is  to 
take  a  lump  of  yellow  copper-ore  {copper  pyrites),  ana,  having  bound  a  piece  of 
copper  wire  around  it,  to  connect  the  other  end  of  the  wire  with  a  plate  of  copper. 
If  this  arrangement  be  made  in  a  vessel  divided  by  a  porous  partition,  having  a 
solution  of  sulphate  of  copper  on  the  side  in  which  the  copper  ore  is  placed,  and  salt 
and  water  on  the  other  side,  the  change  goes  on  rapidly,  and  the  result  is  exceedingly 
permanent. 

yftWTiABH.    Commercial  carbonate  of  potash.    See  Potash. 

VMAta,  BAWLBT.     See  Barust. 

VaABXiS  (Perlee,  Fr. ;  Perlen,  Ger.)  are  the  productions  of  certain  shellfish,  such 
as  the  pearl-oyster.  These  mollusca  are  subject  to  a  kind  of  disease  caused  by  the  in- 
troduction of  foreign  bodies  within  their  shells.  In  this  case  their  pearly  secretion, 
instead  of  being  spread  in  lasers  upon  the  inside  of  their  habitation,  is  accumulated 
round  these  panicles' in  concentric  layers.  Pearl  consists  of  carbonate  of  lime,  inter- 
stratified  witb  animal  membrane. 

The  oysters  whose  shells  are  richest  in  mother-of-pearl  are  moet  productive  of 
these  highly-prized  spherical  concretions.  The  most  valuable  pearl-fisheries  are  on 
the  coast  of  Ceylon,  and  at  Olmutz  in  the  Persian  Onlf ;  and  ueir  finest  specimens 
are  more  highly  prized  in  the  East  than  diamonds,  but  in  Europe  they  are  liable  to 
be  rated  very  differently,  according  to  the  caprice  of  fashion.  When  the  pearls  are 
large,  truly  spherical,  reflecting  and  decomposing  the  light  with  vivacity,  they  are 
much  admired.  But  one  of  the  causes  which  renders  their  value  fluctuating,  is  the 
occasional  loss  of  their  peculiar  lustre,  without  onr  being  able  to  assign  a  satisfactory 
reason  for  it. 

The  following  letter  on  the  Ceylon  pearl-fishery,  recently  written  by  E.  W.  H. 
Holdsworth,  is  of  interest : — 

'  '  Skates  are  no  new  enemy  to  the  pearl-oyster.  It  is  an  old  idea  among  the  divers 
that  the  several  failures  of  the  fishery  have  been  due  to  the  depredations  of  these 
fishes,  and  the  subject  was  one  of  those  to  which  my  attention  was  specially  directed 
when  I  was  sent  out  by  the  Government  in  1865  to  enquire  into  the  causes  of  the 
failure  in  the  previous  year.  Skates  naturally  feed  on  shell-fish,  and  they  are  pro- 
vided with  teeth  which  enable  them  easily  to  crush  the  pearl-oyster,  many  of  the 
broken  pieces  of  shell  being  rejected,  while  other  parts  are  swallowed  with  the  oyster 
itself.  But  skates  have  no  means  of  extracting  the  fish  and  leaving  the  shells  unin- 
jured. In  1864,  when  the  Ceylon  Government  expected  to  obtain  from  the  pearl- 
ranks  a  revenue  of  60,000/.,  the  principal  bed  was  found  covered  with  empty  shells,  a 
large  portion  of  them  with  the  valves  united  at  the  hinge,  and  otherwise  uninjured. 
This  was  precisely  the  appearance  which  the  oysters  would  have  presented  had  they 
died  a  natural  death,  as  I  pointed  out  in  my  official  reports.  There  were  a  few  living 
.  oysters,  and,  in  addition,  a  considerable  number  of  broken  shells.  These  last  were 
,  diodbtless  the  work  of  the  8kat,e8. 

Pearl-oysters  attain  their  full  superficial  growth  in  about  fonr  yeais,  but  the  shell 
thickens  for  two  years  more,  and  it  is  during  this  period  the  pearls  rapidly  increase 
in  sice.  Atler  about  six  years,  the  animal  dies,  the  shell  opens,  and  the  contents 
disappear.    It  is,  of  course,  desirable  to  leave  the  oysters  on  the  banks  as  long  as 

Cble  in  order  to  obtain  large  pearls,  but  there  is  the  danger  of  leaving  them  too 
^  and  losing  them  altogether.  That  is  what  occurred  in  1864.  I  obtained  ample 
evidence  to  satisfy  me  that  the  oysters  should  have  been  fished  in  1863,  for,  according 
to  official  reports,  they  were  beginning  to  die  off  in  February  of  that  year,  and  then 
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there  was  do  especial  fear  of  skates.  These  fishes,  howeyer,  were  abundant  in  the 
following  year;  but,  as  I  have  said,  there  was  the  strongest  evidence  in  the  anbtoken 
shells  that  most  of  the  oysters  had  died  a  natural  death. 

*  The  banks,  or  beds,  as  they  might  more  properiy  be  called,  are  in  from  7  to  9 
fathoms  water,  and  almost  out  of  sight  of  land.  They  are  exposed  during  great  part 
of  the  year  to  strong  and  often  irregular  currents,  which  sweep  the  bottom,  and  &om 
which  no  protection  can  be  giren ;  and  the  weather  is  generally  so  bad  that  a  regular 
inspection  of  the  banks  of  a  fishery  can  only  be  carried  on  during  the  month  of  March. 
Skates  are  indigenous  to  the  Ceylon  seas,  and  they  obviously  cannot  be  kept  away 
ftom  the  banks  if  they  choose  to  go  there ;  but  I  heard  nothing  after  the  inspection  in 
March  last  of  the  army  of  monsters  your  correspondent  speaks  of:  and  I  can  only 
conclude  that  a  short  examination  was  made  at  the  end  at  October,  of  which  I  have 
yet  had  no  account  I  hope,  for  the  sake  of  the  colony,  that  matters  are  not  so  bad 
as  stated,  for  skates  are  undoubtedly  capable  of  doing  a  vast  deal  of  mischief^  even  if 
they  do  not  devour  all  the  oysters.' 

Pearls  of  conaderable  beauty  are  found  in  Scotland.  Mr.  Alexander  H.  Cockbnm 
thus  describes  them : — 

'  The  beauty  of  lustre  and  form,  and  the  fine  opaque  colour  of  the  Scottish  peazi, 
attract  more  attention  now  than  formerly.  The  late  Prince  Consort  ordered  a  neck- 
lace to  be  made  of  pearls  of  a  certain  sise,  which  took  mote  than  twenty  yean  to 
complete. 

'  The  fishing  for  these  pearls  is  now  a  regular  trade.  Pine  and  large  specimens 
of  pearls  are  found  in  the  rivers  Teith,  Fami,  Bee,  Don,  Barn,  Tay,  Tweed,  and  the 
livers  of  Boss  and  Sutherlandshires.  Country  people  often  bring  these  treasures  to 
town,  and  sell  them  for  prices  vailing  &om  a  few  shillings  up  to  261.  Scottish  pearls 
are  easily  known  from  the  fine  Oriental  pearls :  they  are  of  a  different  shade  of  colour. 
Pearls  about  the  size  of  a  pea  bring  as  much  as  161.  to  261. ;  very  large  and  fine  ones 
from  SOL  to  90/.  The  trade  in  these  has  increased  very  much  within  the  last  few  years. 
A  very  fine  specimen  of  Scottish  pearl,  mounted  in  gold,  was  sent  from  Edinburgh  to 
the  late  DubUn  Exhibition,  the  value  of  which  ma  6001. ;  it  was  set  in  enamel  and 
gold  as  a  tiara  for  a  lady's  head-dress.' 

PmaJUA,  AXTZVZCXAX.  These  are  small  globules,  or  pear-shaped  spheroids 
of  thin  glass,  perforated  with  two  opposite  holes,  through  which  they  are  strung,  and 
mounted  into  necklaces,  &c.,  like  real  pearl  ornaments.  They  must  not  only  be 
white  and  brilliant,  but  exhibit  the  iridescent  refiections  of  mother-of-pearl.  The 
liquor  employed  to  imitate  the  pearly  lustre  is  called  the  essenee  of  the  Eatt  {utenct 
d^orimt),  which  is  prepared  by  throwing  into  water  of  ammonia  the  brilliant  scales, 
or  rather  the  lamella,  separated  by  washing  and  friction,  of  the  scales  of  a  small 
river-fish,  the  bleak,  called  in  French  aiUUt.  These  scales,  digested  in  ammonia, 
having  acquired  a  degree  of  softness  and  fiezibili^  which  allow  of  their  application  to 
the  inner  surface  of  the  glass  globules,  they  are  introduced  by  suction  of  the  liqnor 
containing  them  in  suspension.  The  ammonia  is  volatilised  in  the  act  of  drying  the 
globules.  See  Beckmann's  '  History  of  Inventions'  for  an  interesting  account  of  this 
manufacture. 

It  is  said  that  some  manufacturers  employ  ammonia  merely  to  prevent  the  altera- 
tion of  the  scales  ;  that  when  they  wish  to  make  use  of  them,  they  suspend  them  in  a 
well-clarified  solution  of  isinglass,  then  pour  a  drop  of  the  mixture  into  each  bead, 
and  spread  it  round  the  inner  surfaoe.  It  is  doubtfdl  whether  by  this  method  the 
same  Instre  and  play  of  colours  can  be  obtained  as  b^  the  former.  It  seems,  more- 
over, to  be  of  importance  for  the  success  of  the  imitation  that  the  globules  be  formed 
of  a  bluish,  opalescent,  very  thin  glass,  containing  but  little  potash  and  oxide  of  lead. 
In  every  manufactory  of  artifidalpearls  there  mnst  be  some  woAmen  possessed  of 
^reat  experience  and  dexterity.  The  French  greatly  excel  in  this  ingenious  branch  of 
industry. 

These  false  pearls  were  invented,  in  the  time  of  Catherine  de  Medicis,  by  a  person 
of  the  name  of  Jacquin.  The  manofisctare  of  pearls  is  principally  carried  on  in  the 
department  of  the  Seine  in  Fiance.  There  are  also  manufactories  in  Ctermany  and 
Italy,  but  to  a  small  extent.  In  Germany,  or  rather  Saxony,  a  cheap  bnt  infisrior 
quality  is  manufactured.  The  globe  of  gloss  forming  the  pearl  in  inferior  ones,  being 
very  thin,  and  coated  with  wax,  they  break  on  the  slightest  pressure.  They  are 
known  by  the  name  of  Oerman  fish-pearls.  Italy  also  manufactures  pearls  by  a 
method  borrowed  from  the  Chinese :  they  aro  known  under  the  name  of  Roman  pearls, 
and  are  a  very  good  imitation  of  natural  ones ;  they  have  on  their  outside  a  coating  of 
the  nacreous  liquid.  The  Chinese  pearls  aie  made  of  a  kind  of  gam,  and  are  covered 
likewise  with  the  same  liquid. 

In  the  year  1834  a  French  artisan  discovered  an  opaline  glass  of  a  nacreous  or 
pearly  colour,  very  heavy  and  fusible,  which  gave  to  the  beads  the  difibrent  weights 
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and  varied  forms  found  amongst  real  pearls.  Qom,  instead  of  wax,  is  now  used 
to  fill  them,  by  vhich  they  attain  a  high  degree  of  transparency,  and  the  glassT 
appearance  has  been  lately  obviated  by  the  nse  of  the  yaponr  of  hydrofluoric  add. 
This  acts  in  snch  a  manner  as  to  deaden  the  surface,  and  remove  its  otherwise  glaring 
look. 

The  material  out  of  which  these  beads  are  formed  is  small  glass  tubing,  like  that 
with  which  thermometers  are  made.  The  tubes  for  the  bright-red  pearls  consist  of 
two  layers  of  glass,  a  white  opaque  one  internally,  and  a  red  one  externally ;  drawn 
from  a  ball  of  white  enamel,  coated  in  the  Bohemian  method  with  ruby-coloured  glass, 
either  by  dipping  the  white  ball  into  a  pot  of  red  glass,  and  thus  coating  it,  or  by  in- 
troducing the  bail  of  the  former  into  a  cylinder  of  me  latter  glass,  and  then  cementing 
them  so  soundly  together  as  to  prevent  their  separation  in  the  subsequent  pearl  pro- 
cesses. These  tubes  are  drawn,  in  a  gallery  of  the  glasshouse,  to  100  paces  in 
length,  and  cut  into  pieces  about  a  foot  long.  These  are  afterwards  subdivided  into 
cylindric  portions,  of  equal  length  and  diameter,  preparatory  to  giving  them  the 
spheroidal  form.  From  60  to  80  together  are  laid  horizontally  in  a  row  upon  a 
sharp  edge,  and  then  cut  quickly  and  dexterously  at  once  by  drawing  a  knife  over 
tfaem.  The  brdcen  fragments  are  separated  from  the  regiilar  pieces  by  a  sieve. 
These  cylinder  portions  are  rounded  into  the  pearl  shape  by  softening  them  by  a  suit- 
able heat,  and  stirring  them  all  the  time.  To  prevent  them  from  sticking  together, 
a  mixture  of  gypsum  and  plumbago,  or  of  ground  clay  and  charcoal,  is  thrown  in 
among  them. 

Figi.  1611  and  1612  represent  an  apparatus  for  rounding  the  beads :  fig.  1611  is 
a  front  view  of  the  whole;  fig.  1612  is  a  section  through  the  middle  of  the  former 
fignre,  in  the  coarse  of  its  operation.  The  brick  furnace,  strengthened  with  iron  bands, 
2,  3,  6,  7,  8,  has  in  its  intenor  (see  Jk.  1612)  a  nearly  egg-shaped  space,  b,  provided 
with  the  following  openings :  bieneath  is  the  fire-heuth,  c,  with  a  round  mouth,  and 


opposite  are  the  smoke  fine  and  chimney,  D ;  in  the  slanting  front  of  the  furnace  is 
a  large  opening,  B,  fig.  1611.  Beneath  are  two  smaller  oblong  rectangular  orifices, 
F,  a,  which  extend  somewhat  obliquely  into  the  laboratory,  B.  h  serves  for  introducing 
the  wood  into  the  fireplace.  All  these  four  openings  are,  as  shown  in^.  1612, 
secured  from  injury  by  Iron  mouth-pieces.  The  wood  is  burned  upon  an  iron  or 
clay  bottom  piece,  r.  A  semi-circular  cover,  if,  closes  during  the  operation,  the 
large  opening  e,  which  at  other  times  remains  open.  B^  means  of  a  hook,  m,  and  a 
chain,  which  rests  upon  a  hollow  arch,  h,  the  cover  ir  is  connected  with  the  front 
end  of  the  long  iron  lever  b,  b'.  A  prop  supports  at  once  the  turning  axis  of  this 
lever  and  the  catch  b,  c ;  the  weight  q  draws  the  arm  b  down,  and  thereby  holds 
up  K :  a  therefore  remains  open.    By  rods  on  the  back  wall,  t  t,  the  hook  i,  in 
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which  b'  rests,  proceeds  &om  /.  When  b'  is  taiaei,  b  sinks.  The  catch,  e  (,  antar* 
with  its  front  tooth  into  a  slanting  notch  upon  the  upper  edge  of  b,  spontaneously 
by  the  action  of  the  spring  e,  whereby  the  opening,  s,  is  shut 

The  small  door,  n,  rises  again  with  the  front  arm  of  the  lever  by  the  operation  of 
the  weight  Q,  of  itself,  as  soon  as  the  catch  is  released  by  pressure  upon  e. 

The  most  important  part  of  the  whole  apparatus  is  the  drum,  x,  for  the  reception 
and  rounding  of  the  bits  of  glass.    It  may  be  made  of  strong  copper,  or  of  hammered 

or  cast  iron,  quite  open  above,  and 
"^^     ■        -        -     - 


pierced  at  the  bottom  with  a  square 
hole,  into  which  the  lower  end  of 
the  long  rod,  t,  is  exactly  fitted,  and 
secured  in  its  place  by  a  screwed 
collector  nut.  The  blunt  point  x 
^Jig.  1611)  rests  during  the  woric- 
ing  in  a  conical  iron  step  of  the 
laboratory,  >^.  1612.  On  the  mouth 
of  the  drum,  k,  a  strong  iron  ring 
is  fixed,  having  a  bar  across  its 
diameter,  with  a  square  hole  in  its 
middle  point,  fitted  and  secured  by 
a  pin  to  the  rod  t,  and  turned  by  its 
rotation.  The  vessel  K,  and  its  axle 
i,  are  laid  in  a  slanting  direction ; 
the  axle  rests  in  the  upper  ring  r,  at 
the  lower  end  of  the  rod  I,  of  which 
the  other  end  is  hung  to  the  hook 
n,  upon  the  mantel-beam,  n.  On 
the  upper  end  of  i,  the  handle,  s,  is 
fixed  for  turning  round  continuously 
the  vessel  K  while  the  fire  is  burn- 
ing in  the  furnace,  the  fnet  being 
put  not  only  in  its  bottom  chamber, 
but  also  into  the  holes  f,  a  (Jig. 
1611).  The  firewood  is  made  veij 
dry  before  being  used,  by  piling  it 
in  logs  upon  the  iron  bars  9,  10,  11,  under  the  mantel-piece,  as  shown  in  figi. 
1611,  1612. 

A^er  the  operation  is  finished,  and  the  cover  n  is  removed,  the  drum  is  emptied 
of  its  contents,  as  follows : — Upon  the  axle  t,  there  is,  towards  x,  a  projection  at  u. 
Alongside  the  furnace  (Jig.  1611)  there  is  a  crane,  w,  that  turns  upon  the  step, », 
on  the  ground.  The  upper  pivot  turns  in  a  hole  of  the  mantel-beam,  h.  Upon  the 
horizontal  arm,  w,  of  the  crane  there  is  a  hook,  y,  and  a  ring,  q,  in  which  the  iron 
rod  p  is  moveable  in  all  directions.  When  the  drum  is  to  be  removed  from  the 
fbrnace,  the  crane,  with  its  arm  w,  mnst  be  turned  inwards ;  the  under  hook  of  the 
rod  j;  is  to  be  hung  in  the  projecting  piece  «,  and  the  rod  I  is  liftsd  entirely  out. 
After  this,  by  means  of  the  crane,  the  drum  can  be  drawn,  with  its  rod  t,  out  of  the 
furnace ;  and,  through  the  mobility  of  the  crane  and  its  parts  p,  g,  any  desired  position 
can  be  g^ven  to  the  drum.  Fig.  1611  shows  how  the  worlunan  can  with  his  iiand 
applied  to  s"  depress  the  axle  t,  and  thereby  raise  the  drum,  K,  so  high  that  it  will 
empty  itself  into  the  pot  l,  placed  beneath.  When  left  to  itself,  the  drum  on  the 
contrary  hangs  nearly  upright  upon  the  crane  by  means  of  the  rod  p,  and  may 
therefore  be  easily  filled^  again  in  this  position.  The  manner  of  bringing  it  into 
the  proper  position  in  the  furnace,  by  means  of  the  ciane  and  the  rod  I,  is  obvious 
from^.  1612. 

The  now  well-rounded  beads  are  separated  from  the  pnlvemlent  substance  with 
which  they  were  mixed  by  careful  agitation  in  sieves;  and  they  are  polished  and 
finally  cleaned  by  agitation  in  canvas  bags.    See  Ablxtte. 

VHASlj  MDTTOV8.  Feorl-button  making  is  thus  practised :  the  blanks  are  cut 
out  of  the  shell  by  means  of  a  small  revolving  steel  tube,  the  edge  of  which  is  toothed 
as  a  saw,  after  which  they  are  flattened  or  reduced  in  tliickness  by  splitting,  which 
is  aided  by  the  laminar  structure  of  the  shell.  At  this  stage,  being  held  in  a  spring 
chuck,  they  are  finished  on  both  sides  by  means'  of  a  small  tool :  the  drilling  is 
e6^ted  by  the  revolution  of  a  sharp  steel  instrument,  which  acts  with  great  rapidity. 
Ornamental  cuttings  are  produced  by  means  of  small  revolving  cutters,  and  the  final 
brilliant  polish  is  given  by  the  friction  of  rotten-stono  and  soft  soap  upon  a  revolving 
bench. 

9MAMJi  SVAB*  A  same  commonly  applied  to  crystallised  dolomite  ezbibitiug 
curved  &ces. 
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WMJLKMk  'WBZra  or  VBASXi  VOW9BX  is  a  sub-nitiata  of  tnsmnth.    See 

BtSUUTH. 

VBAT  Aim  TinUF.  Accumulations  of  TegetaUe  matter  may  be  chiefly  com- 
posed either  of  succulent  vegetation,  grasses,  or  marsh  plants,  or  of  trees ;  and  ttie 
structore  and  condition  of  woody  fibre  is  well  known  to  be  very  dilforent  from  that  of 
grasses  and  succulent  plants.  There  are  thus  two  very  distinct  kinds  of  material 
preserved,  the  one  undergoing  change  much  less  rapidly  than  the  other,  and  perhaps 
much  less  completely.  It  is  easily  proved  that  from  the  accumulation  of  forest  trees 
has  been  obtained  the  imperfect  coal  called  lignite,  while  from  marsh  plants  and 
grosses,  mixed  occasionally  with  wood,  we  obtain  peat,  turf,  and  bog.  All  these  sub- 
stances consist  to  a  great  extent  of  carbon,  the  proportions  amounting  to  from  50  to 
60  per  cent.,  and  being  generally  greater  in  lignite  than  in  turf.  On  the  other  hand, 
the  proportion  of  oxygen  gas  is  giuierally  very  much  ^preater  in  turf  than  in  lignite. 
The  proportion  of  ash  is  too  variable  to  be  worth  recording,  but  is  generally  sufSciently 
large  to  ii^iure  the  quality  of  the  fuel. 

As  a  very  large  quantity  of  turf  exists  in  Ireland,  covering,  indeed,  as  much  as  one 
seventh  part  of  the  island,  the  usual  and  important  practical  condition  of  this  substance 
can  be  best  illustrated  by  a  reference  to  that  country.  This  will  be  understood  by 
die  following  account  of  its  origin,  abstracted  from  the  'Bog  Beport'  of  Mr.  Nimmo. 
He  says,  referring  to  cases  where  clay  spread  over  gravel  has  produced  a  kind  of 
pudiUe  preventing  the  escape  of  waters  of  floods  or  springs,  and  -^hen  muddy  pools 
have  thus  been  formed,  that  aquatic  plants  have  gradually  crept  in  fi«m  the  borders 
of  the  pool  towards  their  deep  centre.  Mud  accumulated  round  their  roots  and  stalks, 
and  a  spongy  semi-floid  was  thus  formed,  well  fitted  for  the  growth  of  moss,  which 
now  especialljrappeared ;  Sphoffniim  began  to  luxuriate ;  this  absorbing  a  large  quantity 
of  water,  and  continuing  to  shoot  out  new  plants  above,  while  the  old  were  decaying, 
rotting  and  compressing  into  a  solid  substance  below,  gradually  replaced  the  water  by 
a  mass  of  vegetable  matter.  In  this  manner  the  marsh  might  be  filled  up  while  the 
central  or  moister  portion,  continuing  to  excite  a  more  rapid  growth  of  tlie  moss,  it 
would  be  gradually  raised  above  the  edges,  until  the  whole  surface  bad  attained  an 
elevation  sufficient  to  discharge  the  surface-water  by  existing  channels  of  drainage, 
and  calculated  by  its  slope  to  facilitate  their  passage,  when  a  limit  would  be,  in  some 
degree,  set  to  its  further  increase.  Springs  existing  under  the  bog,  or  in  its  imme- 
diate vicinity,  might  indeed  still  favour  its  growth,  though  in  a  decreasing  ratio :  and 
here,  if  the  water  proceeding  iirom  them  were  so  obstructed  as  to  accumulate  at  its 
base,  and  to  keep  it  in  a  rotten  finid  state,  the  surface  of  the  bog  might  be  ultimately 
so  raised,  and  its  continuity  below  so  totally  destroyed,  as  to  cause  it  to  flow  over  the 
retaining  obstacle  and  flood  the  adjacent  country.  In  mountain  districti)  the  progress 
of  the  phenomenon  is  similar.  Fools,  indeed,  cannot  in  so  many  instances  be  formed, 
the  steep  slopes  facilitating  drainage,  but  the  clouds  and  mists  resting  on  the  summita 
and  sides  of  mountains,  amply  supply  their  surface  with  moisture,  which  comes,  too, 
in  the  most  favonrable  form  for  vegetation,  not  in  a  sudden  torrent,  but  unceasingly 
and  gently,  drop  by  drop.  The  extent  of  such  bogs  is  also  affected  by  the  nature  of 
the  rocks  below  them.  On  quartz  titij  are  shallow  and  small ;  on  any  rock  yielding 
by  its  decomposition  a  clayey  coating  uiey  are  considerable ;  the  thickness  of  the  bog, 
for  example,  in  Knocklaid  in  the  county  of  Antrim  (which  is  168  feet  high),  being 
nearly  12  feet.  The  summit-bogs  of  high  mountains  are  distinguishable  from  those 
of  lower  levels  by  the  total  absence  of  large  trees. 

As  turf  includes  a  mass  of  plants  in  different  stages  of  decomposition,  its  aspect  and 
oonstitution  vary  very  much.  Near  the  surface  it  is  light  coloured,  spongy,  and 
contains  the  regetable-maUver  but  little  altered ;  deeper,  it  is  brown,  denser,  and  more 
decomposed ;  and,  finally,  at  the  base  of  the  greater  bogs,  some  of  which  present  a 
depth  of  40  feet,  the  mass  of  turf  assumes  the  black  colour,  and  nearly  the  density,  of 
coal,  to  which  also  it  approximates  very  much  in  chemical  composition.  The  amount 
of  ash  contained  in  turf  is  also  variable,  and  appean  to  increase  in  proportion  as  we 
descend.  Thns,  in  the  section  of  a  bog,  40  feet  deep,  at  Tunahoe,  those  portions  near 
the  surface  contained  1^  per  cent,  of  ashes,  the  centre  portions  3\  per  cent,  whilst 
the  lowest  four  feet  of  turf  contained  19  per  cent,  of  ashes.  In  the  superficial  layers 
it  may  also  be  remarked,  that  the  composition  is  nearly  the  same  ai  that  of  wood, 
the  succulent  material  being  lost ;  and  in  the  lower  we  find  the  change  still  more 
complete.  Notwithstanding  these  extreme  variation!!,  we  may  yet  establish  the  ordi- 
nary constitution  of  turf,  and  with  certain^  enough  for  practical  use ;  and,  on  the 
average  specimens  of  turf  selected  fh>m  vsnous  loralides,  the  following  results  have 
been  obtained : — 

The  calorific  power  of  dry  turf  is  abont  half  that  of  coal ;  it  yields,  when  ignited 
with  oxide  of  Irad,  about  14  times  its  weight  of  lead.  This  power  is,  however,  im- 
mensely diminished  in  ordinary  use  by  the  water  which  is  allowed  to  remain  in  its  teiduzc, 
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and  which  the  spongy  characteT  of  its  mass  renders  it  very  difficult  to  got  rid  of. 
There  is  nothing  which  requires  more  attention  than  the  collection  and  preparation 
of  turf;  indeed,  for  practical  purposes,  this  valuable  fuel  is  absolutely  spoiled  as  it  is 
now  prepared  in  Ireland.  It  is  cut  in  a  wet  season  of  the  year ;  whilst  drying,  it  is 
exposed  to  the  weather :  it  hence  in  reality  is  not  dried  at  all.  It  is  very  usual  to 
find  the  turf  of  commerce  containing  one-fourth  of  its  weight  of  water,  although  it 
then  feels  dry  to  the  hand.  But  let  us  examine  what  a&cts  the  oalorific  power. 
1  lb.  of  pure  dry  turf  will  evaponte  6  lbs.  of  water ;  now,  in  1  lb.  of  turf  as  osnally 
found  there  are  }  lb.  of  diy  turf,  and  |  lb.  of  water.  The  }  lb.  can  only  evaporate 
4}  lbs.  of  water ;  but  out  of  this  it  mnst  first  evaporate  the  |  lb.  contained  in  its 
mass,  and  hence  the  water  boiled  away  by  such  turf  is  reduced  to  4^  lbs.  The  loss  is 
here  30  per  cent,  a  proportion  which  makes  all  the  difierence  between  a  good  iaei  and 
one  almost  unfit  for  use.  When  turf  is  dried  in  the  air  under  cover  it  still  retains 
one-tenth  of  its  weight  of  water,  which  reduces  its  calorific  power  1 2  per  cent,  1  lb.  of 
such  turf  evaporating  Sj  lbs.  of  water.  This  effect  is  sufficient,  however,  for  tie  great 
majority  of  objects;  the  fnrther  desiccation  is  too  expensive  and  too  troublesome  to 
be  nsed,  except  in  special  cases. 

The  characteristic  fault  of  turf  as  a  fael  is  its  want  of  density,  which  renders 
it  difficult  to  concentrate,  within  a  limited  space,  the  quantity  of  heat  necessary  for 
many  operations.  The  manner  of  heating  turf  is,  indeed,  just  the  opposite  to  an- 
thracite. The  turf  yields  a  vast  body  of  volatile  infiammable  ingredients,  which 
pass  into  the  flues  and  chimney,  and  thus  distribute  the  heat  of  combustion  over 
a  great  space,  whilst  in  no  one  point  is  the  heat  intense.  Hence,  for  all  flaming 
fires  turf  is  applicable ;  there  is,  nowever,  as  some  experiments  made  on  Dartmoor 
show,  some  liability  to  that  burning  away  of  the  metal  which  ma^  asise  irom  the 
local  intensity  of  coke.  If  it  be  required,  it  is  quite  possible  to  obtain  a  very  intense 
heat  with  turf. 

The  removal  of  the  porosity  and  elasticity  of  turf,  so  thit  it  ma^  assume  the 
solidity  of  coal,  has  been  the  object  of  many  who  have  proposed  mechanical  and  other 
processes  for  the  purpose.  It  has  been  found  that  the  elasticity  of  the  tnrf-flbre  pre- 
sents great  obstacin  to  compression,  and  the  black  turf,  which  is  not  flbrons,  is  of 
itMlf  sufliciently  dense. 

Sot  merely  may  we  ntilise  turf  in  its  natural  condition,  or  oompresMd  ot  impreg- 
naled  with  pitchy  matter,  but  we  may  carbonise  it,  as  we  do  wood,  and  prepare  tun- 
charcoal,  the  properties  of  which  it  is  important  to  establish : — 

By  heating  turt  in  closed  vessels  loss  is  avoided,  but  this  process  is  expensive, 
and  there  is  no  compensation  in  the  distilled  liquors,  which  do  not  contain  acetic 
add  in  any  quantity.  The  tar  is  often  small  in  proportion ;  hence  the  charcoal  is 
the  only  valuable  {noduct  Its  quantity  varies  from  30  to  40  per  cent  of  dry  turf. 
The  products  of  the  distillation  of  1,197  lbs.  of  tnrf  were  found  by  Blavier  to  be 
chanxMil,  474  lbs.,  or  41  per  cent ;  watery  liquid,  226  lbs.,  or  19-3  per  cent ;  gaseous 
matter,  4S0  lbs.,  or  S9  per  cent ;  and  tar,  7  lbs.,  or  6  per  cent ;  but  the  proportion 
of  tar  is  variable,  sometimes  reaching  24-6  per  cent  when  the  turf  is  coked  in  close 
venels. 

The  economical  carbonisation  of  turf  is  best  carried  on  in  heaps,  in  the  same 
manner  as  that  of  wood.  The  sods  must  be  regularly  arranged,  and  laid  as  close 
as  possible;  they  are  the  better  for  being  large,  16  inches  long,  by  6  broad,  and 
6  deep.  The  heaps,  built  hemispherically,  should  be  smaller  in  size  than  the  heaps 
of  wood  usually  are.  In  general,  6,000  or  6,000  large  sods  may  go  to  the  heap, 
which  will  thus  contain  1,600  cubic  feet  The  mass  must  be  allowed  to  heap  more 
than  is  necessary  for  wood ;  and  the  process  requires  to  be  very  carefully  attended 
to,  from  the  extreme  combustibilitjy  of  the  charcoal.  The  quantity  of  charcoal  ob- 
t^ad  in  this  mode  of  carbonisation  is  from  35  to  80  per  cent  of  the  weight  of 
dry  tnrf. 

For  many  indtistrial  uses  the  charcoal  so  prepared  is  too  light,  as,  generally 
speaking,  it  is  only  with  fuel  of  considerable  density  that  the  most  intense  heat 
can  be  produced,  but  by  coking  compressed  turf,  it  has  already  been  shown  that 
the  resulting  charcoal  may  attain  a  density  of  1*040,  which  is  far  superior  to 
wood-charcoal,  and  even  eqiml  to  that  of  the  best  coke  made  from  coal.  As  to 
»loriflc  e£M»,  turf-charcoal  is  about  the  same  as  coal-coke,  and  little  inferior  to 
wood-charcoal. 

It  is  peculiarly  important,  in  the  preparation  of  the  charcoal  from  the  turf,  that  the 
material  should  be  selected  as  free  as  possible  from  earthy  impurities,  for  all  such  are 
concentrated  in  the  coke,  which  may  be  thereto  rendered  of  little  comparative  value. 
Hence,  the  coke  from  surface-turf  contains  less  than  10  per  cent  of  ash,  whilst  that 
dense  turf  of  lower  strata  contains  from  20  to  30  per  cent  This  latter  quantity  might 
altogether  nnfit  it  for  practical  purposes. — Jntttd. 
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Feat  IB  eat  and  prepared  in  a  yerj  simple  manner.  Tbe  snrfaee-mstter  beiag  re- 
taored,  a  peenliar  Und  of  spade,  called  a  siade,  is  employed.  This  is  a  long  spade, 
with  a  portion  of  the  blade  turned  np  at  right  angles  on  one  side.  With  thi<  the  tnrf 
is  cot  oat  in  the  shape  of  thidi  bricks  ;  these  are  piled  loosely  against  each  other  to 
ixy.  The  longer  peat  is  kept,  and  alloired  to  dry,  the  more  important  it  becomes  as  a 
heating  agent. 

On  Dartmoor  the  peat  is  eat  by  the  convicta,  working  in  ^ngs ;  and,  being 
dried,  it  is  carefhlly  stored  in  one  of  the  old  prisons.  From  tUs  peat,  by  a  most 
simple  ^ocess,  gas  is  made,  with  which  the  prisons  at  Prince  Town  are  lighted. 
The  illnminating  power  of  this  gas  is  yery  high.  The  chaicoal  left  after  the 
separation  of  the  gas  is  nsed  in  the  same  establishment  for  fael  and  for  sanitary 
pniposes,  and  the  ashes  STentoally  go  to  improve  the  cultivated  lands  of  that  bleak 
region.  Attempts  were  made  here  many  years  since  to  distil  the  peat  for  naphtha, 
paraffin,  &&,  bat  the  experiments  not  proving  successfal,  the  establishment  was 
abandoned. 

Experiments  of  a  similar  chaiaotar  have  been  made  in  Ireland,  especially  by  a 
company  working  under  the  patents  of  Kr.  Bees  Beece.  A  Oovermnent  Commission 
made  their  Beport  on  these  experiments.  The  whole  matter  was  so  ably  examined  by 
Sir  Bobert  Kane  (Director  of  the  Unseam  of  Irish  Indnsti;),  and  by  his  assistant, 
Dr.  Snlliran,  that  we  quote  somewhat  largely  from  their  Beport. 

The  object  bnng  to  ascertain  the  necessary  ficts  regarding  the  products  of  commer- 
cial value,  the  following  was  the  coarse  pursued  : — 

Specimens  of  torf  representing  the  several  ordinary  varieties  were  separately  experi- 
mented on,  and  the  results  examined. 

The  products  of  the  distillation  were  collected  as — I,  charcoal;  2,  tar;  8,  watery 
liqoida;  4,  gasea. 

The  relatiTa  quantities  produced  by  100  parts  of  peat  were  fband  to  be— 

Average  MaTlmnm  Mlnlmmn 

Charcoal.        .        .        .    29'222 
Tarty  products  .      2787 

Water;  products  .    31-378 

Gases      ....    36-616 

The  peat*  yielding  those  poportions  of  products  had  been  fbond  to  contain,  previous 
to  distillation,  aa  dried  in  the  air,  a  quantity  of  hygromotric  mmsture,  and  to  yield  a 
proportion  of  ashes  in  100  parts,  as  follows : — 

Avemge         Hazlmnm         Jliolmnm 
Moistiire.        .        .        .    19-71  29-66  1639 

Ashes      ....      8-48  7-90  1-99 

The  several  products  of  the  distillation  thus  carried  on  were  next  specially  examined 
for  the  several  materials  of  which  the  quantities  and  commercial  value  had  been  the 
principal  sources  of  the  public  interest  of  this  inquinr. 

The  inquiry  having  reference,  however,  to  the  technical  olgects  of  the  process,  was 
carried  on  by  examining  the  produce  of 

I.  Tar,  for — 1,  volatile  oils ;  2,  fixed  (less  volatile)  mis ;  8,  solid  iiits,  or  paraffin ; 
4,  creosote. 

II.  Watery  liquids,  for — 1,  acetic  acid ;  2,  ammonia ;  3,  pyroxylic  spirit 
m.  Oases  for  illuminating  and  heating  power. 

The  following  numbers  will  indicate  the  results  obtained  in  average.  All  the  details 
of  the  processes  of  separation,  and  the  numbers  of  the  individual  experiments,  were 
given  in  special  reports. 

In  seven  series  of  distillation  in  close  vessels  there  was  obtanned  tnm.  100  parts  of 
peat:- 


39-132 

18-978 

4-417 

1-462 

88127 

21-819 

67-746 

26-018 

Average 

Uoximiun 

Wnlmmn 

AmmonU     , 

.    0-268 

0-404 

0181 

or  08 

Snlphato  of  ammonia 

.     1-037 

1-567 

0-702 

Acetic  acid    . 

.    0-191 

0-286 

0076 

or  as 

Acetate  of  Ume    . 

.    0-280  ■ 

•0-4ltf 

0-111 

Pyroxylic  spirit    . 

.    0146 

0-197 

0-092 

Volatile  oils  . 

.    0-790 

1-262 

0-671 

Fixed  oils     . 

.    0-660 

0-760 

0-266 

Paraffin         .        .        . 

.    0134 

0-196 

0024 

It  is  thus  seen  that  the  proportions  of  those  products  vary  within  wide  limits, 
which  ar^  determined  by  dilbrences  of  quality  of  Uie  turf  or  temperature  in  the  dis- 
tillation. 
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Several  trials  were  made  to  determine  the  amount  of  ereoeote  present  in  the  tar, 
bnt,  although  its  presence  could  be  reoognised,  its  proportion  was  so  minute  as  to 
render  its  quantitative  estimation  impossible,  liiis  circumstance  constitutes  an  essen- 
tial distinction  between  peat-tar  and  wood-tar,  and  indicates  for  the  former  an  inferior 
commercial  value,  as  the  presence  of  creosote,  now  so  extensiTely  employed,  is  an 
element  in  the  estimate  of  the  price  of  tar  obtained  by  distilling  wood. 

'  It  will  be  understood,'  writes  Sir  Bobert  Kane, '  that  the  materials  indicated  in 
the  foregoing  Tftble  by  the  names  "  fixed  and  Tolatile  oils  "  are  in  reality  mixtures 
of  a  variety  at  chemical  substances  of  different  volatilitaes  and  compositions — gene- 
rally carbo-hydrogens — of  which  the  further  separation  would  be  a  labour  of  purely 
scientific  curiosity,  without  having  any  bearing  upon  the  objects  of  the  present  report. 
Although,  therefore,  those  liquids  were  carefully  examined,  and  observations  made 
regarding  their  chemical  history,  I  shall  not  embarrass  the  present  report  by  refer- 
ence to  them  in  any  other  point  of  view  than  as  products  of  destructive  distillation, 
whose  properties,  analogous  to  the  highly  volatile  and  to  the  fixed  oils  repectiyely, 
may  give  them  a  commercial  value  such  as  has  been  represented.  I  may  remark  also, 
that,  as  a  purely  scientific  question,  the  true  nature  of  the  solid  fatty  product  is  of 
mudi  interest.  The  name  parafSn  has  been  given  to  this  body,  but  in  some  of  its 
characters  it  appears  to  deviate  from  those  of  the  true  paraffin,  as  described  by 
Beichenbach  to  be  obtained  from  wood-tar ;  those  difEeiencea,  however,  should  not 
contravene  its  commercial  uses.'    See  Fabaffht. 

*The  inquiry  so  far  carried  on  sufficiently  established  that  the  peat,  by  destructive 
distillation  in  close  vessels,  yielded  the  several  products  that  had  been  described,  and 
were  identical,  or  closely  analogous,  with  those  afforded  in  the  distillation  of  wood  or 
coaL  The  process  in  close  retorts,  however,  being  not  at  all  that  proposed  or  econo- 
mically practicable  for  commercial  purposes,  it  wns  necessary  to  proceed  to  determine 
whether  the  same  varieties  of  peat,  being  distilled  in  a  blaat-ftiniace,  with  a  current 
of  air,  so  that  the  heat  necessaiy  fen:  the  distillation  was  produced  by  the  combustion 
of  the  peat  itself,  would  fumish  the  same  products,  apd  Wiethe;  in  greater  or  in  less 
qudntities  than  in  the  process  in  close  vessels. 

'  For  this  purpose  the  cyhnda,  which  in  the  former  -series  of  experiments  had  been 
set  horizontally  in  the  furnace,  was  placed  surrounded  by  briqkwork  vertically,  its 
mouth  projecting  a  little  at  top,  so  that  the  tube  for  conveying  away  the  products  of 
the  distillation  passed  horizontally  from  the  top  of  the  brickwork  casing  to  the  con- 
densing-apparatus.  Near  the  bottom  of  the  cylinder  the  brickwork  loft  a  space  where 
the  cylinder  was  perforated  by  an  aperture,  1^  inch  diameter,  to  which  the  tube  of  s 
large  forge-bellows  was  adapted.  The  arrangement  thus  represented  nearly  the  con- 
struction of  an  iron  cupola.  The  cylinder  being  chained  .with  peat,  of  which  some 
fragments  wore  first  introduced  lighted,  and  the  blast  being  pot  on,  the  combustion 
spread,  and  the  cover  of  the  cylinder  being  screwed  down,  the  distillation  proceeded, 
the  products  passing  with  the  current  of  air  into  the  series  of  condensing-vessels,  and 
the  gases  and  air  finally  being  conducted  by  a  waste-pipe  to  the  ash-pit  of  a  furnace^ 
where  they  were  allowed  to  escape. 

'  By  this  means  there  was  obtained,  on  a  moderate  scale,  a  satis&ctory  representa- 
tion of  the  condition  of  air-blast  distillation  of  peat  which  has  been  proposed  as  the 
oommerclal  process.  In  so  carrying  it  on,  several  interesting  observations  were  mode 
which  will  require  to  be  noticed  here  in  a  general  point  of  new. 

'  First,  as  to  the  nature  and  quantities  of  the  products.  The  specimens  of  peat 
operated  on  were  selected  as  similar  to  those  employed  in  the  former  series  of  which 
the  results  have  been  quoted ;  and  the  products  similarly  treated  were  found  to  be, 
from  100  parts : — 

Averege         v»ytnnm      utalmnm 
Watery  producU  .        >       .  30-714         81-678  29-818 

Tarry  products      .        .        .    2-892  2-610  2-270 

Oases 82-892  66041         .60-716. 

Ashes 4-197  7-226'  2-498 

'  These  several  products  having  been  further  examined,  as  in  the  former  ease,  gave 
from  100  parts  of  peat;— 

Average  UazSmuiu  Minimum 

Ammonia      ....    0-287           0-344  0-194 

otas 

Sulphate  of  ammoiiia    .        .    1-110            1-830  0'746 

Acetic  acid    ....    0-207           0-268  0174 

oras 

Acetate  of  lime    .        .        .    0-306           0-398  0-266 

Pyroxylic  spirit    .        .        .    0-140            0168  0106 

Volatile  oils  .        .        .        .     1-069            1220  0946 

Paraffin        ....    0-I2S           0-160  0086 
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*  It  is  DOW  important  to  compare  these  average  results  'with  those  of  the  former 
series  obtained  by  distillation  in  close  vessels ;  ve  obtain — 

Arerage  prodnoe  from  Avenge  prodnoe  by 

cIoM  dl^Uatton  air-blHt  dlstUlatloo 

Ammonia 0-268  0'287 

or  as 

Sulphate  of  anunonia    .        .        .    1*037  I'llO 

Acetic  acid   .        .        .        .        .    0191  0-207 

or  as 

Acetate  of  lime    ....    0'280  0-305 

Pyroxylic  spirit    ....    0"146  0-140 

Oils 1-340  1-069 

Paraffin 0134  0125 

Experiments  trere  made,  at  the  reqaest  of  Sir  Robert  Kane,  b^r  Dr.  Hodges,  Pro. 
feasor  of  Agriculture,  to  determine  the  commercial  value  of  the  peat  products. 

The  quantities  and  nature  of  the  products,  as  certified  by  I)r.  Hodges,  in  the  one 
trial  which  he  superintended,  compared  witii  the  Museum  average  results  reduced 
to  the  same  standud  (Dr.  Hodges'  acetic  acid  having  been  25  per  cent,  of  real)  are— 

Frotessor  Hodgok  Huaemn. 

From  100  From  100 

From  B  ton.          part*.  From » ton.  parta. 

Sulphate  of  ammonia        .    22|  lbs.          1000  24A  lbs.  I-IIO 

Acetic  add,  real  bydiated.      7  lbs.         0-328                 4i   lbs.  0-207 

Wood-naphtha.        .        .    8»  os.           0-232  50|   oi.  0140 

Tar 09} lbs.          4-440  fisf   lbs.  2390 

It  hence  is  evident  that  the  quantity  of  ammonia  obtained  at  Newtown  Crommelin 
is  rather  under  that  obtained  at  the  Museum  ;  but  the  produce  of  acetic  acid,  tar,  and 
naphtha,  has  been  found  in  average  decidedly  inferior  to  that  stated,  although  the 
maximum  results  found  in  particular  trials  have  approximated  closely  to  Dr.  Hodges' 
numerical  results.  There  having  been,  however,  apparently  but  a  single  trial  so 
accurately  followed  up  at  Newtown  Crommelin,  it  is  necessary  to  contrast  the  results 
of  the  Museum  experiments  more  specially  with  the  quantitative  produce  expected 
by  Mr.  Heece. 

Mr.  Beece's  statement  of  tlie  produce  from  100  tons  of  peat  distilled  is  compared 
■with  the  average  results  of  the  Museum  trials  in  the  following  table : — 

Statement  In  Average  imilt*  ot 

From                                              Hr.  Beece'a  Maaenm  trials  lij 

100  parts  ot  peat.                                    proapectna.  btaat-prooeas. 

Sulphate  of  ammonia        .        .        .    1-000  1-110 

Acetate  of  lime        ....    0-700  0-305 

Wood-naphtha         ....    0-185  0-140 

Paraffin 0-104  0126 

Fixed  oils 0-714\  ,.„ 

VolatUeoils 0-367/  "" 

At  the  Sews  the  following  manufiietnring  results  were  obtained  in  the  year  1861  2, 
by  Dr.  B,  Paul,  at  Sir  James  Matheson's  works,  firom  100  tons  of  peat: — 

749  gallons  of  oil  with  paraffin,  @  2«.      .       .        .       .        £74  18    0 
From  which  is  to  be  deducted — 

100  tons  of  peat  (^  2s ;eiO    0    0 

Cost  of  manufacture 28  14    6 

■  38  14    6 


Leaving  a  balance  of £36    3 

On  the  oontiaiy,  the  mannfacturing  experience  of  Mr.  Sullivan,  in  Ireland, 

160  gallons  of  oil  @  2«. £15    0  0 

300  lbs.  of  paraffin  @  Is. 15    0  0 

52  gallons  of  wood-naphtha 2  10  0 

3  cwts.  of  sulphate  of  ammonia 1  16  0 

£34    6    0 
From  this  had  to  be  deducted — 

100  tons  of  peat  @  4*.     .....    £20    0    0 

Cost  of  mannfiwtnre 14    8    4 


84    3    4 


Leaving  a  balance  Of 0    2    8 

i 
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In  the  pretent  state  of  the  oiUmann&etare,  1<.  per  gaUon  ironld  have  to  be  dedncted 
from  the  aboTe-estimated  results  for  burning  oil. 

Dr.  Be3molds,  as  the  Chairman  of  a  Committee  of  the  Royal  DubUn  Sodety  on  the 
use  of  peat  by  Siemens'  rrgeneiatiTe  ftimace,  reports  Tery  favooiably  of  its  use  in 
manufactories  requiring  high  heats.  Ordinary  air-dried  peat,  containing  on  an  average 
25  per  cent,  of  water,  when  used  in  this  furnace,  compares  more  favourably  with  coal  than 
in  any  other  known  way.  The  general  heating  power  of  24^  tons  <^  peat  is  about 
equivalent  in  practice  to  that  of  one  ton  of  average  coal ;  but  m  the  Siemens'  furnace 
its  value  appears  equivalent  to  not  less  than  66  per  cent  of  that  of  StafRirdshire  coal.  Hr. 
8iemensalsostatesthatpeatnuzedwith25percenLof  coal-dust  gives  a  richer  gas  than 
peat  alone.  At  Carlstadt,  Munlcfors,  Sweden,  F.  Lundin  has  employed  peat  in  iron- 
smeldng  containing  as  much  as  45  per  cent,  of  water.  The  resulting  gas,  which  contains 
about  38  lbs.  of  water  to  100  lbs.  dry  gas,  is  deprived  of  its  vapour  in  a  condensing 
arrangement  of  iron  tubes,  weighing  3,600  Ibe.,  laid  crosswise,  and  on  which  a  jet  of 
water  plays.  The  heat  of  the  gas  biifore  condensation  always  melts  lead  easily,  and 
sometimes  zinc.  The  results  have  been  so  satisfactory  that  a  national  testimonial  has 
been  presented  to  the  inventor.  This  pest-furnace  is  preferred  to  that  fed  by  diy 
wood,  which  only  produces  in  the  generators  gas  of  a  temperature  of  1394° ;  whereas 
the  gas  &om  the  first  furnace  is  2666° ;  less  water  is  lodged  in  the  condensers  and 
the  repairs  are  less.  It  is  said  one  Lundin  furnace  costs  in  Sweden  about  000/. ;  and 
it  utibses  1,700  tons  of  ore  in  a  year  [vide  Stportt  of  the  Unittd  BtaM  Committionert 
to  the  Paris  Vnivertal  Expoaitio»,  1867]. 

There  exists  already  above  100  patents  for  making  and  converting  raw  peat  into  fuel 
for  steam  and  domestic  purposes.  The  favourite  methods  with  inventors  of  treating 
the  cmde  peat  have  been  compression  by  hydraulic  power,  separation  of  the  vegetable 
fibre  ttom  the  matrix,  maceration,  grinding,  and  rapid  drying  by  heated  air.  These 
modes  of  dealing  with  peat  are  all  liable  to  failure  from  various  causes.  Qenerally  peat 
will  yield  an  average  c^  70  per  cent,  of  water,  and  any  process  that  aims  at  getting 
rid  ct  the  water  in  a  rapid  manner  has  not  been  found  to  answer.  The  application  (J 
a  hig^  degree  of  heat  seems  to  overbake  the  peat  and  rob  it  of  a  large  amount  of  its 
calorifle  value.  The  attempt  to  abstract  the  ligneous  fibre  from  the  humus  of  the 
peat  is  a  costly  experiment,  to  deprive  the  peat  of  its  most  substantial  and  valuable 
material  for  the  purposes  of  fuel. 

The  Clayton  method  is  simply  to  cut  the  peat  into  fragments  in  its  raw  and  moist 
state,  drain  off  as  much  of  the  water  as  will  freely  run  away ;  then  masticate  the  fibres 
and  whole  mass  of  peat  together  in  a  machine  until  it  becomes  difBcult  to  distinguish 
any  ligneous  fibre  distinct  from  the  humus  in  which  it  is  so  entirely  mixed.  The 
peat  when  first  cut  is  put  into  what  they  call  squeezing-tmcks ;  these  trucks  are  per- 
forated in  the  bottom  and  sides,  and  in  Ute  journey  to  Sie  works  a  large  proportion  of 
the  free  water  is  squeezed  out  by  the  action  of  a  screw  or  lever.  The  mastication  or 
trituration  of  the  peat  is  efiected  by  moans  of  a  vertical  shaft  carrying  a  series  of  cut- 
ting-blades set  round  like  a  screw,  and  by  means  of  these  the  peat  is  forced  down  into 
a  long  horizontally-placed  cylinder.  A  revolving  shaft,  on  which  are  a  forcing  screw, 
and  a  set  of  discs  forming  a  dissecting  double  screw,  passes  through  the  centre  of  this 
cylinder,  and  cutting-blades  of  hard  steel  are  fitted  on  the  end  of  the  cylinder  furthest 
from  the  hopper.  <  The  peat,  being  forced  into  the  horizontal  cylinder  by  the  blades 
and  screws,  is  driven  by  every  revolution  of  the  discs  against  the  cutters,  thus  effec- 
tively reducing  the  whole  to  a  pulpy  mass. 

The  pulped  peat  is  then  forced  out  throngh  orifloee  in  the  end  of  the  cylinder  on  to 
rollers  which  cany  it  to  trays,  where  it  is  cut  into  lengths,  and  then  taken  to  drying 
sheds,  where  it  remains  about  three  days ;  it  is  then  dry  enongh  to  be  stacked  in  open 
racks,  where  the  final  drying  is  completed. 

The  most  important  feature  in  this  system  is  the  breaking  up  of  the  cellular  tissnes 
of  the  peat,  and  thus  getting  rid  of  the  fixed  moistnre  :  and  the  remarkable  reduction 
in  the  size  of  the  blodcs  of  peat  during  the  process  of  drying  shows  that  this  is  done 
in  the  most  complete  manner.  The  condensed  peat  becomes  reiy  firm  and  solid,  and 
the  whole  process  does  not  take  more  than  seven  or  eight  days.  Messrs.  Clayton,  Son, 
and  Eowlett  assert  that  this  tael  can  be  produced  at  a  cost  oS  from  five  to  six  shillings 
a  ton. 

Danehelle'e  peat-fnel  and  peat-filters  for  sewage  were  ezhilnted  at  Manchester, 
in  1874.  The  samples  of  manufactured  peat-fuel  made  from  the  light  brown  moss, 
of  Bed  Hoss,  Eorwick,  IJancashire,  di&red  from  other  specimens  of  peat-fbel,  in 
that  the  humus  and  ligneous  fibre  of  the  peat  were  macerated  and  reduced  to  a  state 
of  a  fine  chocolate-paste.  The  machine  nsed  to  effect  this  consists  of  a  long  cylinder, 
in  which  works  a  shaft  armed  with  proper  cutters  and  discs,  by  which  the  crude  peat 
is  soon  reduced  to  the  consistency  of  pasty  pulp,  and  issues  in  a  long  roll  of  any  shape 
or  diameter ;  this  is  cut  into  briquettes  by  a  wired  frame,  and  the  briquettes  are  dried 
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in  the  osoal  way,  tmder  a  coreted  shed ;  in  drying,  they  lose  in  their  bulk,  but  they 
are  in  a  fortnight  oonverted  into  a  good  hard  fine-grained  fuel,  and  when  roasted  -with 
charcoal,  are  aboat  one-third  their  original  size.  The  producers  of  the  Danchelle  peat- 
fuel  also  convert  the  peat  into  Kwage  JUtert  by  incorporatiDg  the  peat  with  a  mixture 
of  clay  and  charring  them.  Experiments  have  been  made,  and  are  continued  ivith 
these  filters,  in  Bradford,  Yorkshire,  and  in  Paris,  and  the  results  are  stated  to  be  Tery 
satisfactory.  Feat-faels  are  prepared  in  Sutherland  by  charring  the  peat,  vhich  has 
been  broken  up  by  a  nuushine,  so  as  to  leave  it  in  a  rough  granular  state,  and  afterwards 
irorked  up  with  mide  shale-tar,  and  pressed  into  briclu  by  a  moulding  machine.  The 
quantity  of  shale-tar  taken  up  by  the  vegetable  peat  is  very  considerable,  and  gives  it 
a  thoroughly  carbonised  appearance.  ' 

The  Feat  Fuel  and  Charoial  Company,  by  similar  manipulation  and  drying,  obtain  a 
remarkable  degree  of  density,  and  produce  samples  which  are  close-grained,  hard,  and 
look  like  mahogany. 

TAx.  Joshua  Eidd  has  succeeded  in  obtaining  an  esoellent  charcoal  from  peat,  which 
answen  admirably  as  a  fuel,  and  as  a  deodoriser.  It  is  also  used  as  a  filtering  me- 
dinm  for  foul  water  and  sewage. 

In  France,  peat-charcoal  under  the  name  of  Chorion  roitx,  is  much  used  for  making 
gunpowder.  The  Duke  of  Sutherland  has  made  extensive  experiments  on  the  prodno- 
□on  of  peat-charcoal.  Thirty  tons  of  this  charcoal  are  produced  weekly  on  the  Duke's 
estates,  costing  11/.  10s.  9d. 

Eichoine's  process  for  condensing  peat,  produces  balls  of  a  hatd,  clean,  and  conve- 
nient size,  burning  with  a  bright  flame,  and  gives  an  excellent  heat.  Their  calorific 
value  is  said  to  be,  when  compared  with  coal,  as  coal,  I'OO,  ball-peat,  1*37. 

Hr,  Bobert  Eorretitchison  breaks  up  his  peat  with  a  machine,  by  means  of  which  it 
parts  with  a  great  deal  of  its  water.  It  is  then  manufactured  in  a  masticator,  and 
finely-broken  asphalt  is  mixed  with  the  mass.  It  is  then  shaped  into  briquettes,  and 
dried  under  sheds.  Its  specific  weight  is  less  than  most  other  peats,  the  addition  of 
es^alt  adds  to  its  cost,  but  gives  it  greater  value  for  furnaces  and  for  raising  steam. 

There  are  several  other  patentees  a(  processes  for  preparing  peat,  which  differ  &om 
those  already  named  only  m  some  minor  details,  the  final  result  being  in  all  of-  them 
nearly  similar. 

Dutch  peat  is  simply  cat  ttom  the  fens  into  bricks  and  dried  in  the  air.  They  sell, 
where  cut,  at  12i.  lOd.  a  ton,  and  in  the  towns  at  18s.  or  19«. 

Korte  turf  ia  obtained  by  dredging  in  low  lying  water-covered  bogs.  It  is  dredged, 
well-trodden,  and  then  cut  into  short  bricks  and  dried.  It  is  sold  largely  to  hotels 
and  the  better  class  houses  in  Holland  ;  at  the  peat  bogs  it  is  Us.  Id.  per  ton,  in  the 
towns,  18«.  lid.  Derril  turfia  found  under  the  sand  driven  on  the  coast  of  Holland ; 
it  is  very  compact,  but  not  much  used. 

Many  of  the  particulars  above  given  are  obtained  from  a  Lecture  on  Peat  given  by 
Hr.  J.  Plant,  on  the  samples  of  that  foel  exhibited  in  the  Peel  Park  Exhibition,  Man- 
chester 1874,  before  the  Hancheeter  Literary  and  Philosophical  Society. 

Mr.  CHara,  in  the  '  Dublin  Quarterly  Journal  of  Science,'  estimates  the  peat  bogs 
of  Ireland  at  1,676,000  acres,  occupying  the  limestone  plains,  and  1,266,000  acres,  on 
the  hills  and  mountains,  making  a  total  of  2,881,000  acres.  Mr.  Plant  estimates  the 
extent  of  peat  in  Great  Britain  at  8,600,000  acres,  therefore  the  total  in  the  British 
Isles  will  be  about  6,000,000  acres ;  consequently,  if  12  feet  is  assumed  as  the  average 
thickness,  each  acre  will  yield  12,000  tons  of  peat,  on  the  whole  at  least  72,000,000,000 
tons  of  valuable  fael. 

The  following  aoconnt  of  the  peat-industiy  in  Germany  is  extracted  trom  the  ■  Allge- 
meine  Deutsche  Folytechnische  Zeitnng,'  which  gives  a  good  account  of  what  is  doing 
in  the  matter  abroad : — 

'Eerr  Busch,  a  landed  proprietor  in  G^roas-Massow,  near  Lauenburg,  appears  to  be 
carrying  on  the  peat-industry  on  his  own  estate,  and  communicates  to  our  contem- 
porary that  he  was  delegated  by  the  "  Lauenburg  Branch"  of  the  "  Pomeranian  Agri- 
cultural Sodety  "  to  examine  anid  report  upon  a  new  peat-press  constructed  by  Stuetzke 
Bros.,  jun.,  Lauenburg,  which  commanded  at  the  time  considerable  attention.  After 
having  seen  the  machine  in  operation,  he  was  so  well  satisfied  with  its  capabilities  that 
he  recommended  to  his  branch  society  the  purchase  of  one.  Ho  reports  the  machine  to 
.be  exceedingly  simple  in  construction,  capable  of  working  up  all  manners  of  peat, 
requiring  little  power  and  almost  juvenile  attendance.  The  price  of  the  same,  although 
not  definitely  mentioned,  seems  to  be  somewhere  between  20/.  and  251.  The  following 
description  is  given  : — 

'The  peat-press  consists  of  a  wooden  tub,  about  6ft.  high,  and  2fit.  wide,  chained 
upon  a  kind  of  sledge.  The  wooden  vessel  contains  an  upright  shaft  which  may  be 
set  in  motion  by  means  of  a  horse-gear.  This  shaft  carries  on  the  bottom  an  iron 
disc,  above  it  two  nrolutions  or  toina  of  screw-blades,  and  above  these  four  similar 
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bladM  «ach  forming  a  quadiant,  and  so  arranged  that  they  form  a  complete  reTolution. 
Knife-like  projections  in  the  wooden  vessel  prevent  the  peat  revolving  with  the  bladea 
and  shaft ;  the  opening  for  the  introduction  of  the  raw  peat  is  at  the  back  on  top ;  in 
front  is  the  iron  delivery,  which  may  be  opened  by  means  of  a  lever,  and  contains  a 
wooden  conical  mould,  throush  which  the  peat  issues  in  four  endless  strings  or  streams 
on  an  inclined  table,  on  wfaioi  it  is  cut  in  pieces  or  blocks  of  convenient  length.  The 
whole  of  the  parts  of  the  machine  are  so  constructed  that  repairs  are  reduced  to  the 
Tery  minimum.  Tha  machine  requires  one  horse,  three  adults,  and  three  or  four  boys 
or  girls,  according  to  the  size  and  distance  <^  the  drying  ground.  If  the  peat  to  be 
worked  lies  entirely  under  water  or  has  otherwise  been  reodered  very  soft  or  wet,  it 
must  be  thrown  up  to  dry  a  little ;  in  the  same  way  it  has  to  be  wetted  if  too  dry. 
As  a  mla,  it  may  he  operated  upon  just  as  dug  from  the  bog  after  removal  of  the  top 
layer,  but  if  the  quality  varies  much  at  different  depths  it  is  desirable  to  mix  the  same 
in  digging  and  tlirowing  out.  Two  men  dig  the  peat  and  cart  it  to  the  machine,  which 
is  placed  as  close  as  possible ;  a  third  feeds  the  machine,  taking  care  to  keep  it  con- 
stantly full,  in  order  to  &cilitate  the  even  discharge  of  the  streams  of  moulded  peat. 
If  the  latter  cannot  be  moved  forward  on  the  wetted  table  without  getting  crushed 
and  squeezed,  than  the  pulp  is  too  wet ;  if  it  crumbles,  it  is  too  dry ;  if  the  stream 
be  uneven  or  incomplete,  the  mould  is  dogged,  and  may  be  opened  at  once  and  the 
obstruction  removed.  Very  little  practice  overcomes  and  entirely  avoids  these  difS- 
culties.  A  girl  or  a  boy  stands  on  the  left-hand  side— from  the  machine — of  the  table, 
and  cuts  from  the  stream  with  a  sort  of  wooden  spade  4  inches  square — while  holding 
the  former  with  the  left  band — a  length  of  10  inches,  and  removes  the  same  to  the  end 
of  the  table,  from  whence  it  is  loadM  on  a  cart  by  one  of  the  remaining  two  or  three 
children,  and  wheeled  to  the  drying  ground.  If  there  is  sufficient  room,  the  pieces  are 
simply  laid  side  by  side  in  a  d^  atmosphere.  Three  days  suffice  to  air-dry  the  same, 
and  in  two  or  three  weeks  they  can  be  stowed  into  large  heaps.  The  writer  here  re- 
peats that  peat  having  gone  through  this  machine  dries  much  more  quickly  and  burns 
with  greater  intensity  of  heat ;  alw)  that  the  lightest  and  poorest  stuff  so  worked  is 
fitted  for  consumption  under  steam-boilers.  One  volume  of  this  pressed  peat  is  equal 
to  about  two  of  Hanover  peat,  or  to  three  of  ordinary  cut  peat,  and  the  intensity  of  heat 
developed  stands  in  the  same  proportion. 

'  One  horse  is  suffioisnt  for  ten  hours'  work  per  day,  the  dynamometer  only  showing 
80  lbs.  to  86  lbs.  on  a  beam  13  feet  6  incheslong,  according  to  the  size  of  the  mould  and 
the  condition  of  the  raw  material,  making  two  rounds  per  minute  at  thirty-seven  paces 
each,  or  a  total  of  seventy-four  paces  per  minute,  the  exertions  of  the  animal  not  lying 
BO  much  in  the  intensity  of  the  pull,  but  in  going  round  in  a  cirde,  and  this  one  can 
do  easier  than  another.  Next  to  the  regular  speed  of  the  horse^  the  production  of  the 
machine  depends  on  the  size  of  the  moulds  used.  No.  1  is  3}  inches  square,  and  pro- 
duces, in  60  minutes — during  which  the  horse  makes  118  zounds  by  exerting  a  puU  of 
80  lbs.  on  the  18  feet  6  inches  beam — 1,000  pieces  of  peat  10  inches  long,  containing 
122,600  cubic  inches  -  70}  cnUc  feet  of  wet  peat  Absolutely  dry,  one  of  these  pieces 
weighs  1  lb.  loth.  =  1  lb.  |  oc  or  rather  more,  in  English.  Na  2  is  3|  inches  square, 
delivering  in  one  hour  and  five  minutes,  and  150  rounds  of  the  horse,  1,000  pieces  of 
peat  10  inches  long,  the  dynamometer  diowing  86  lbs.  to  88  lbs.  on  the  same  length  of 
beam.  The  bulk  at  wet  peat  thus  delivered  is  81}  cubic  feet,  one  piece  weighing  1  lb. 
17  loth — say  1  lb.  8^  oz.,  English,  rather  more — when  absolutely  dry.  Mould  No.  S 
is  4  inches  square,  and  delivers  in  1  hour  16  minutes,  114  rounds  of  the  horse  with  a 
pull  of  92  lbs.  to  95  lbs.,  the  same  number  of  pieces,  viz.,  1,000  also  10  inches  long, 
being  101^  cubic  feet  of  wet  peat,  whidi  weigh  when  quite  dry  2  lbs.  4  oz.  each  piece. 
Some  out  the  peat  only  8  inches  long,  others  12  inches  ;  10  inches  is  the  best  result  of 
a  number  of  trials.  He  uses  form  No.  3.  His  hands  have  to  produce  7,000  pieoes  per 
day,  and  he  jpays  6  sgr.  (7'2<f.)  per  1,000 ;  for  turning  over  or  re-stacking,  &6d.  per 
1,000  each  time.  He  turns  his  peat  over  three  times,  and  pays  Od.  per  1,000  in  the 
stack,  but  this  extra  expenditure  is  more  than  covered  by  the  greater  value  of  the 
product  and  the  saving  al  carriage  by  reason  of  the  reduced  bulk.  Feat  thus  prepared 
from  the  1st  to  the  20th  May  proved  excellent  fuel  in  the  writer's  steam  distillery.' 

VBOTXC  ACZn  {Acid  pectijue,  Fr. ;  Gallertsdure,  Qer.),  so  named  on  account  of 
its  gelatinizing  property,  (from  nrria,  ooagulum),  exists  in  a  vast  number  of  vegetables. 
The  easiest  way  of  prepuing  it,  is  to  ^te  the  roots  of  carrots  into  a  pulp,  to  express 
their  juice,  to  wash  the  mare  with  rain  or  distilled  water,  and  to  squeeze  it  well ;  60 
parts  of  the  marc  are  next  to  be  diffused  through  800  of  rain-water,  adding  by  bIow 
degrees  a  solution  of  one  part  of  pure  potash,  or  two  of  bicarbonate.  This  mixture 
is  to  be  heated,  so  as  to  be  made  to  boil  for  about  a  quarter  of  an  hour,  and  is  then  to 
be  thrown  boiling-hot  upon  a  filter-doth.  It  is  known  to  have  been  well  enough 
boiled  when  a  sample  of  the  filtered  liquor  becomes  gelatinous  by  neutralising  it  with 
«n  add.    This  liquor  oontuns  pectate  of  potash,  in  addition  to  other  matters  extracted 


Digitized  by 


Google 


PENCIL  MANnPACTURB  629 

from  the  root  The  pectate  may  be  decomposed  by  a  stronger  acid,  but  it  is  better  tc 
decoinpose  it  by  munate  of  lime ;  whereby  a  pectata  of  lime,  in  a  gelatinous  form, 
quite  insoluble  in  -water,  is  obtained.  This  having  been  washed  with  cold  watec  upon 
a  cloth,  is  to  be  boiled  in  water  containing  as  muai  muriatic  acid  as  will  satniat*  the 
lime.  The  pectic  add  thus  liberated,  remains  under  the  form  of  a  colonrleaa  jelly,  which 
reddens  litmus-paper,  and  tastes  sour,  even  after  it  is  entirely  depriyed  of  the  muriatio 
add.  Cold  water  dissolves  very  little  of  it ;  it  is  mora  soluble  in  boiling  water.  The 
solution  is  colourless,  does  not  coagulate  on  cooling,  and  hardly  reddens 'litmus-paper; 
but  it  gelatinises  when  alcohol,  acids,  alkalis,  or  salts  are  added  to  it  Even  sugar 
transforms  it,  after  some  time,  into  a  gelatinous  state ;  a  circumstance  which  serves  to 
explain  the  preparation  of  apple,  cherry,  raspberry,  goosebetiy,  and  other  jellies. 

VBOTZir,  or  vegetable  jelly,  is  obtained  by  mixing  alcohol  wiUi  the  juice  of  ripe 
currants,  or  any  similar  fruit  till  a  geI<itinous  predpitate  takes  place  ;  which  is  to  be 
gently  squeezed  in  a  cloth,  washed  with  a  little  weak  alcohol,  and  dried.  Thus  pre- 
pared, pectin  is  insipid,  without  action  upon  litmus ;  in  small  pieces,  semi-transparent, 
and  of  a  membranous  aspect,  like  isinglass.  Its  mucilaginous  solution  in  cold  water 
is  not  tinged  blue-with  iodine. 

Frimy  nas  published  a  very  comprehensive  investigation  on  the  ripening  of  fruit  in 
which  he  shows  that  this  peculiar  body  only  exists' in  fruit  arrived  at  maturity.  Not 
a  trace  of  pectin  can  be  detected  in  the  juice  expressed  from  an  iinripe  apple ;  but  on 
boiling  the  juice  for  some  seconds  with  the  pulp,  pectin  immediately  appears,  and  is 
indicated  by  the  liqufd  becoming  visdd.  Fr^y  considers  the  following  as  the  only 
wi^  to  procure  pure  pectin : — 

From  the  juice  of  ripe  pears,  expressed  in  the  cold,  and  filtered,  the  lima  is  to 
be  separated  by  means  of  oxalic  add,  and  the  albuminous  substance  by  the  aid  of 
tannic  add.  l<rom  this  liquid  pectin  is  now  predpitated  by  means  of  alcohol;  it 
separates  in  long  threads,  which  after  being  washed  with  alcohol  are  to  be  disaolTed 
in  water,  and  again  predpitated  with  alcohol.  This  is  to  be  repeated  three  or  four 
times,  until  the  liquid  is  free  from  sugar  and  oxalic  add ;  hot  water  must  be  aviuded 
in  these  opemtions. 

MUAXXOST  or  SVAXM'.  Pyrtthrum  officinale.  A  native  of  the  East  The 
root  when  chewed  prodocee  a  hot  sensation.    It  is  used  for  toothache. 

VaXVBT.  {Pelleterie,'Ei.;I'elevierk,(iet.)  This  term  comprehends  all  the  skins 
of  the  wild  animals  found  in  high  northern  latitudes,  espedally  on  the  American 
continent  Under  Fub  these  are  described.  It  should  be  understood  that  when  the 
skies  are  received  in  their  unprepared  state  they  are  properly  called  ps&ry  or  peltt ; 
when  tawed  or  tanned  they  become  yi(r«.    See  FcB  Sressinq. 

PMIiT  WOXi>    Wool  plucked  from  the  pelts  or  skins  of  sheep  after  they  are  dead. 

VMKMZOAVa  The  Korth  American  Indians  cut  the  musciuar  portions  of  meat 
into  thin  slices,  having  separated  the  fat,  and  dry  it  in  the  sun.  This  tough  dry  meat 
cannot  undergo  putrefaction  ;  it  is  stamped  closely  together  with  a  portion  of  fat,  and 
preserved  in  bufblo-  and  deer-skins.  This  penunicao  affi>rds  the  largest  amount  of 
nutritive  food  in  the  least  quantity  of  solid  matter. 

PSWATO  OAJtBS  are  small  palms  which  are  brought  from  the  island  of  Fenang. 

9WHOS3L  BXiVa.    See  CALico-PRnmKO. 

WWMCtb  WKJkMVrJkCWMM.  ( Crayontjabrigue  de,  Fr. ;  Bleistift*  Veifertigvnff, 
Ger.)  The  word  '  pencil '  is  used  in  two  senses.  It  signifies  either  a  small  hair-brush 
employed  by  painters  in  oil  and  water-colours,  or  a  slender  cylinder  of  black-lead  or 
plumbago,  either  naked  or  endosed  in  a  wooden  case,  for  drawing  black  lines  upon 
paper.  The  last  sort  which  is  the  one  to  be  considered  here,  corresponds  nearly  to 
the  French  term  crayon,  though  this  includes  also  pencils  made  of  dififarently-coloured 
earthy  compositions.    See  Ciutok  ;  SsAwnia  Cxaxks. 

The  best  black-lead  pendla  of  this  country  are  formed  of  slender  parallelopipeds, 
cut  out  by  a  saw,  from  sound  pieces  of  plumbago,  especially  such  as  have  been  ob- 
tained from  Borrowdale,  in  Onmberland.  (See  Flvhiaoo).  These  parallelopipeds 
are  generally  enclosed  in  cases  made  of  '  cedar  wood,'  though  of  late  years  they  are  also 
used  alone,  imder  the  name  of  ever-pointed  pendls,  in  peculiar  pendl-cases,  provided 
with  an  iron  wire  and  screw,  to  protrude  a  minute  portion  of  the  plumbago  beyond 
the  tubular  metallic  case,  in  proportion  as  it  is  wanted.  The  wood  commonly  used 
for  pendls,  though  called  '  cedar,'  is  really  a  juniper,  being  usually  obtained  from  the 
Junmenu  Virginiana. 

Pieces  of  plumbago  suffidentlj^  large  to  be  'thus  employed  are  very  rare,  and  the 
supply  from  the  Cumberland  mine  can  no  longer  be  relied  on.  The  mine  has  been 
closed  for  many  years.  In  1859  a  comrany  was  formed  for  again  working  it,  but  failed 
to  discover  any  plumbago  of  value.  This  year  (1874)  anouer  attempt  is  bdng  made 
to  develope  the  mine.    Many  efforts  have  been  made  to  utilise  the  smaller  frag- 
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ments  of  plumbago — as  b;  grinding  them,  melting  them  with  sulphur  or  antimony, 
and  the  like  ;  but  few  of  these  hare  been  attended  with  any  success. 

The  late  Hr.  Brockedon  was  long  occupied  in  seeking  for  some  method  which 
might  enable  him  to  employ  the  jrare  powder  of  black-lead  without  cementing  it  by 
any  substance,  whidi  inevitably  injures  the  quality.  He  endeayouied  to  render  the 
powder  coherent  by  submitting  it  to  enormous  preasore ;  but  the  difKsrent  machines 
and  apparatus  he  at  first  made  use  of  for  this  pnrpose,  however  strongly  they  were 
made,  were  broken  under  the  pressure,  and  his  endeavours  were  thus  unsucciessful, 
until  the  happy  idea  suggested  itself  of  operating  in  a  vacuum.  But  it  was  ex- 
tremely difficult,  if  not  impossible,  to  introduce  under  the  receiver  of  an  air-pump  an 
apparatus  for  compressing  the  powder  of  ^aphite.  Mr.  Brockedon  overcame  this 
dvmcnlty  by  an  arrangement  as  simple  as  it  is  easily  executed ;  for,  after  having  com- 
pacted the  powder  by  a  moderate  pressure,  and  thus  reduced  it  to  a  certain  size,  he 
enclosed  it  in  very  thin  paper  glued  over  the  whole  surfiuw.  He  then  pierced  it  in 
one  place  with  a  small  round  hole  permitting  the  escape  of  the  air  from  within,  when 
the  block  thus  prepared  was  placed  under  an  exhausUd  receiver,  and  the  air  having 
been  removed,  the  orifice  was  closed  with  a  little  piece  of  paper  (a  small  adhesive 
wafer  was  usually  employed  for  this  purpose^,  and  in  this  state  it  was  found  that  it 
might  be  left  for  twenty-four  hours  without  injury.  Bdng  submitted  to  a  regulated 
pressure  once  more,  the  diflbrent  particles  became  agglomerated,  and  an  artificial 
block  of  graphite  (see  Gbafhitb)  was  produced  by  simple  pressure,  as  solid  as  the 
specimens  obtained  from  the  mine. 

The  artificial  masses  of  plumbago  thus  obtained  owed  much  of  their  character  to 
the  extreme  fineness  to  which  the  plumbago  was  reduced  by  previous  grinding  under 
rollers.  In  this  manner  a  great  deal  of  useless  plumbago  is  worked  up  into  excel- 
lent black-lead  pencils.  The  di£bient  degrees  of  darkness  in  drawing  pencils  should 
be  secured  by  the  selection  of  specimens  of  plumbago  of  varying  degrees  of  density. 
It  is,  however,  commonly  obtained  by  combining,  with  the  plumbago,  sulphur,  or  snl- 
phuret  of  antimony,  and  by  subjecting  the  plumbago  to  the  action  of  heat^  In  the 
commoner  kinds  of  pencil  a  very  heterogeneous  mixture  is  employed ;  indeed,  many 
pencils  an  little  more  than  black  chalks. 

The  pencil  works  at  Keswick  consist  of  a  house  of  sevetsl  stories,  in  the  lower  of 
which  is  a  huge  water-wheel  turned  by  the  Oreta,  outside  being  the  cedar  wood  ready 
for  use.  The  quantity  of  cedar  consumed  annually  by  the  establishment  is  4,000  cubic 
feet.  These  cedar  logs  are  sawn  into  planks,  and  then  a  drcolar  saw  cuts  the  planks 
into  smaller  pieces,  preparatory  for  the  grooving-engine ;  this  grooving-engine  consists 
of  two  revolving  saws,  going  at  inconceivable  speed ;  one  saw  cutting  the  slips  of  wood 
into  narrow  square  rods,  and  the  other  making  a  groove  along  the  rod  and  cutting  to 
size  at  the  same  time ;  adjoining  the  grooving  apparatus  is  a  circular  saw,  cutting 
slips  of  cedar  as  covers  to  the  grooved  lengths. 

The  plumbago,  if  good,  needs  no  refilling;  it  is  used  precisely  in  the  oosditioo  in 
which  It  leaves  the  mine.  To  ascertain  its  qualities  eacK  piece  is  scraped  with  the 
edge  of  a  knife,  besides  being  otherwise  tested ;  and  in  proportion  as  there  is  no 
gritty  particles  in  it,  bo  is  it  the  more  valuable.  Some  pieces  are  harder,  some  a  little 
darker  in  colour  than  others ;  and  according  to  these  peculiarities,  they  are  employed 
for  pencils  of  various  hardness  and  shades.  The  whole  knack  of  pencil-making  seems 
to  depend  on  the  detection  of  these  niceties  in  the  bits  of  lead,  and  also,  of  course,  in 
their  honest  adaptation  to  the  varieties  which  are  dealt  out  to  the  public  Hnmbago  of 
an  impure  kind  is  pound  to  powder ;  the  grit,  as  far  as  possible,  separated  from  it,  and 
the  cleansed  material,  mingled  with  a  cohesive  liquid,  is  dried  and  pressed  into  hard 
lumps  for  use.  This  process,  however,  is  applied  principally,  if  not  exclusively,  to 
the  plumbago  imported  from  India,  and  only  in  reference  to  pencils  of  the  commonest 
sort.  Pencils  made  with  such  stuff  are  valueless  to  artists ;  for  independently  of  their 
want  of  tone,  they  are  never  altogether  &ee  tiom  grit.  The  best  pencil  is  one 
made  from  genuine  Borrowdale  lead,  pure  from  the  mine,  and  adapted  by  a  skilAil 
manufacturer  to  its  assigned  purpose.  The  mode  of  preparing  the  pieces  of  good 
plumbago  for  the  pencil  is  very  simple.  All  the  bits,  with  ueir  surfiice  merely 
scraped,  are  glued  to  a  board,  in  order  to  fix  them  in  a  position  for  being  sawn. 
When  so  fixed  they  are  brought  under  the  action  of  a  saw,  which  divides  them  into 
thin  slices  or  scantlings.  These  slices  are  now  handed  to  the  fitter.  This  is  an  ope- 
rative who,  with  a  lot  of  grooved  rods  before  him,  sticks  slices  of  the  lead  into  grooves, 
snapping  off  each  slice  level  with  the  surface,  so  as  just  to  leave  the  groove  properly 
filled.  In  the  making  of  a  single  pencil,  perhaps  as  many  as  three  or  four  slice  lengths 
are  required ;  but  however  many,  each  slice  is  fitted  exactly  endlong  with  another,  so 
as  to  leave  no  intervals.  The  rods  being  thus  filled,  are  carried  to  the  fastener-up.  This 
person  glues  the  cedar  covers  or  slips  over  the  filled  rods  ;  and  having  got  a  certain 
number  arranged  alongside  of  each  other,  he  fixes  them  tightly  together,  and  lays 
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them  Siside  to  dry,  When  dried  they  are  ready  for  being  rounded.  The  rounding  is 
done  by  an  apparatus  fixed  to  a  bench,  containing  revolving  planes  or  turning  tools. 
Into  this  en^ne,  rods  are  put  one  after  another,  and  out  they  come  as  &8t  as  th« 
eye  can  foUo7  them,  rounded  to  a  perfect  nicety.  By  this  simple  and  efficient 
machine  a  man  will  round  from  six  hundred  to  eight  hunchred  dozens  of  pencils  in  a 
day.  After  being  rounded  they  get  a  smoothing  with  a  plane,  and  then  they  are 
polished  by  being  rubbed  with  a  peculiar  kind  of  £h-sldn ;  this  latter  operation  being 
performed  by  girls.  Bein^  polished,  the  next  step  is  to  cut  the  rods  into  lengths  with 
a  circular  saw,  after  which  the  lengths  are  respectively  smoothed  at  tixe  ends. 
Nothing  now  remains  but  to  stamp  the  name  of  the  maker,  with  the  letters  significant 
of  their  (quality.  The  stamping-engine  is  as  ingenious  a  piece  of  machinery  as  is  in 
the  establishment.  Fed  into  it,  the  pencils  are  stamped  in  less  than  an  instant  of 
time.  A  girl  will  with  this  apparatus  stomp  two  hundred  pencils  per  minute. 
Gathered  from  a  box  below  into  which  the  pencils  fall,  they  are  carried  away  to  be 
tied  in  bundles. 

In  the  year  1795  H.  Cont^  invented  an  ingenious  process  for  waking  artificial 
black-lead  pencils. 

Pure  clay,  or  clay  containing  the  smallest  proporUon  of  calcareous  or  siliceous 
matter,  is  the  substance  which  he  employed  to  give  aggregation  and  solidity,  not  only 
to  plumbago-dust,  but  to  all  sorts  of  coloured  powders.  That  earth  has  the  property 
of  diminishing  in  bulk  and  increasing  in  hardness,  in  proportion  to  the  degree  of 
heat  it  is  exposed  to,  and  hence  may  be  made  to  give  every  degree  of  solidity  to 
crayons.  The  clay  is  prepared  by  diShsing  it  in  large  tubs  through  clear  river-water, 
and  letting  the  thin  mixture  settle  for  two  minutes.  The  supernatant  milky  liquor  is 
drawn  off  by  a  s^hon  from  near  the  sur&ce,  so  that  only  the  finest  particles  of  day 
are  transferred  into  the  second  tub,  upon  a  lower  level.  The  sediment,  which  falls 
very  slowly  in  this  tub,  is  extremely  soft  and  plastic.  The  clear  water  being  run  cfS, 
the  deposit  is  placed  upon  a  linen  filter,  and  allowed  to  dry.  It  is  now  ready  for 
nss. 

The  plumbago  must  be  reduced  to  a  fine  powder  in  an  iron  mortar,  then  put  into  a 
cmdble,  and  <»ldned  at  a  heat  approaching  to  whiteness.  The  action  of  the  fire 
gives  it  a  brilliancy  and  softness  which  it  would  not  otherwise  possess,  and  jmvents 
it  ftoni  being  a%cted  by  the  clay,  which  it  is  apt  to  be  in  its  natural  state.  The  less 
day  is  mixed  with  the  plumbago,  and  the  less  the  mixture  is  caldned,  the  softer  are 
the  pencils  made  of  it ;  the  more  day  is  used,  the  harder  are  the  pencils.  S<Hne  of 
the  best  pencils  made  by  M.  Conti  were  formed  of  two  parts  of  plumbago  and  three 
parts  of  clay ;  othera  of  equal  parts.  This  composition  admits  of  indefinite  variations, 
both  as  to  the  shade  and  hardness — advantages  not  possessed  by  the  native  mineraL 

The  materials  having  been  carefully  sifted,  a  little  of  the  clay  is  to  bb  mixed  with 
the  plumbago,  and  the  mixture  is  to  be  triturated  with  water  into  a  perfectly  uniform 
paste.  A  portion  of  this  paste  may  be  tested  by  calcination.  If  on  cutting  the  in- 
dorated  mass  partides  of  plumbago  appear,  the  whole  mnst  be  farther  levigated.  The 
remainder  of  the  day  is  now  to  be  introduced,  and  the  paste  is  to  be  ground  with  a 
muller  upon  a  porphyry  slab,  till  it  be  quite  homogeneous,  and  of  the  consistence  of 
thin  dough.  It  is  now  to  be  made  into  a  ball,  put  upon  a  support,  and  placed  under 
a  bdl  glass  inverted  in  a  basin  of  water,  so  as  to  be  exposed  merely  to  the  moist  air. 

Small  grooves  an  to  be  made  in  a  smooth  board,  similar  to  the  pendl  raralldo- 
pipeds,  but  a  little  longer  and  wider,  to  allow  for  the  contraction  of  volume.  The  wood 
must  be  boiled  in  grease,  to  prevent  the  paste  from  sticking  to  it.  The  above- 
described  paste  being  pressed  with  a  spatula  into  these  grooves,  another  board,  also 
boiled  in  grease,  is  to  be  laid  over  them  very  dosely,  and  secured  by  means  of  screw- 
damps.  As  the  atmospheric  air  can  gat  access  onl^  to  the  ends  of  the  grooves,  the 
ends  of  the  pendl-pieces  become  di^  first,  and  by  their  contraction  in  volume  get  loose 
in  the  grooves,  allowing  the  air  to  insinuate  fnither,  and  to  dry  the  remaindmr  of  the 
paste  in  succession.  When  the  whole  piece  is  drieid,  it  becomes  loose,  and  might  be 
turned  out  of  the  grooves.  But  before  this  is  done,  the  monld  must  be  put  into  an 
oven  moderately  heated,  in  order  to  render  the  pendl-pieces  still  drier.  The  monld 
should  now  be  taken  out,  and  emptied  upon  a  table  covered  with  doth.  The  greater 
part  of  the  pieces  will  be  entire,  and  only  a  few  will  have  been  broken  if  the  above 
precautions  have  been  duly  observed,  They  are  all,  however,  perfectly  straigfatk 
which  is  a  matter  of  the  fint  importance. 

In  order  to  give  solidity  to  these  pendls,  they  must  be  set  upright  in  a  crndble  till 
it  is  filled  with  them,  and  then  snnonnded  with  charcoal-powder,  fine  sand,  or  sifted 
wood-ashes.  The  crudble,  after  having  a  luted  cover  applied,  is  to  be  put  into  a  fur- 
nace, and  exposed  to  a  degree  of  heat  regulated  by  the  pyrometer  of  Wedgwood; 
which  degree  is  proportional  to  the  intended  hardness  of  the  pendls.     When  they 
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liave  been  thug  baked,  the  cmcible  is  to  be  lemoTed  from  the  fire,  and  allowed  to  cool 
inth  the  pencils  in  it. 

Should  the  pencils  be  intended  for  drawing  architectural  plans,  or  for  Terr  fine  lines, 
they  must  be  immersed  in  melted  wax  or  suet,  nearly  boiling  hot,  before  they  are  put 
into  the  cedar  cases.  This  immersion  is  best  done  by  heating  the  pencils  first  upon 
a  gridiron,  and  then  plunging  them  into  the  melted  wax  or  tidlow.  They  acquire  by 
this  means  a  certain  degree  of  softness,  are  less  apt  to  be  abraded  by  nae,  and  preserve 
their  points  much  better. 

When  these  pencils  are  intended  to  draw  ornamental  subjects  with  much  shading, 
they  should  not  be  dipped  as  above. 

Second  Proceai  for  maJemg  Artificial  Pencils,  aoTnetohat  differing  from  the  prectdiog. — 
All  the  operations  are  the  same,  except  that  some  lamp-black  is  introduced  along  with 
the  plumbago-powder  and  the  clay.  In  calcining  these  pencils  in  the  crucible,  the 
contact  of  air  must  be  carefully  excluded,  to  prevent  the  lamp-black  firom  being 
burned  away  on  the  sur&ce.  An  indefinite  variety  of  pencils,  of  every  possible  blat^ 
tint,  may  thus  be  produced,  admirably  adapted  to  draw  from  nature. 

Aiuother  ingenious  form  of  mould  is  the  following  : — 

Models  of  the  pencil-pieces  must  be  made  in  iron,  and  stuck  upright  upon  an  iron 
tray,  having  edges  raised  as  high  as  the  intended  length  of  the  pencils.  A  metallic 
alloy  is  made  of  tin,  lead,  bismuth,  and  antimony,  which  melts  at  a  moderate  heat. 
This  is  poured  into  the  sheet-iron  tray,  and,  after  it  is  cooled  and  concreted,  it  is  in- 
verted, and  shaken  off  from  the  model  bar,  so  as  to  form  a  mass  of  metal  perforated 
throughout  with  tubular  cavities,  corresponding  to  tJie  intended  pencil-pieces.  The 
paste  is  introduced  by  pressure  into  these  cavities,  and  set  aside  to  dry  slowly.  When 
nearly  dry,  the  pieces  get  so  much  shrunk  that  they  may  readily  be  turned  out  of  the 
mould  upon  a  doth  table.  They  are  then  to  be  completely  desiccated  in  the  shade, 
afterwards  in  a  stove-room,  next  in  the  oven,  and  lastly  ignited  in  the  crucible,  with 
the  precautions  above  described. 

M.  Oont^  recommended  the  hardest  pencils  of  the  architect  to  be  made  of  lead  melted 
with  some  antimony  and  a  little  quicksilver. 

In  their  farther  researches  upon  this  subject,  M.  CSonti  and  M.  Humblot  found 
that  the  different  degrees  of  hardness  of  crayons  could  not  bo  obtained  in  a  uniform 
manner  by  the  mere  mixture  of  plumbago  and  clay  in  determinate  doses.  But  they 
discovered  a  remedy  for  this  defect  in  the  use  of  saline  solutions,  more  or  less  con- 
centrated into  whidi  they  plunged  the  pencils,  in  order  to  modify  their  hardness  and 
increase  the  uniformity  of  their  texture.  The  non-deliquescent  sulphates  were  pre- 
ferred for  this  purpose ;  such  as  sulphate  of  soda,  &c  Even  syrup  was  found  nsefU 
in  this  way. 

9MHM,  STBAL,  AHD  of  otheb  Ubials.  As  peculiar  elasticity  is  required  in 
these  pens,  now  so  commonly  used,  the  best  metal,  made  from  either  Sannemora-  or 
hoo^iron,  is  selected  and  laminated  into  slips  about  3  feet  long  and  4  inches  broad,  of 
a  tluckness  corresponding  to  the  desired  thickness  and  fiexibility  of  the  pens.  These 
slips  are  subjected  to  the  action  of  a  stamping-press,  somewhat  similar  to  that  for 
m^ing  buttons.  (See  Button  ;  Fuitbd  Wabb.)  The  point  destined  for  the  nib 
is  next  introduced  into  an  appropriate  gauged  hole  of  a  little  machine,  and  pressed 
into  the  semi-cylindrical  shape ;  where  it  is  also  pierced  with  the  middle  slit  and  the 
lateral  ones,  provided  the  latter  are  to  be  given.  The  pens  are  now  cleaned,  by  being 
tossed  about  among  each  other  in  a  tin  cylinder,  about  8  feet  long  and  9  inches  in 
diameter,  which  is  suspended  at  each  end  upon  joints  to  two  cranks,  formed  one  on 
each  of  two  shafts.  The  cylinder,  by  the  rotation  of  a  fly-wheel,  acting  upon  the 
crank-shafts,  is  made  to  describe  such  revolutions  as  agitate  the  pens  in  all  directions, 
and  polish  them  by  mutual  attrition.  In  the  course  of  four  hours  several  thousand 
pens  may  be  finished  upon  this  machine. 

When  steel  pens  have  been  punched  out  of  the  softened  sheet  of  steel  by  the  appro- 
priate tool,  fashioned  into  the  desired  form,  and  haidened  by  ignition  in  an  oven 
and  sudden  quenching  in  cold  water,  they  are  best  tempered  by  being  heated  to  the 
requisite  spring-elasticity  in  an  oil-bath.  The  heat  of  this  bath  is  usually  judged  of 
by  the  appearance  to  the  eye ;  but  this  point  should  be  correctly  determined  by  a 
thermometer,  according  to  the  scale  (see  Steel)  ;  and  then  the  pens  would  acquire 
a  definite  degree  of  fiexibility  or  stiflhess,  adapted  to  the  wants  and  wishes  of  the  con- 
sumers. 

The  following  description  of  the  pens  made  at  the  works  of  the  late  Joseph  Oillott, 
Birmingham,  will  illustrate  the  entire  manufacture : 

The  steel  is  procured  at  Sheffield  ;  it  is  cut  into  strips,  and  the  scales  removed  by 
immersion  in  pickle  composed  of  dilute  sulphuric  acid.  It  is  passed  through  rollers, 
by  which  it  is  reduced  to  the  necessary  thickness ;  it  is  then  in  a  condition  to  be  made 
into  pens,  and  is  foi  this  purpose  passed  into  the  hands  of  a  girl,  who  is  seated  at  a 
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press,  and  who,  by  means  of  a  bed  and  a  pnnch  corresponding,  speedily  cuts  out  the 
blank.  The  next  stage  is,  piercing  the  hole  which  terminates  the  slit,  and  remoring 
any  snperfluoos  steel  likely  to  interfere  with  the  elasticity  of  the  pen ;  at  this  stage 
they  are  annealed  in  quantities  in  a  muffle,  after  which,  by  means  of  a  small  stamp, 
the  maker's  name  is  impiesaed  upon  them.  Up  to  this  stage  the  future  pen  is  a  flat 
piece  of  steel :  it  is  then  transfenred  to  another  class  of  workers,  who,  by  means  of  the 
press,  make  it  conctere,  if  a  nib ;  and  form  the  barrel,  if  a  barrel-pen.  Hardening  is 
the  next  process  :  to  effect  this,  a  number  of  pens  are  placed  in  a  small  iron  box  and 
introduced  into  a  muffle ;  after  they  become  of  a  uniform  deep  red,  they  are  plunged 
into  oil ;  the  oil  adhering  is  removed  by  agitation  in  circular  tin  barrels.  The  process 
of  tempering  succeeds ;  and,  finally,  the  whole  are  placed  in  a  revolving  cylinder  with 
sand,  pounded  crucible,  or  other  cutting  substances,  which  finally  brightens  them  to 
the  natural  colour  of  the  material.  The  nib  is  ground  with  greet  rapidity  by  a  girl, 
who  picks  it  up,  places  it  in  a  pair  of  suitable  plyers,  and  finishes  it  with  a  single 
touch  on  a  small  emeiy-wheeL  The  pen  is  now  in  a  condition  to  receive  the  slit, 
and  this  is  also  done  by  means  of  a  press.  A  chisel  or  wedge  with  a  flat  side  is  fixed 
to  the  bed  of  the  press ;  the  descending  screw  has  a  corresponding  chisel  cutter,  which 
passes  down  with  the  minutest  accuracy;  the  slit  is  made;  and  the  pen  is  com- 
pleted. The  last  stage  is  colouring  brown  or  blue ;  this  is  done  by  introducing  the 
new  pens  into  a  revolving  metal  cylinder,  under  which  is  a  charcoal  stove,  and 
watching  narrowly  when  the  desired  tint  is  arrived  at.  The  brilliancy  is  imparted 
by  means  of  lac  dissolved  in  naphtha ;  the  pens  are  immersed  in  this,  and  dned  by 
heat.  Then  follow  the  counting  and  selecting.  Women  are  mostly  employed  in  the 
manu&ctuie,  with  skilled  workmen  to  repair  and  set  the  tools.  In  this  manufactory 
there  are  employed  more  than  SOO  hands,  of  which  four-fifths  are  women.  The 
manufactory  has  been  established  upwards  of  60  years,  and  has  been  the  means  of 
introducing  many  improvements  in  the  manufacture. 

Since  steel  necessarily  corrodes  by  the  constant  action  of  the  acids  in  the  ink,  it  has 
been  thought  that  they  would  be  protected  by  coating  them  with  gold  or  silver;  and 
this  has  been  effected  by  the  electrotype  process.  In  most  cases,  however,  the  thin 
film  of  gold  is  rapidly  removed,  and  uie  protection  therefore  afforded  is  small.  The 
manipulatory  details  in  the  manufacture  of  gold  and  silver  pens  are  so  nearly  similar 
to  those  above  described,  that  it  is  thought  unnecessary  to  repeat  them,  The  best 
gold  pens  are  tipped  with  a  native  alloy,  which  is  a  compound  of  osmium  and 
iridium.    See  Osxibidiux. 

The  importance  of  this  manufacture  will  be  best  shown  by  Mr.  Samuel  Timmins's 
account  of  it  in  '  The  Resources,  Products,  and  Industrial  History  of  Birmingham ' : — 

'  The  number  of  actual  makers  of  steel  pens  is  12.  The  number  of  men  employed, 
360  ;  the  number  of  women  and  girls,  2,060.  The  amount  of  horse-power  employed 
may  be  estimated  at  830,  including,  say,  60  employed  in  out-work  rolling.  The 
number  of  pens  made  weekly,  98,000  gross.  The  quantity  of  steel  used  weekly,  9^  to 
10  tmis.  The  value  of  pens  per  gross,  Hd.  to  Is. ;  and  of  barrel-pens,  from  7d.  to 
12«.  per  gross ;  some  of  the  larger  pens  being  very  much  higher,  according  to  their 
size  and  finish. 

'The  increase  of  men  and  boys  from  300  to  360,  of  women  and  girls  from  1,660  to 
2,060,  of  horse-power  from  228  to  330,  of  steel  used  &om  6}  to  10  tons,  of  pens  made 
from  66,000  to  98,000  weekly,  will  sufficiently  indicate  the  rapid  development  of  the 
trade  during  the  past  sixteen  years.  These  retnms  of  the  number  of  persons  em- 
ployed, auoiuting  to  2,400  persons,  do  not  include  the  latge  number  employed  in 
making  the  paper  boxes  and  other  accessories  of  the  trade ;  and  doubtless  more  than 
2,000  persons  are  more  or  less  directly  connected  with  the  steel-pen  trade  in  Birming- 
hiun  alone. 

'One  point  relating  to  the  cost  of  pens  is  very  remarkable — the  wonderfully  low 
rate  at  which  they  are  now  produced.  Thirty  years  ago,  pens  were  sold,  wholesale, 
at  6».  a  gross,  and  now  they  are  sold  as  low  as  Hd.  and  l|(2.  per  gross!  When  it  is 
remembered  that  each  gross  requires  144  pieces  of  steel  to  go  through  at  least  twelve 
processes,  the  fact  that  144  pens  can  be  sold  for  l^d.  is  a  singular  example  of  the 
results  atteunable  by  the  division  of  labour  and  mechanical  skill. 

'Although  most  of  the  steel  used  for  pens  is  produced  in  Sheffield,  all  the  subse- 
quent processes  are  carried  on  in  Birmingham,  which  is  now  the  head-quarters  of  the 
steel-pen  trade.  Two  new  factories  had  been  established  in  France  in  1849,  in  conse- 
quence of  the  high  duties  on  English  pens ;  and  these  factories  (now  six  or  seven) 
produce  about  60,000  gross  of  pens  per  week,  against  16,000  or  18,000  gross  made  in 
1849.  In  Germany  there  are  two  factories,  producing,  however,  very  few  pens.  In 
America  the  high  wEir-tariffhas  caused  the  establishment  of  four  &ctories;  and  these, 
aided  by  skilled  workmen  from  England,  are  producing  about  10,000  gross  of  pen* 
per  wedt 
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'Hoet  of  the  processes  of  pen-malung  are  performed  by  haud-piesses,  to  cut  out  the 
blanks,  to  pierce  the  hole,  to  form  the  nib,  to  emboes  the  pattern,  and  to  mark  the 
name ;  self-acting  machinery  being  used  only  for  the  commonest  export  pens.' 

VXPBXZWO.  Volcanic  tufa :  a  light  porous  species  of  volcanic  rock,  so  called  ou 
acooont  of  the  peppercom-Iike  fawnents  of  irhich  it  is  composed. 

nmXB.  (Poivre,  Fr. ;  Pfifer,  Ger.)  The  pepper-tree  (Piper  nigrum)  is  cul- 
tirated  in  many  parts  of  India,  and  to  some  extent  in  the  AVest  Indies.  When 
the  berries  begin  to  change  colour  &om  green  to  red,  they  are  collected,  spread 
out,  and  dried  in  the  sun.  The  stalks  are  separated  by  hand-rubbing,  and  then 
-winnowing.  The  dry  and  shriTelled  berries  constitnte  the  blacl:  pepper ;  the  soundest 
grains  are  selected  for  toAiie  pepper.  These  are  soaked  in  water  until  they  swell 
and  bunt  their  corticle,  which  is  aftwwards  separated  by  hand-robbing  and  win- 
nowing. 

In  McCulloch's  '  Dictionary  of  Commerce'  is  a  paper  on  the  production  of  pepper, 
by  Mr.  Crawford,  in  which  we  find  the  following  distribution : — 

lbs. 

Sumatra  (west  coast) 20,000,000 

Sumatra  (east  coast) 8,000,000 

Islands  in  the  Straits  of  MaUtcca        .        .        .      3,600,000 

Ualay  Peninsula 3,783,333 

Borneo .        .      2,666,667 

Siam 8,000,000 

Halabar .      4,000,000 

Total      ....     S0,000,000 
Pereira  particularises  the  following  kinds  of  pepper : — 

1.  'Malabar  Pepper. — The  most  valuable ;  a  broumish-black. 

2.  Penang  Pepper. — Srovmish-^ack ;  but  dusty.  Sometimes  used  in  England  to 
manu&cture  white  pepper. 

3.  Sumatra  Pepper. — This  is  the  cheapest  sort  It  is  the  black  pepper  of  com- 
merce.   The  heavier  kinds  are  the  most  esteemed,  and  are  known  as  soot  pepper. 

4.  Fulton'a  Decorticated  Pepper. — Black  pepper,  deprived  of  its  husks  by  mechanical 
trituration. 

6.  Bleached  Pepper. — Penang  pepper  bleached  by  chlorine. 

6.  White  Pepper,  described  above. 

7.  TelXichemPeipper. 

8.  Ckmanon  While  Pepper. — Comes  from  Penang  by  Singapore. 

Pepper  is  stated  to  be  adulterated  with  sago.  This  can  always  be  detected  by  the 
microscope,  the  starch  grains  of  sago  being  very  much  larger  than  those  of  pepper. 
Dr.  Hassall  has  stated  in  the  '  Lancet '  that,  although  he  frequently  found  pepper  to 
be  adulterated  with  linseed-meal,  rice,  and  wheat-flour,  yet,  that  out  of  forty-three 
aamples  obtained  from  various  sources,  he  did  not  detect  sago-meal  in  any. 

Four  pounds  of  black  pepper  yield  only  abont  one  ounce  of  piperine,  or  l-636th 
put  It  is  an  insipid  crystalline  substance,  insoluble  in  water,  but  very  soluble  in 
boiling  alcohol,  and  is  extracted  at  first  along  with  the  resin,  whicli  may  be  separated 
ftom  It  afterwards  by  potash.    See  Pifbbink. 

P>WSB  sans.  The  Chavica  betel  and  the  C.  Siriboa  yield  the  leaf  which, 
mixed  with  slices  of  the  betel  nut  (Areca  catechu),  is  employed  for  mastication  by 
many  of  the  nations  of  the  East    See  Betkl, 

»ar»BB,  JAXtaXOA.    See  Pnastno. 

PMVPBB,  XMWta.  Chavica  BoxhurghU  (Piper  longum).  This  shrub  is  culti- 
vated in  Bengal,  and  forms  a  considerable  article  of  commerce  all  over  India.  The 
common  long  pepper  is  of  a  greyish-brown ;  it  is  cylindrical,  and  of  about  an  inch  in 
length. 

WMtWWUMMM Xa  The  Mentha  piperita,  a  labiate  herb,  yielding  preparations 
having  stimnlant  and  carminative  qualities,  such  as  peppermint-water,  essence  of 
peppermint  oil  of  peppermint  &c. 

VaVSnr.^  The  *  active  principle,'  or  digestive  '  ferment'  of  gastric  juice. 

A  preparation  is  sold  as  pepsin  for  coagulatdng  milk.  It  is  prepared  by  drying 
the  glandular  layer  of  a  calf  s  or  pig's  stomach  at  a  low  temperature.  Pepin  is 
employed  advantageously  in  medicine.    See  Watts's  •Dictionary  of  Chemistry. 

VBmrSSXOW  0APS>  The  universal  employment  of  the  percussion  cap  in  the 
place  of  the  fiint-lock  has  given  rise  to  many  most  extensive  manu£u:tories  derotod 
to  their  construction.  Thin-rolled  copper,  as  pure  as  possible,  is  selected.  This  is 
first  cut  into  pieces  called  blanks.  These  are  then  punched  up  into  the  required  shape. 

They  are  charged  by  touching  the  bottom  of  each  cap  with  a  strong  adhesive 
liquid,  and  before  this  hardens,  the  fulminating  composition  is  dropped  in.    All  that 
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does  not  adhere  is  shaken  out    The  caps  are  varnished,  and  preserved  for  use.    See 
FirumrATBS. 

yyomniT,  ASV  OV4  (Pmfiimeru,  Fr. ;  WohMechende  Kuntt,  Q«r.)  con- 
sists in  the  extraction  of  the  odours  of  plants ;  isolating  them — A  and  B — and  in 
combining  them  with  inodorous  materials,  such  as  grease,  C ;  spirit,  D ;  starch,  E ; 
soaps,  F :  also  in  the  manu&ctnre  of  cosmetics,  Q ;  dentifrices,  pastas,  tinctures,  H ; 
incense  and  pastils,  I ;  pomades,  oil,  and  other  toilet-appendage,  K  ;  hair-washes, 
hair>dyes,  and  drailatories,  L. 

(A  and  B.)  There  are  three  distinct  methods  of  procuring  the  odours  of  plants : 
1st.  By  DiSTnxATioii'.  If  cloves,  cinnamon-bark,  or  the  odorous  leaves  of  plants  or 
-wood,  be  distilled,  the  &agrant  principle  contained  therein  rises  with  the  steam,  which 
being  condensed,  the  otto,  or  essential  oil,  will  be  found  floating  upon  the  water. 
This  TOocess  has  already  been  described  (see  Distiuatiok  ;  KsmuoEBATiON  ;  Ottos  ; 
Oiu,  Voiatilb;  but  can  only  be  benefidally  applied  by  the  perfumer  to  the  procuring 
of  certain  odours:  from  woods,  such  as  santal  and  cedar;  from  leaves,  such  as 
patchouli  and  bay  leaves;  from  various  grasses,  such  as  the  lemon  grass  and  dtronella 
of  Ceylon ;  from  several  seeds,  such  as  carraway  and  nutmeg ;  and  but  to  two  or 
three  flowers,  such  as  orange-bloasom,  rose,  and  lavender.  The  various  fragrant 
woods,  seeds,  and  leaves  are,  however,  almost  as  numerous  as  there  are  plants  upon 
the  earth,  and  as  a  consequence,  the  perfumer  can  have  as  great  a  variety  of  ottos  by 
distilling  for  them. 

(C.)  2nd.  EinxBmtAOB.  When  it  is  desired  to  obtain  the  odours  of  flowers,  such  as 
those  of  jasmin,  acacia,  violet,  tuberose,  jonquil,  and  numerous  others,  the  process  of 
distillation  is  inapplicable  and  useless,  and  that  peculiar  but  simple  method,  termed 
*  Enfleniage,'  must  be  adopted.  This  plan  is  founded  on  the  ^t,  that  greasy  bodies 
readily  absorb  odorous  particles,  and  will  as  freely  part  with  them  if  in  contact  with 
pure  alcohol.  The  operation  of  enfleura^  is  thus  conducted  at  Messrs.  Fiesse  and 
Lnbin's  laboratory  of  flowers,  near  Kice,  m  France, 

Purification  of  tht  greau.  A  corps,  or  body  grease,  is  flist  produced  by  melting 
together  equal  parts  of  deer-  or  beef-suet  (the  former  is  preferred),  mutton-suet,  and 
lard  ;  it  is  then  clarified  thus : — Take  I  cwt  of  grease,  divide  it  into  portions  of  about 
2  lbs.,  place  one  of  these  in  a  mortar  and  well  pound  it ;  when  it  is  well  crushed,  wash 
it  with  water  repeatedly,  so  long,  in  fact,  until  the  water  is  as  clear,  after  withdrawing 
the  grease,  as  before  it  was  put  in.  The  several  lots  of  grease  prepared  in  this  way 
have  now  to  be  melted  over  a  slow  Are,  adding  thereto  about  3  ounces  of  crystallised 
ilum  in  powder  and  a  handfnl  of  sea  salt  (common  salt) ;  now  let  the  grease  boil, 
but  allow  it  to  bnbble  for  a  few  seconds  only ;  then  strain  the  grease  throngh  a  flne 
linen  into  a  deep  pan,  and  allow  it  to  stand  to  clear  itself  from  impurities  for  about  two 
or  three  hours.  The  clear  grease  is  then  again  put  into  the  melting  vessel  over  a  char- 
coal fire,  adding  thereto  about  three  or  four  quarts  of  rose-water  and  half  a  pound  of 
powdered  gum  benzoin ;  it  is  then  allowed  to  boil  gentiy,  and  all  scum  that  rises  care- 
fully removed  until  it  ceases  to  be  produced.  Finally,  the  grease  is  poured  into  deep 
pans  to  cool ;  when  solid  it  is  removed  off  the  sedimentary  water,  and  again  being 
liqnefled  may  be  placed  in  store  vessels  for  future  use,  where  it  majy  be  kept  for  an 
indefinite  period  without  change  or  becoming  rancid.  This  purification  of  the  grease 
gives  employment  to  those  engaged  in  the  laboratory  at  a  season  when  the  flowers  are 
not  in  bloom.  H.  Herman  (^  Cannes,  and  M.  Pilar  of  Grasse,  prepare  in  this  way 
dtunng  winter,  together,  one  hundred  and  twenty  thousand  pounds  of  ferfectly  inodo- 
rotugrtate. 

The  growers  of  the  flowers  of  course  pay  due  attention  to  their  cultivation,  so  as  to 
produce  an  abnndance  of  blossom  in  due  season.  Although  it  is  not  necessary  that 
the  fiower-farmer  should  be  a  perftamery-factor,  it  is  useKil  that  the  latter  should 
have  some  knowledge  of  the  former  avocation,  so  as  to  be  prepared  for  each 
harvest  of  fiowers  as  they  succeed  each  other,  and  when  it  is  practicable  to  unite  the 
occupations ;  better  pecuniary  results  follow.  At  Cannes  and  Grasse,  in  France,  which 
are  separated  from  the  firontier  of  Sardinia  only  by  the  river  Var,  and  are  distant 
from  Kice  about  30  miles,  the  entire  population  is  more  or  lees  interested  in  this 
particular  manufacture.  The  various  fiowers  there  cultivated  do  not  come  into 
blossom  at  one  time,  but  in  succession ;  so  that  there  is  ample  time  to  attend  to  each 
in  turn. 

The  enfleurage  process  is  thus  conducted : — Sc|uare  frames,  var}-ing  in  size  from  20 
to  30  inches  are  made,  in  the  centre  of  which  is  fixed  a  piece  of  stent  glass  as  in 
fig.  1S13.  Each  frame  is  I^  inch  deep  from  the  top  edge  to  the  glass,  so  that  if  two 
frames  be  placed  together  foce  to  face,  there  is,  as  it  were,  a  glass  box  with  a  wooden 
frame,  having  a  depth  of  3  inches  between  each  glass.  This  affords  ample  room  for 
the  blossoms  to  lie  between  them  mibout  being  crushed.  In  due  season,  that  is,  when 
the  fiowers  begin  to  bloom,  about  half  a  pound  of  the  purified  grease  is  spread  upon 
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each  side  of  the  glass  with  a  spatula  or  palate-knife.    The  gathered  blossoms  are  then 
hand-sprinkled  or  broad-cast  over  the  grease  in  one  frame,  and  another  fmme  is  put 

oyer  it  so  as  to  enclose  the  flowers.  This 
operation  is  repeated  as  many  times  as  there 
are  flowers  to  spread  over  each.  These  frames 
are  termed  Ch&iu,  which  literally  means 
'  Sash.'  Now  we  are  all  familiar  with  window- 
sashes — that  is,  a  glass  with  a  frame  ronnd 
it — and  such  is  in  truth  the  CSi&sse  used  in 
the  enfleurage  process.  Doubtless  our  window- 
'sash'  is  derived  from  the  £>ench.  Ch&sse 
may  also  be  rendered  in  English,  'a  frame.' 
Enfleurage,  then,  is  conducted  upon  a  glass 
ftaune  or  lash.  Aboot  every  ouer  day,  or 
every  third  day,  the  spent  flowers  being  thrown 
away,  fresh  ones  are  placed  upon  the  grease; 
this  manipulation  being  repeated  so  long  as 
the  plants  yield  blossoms,  a  time  that  varies 
from  1  to  2  months.  After  every  addition 
of  flowers,  it  will  be  observed  that  the  grease 
increases  in  the  fragrance  of  the  flower  with 
which  it  was  sprinkled,  and  this  continues  till 
the  enfleurage  is  complete,  at  which  time  the 
grease,  now  called  'Pomade,'  is  scraped  off  the 
sashee,  put  into  vessels,  then  placed  in  hot 
water — a  water-bath.  By  so  doing  the  pomade 
is  liquefied,  but  is  not  made  hot  enough  to  de- 
stroy its  odour.  By  this  treatment  various 
extraneous  matters,  such  as  a  few  anthers  of 
flowen,  a  stray  bee,  some  pistils  or  loose  part 
of  the  corolla,  a  wayward  butterfly  and  moth, 
and  such  similar  things,  are  removed,  by  pour- 
ing the  clear  pomade  into  the  canisters  through 
fine  linen.  When  the  pomade  is  cold  enough 
it  sets  in  these  vessels,  and  is  then  fit  for  exportation  or  for  ulterior  uses.  Fig.  1614 
represents  a  pile  of  ch&sse. 

3.  Magebatioit.  In  some  few  instances  better  results  are  obtained  by  adopting 
the  process  of  maceration,  which  consists  in  infbsing  the  fresh  flowers  in  liquefied 
grease.  For  this  purpose,  the  purified  grease  is  placed  in  a  hot  water-bath,  that  is, 
the  vessel  containing  the  grease  is  set  in  another  of  a  larger  size,  in  which  water  is 
kept  warmed  over  a  stove.  In  the  French  laboratories,  this  apparatus  is  known  ns 
the  bain  marie,  salt  being  put  into  the  water  to  increase  its  boiling-point.  Every 
time  fresh  flowers  are  gauiered,  the  spent  ones  are  strained  away,  and  the  fresh 
fiowers.pnt  into  the  partially-scented  grease.  In  a  few  instances  it  is  found  advan- 
tageous to  begin  perfiiming  the  grease  by  maceration,  and  to  finally  finish  it  by  enfleur- 
age; this  is  especially  the  case  with  violet  pomade. 

After  the  maceration  is  completed,  that  is,  when  there  are  no  more  flowers  to  be 
had,  the  grease  must  be  kept  steadily  at  a  uniform  degree  of  liqne&ction,  in  order  that 
friable  portions  of  the  flowers,  &&,  may  subside,  so  that  the  fair  pomade  can  be  sepa- 
rated there&om  pure  and  unsullied.  Oils  are  scented  by  enfleurage  and  maceration 
processes  by  a  sbght  diflerence  of  mechanical  arrangement  Thus,  the  sash,  in  lieu  of 
glass,  contains  a  wire-gauze,  like  a  coarse  wire-blind  {ch&t$e  enjer) ;  upon  this  gauze 
is  laid  a  thick  piece  of  fustian-like  cotton  fiibric  (molUton  du  colon),  which  has  pre- 
viously been  steeped  in  the  pnrest  olive  oil.  Upon  each  molleton  laid  in  the  sash- 
frame  the  flowers  are  sprinkled  in  the  same  way  as  if  it  were  for  pomade,  and  the 
flowers  are  changed  as  often  as  possible.  When  the  plants  cease  to  bloom,  each 
molleton  is  wrapped  in  a  strong  cord  net,  and  placed  in  a  hydraulic  or  other  press, 
for  the  purpose  of  squeezing  the  fragrant  oil  away  from  it.  Oils  of  tuberose,  rose, 
violet,  jonquil,  acacia,  and  orange  are  thus  prepared. 

Aooording  to  the  length  of  time  the  enfleurage  process  occupies,  and  the  quantity 
ot  flowers  employed  over  the  same  grease,  the  pomade  or  oil  bears  numbers  respec- 
tively. Thus  we  have  No.  12  pomade,  No.  18  oil,  No.  24  pomade,  indicating  their 
relative  strength  of  fragrance ;  that  is,  the  quantity  of  flowers  employed  in  theiz 
mannfarture. 
(D.)  SoBNTHD  SviBTTS  are  produced  by  four  separate  plans : — 
1.  By  distiUing  alcohol  with  an  otto,  snch  as  lavender  otto,  to  produce  spirit  of 
lavender.    For  this  purpose,  and  to  produce  the  finest  distillate,  take 
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Oil  of  English  lavender 
Bectified  spirit  60°  o.  p. 
Bose-water 


8  ounces 
8  pints 
1  pint 


Mix  the  oil  first  with  the  spirit,  the;i  gradually  add  the  -water ;  finally,  distil  off  eight 
pints  for  sale.  This  distill&te  is  onalteiable  by  age,  remains  perfectly  -white,  and  will 
keep  good  in  any  climate.  A  great  variety  of  scented  spirits  are  made  in  this  way,  of 
which  Enngaiy  -water  and  Ean  d'Aiqnebuzade  are  good  examples,  the  dif^rent  scent 
or  fiavonr  bein^  imparted  by  varying  the  combination  of  essential  oils. 

2.  All  essential  oils  being  solnble  in  alcohol,  a  ready  -way  of  prodneing  some  lands 
of  ooncentiated  essences  is  to  dissolve  the  iragiant  essential  oil  in  the  spirit.  Thus,  for 

E»»ence  cf  Sota. 

Take  alcohol,  60°  o.  p 1  gallon. 

„    pore  otto  of  roses 3  ounces. 

The  oil  quickly  dissolves  at  a  snmmer  heat ;  but,  in  cold  weather,  beautiful 
adcnlar  ciystals  appear  throughout  the  liquid.  Innumerable  other  concentrated 
essences  may  be  produced  in  a  similar  way ;  but  the  standard  strength  varies  -with 
the  oil  used.  Thus,  for  every  gallon  of  spirit  employed,  we  should  use  2  ounces 
of  oil  of  vitivert,  3  ounces  of  oil  of  patchooli,  6  ounces  of  oil  of  geranium,  8  onnces  of 
otto  santal,  &c. 

3.  TracTUBATioir.  —  Husk,  orris-root,  ambergris,  tonquin-beans,  castor,  vanilla, 
civet,  and  a  few  other  odorous  substances,  yield  their  odours  to  spirit  by  tinctura- 
tion,  that  is,  by  putting  the  fragrant  material  into  the  spirit,  and  allowing  it  to 
remain  there  for  a  period  till  the  alcohol  has  extracted  all  the  scent.  The  standard 
strength  of  these  tinctures  should  be :  for  one  gallon  of  alcohol,  2  ounces  of  grain 
musk,  3  ounces  of  ambergris,  8  ounces  of  vanilla,  8  lbs.  of  orris-root,  1  lb.  of  tonquin- 
beans.  The  standard  strength  of  these  essences  is  regulated,  like  that  of  'jewellers' 
gold,'  by  the  selling  price ;  but  the  above  is  that  figuratively  indicated  as  alone  worthy 
of  the  '  hall-mark.' 

4.  EmxEUKAQE  £ssBNCEs. — The  great  bulk  of  the  fine  quality  perfumes  are  pro- 
cured by  extracting  the  fragrance  from  the  enfleurage-made  pomades  and  oils,  by 
contact  of  fine  alcohol  -with  the  grease  or  oiL  The  pomade  is  chopped  up  very  fine 
and  put  into  the  spirit,  and  allowed  to  remain  toge^er  for  one  month  at  a  snmmer 
heat 

Supposing  the  finest,  or  Ko.  24,  pomade  or  oil  is  used,  the  standard  strength  of 
these  essences  should  be :  for  one  gallon  spirit  rectified  60°  over  proof,  of  rose  pomade 
or  oil,  8  lbs. ;  of  acacia,  6  lbs. ;  of  orange-flower,  8  lbs. ;  of  jasmin,  tubercee,  violet, 
jonquil,  7  lbs. 

If  oils  be  used,  the  spirit  and  oil  require  to  be  well  shaken  together  daily,  because 
the  oils,  by  their  greater  specific  gravity,  sink  out  of  contact  with  the  spirit.  By 
continual  agitation,  the  oils  -will  not  require  many  hours  to  part  with  their  fragrance, 
in  conseq^nence  of  the  mechanical  subdi-rision  which  they  are  capable  of,  and  hence 
are  more  intimately  blended  for  the  time  -with  the  spirit. 

In  this  -wa^  are  obtained  eesences  of  tuberose,  orange-flowers,  violet,  jonquil,  rose, 
acacia,  and  jasmin.  What  are  called  '  bouquets '  and  '  nosegays'  are  mere  mixttires 
of  the  above  primitive  odours.    A  few  examples  we  now  give : — 


Enfleurage  rose. 
„         violet 
„         orange 

• 
• 

Her  Mqfetti 
.    1  pint. 

•  1    ,. 

•  4   » 

ft  Perfume. 

Enflenrage  tuberose 
Tincture  orris . 
„        vanilla     . 

.    ^  pint 

■    '  '    » 

Essence  of  rose. 
Enfleurage  rose 
Tincture  orris  . 
„        vanilla 

• 

• 
• 
• 
• 

Ipiat. 
1     « 

J: 

Voetgay. 

Tincture  musk 
„        castor 
Essence  of  bergamot 

.    }  ounce 

Wkiie  Soiea. 

Enflenrage  rose 
Essence  of  rose 
Enflenrage  acsda 

• 
• 
• 

• 
t 

1  pint. 

I    " 

t    - 

Enfleurage  jasmin  . 
Essence  patchouli    . 

.    i  pint 

*      a      *• 
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Enflenrage  acacia 
„         oian^- 
„        jasmin 

Essence  of  rose . 


Enfieoiage  violet 
Tincture  of  orris 

„  vanilla 

EssaDce  neroli  . 
„      rose     . 


Enflemage  acacia   < 
„         jasmin 
„         jonquil 

Spirit  of  rose    . 


Excti*ior  ttrfwM. 

.  I  pint.  Tinctnre  vanilla 

.  1     „  ;  „        civet 

.  1     „  Oil  of  almonds 

.  1     ,, 

F'rangipannts  Scent. 

.  1  quart.  Tincture  tonqoin-lietins    . 

.  1     „  „        musk 

.  1  pint.  Essence  santal-wood 

.  1    „  Essential  oil  of  cloves 

.  1    .. 

St.  ValeiUMs^  Noiegajf. 

.  1-quart.  i    -    Tinctnre  I»lsam  of  Pern 


1  pint. 

1 

I 


Essence,  citron  zests 
„       orange  seste 


i  |nnt. 

i    •> 

J  drachm. 


i  pint. 


(Iraclim. 


{  pint 
1  ounce. 


Every  perfumer  has  some  special  fonmila,  so  that  scarcely  two  houses  work  exactly 
the  same  mixture ;  although  the  preiommating  essences  may  be  recognised  which  gives 
each  particular  perfume  some  speciality,  as  the  bergamot  does  in  the  Albion  nosegay, 
and  the  patchoiUi  does  in  the  white  roses  of  the  at^ve. 

Hungary  Water  and  Eau  de  Coloffne, 

These  preparations  have  long  possessed  great  celebrity,  in  consequence,  chiefly, 
of  the  numerous  virtues  ascribed  to  them.  They  are  resorted  to  by  many  vota- 
ries of  fashion  as  a  panacea  against  ailments  of  every  kind.  They  are,  however, 
nothing  more  than  aromatised  alcohol,  and  as  such  are  agreeable  companions  to  the 
toilet 

Eau  de  Cologne  derives  its  name  from  the  city  of  Cologne,  on  the  Bhine,  at 
which  place  there  are  annually  manufactured  about  4,000,000  bottles.  Hungnry 
water  is  said  to  tuke  its  name  from  one  of  the  queens  of  Hungary,  who  is  reported 
to  have  derived  great  benefit  from  a  bath  cont.tining  it,  at  the  age  of  75  years. 
This  preparation  contains  rosemary,  which  is  said  to  excite  the  mind  to  vigorous 
action. 

As  will  be  seen  by  the  following  recipes,  these  waters  are  similarly  constituted 
and  prepared : — 

Eau  de  Coloffne — best  quality. 

Rectified  alcohol,  60°  over  I    Essential  oil  of  rosemary     .    3  ounces. 

proof     ....     10  gallons.  „  orange  zeste .  16     „ 

Oil  of  neroli  of  orange       .      7  ounces.     I  „  bergamot  3     „ 


Alcohol,  60**  over  proof 
Oil  of  petit-giain  orange 
„    rosemary 


Eau  dt  Oiogm- 

.     10  gallons. 
6  ounces. 
.      *      ., 


-second  quality. 

Oil  of  lemon 
„      bergamot 


Hungary  Wattr. 


Itectified  alcohol,  60°  over 

proof     .        .        .        .10  gallons. 
Oil  of  neroli  of  lemon       .    15  ounces. 

„    petit-grain  of  orange       6     „ 


Oil  of  rosemary  . 
„  cibvn  zeste 
„    neroli  of  orange 


fi  ounces. 
5     „ 


.    6  ounces. 
.    3     „ 
.     2      „ 


Ver^  fine  Eau  de  Cologne  and  Hungary  water  can  be  made  by  iqeroljr  mixing  the 
ingredients  as  indicated  in  the  recipes ;  but  it  is  &r  better  to  mix  the  citrine  essences 
with  the  spirit,  and  then  to  distil  the  mixture,  finalty  adding  to  the  distillate  the 
orange  neroli  and  the  rosemary. 

Both  these  perfumes  are  preferred  when  made  with  grape-spirit,  in  lieu  of  corn- 
spirit.  When,  however,  corn-alcohol  can  only  bo  used,  its  fragrance  is  greatly 
improved  by  the  addition  of  one  drachm  of  acetic  ether  to  every  gallon  of  spirit 
employed. 

(E.)    PowbKKS.      ■        ' 

Inodorous  powders,  such  as  starch  and  talc,  ore  rendered  fragrant — 

1.  By  mixing  with  them  odorous  flowers,  such  as  orange-blossom,  violet,  broken 
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dores,  acacia-buds,  &c,  allowing  them  to  remain  together  for  24  to  48  honnt,  then 
sifting  away  the  powder  from  the  spent  flo-wen. 

2.  By  the  adcution  of  certain  ottos,  such  as  rose,  lavender,  &c.,  first  rubbing  a 
small  portion  of  starch  or  talc  in  a  mortar  with  the  otto,  then  mixing  tliis  strongly- 
seented  portion  with  the  remainder,  by  sifting  the  whole  well  together  m  a  trough. 

In  thu  way  is  prepared 

SoM-Bemted  Toilet-Pomhr. 

Wheat-starch 14  lbs. 

Boee-pink 1  ounce. 

Otto  of  rose i     » 

The  wee-pink  and  the  otto  of  rose  are  rubbed  well  with  about  8  ounces  of  starch, 
and  finally  sifted  with  the  remainder  as  abore  described. 

8.  By  reducing  some  fragrant  substance,  such  as  tdnnamon,  nutmeg,  or  orris-root, 
to  a  fine  powder,  and  mixing  them  with  a  given  proportion  of  the  inodorous  starch. 
The  Tiolet-powder  of  commerce  is  a  good  example:— 

i^ante'  Viotet-fowder. 

Starch  of  wheat        .        .    14  lbs.    {        Ess.  oil  of  bergamot    .    jounce. 
Orris-root  powder     ,        .      3  „       I  „        almond        .    \  drachm, 

Saehie  Powders 

consist  entirely  of  odorous  substances  reduced  to  powder,  mixed  and  dfted  in  various 
proportions. 

Hote-SacUe  Pouidtr 
consists  of 

Bose-leaves,  ground .        .      1  lb.      I        Cedar-wood  dust .        .    ^  lb. 

Santal-wood  powder.        .      i  „       |        Otto  of  rose         ,        .    1  drachm. 

After  certain  tinctures  are  made,  there  is  found  in  the  perfnme-laboratoiy  a  vast 
quantity  of  residue,  or  spent  material,  such  as  musk-pods,  vanilla,  tonquin-beans, 
ambe^^s,  civet,  &c.  These  spent  materials,  although  not  strong  enough  to  yield 
any  perfume  to  spirit,  are  yet  fragrant,  and  may  be  judiciously  used  in  oombination 
with  a  little  otto  to  produce  a  good  sach^  such  aa 

Otta  Podrida, 

which  consists  entirely  of  spent  materials  well  ground  together,  and  a  little  otto  rose 
and  lavender  rubbed  in  to  increase  and  sweeten  its  odour, 

Franff^mti  SaeUe. 

Orris-root        .        .  .      1  lb.  |  Grain  mnsk         .        .     1  drachm. 

Bose-leavea      .        .  .      1  „  '  Civet  .        .        .        .    4       „ 

Santal-wood     .        .  •      i  <•  I  ^^^  ^°>^     •••in 

Tonquin-beans,  ground  -in  I 

The  civet,  the  musk,  and  otto  of  rose,  are  to  be  rubbed  well  with  a  little  of  tho 
orris,  and  then  mixed  with  tho  other  ingredients ;  it  being  understood  that  all  the 
materials,  rose-leaves,  orris-root,  and  santal-wood,  have  been  previously  reduced  to 
powder. 

Some  odorous  materials  are  sold  pure,  such  as  patchouli  herb,  which  is  merely  the 
leaves  of  the  plant  rubbed  on  a  sieve  to  powder.  Santal-wood  and  orris-root  have  ^o 
be  reduced  to  powder  at  the  drug-grinder's  mill. 

(F.)    Scented  Soaps. 

Soaps  are  perfumed  by  two  methods: — 

1.  By  melting  the  soap  in  a  hot  water-  or  steam-bath,  and  then  adding  the  scent 
when  the  soap  is  perfectly  soft ;  various  kinds  and  qualities  of  soap  are  used  for  this 
purpose. 

Curd  or  tallow  soap,  palm-oil  soap,  cocoa-nut-oil  or  marine  soap,  olive-oil  soap, 
yellow  or  rosin  soap,  potash  (soft)  soap.    See  Soap. 

When  mixed  in  dififerent  proportions,  and  melted  and  scented,  they  bear  various 
fimciftal  names  given  to  them  by  the  makers,  and  in  some  instances  indicating  their 
perfume ;  such  as  almond  and  rose  soap.  No  one  soap  made  by  the  soap-makers 
appears  to  give  entire  satisfaction  to  the  consumer :  soaps  of  oil  do  not  lather  suffi- 
aently,  or  with  freedom  enough ;  tallow  soaps  are  too  hard ;  rosin  or  yellow  soap  has 
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Wimdtor-Caitle  Soap. 

Icirt. 

-Oram  mnsk 

.  i  ounce. 

211be. 

Oil  of  cloves 

^ 

I*  „ 

„    roeeiMiy 

of  each 

7  „ 

„    thyme 

Sonnces. 

Sonnces. 

„    cassia 

un  nnpleaaant  odoar ;  cocoa-nut  soap,  being  too  alluiliiie,  act*  npon  the  skill.    The 

?erfbmen,  therefore,  to  make  a  good  body  soap  mix  these  in  varioas  proportions. 
'hns  Piesse  and  Labin  prepare 

Onrd  soap  . 
Marine  soap 
OUre-oil  soap     , 
Pale  yellow  soap 
Otto  carraway    . 

The  soap  is  sliced  into  thin  slabs,  and  put  into  the  steam-pan  in  proportions  of  ▼hat 
is  termed  '  a  roond,*  tliat  is,  the  slabs  are  placed  perpendiealarly  all  ronnd  the  side  of 
the  pads,  so  as  to  be  in  contact  vith  the  metal.  In  about  half  an  hour  this  soap  will 
bare  melted,  or  '  run  down.'  Another  round  is  then  introduced,  and  so  continued 
ermy  half-hour,  till  the  whole  melting  is  finished. 

The  difierent  soaps  that  are  being  melted  must  be  pat  into  the  pan  separately, 
because  they  do  not  all  take  the  same  time  to  liquefy :  thus,  we  must  nave  a  round  of 
curd,  then  a  round  of  marine,  then  of  curd  again,  varying  each  time  or  half-hour  ; 
but  each  round  must  be  of  the  same  sort ;  the  mixtare  being  rendered  perfect  by 
stirring  the  soap  with  a  crutch,  or  tool  like  an  inverted  j^,  with  a  long  handle.  When 
the  mwtiog  is  finished,  the  ottoe  and  musk  are  added ;  then  the  soap  is  turned  out 
into  a  cookng-frame. 

The  mask,  before  being  nut  into  the  soap,  has  to  be  well  rubbed  in  a  mortar  with  a 
little  water,  and  then  passed  through  a  sieve  to  remove  extraneous  matters.  When  new 
tiiis  soap  has  little  fragrance,  but  when  old  its  'bouquet'  is  delightfhl :  the  alkaline 
reaction  of  soap  improves  the  perfume  of  the  musk. 

Broum  Wvtdtor  Soap 

is  made  of  varions  qualities,  generally  inferior ;  the  brown  colouring  added  to  the  soap 
disguising  its  jfcUow  origin.  The  scents  used  for  perfuming  it  are  also  generally  of  a 
common  quali^,  although  there  are  some  honourable  exceptions. 

Glyoerint  Soap. 

In  consequence  of  the  many  virtues  attributed  to  glycerine  in  a  pure  state,  various 
soaps  under  the  nam*  of  Glycerine  Soap  have  been  foisted  upon  the  public  It  is 
known  to  chemists  that  glycerine  is  one  of  the  proximate  elements  of  fatty  bodies, 
and  that  during  the  saponification  of  grease  it  is  eliminated  as  an  educt.  The  better 
the  soap,  as  a  rule,  the  &«er  from  glycerine.  The  presence  of  glycerine  in  soap  is 
indicative  that  the  soap  is  imperfectly  made.  To  add  glycerine  to  good  soap  is,  in 
fact,  to  spoil  the  virtues  of  both  articles. 

Mmond  Soap 

IS  made  with  a  mixture  of  soaps  such  as  is  given  above ;  and,  when  molted,  is  perfumed 

with  1  lb.  of  otto  of  almonds  to  every 
^615  ^,,  crt.  of  soap  used.  Other  fancy  soaps 
are  prepared  in  a  similar  way ;  the  pro- 
portion of  perfume  regulating  the  retail 
price,  or  vice  vend. 

2.  Soaps  are  also  perfumed  by  the 
'  cold  process,'  as  it  is  termed ;  that  is, 
the  soap  is  reduced  to  a  state  of  fine 
division  by  shaving  it  up  into  a  mortar, 
by  patting  the  t»rs  over  an  inverted 
cutting-pluie.  The  best  curd  soap  is 
generuly  selected  for  this  purpose.  After 
the  soap  is  reduced  to  shavings,  the 
scent  is  well  incorporated,  and  then 
thorough^  beaten  together  with  a  heavy 
pestle.  The  soap  is  then  moulded  by 
the  hand  into  lumps  of  about  4  ounces 
each,  placed  on  racks  to  diy  for  a  few 
days ;  when  suflciently  firm,  each  lump 
is  placed  in  Ae  die-press  or  stamp  (see 
fiff.  1615)  to  give  it  the  desired  form  and  lettering.  In  this  way  are  made  all  the 
flnest  scented  soaps,  of  which  we  now  give  a  few  iUastiations : — 
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Onidaoap     . 
Oil  of  D«noli , 


Ormgt-Flower  Boap, 
7  lbs.  I  Eaaentialoi\  of  orange 
2  OE.   I  Petit  gnun         , 


2  OE. 
(  OS, 


Patohoai  Sod^. 

Cttzdeoap  .... 

.    7  lbs 

Essence  cfpatebonli    . 

.      1    OB. 

Seigamot   .... 

.    2  o(. 

7  lbs. 
1  oz. 
\  oz. 


Tk&et-Mvtk  Boaf. 
Giained  nuuk  ....        3  drachnu. 
Cord  Bosp         ....        7  lbs. 

The  mnak  is  to  be  povdei«d  with  a  little  staich  and  sifted  tbiongh  lawn — a  work 
of  no  little  Uboni — ^before  it  is  mixed  with  the  soap.  The  alkaline  reaction  of  soap 
is  faTonrable  to  the  deTelopment  of  the  mask  frag^ce.  It  requires,  howeTW,  Mly 
three  months  to  bring  tlus  soap  to  perfection,  and  the  (dder  it  is  uie  better. 

Otto  Bom  Soap. 
Cnrd  soap  (previously  coloured 

with  venmlion) 
Otto  rose    .        .        .        ... 

Indian  geranium        .        .        .    \ 
„     MOtal     .        .        .        ,    \  oz. 

(O.)    CosxBncs,  oB  TonsT  ApimroAoxs, 

These  are  rather  a  nmneroos  class  of  substances  used  to  <  make  up '  artificial  beauty 
and  the  deficiencies  of  natural  imperfsctions.  'Whether  this  be  strictly  moral  or  other- 
wise is  not  OUT  business  to  inquire.  The  practice  is,  however,  sanctioned  by  its  anti- 
quity ;  and  it  is  in  the  laboratory  of  the  pufumer  those  things  are  made,  which,  as  an 
old  author  upon  the  subject  says,  '  Can  brighten  the  skin,  give  force  to  beau^,  and 
take  off  the  appearance  of  old  age  and  decay.'  There  are  preparations  '  To  prevent 
wrinkles ; '  ' To  make  the  skin  smooth,  soft,  and  glossy ; '  'To  remove  moulds, 
warts,  and  longing  marks  ; '  '  To  improve  .the  complexion,  prevent  freckles,  blotches, 
and  to  whiten  a  tanned  or  snn-burnt  skin ; '  'To  brighten  the  eye  and  increase  the 
memory;'  and  numerous  others,  which  our  limits  prevent  detailing.  We  subjoin  a 
few  recipes,  as  examples : — 

llUk  of  Pistaehh  Nuit,  for  improving  the  CompUsion. 

Spanish  ^Kstachio  nuts 4  ounces. 

Violet-water Si  pints. 

Spirit  of  neroli |  pint. 

Palm  soap  1 

Green  oil  Jteach 1  ounce. 

Wax  and  spermaceti     J 

Dr.  Startin,  of  Saville-tow,  givea  the  following  recipe  aa  'an  excellent  cosmetic' : — 

Glyomne  Lotion. 

Orange-flower  water 1  pint 

Pure  glycerine 1  oz. 

Biborate  of  soda  (borax) 1  drachm. 

Glycerine  Jethj, 

which  is  much  approved  of  in  winter  seasons  as  a  remedy  for  chapped  hands,  and 
for  a  dry  skin,  is  made  thus : — 

Pure  glycerine 2  oz. 

White  soft  soap .        .        .  }  oz. 

Almond  oil 1  lb. 

Scented  with  otto  thyme,  otto  cloves,  and  bergamot,  each  \  drachm. 

The  soap  and  the  glycerine  are  flrst  perfectly  blended,  then  the  oil  is  graduallpr 
added,  mixing  the  whole  by  constant  tritumtion  in  a  mortar ;  finally,  the  perfume  is 
added. 

CM  Cream  of  Bot$», 

Thia  is  justly  a  &voarite  and  universal  cosmetic. 

Almond  oil 1  lb. 

Provence  rose-water 1  lb. 

White  wax  and  spermaceti,  each 1  oz. 

Otto  of  roses |  drachm. 

Melt  the  wax  and  sperm  in  the  oil,  then  gradually  stir  the  running  roee-water; 
when  nearly  finished  add  the  scent. 
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(H.)  Dbmtifiucbs,  Pasvms,  &&  • 

Under  the  general  title  of  Dentifrices,  Tsrions  acented-  tooth-powden,  mouth- 
-vashee,  tooth-pastes,  breAtb-Iozenges,  aie  inclvded  in  the'peifiunei's  repertory. 

Piene  and  Lubin't  Tboth-Pouder, 

Precipitated  chalk    .       ".       ".        ".        .        .        .        .  1    lb. 

Orns-powder    .        ,        .        *. 1    lb. 

Carmine i  i  drachm. 

Very  fine  powdered  sugar J  lb. 

Otto  rose  and  neroli,  each 1  drachm. 


Opiate  Tooth-Paite. 

Honey 

Fredpitated  chalk    .... 

Orris-powder 

Tincture  of  opium  and  myrA,  each  . 
EBsenoe,  cloves,  nutmeg,  and  rose,  each 


4  1b. 
4  1b. 
lib. 
\  oz. 
4  drachm. 


(L)  FOMIQATINO  PeRFCKIS. 

The  earliest  records  of  'tweet  sarouis'  show  us  that  sweet  smells  were  pro- 
duced from  throwing  rolatile  and  odorous  resins  on  to  a  smouldering  fire;  and  so 
much  were  they  prized  that  they  wero  considered  worthy  offerings  to  tlie  Most 
High.  The  formula  for  incense  for  holy  places  is  given  in  Exodus  xzx.  34.  The 
following  is  a  pleasing  incense : — 


Santal  wood  in  powder  .  I  lb. 
Vitivert  in  powder  .  .  1  oz. 
Cascarilla  oork  .        .      |  lb. 


Gum  b«izoin  powder         .      \  lb. 
Grain  musk  .        .      4  o'- 

Powdered  nitre         .       ,    24  oz. 


Bibhon  of  Bruges,  for  taeet  fuimgatian. 

Make  a  solution  of  saltpetre,  t.«.  nitrate  of  potassa,  of  2  ounces  to  a  pint  of  water ; 
into  this  steep  good  undressed  cotton  tape,  then  hang  np  to  diy ;  now  steep  it  in  the 
following  tincture  which  has  stood  one  month : — 


Spirit        ...      4  piut. 
Husk  .      4  <»• 

Otto  rose  ...      1  drachm. 


Myrrh  .  .  t  \  ca. 
Orris  .  .  .  I  P'B 
Benzoin     .        .        .      4  oz. 


When  dry  it  is  fit  for  use;  light  it,  blow  out  the  fiame,  and  as  it  smoulders,  a 
fragrant  vapour  will' rise  into  the  air. 

(E.)  Fluids,  Poiudbs. 

Unguents  for  the  hair  are  prepared  in  endless  variety.     The  following  are  good 
examples: — 

PhUocome. 
Enflenrage  oil  of  any  or  mixed  flowers  .        .        .    1  lb. 

Virgin  wax 3  oz.  in  snmmer ; 

or,  in  winter,  one-third  less. 

Crystallised  Oil. 

Enfleurage  oil  of  any  fiower 1  lb. 

Spermaceti 2  oz. 

Cool  gradually. 

Bimgariait  Pomade, 
(Pour  moustache  a  la  Crinoline.) 
VHutewax  .        .    1  lb.  i        Bose-water  .        .    1  pint. 

Oil  soap      .        .        .    4  lb.  I        Bergamot    .        .        .     1  oz. 

Gum  arabic         .        .    4  lb.  I        Thyme        ...    1  drachm. 

Hair-washes  are  for  cleaning  the  head,  and  removing  effete  pomade. 

^P"} 1  pint. 

Marine  soap 1  Jb. 

Melt  the  soap  in  the  spirit  in  a  bath,  then  add  rose-  or  orange-water,  J  pint. 
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Athenian  Hair-wash. 

KosenuTy-'water 1  gallon. 

Sassafras  chips j-  lb. 

Pearlash 2  oz. 

Boil  for  half  an  hour ;  when  cold,  add  spirit  or  Hungary-water,  1  pint 

(L.)  Several  other  products  of  the  perfumer's  laboratory,  such  as  hair-dyes,  fixateur, 
depilatory,  court  plaster,  &c. ;  bat  these  cannot  he  well  taught  by  books. — S.  P. 

VBBTUMMKT,  mXAJT.  The  natiTes  place  on  the  floor  a  layer  of  the 
scented  flowers,  about  4  inches  thick  and  2  feet  square;  cover  them  with  a  layer 
2  inches  thick  of  Td  at  Sesamum-seed  wetted ;  then  lay  on  another  4-inch  bed  of 
flowers,  and  coyer  this  pile  with  a  sheet,  which  is  pressed  down  by  weights  round  the 
edges.  After  remaining  in  this  state  for  18  hours,  the  flowers  are  removed  and 
replaced  by  a  similar  fresh  layer,  and  the  seeds  are  treated  as  before ;  a  process  which 
is  repeated  several  times  if  a  very  rich  perfumed  oil  be  required.  The  sesamum-seeds 
thus  embued  with  the  essential  oil  of  the  plant,  whether  jasmine,  hela,  or  chnmbnl, 
are  placed  in  their  swollen  state  in  a  press,  and  subjected  to  strong  pressure,  whereby 
they  give  out  their  bland  oil  strongly  impregnated  with  the  aroma  of  the  particular 
flower  employed.  The  oil  is  kept  in  prepared  skins  called  dvbbera,  and  is  largely 
used  by  the  Indian  women.  Attar  of  roses  is  extensively  prodaoed  at  Ohazepore,  and 
is  obtained  by  distillation. 

WMBXBVS.  A  jeweller's  name  for  the  transparent  green  chrysolite  (olivine),  cut 
as  an  ornamental  stone.    See  CHBYSOLrrE. 

raUBUUr.  The  Permian  rocks  were  so  called  by  Sir  Roderick  Mnrchison, 
from  the  Qovemment  of  Perm,  in  European  Bossia,  where  these  rocks  are  largely 
developed.    They  had  previously  been  termed  the  Lower  Kew  Bed  series.    As,  how- ' 
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I.  Ooal-measana. 

'2.  Bed  ud  vmrlegated  aandstone  and  Conglomerates. 

3.  Marly  ahale,  ■  marl  slate.' 

4.  Hagnedan  limestone,  often  aandy. 

5.  Bad  marL 

«.  Thin  tiedded  msgneslan  limestone. 
U.  BedmaiL 
8.  New  Bed  Sandstone. 


over,  these  strata  have  nothing  in  common  with  the  New  Bed  Sandstone,  except 
occasionally  colour,  and  as  the  magnesian  limestone  is  often  absent,  the  word '  Permian ' 
now  generally  supersedes  the  older  denomination.  The  Permian  rocks  form  the 
uppermost  membm  of  the  Paleozoic  strata,  lying,  when  the  series  is  complete,  on 
the  Upper  Coal  Measures.  They  skirt  the  carboniferous  rocks  on  the  east  nncom- 
formably,  firom  Nottinghamshire  to  the  river  Tyne  ;  and  where  complete  the  section 
is  as  in^n^.  1616,  in  Nottinghamshire  and  South  Lancashire. 

The  sandstone,  2,  contains  plant  remains,  and  the  limestones,  productas,  spiiifers, 
nautili,  and  other  marine  shells  of  Palteozoic  types.  It  is  from  the  Lower  Limestone 
that  the  stone  for  building  the  Houses  of  Parliament  was  obtained.  It  forms  frequently 
an  excellent  building  stone,  and  may  be  obtuned  in  places  in  blocks  of  great  size. 
It  is  also  extensively  burned  for  lime. 

Permian  strata,  believed  to  belong  to  the  sandstone  beds.  No.  2,  surround  more 
or  less  the  Lancashire,  North  and  South  Stafibrdahire,  the  Warwickshire,  and  the 
Shropshire  coal-fields,  &c  They  are  in  places  1,000  feet  thick,  and  consist  chiefly 
of  red  marls,  sandstones,  and  conglomerates.  The  Magnesian  Limestone  is  generally 
absent  in  these  districts ;  but  thin  bands  of  it  occur  in  Lancashire,  and  in  parts  tit 
Cumberland. 

There  are  magnesian  limesUmet  in  other  formations,  not  to  be  confounded  with  those 
of  Permian  age. — A.  C.  B. 

PTOTtlMBPOO  vroon.    See  BsAza  Wood. 

'■■ST  is  the  fermented  juice  of  pears,  prepared  in  exactly  the  same  way  as 
Ctdsb. 

WWnnUK  BBUUBB.    See  Bbrribs,  Febsian. 

PSBWXAW  liftWK,  or  Jemtiti  Bark.  The  products  of  several  species  of 
the  (Xnehona.  ^  For  a  knowledge  of  the  medicinal  properties  of  the  Peruvian  bark, 
and  its  value  in  curing  intermittent  fever,  we  are  indebted  to  the  Jesuit  priests,  who 
introdaoed  it  to  Europe  in  1632 ;  but  it  was  not  commonly  used  till  the  latter  part  of 
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the  wrentMnth  eantuy.    !%•  disnlphate  of  quinine  i«  largely  piepared  &om  tbif 
bark,  of  which  we  impoited  in  1873  as  foUows : — 

Qnantitj  Valoe 

Owti.  « 

From  Fiance 1,110  7,846 

Oentzal  America 1,228  12,280 

NewOianoda 11,843  106,617 

Ecuador 4,668  44,697 

Pern 6,829  74,648 

Chili 1,782  23,453 

Biadl 146  1,387 

Other  countries 1,846  14,798 

Total 28,461  286,620 

Of  which  we  re-exponted  11,424  ewts.  to  the  value  of  71,304{. 

raTAXiZni  tcom  xtraXov,  a  Uaf.  The  mineral  in  which  lithia  wu  first  dis- 
covered by  Arfvedson.  Petalite  occurs  in  the  iron  mine  of  Uto,  Stockholm;  near 
York,  on  the  north  coast  of  lAke  Ontario ;  at  Bolton,  Mass.,  U.S. ;  and  at  £lba.  It* 
composition  is,  according  to  Bammelsberg: — silica,  77'79;  alumina,  18*68;  lithia, 
8-30 ;  soda,  1-19- 100-86. 

VSnMUraiL  {Piirole,  Fr. ;  SUinSl,  Qer.)  This  term  is  applied  to  several  fluid 
bituminous  substances,  found  in  a  great  number  of  different  localities,  in  rocks  of  very 
dissimilar  ages,  and  which  were  formerly  known  as  Persian  naphtha,  or  rock-naphtha. 
(See  Nafetha.)  As  it,  however,  forms  only  one  of  a  numerous  class  of  analogous  com- 
pounds, it  will  be  convenient  to  take  a  general  view  of  the  whole  class  of  bituminous 
minerals  occurring  in  nature.  Starting  with  the  liquid  compounds,  which,  as  a  rule 
are,  in  composition  isomeric  with  olefiant  gas,  and  may  be  represented  by  the  formula 
CnHti,  the  diminution  of  hydrogen  is  accompanied  by  an  increase  of  density,  until  we 
reach  the  more  bituminous  varieties  of  coal.  The  following  table,  by  Dr.  Sterry  Hunt, 
represents  the  intermediate  steps  of  this  series ;  the  analyses  are  computed  with  24 
equivalents  of  carbon,  in  order  to  compare  them  with  cellulose,  C  H**  O" : — 

liquid  bitumens ;  general  composition    .        .        .        .    C**  H"- 
„  „  Itangoon  petroleum    .        .        .        .    C*  H«*- 

Elastic  bitumen  or  Elaterite;  Derbyshire       .  .    0"  H"  0*» 

Asphalt,  Bastennes C" H>*  O*' 

Naples C«  H'»  0«- 

Mexico C"H"  0«- 

Idrialine C"H»- 

Albertite  or  Albert  coal ;  New  Brunswick       .        .        .    C"  H>*  0*- 

Bituminous  or  resinous  lignite C"  H"  0** 

rnsi  lot    Q 
Bituminous  coal,  extremes  of  composition       .        .        •'{cm  il»  O* 

From  the  above  table,  it  will  be  seen  that  certain  bitumens,  such  as  Idrialine,  differ 
but  slightly  in  composition  from  bituminous  coals,  and  in  xisality  it  is  very  difficult 
to  draw  a  decided  line  between  them.  The  questions  as  to  whether  certain  Scotch 
cannel  coals  and  the  Albert  coal  of  New  Brunswick,  are  to  be  considered  as  coal  or 
not,  have  been  discussed  at  great  lengths  before  courts  of  law,  without  leading  to  any 
satisfactory  definition.  Boughly  speaking,  the  characters  of  fusibili^^  and  solubility 
in  benzole  and  sulphide  of  carbon  are  to  be  relied  on  as  distinguishing  the  solid 
bitumens  from  coals. 

According  to  Boussingault,  asi^ialt  is  a  dark  brown  or  pitchy-black  substance, 
fusible  at  the  temperature  of  boiling  water.  At  lower  temperatures,  when  perfectiy 
solid,  it  breaks  witb  a  well-marked  oonchoi'dal  ftectnie.  Hardness,  2  ;  specific  gravity 
I'l  to  1  '2.  It  becomes  negatively  electric  b^  friction,  giving  out  a  strong  and  charac- 
teristic bituminous  odour.  When  asphalt  u  treated  with  anhydrous  alcohol,  about 
6  per  cent,  of  a  resin  is  extracted,  which  is  called  by  Boussingault  PeiroUte.  From 
the  remaining  96  per  cent,  insoluble  in  alcohol,  ether  dissolves  70  per  cent,  of  a 
black  resin,  giving  a  brown  solution.  The  whole  of  the  remaining  25  per  cent,  is 
soluble  in  rook-naphtha  or  ethereal  oils,  and  has  been  termed  Asphaltme.  Its  per- 
centage composition  is:  carbon,  76'6 ;  hydrogen,  9°9 ;  and  oxygen,  14'8  or  approxi- 
mately of  the  atomic  formula,  C"  H**  0*,  which,  according  to  the  preceding  table,  is 
intermediate  between  asphalt  and  elaterite. 

Among  the  more  important  localities  of  bituminous  matters,  are  the  following : — 
Sandstones  and  limestones  filled  with  asphalt,  in  greater  or  less  abundance,  of  the  age 
of  the  Molasse^  or  Middle  Tertiary  period,  are  found  at  Seyssel,  in  the  Ftench  depart- 
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ment  of  the  Bhine ;  also  in  tha  Val  de  TzsTers,  in  Neocomian  limestone.  The  bitn- 
miooas  sand  of  Bechelsbionn,  in  Alsace,  which  is  of  teitiarf  age,  is  ahout  7  feet  thick, 
containing  2  per  cent,  of  bitumen.  Similar  sands  are  found  at  Sonltz-Bous-F6Tets, 
and  Schwabsweilier,  in  the  same  conntiy.  At  Lobsann,  also,  in  Alsace,  Daubi^  has 
described  a  freshwater  tertiary  limestone,  which  contains  10,  12,  and  even  at  times  18 
per  cent,  of  bitnmen.  Similar  deposits  exist  in  Otago,  'SJZ.  Bitumen  also  occurs  in 
sandstone  in  the  Anvergne,  in  Central  France. 

Bitnmen  is  occasionally  found  in  mineral  Teins,  as,  for  instance,  at  Dannemora  and 
Hlipstad,  in  Sweden,  accompanying  magnetite,  and  in  the  carboniferous  limestone 
at  Staunton  Harold,  in  Leicestershire,  in  small  reins  associated  with  galena,  copper-, 
and  iron-pyrites.  It  also  occurs  in  blown  iron  ores,  at  Markolden  and  Markolden- 
dorf,  near  Hildesheim ;  and  at  £Uigs&^  Brink,  in  Bmnswick.  An  analogous  mode 
of  occurrence  is  Aimished  by  Satchettme,  or  mineral  tallow,  a  beauti^  pearly- 
white  snbstance,  almost  identical  with  paraffin,  which  is  found  in  the  interior  of 
nodules  of  day-ironstone  in  the  nraghbourfaood  of  Merthyr  Tydfil.  Ozokerite  is  a 
similar  substance,  of  a  darker  colour,  found  in  sandstones  both  in  Scotland  and  in 
Oalicia  and  Moldavia.  MriaUne  is  remarkable  as  being  a  hydrocarbon,  containing 
a  minimum  amount  of  hydrogen :  it  occurs  in  a  bituminous  schist,  which  contains 
cinnabar,  at  the  great  quicksilver  mine  of  Idria,  in  Camiola.  A  remarkable  substanco, 
forming  apparently  a  link  between  lignite  and  asphalt,  has  been  described  by  Delesse. 
It  is  a  brownish-black  rock,  of  a  very  compact  texture,  found  at  Promina,  in  Austria, 
containing  S9  per  cent,  of  crystalline  carbonate  of  lime,  9  per  cent,  of  aigillaceonB 
matter,  and  32  per  cent  of  a  combustible  snbstance,  which  is  fusible  but  almost 
totally  insoluble  in  benzine.  When  heated  it  gives  off  acid  vapours,  leaving  only  8^ 
per  cent,  of  coke.    Bee  Asfbjxt;  Bituxbm  ;  Ozoximm. 

The  so-called  Pyropiatitt  of  Kengott  is  another  mineral  intermediate  in  character 
between  lignite  and  bitnmen.  It  is  a  dark  yellowish-grey,  or  brown,  earthy,  and 
friable  substance,  with  a  shining  streak,  of  the  specific  gravity  0-9.  When  heated  it 
gives  off  a  dense  white  smoke,  and  melts  to  a  pitchy  mass.  A  waxy  substance  of  a 
very  complex  composition  minr  be  extracted  from  it  by  digestion  in  ether,  and  liar- 
ehand  obtained  62  per  cent,  of  paraffin  from  the  natural  mineral  by  dry  distillation. 
The  principal  localities  are  Oentewits  near  Weissenfels,  and  Helbra  in  Thuringia, 
where  it  forms  a  layer  of  8^  feet  in  thickness,  immediately  above  a  seam  of  brown  coal. 

DytodU  is  another  bituminous  mineral  associated  with  brown  coal,  but  this  term 
appears  to  be  applied  to  two  different  substances :  one  being  an  infusorial  earth  satu- 
rated with  mineial  tallow,  fiannd  near  Oiessen,  in  HesserDannstadt,  while  on  the 
lower  Rhine  the  term  is  applied  to  a  lamellar  brown  coaL    See  DnoDiL. 

TStrha,  a  very  light  material,  greyish  or  brownish  in  colour  and  fclty  in  texture, 
which  ignites  readily  with  a  dense  smoky  flame,  leaving  the  mass  of  the  same  dimen- 
sions as  before,  occurs  in  abundance  at  Camamu,  province  of  Bahia,  Brazil.  Hartt 
(Hartt's  *  Scientific  Besults  of  Agassiz's  Journey  to  Brazil,'  p.  262)  states  that  it  rests 
in  a  basin  of  gneiss  whence  the  tertiary  clays  have  been  swept  away;  hence  it  appears 
to  be  of  recent  origin.  In  a  section  of  108  feet  the  turba  intermingles  with  a  series  of 
arenaceous  and  argillaceous  sandstones,  alternating  with  bituminous  clay,  lignite,  shale, 
and  sometimes  pure  bitumen ;  it  usually  rests  on  limestone,  a  conjunction  peculiar  to 
petroleum  and  shales.  Prof.  Edwards  considers  the  turba  not  a  sob-aqueous  deposit, 
as  it  contains  no  diatoms,  and  its  enclosed  fossils  are  wood,  a  few  leaves,  and  fibres 
like  fins  roots.    It  has  yielded  ttom  50  to  100  gallons  of  oil  per  ton  on  distillation. 

The  Bev.  Mr.  Clarke  of  Sydney,  N.  S.  W.  ('  Joum.  Geol.  Society,'  vol.  xxii.  p.  447), 
RMaka  of  the  Boumda  deposit  near  Cape  Howe  being  probably  of  recent  origin.  Like 
the  Brazilian  deposit  just  described,  this  also  consists  of  a  series  of  days  and  blackish 
mnd,  alternating  with  lignite.  It,  too,  has  been  formed  in  a  lake  ilear  the  sea-b^oh. 
A  white  waxy  substance  like  bog  butter  was  found  to  the  north  of  this  last-described 
deposit  some  years  ago.  It  yielded  on  distillation  8'6  per  cent,  of  crude  oil,  which 
again  yielded  on  sulMequent  distillations  85  per  cent,  of  burning  oil,  lubricating  oil, 
and  paraffin. 

Large  deposits  of  petroleum  and  its  associated  minerals  hare  been  discovered  along 
the  course  of  the  chalk  of  North  Ctormany^  at  its  junctions  with  the  sands  which  cap 
it.  Indications  have  been  Iseen  near  Hamburg,  Hesse-Darmstadt,  Buttsdam,  and 
other  places.  On  the  banks  of  the  Bhine  a  bed  of  Albertite  is  being  worked  for 
oil-making;  it  is  said  to  yield  120  gallons  to  the  ton  in  laboratory  experiments. 
Principal  Dawson  now  relegates  Albertite  from  the  class  of  gas-coals  into  toat  of  the 
petroleums.    (See 'Acadia,  2nd  ed.)    See  also  Axbbrtith. 

Springs  of  mineral  oil,  or  liquid  petroleum,  are  found  in  almost  all  localities  where 
bitumen  or  asphalt  exists  in  quantity  in  the  rocks ;  many  of  these  localities  have  been 
known  from  time  immemorial :  such  as,  for  instance,  the  Kangoon  wells,  and  those  of 
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Ferraa  and  tia  Cupian  Sea.  It  is  only  witkin  the  last  few  yean,  lioweref,  that  the 
largaet  aouzcs  of  supply  in  the  noith-eaetem  etates  of  America  and  Canada  have 
been  deyaloped,  although  the  ezittence  of  petrolean  in  FennsylTsaia  (whan  it 
was  e<dlected  and  lold  by  the  Seneca  Indians,  under  the  name  of  Seneca  <h1)  has 
been  known  for  a  very  long  period.  Kany  different  biduninous  formadons  are 
known  at  difierent  horizons  in  the  palKomic  ioAb  of  America ;  in  the  Silurian  series 
traces  of  the  former  existence  of  Ditnmen  are  afRiided  by  the  occurrence  of  shining 
anthracitie  rabetances  in  eracks  and  fissures  in  the  Quebec  group,  and  its  equiralent, 
the  Calcifarous  aaad-roek,  at  seraiml  loealities  in  Eaatem  Caiuda  and  the  State  of  Kew 
York.  In  the  Trenton  limestone,  liquid  patroleum  is  found  in  the  chambers  of  the 
larger  ortikocetatites,  some  of  these  fossils  eontainii^  at  times  seTeral  ounces  of  oil ; 
and  a  nsing  yielding  sm^  qoantitiee  rises  fr<Hn  the  Utica  slate  on  Great  Mani- 
tonlin  Island,  on  Lake  Huron.  A  more  impartant  but  as  yet  scarcely  developed 
locality,  probably  at  the  top  at  the  Silurian  series,  is  in  the  peninsula  of  Gaspi,  in 
the  easternmost  part  of  Canada.  It  is,  however,  from  the  Deronian  rocks  that  the 
greatest  quantities  of  petroleum  are  derived  in  America.  At  Oil  Springs  and  Ennis- 
killen,  near  Samia,  Canada  West,  natural  oil-eprings  occur  upon  the  outcrop  of  the 
ComiferoQS  limestone,  or  the  overlying  Hamilton  shale,  along  the  line  of  a  broad 
and  low  antidiml  traversing  the  district  in  a  neariy  east-and-west  line,  both  forma- 
tions being  generallyoovered  by  from  forty  to  sixty  feet  of  drift  and  alluvial  clays 
and  sands.  At  the  Wyoming  Conqiany's  wells,  the  overflow  of  the  natural  springs, 
rising  throng  the  superficial  beds,  have  produced  deposits  of  hardened  and  sligbtly 
elastic  bitumen  or  asphalt,  which  are  locally  known  as  '  gum-beds.'  They  are  some- 
what irregular  in  thickness,  varying  from  a  few  inches  to  two  feet,  and  cover  an  area 
of  about  two  acres.  According  to  Bdesse,  this  substance  fuses  at  180°  Fahr.  and  con- 
tains 42}  per  cent,  of  bitumen,  soluble  in  bwzole ;  248  per  cent,  of  organic  matter, 
the  remains  of  plants  wiiich  have  grown  upon  the  present  sur&ee,  and  have  become 
imbedded  in  the  'gum';  and  127  per  cent,  of  day  and  sand.  The  occurrence  of 
these  beds  is  instructive,  as  showing  how  Utuminous  rocks  may  be  farmed  by  the 
gradual  drying-np  and  oxidation  of  liquid  pstzoleum.  When  wells  are  sunk  in  the 
overlying  days  and  sands,  there  is  usually  found,  at  the  junction  with  the  shales,  a 
bed  ^  coarse  gravd  holding  large  quantities  of  <»1  of  a  treacly  consistency  and  dark 
C(dour.  This  is  the  oil  of  the  sor&ee-wella,  so  called  from  their  being  situated 
eotirdy  in  superficial  deposits,  as  distingmshed  from  the  rock-wells,  whidi  are  bored 
into  the  Hamilton  shales  and  Comiferoas  limestone  strata  below.  It  has  a  vary 
oiibnsive  smMl,  but  is  actually  of  greater  value  than  the  mare  lim{»d  {nrodnct  of  the 
ro<^-wells,  beiiig  sold  withont  any  iurther  prqwiation  as  a  lubricating  medium  for 
the  axles  of  railway-caniagee.  The  rock-wells  are  of  two  characters,  namely, 
'  pumping '  and  '  flowing : '  the  former  being  mostly  intemuttant  in  their  discharge^ 
and  requiring  the  aid  ^  machinery  to  bring  their  contents  to  the  sur&oe,  while  in 
the  latter  the  cil  rises,  like  water  in  a  true  artesian  well,  above  the  level  of  the 
sur&ce;  the  free  discharge  being,  however,  due  not  to  hydrostatic  pressure  so  much 
as  to  the  elastic  force  of  light  carburetted  hydrogen  gas,  which  is  almost  always 
present  in  oil-wells.  Unlike  wells  sunk  for  water,  the  gathering-ground  of  an  oil- 
well  is  extremely  local,  being  probably  confined  to  a  lenticular  belt  of  porous  rock  in 
its  immediate  n«shbonrhood ;  and  when  this  is  exhausted,  the  supply  &i  Is  :  and  unless 
the  hole  be  bored  deeper,  on  the  chance  of  striking  another  vein  in  depth,  it  is 
abandoned  for  a  fredi  locality.  The  first  great  flowing-well  at  Enniskillen  yielded 
1,500  barrels  when  first  struck,  the  greater  part  of  which,  for  want  of  sufKcieut  col- 
lecting vats,  overflowed  into  the  valley  of  the  nughbouring  brook,  and  was  lost;  but 
in  a  snort  time  it  wasexhaasted.  The  best  wells  in  this  locality,  in  July  18S6,  yielded 
aboat  100  ba^el8,^]r  4,000  gallons  each,  daily ;  but  only  five  were  in  this  category,  the 
greater  Dumber  not  exceeding  10  or  20  barrels.  The  Wycming  Company's  wells, 
9  in  number,  sunk  on  the  gum-beds,  yidded  from  fi  to  6  barrels  each,  per  day,  at 
the  same  period.  It  was  computed  that  the  working  expanses  of  a  well,  pumped  by 
sveam-power,  could  be  covered  by  a  yield  of  a  single  barrel  daily.  The  conditions 
under  which  petroleum  occurs  in  Pennsylvania,  are  somewhat  similar  to  those 
observed  in  Canada,  but  on  a  somewhat  higher  geological  horizon ;  the  chief  oil- 
bearing  rocks  being  the  saadstones,  limestones,  and  slates,  overlying  the  Hamilton 
and  Genesee  gronps.  The  deepest  wells  in  Oil  Creek,  the  principal  Fennsylvanian 
locality,  are  supposed  to  be  in  the  Fortage,  while  the  shallower  ones  are  in  the 
ChemuBg  group,  both  members  of  the  Upper  Devonian  series.  At  the  commence- 
ment of  the  year  1865,  in  the  district  of  Oil  Creek,  Pennsylvania,  480  wells  were 
already  sunk,  and  542  more  were  in  progress  of  sinking,  within  an  area  of  5  square 
miles.  Of  these,  189  produced  oil,  the  total  estimated  yield  being  4,000  barrels,  or 
160,000  gallons  daily.  Some  of  the  earlier  wells,  suiOc  in  the  year  1861,  at  first 
yielded  from  600  to  3,000  and  4,000  barrels  each,  daily,  but  in  no  instance  have  these 
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great  yields  been  kept  op  for  more  than  a  few  monUu :  the  maximum  yield  at  the 
date  eJlnded  to  appears  to  have  been  about  825  barrel*.  The  MacKinley  well,  in 
the  same  locality,  is  noticeable  on  account  of  its  umformi^  of  yield,  amounting  to 
between  60  and  60  barrels  per  diem,  which  production  has  been  steadily  maintained 
without  pnm|Hng  for  nearly  3  years. 

The  uppermost  Devonian  or  Catskill  group  has  as  yet  giren  rise  to  no  wells  of 
any  importance.  The  subcarboniferous  or  mountain  limestone,  and  the  lower  car- 
boniferous rocks  of  the  United  States  are  devoid  of  petrolenm ;  but  in  England,  traces 
of  the  presence  of  bitnmen  are  found  in  the  mountain  limestone  in  ShropehirSk  *t 
Castleton  in  Derbyshire,  and  at  Staunton  Harold  in  Leiceatersbiie.  In  the  lower  eoal- 
measures,  oil-wells  are  found  in  Ohio  and  Virginia,  and  also  in  the  upper  coal-measures 
at  Marietta,  in  the  former  state.  A  spring  of  actnal  petroleum  was  discovered  some 
years  ago  in  the  coal-measures  at  AJfreton  in  Derbyshire;  and  while  the  supply 
lasted,  it  was  employed  in  the  manufacture  of  paraffin  and  lubricating  oils. 

In  the  secondary  rocks,  solid  and  liquid  bitumen  occur  at  many  different  points, 
but  not  in  the  extraordinary  quantitieH  that  characterise  the  paleozoic  roeks  of 
Am«ica ;  among  other  localities  may  be  mentioned  Deestadt  and  Sickle,  in  Bruns- 
wick, where  it  occurs  in  the  lias  shales ;  and  Edimissen  and  Odensee,  in  Hanover, 
where  springs  of  petroleum  rise  from  the  middle  beds  of  the  Wealdea  series,  which 
are  also  coal-bearing.  In  England,  the  lias  jet-rock  of  Whitby,  and  the  Kimmeridge 
shale  of  Dorsetshire,  are  examples  of  bituminous  rocks  belonging  to  the  secondary 
period.  The  petroleum  of  California  is  derived  &om  rocks  of  cretaceous,  or  periiaps 
tertiary  age. 

One  of  the  most  interesting  of  the  tsttiaiypetroleum  districts  is  that  of  Qalicia, 
on  the  northern  slope  of  the  Carpathians.  Tliis,  according  to  Von  Hochstetter,  ex- 
tends N.W. — SJE.  for  about  200  miles,  along  a  line  of  fractures  parallel  to  the  main 
chain  of  mountains,  through  which  iinctures  petroleum  rises  on  aoconnt  of  the 
gaseons  pressure  below,  and  saturates  the  overlying  breociated  rocks  and  sandstones, 
which  are  of  eocene  age.  The  wells  actually  sunk  are  square  shafts,  iHiich  often 
pass  through  a  peculiar  breccia  of  fragments  of  bituminous  shale,  angular  pieces  of 
asphalt,  quartz  grains,  and  fbkes  of  mica,  cemented  by  calc-spar.  The  rock  generally 
is  a  sandy  shale.  In  one  of  these  wells,  at  2  fathoms  deep,  the  cracks  of  the  rock 
were  found  to  be  filled  with  a  white  bitumen  like  Hatchettine,  and  in  the  third  &thoni 
petroleum  appeared  in  drops,  which  filtered  through  the  walls,  and  collected  at  the 
bottom  of  me  shaft.  The  oil  is  so  full  of  paraffin,  that  it  is  only  when  a  certaic 
quantity  of  water  issues  with  it  out  of  the  rock,  that  any  quantity  is  collected. 
Samples  collected  irom  five  different  localities  varied  in  specific  gravity  from  0-803 
to  0*020,  the  latter  being  surface-oils  collected  from  a  pool  of  water.  The  lighter 
varieties  contain  so  much  paraffin  as  to  solidify  at  a  temperatore  of  50°  F.  The 
relation  between  the  West  Galician  oil,  rising  &om  eocene  rocks,  to  that  of  Eastern 
Galicia,  which  is  obtained  from  miocene  strata,  is  similar  to  that  existing  between 
the  Fennaylvanian  and  Canadian  oils — the  latter  in  either  case  being  dark  in  colour, 
and  less  fluid  than  the  former.  The  Wallachian  oil  is  also  dark  coloured,  and  is 
associated  with  ozokerite  or  paraffin,  in  a  similar  manner  to  that  of  Oalicia.  Another 
and  better-known  deposit  of  petroleum  in  tertiary  strata  is  that  in  the  Island  of 
Trinidad,  which  has  been  described  at  considerable  length  by  Hr.  Q.  F.  Wall,  in 
bis  '  Report  on  the  Qeology  of  Trinidad.' 

The  methods  employed  in  America  for  boring  oil-wells  are  usually  of  a  very  simple 
character,  and  do  not  difier  very  much  from  those  used  in  this  country  for  trial- 
borings  in  the  coal-measures.  As  a  rule,  a  rope  is  used  for  suspending  the  boring- 
bar,  instead  of  rigid  rods ;  the  lower  parts  of  the  arrangement,  luiown  as  the  augur- 
bar  and  sinker-bar,  weigh  from  7  to  9  cwts.,  and  are  united  by  a  simple  glicung 
piece,  called  the  'jars,'  which  is,  in  fact,  an  application  of  the  free-falling  cutter  used 
in  deep  borings  in  Europe.  The  detritns  is  removed  by  the  shell-  or  sand-pump,  in 
the  ordinary  way.  A  modification  of  Fativelle's  system,  having  hollow  rods  with 
a  continuous  discharge  of  the  detritus,  was  at  one  time  in  use  at  Oil  Springs, 
Canada  West.  The  boring-bit  has  a  hollow  stem,  the  cutting  edges  being  formed  by 
throe  stout  radiating  pieces  of  steel.  In  the  angle  formed  by  these  pieces,  and  then 
junction  with  the  stem-brass,  valves  are  inserted  which  allow  the  detritus  to  enter 
the  rod  through  which  it  rises,  and  is  discharged  in  jets  at  every  fiiU  of  the  cutter. 
The  lifting  of  the  borer  is  effected  by  toothed  levers,  similar  to  those  of  a  safety-catch 
used  in  oollieries,  which  fall  together  by  their  own  weight,  and  take  hold  of  the  rod 
at  the  end  of  the  stroke ;  and  are  released  by  tappets  attached  to  the  boring-frame  or 
derrick,  striking  against  their  outer  ends  when  the  rod  is  at  the  top  of  its  stroke. 
The  boring  is  usually  performed  by  steam-power,  the  upper  end  of  the  rope  being 
secured  to  the  outer  arm  of  a  vibrating  or  '  walking '  beam,  receiving  motion  by 
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means  of  a  strap  and  ^nlley  ttom  a  small  steam-engine  df  about  1  or  2  borse-power. 
'When  Uie  boring  is  finished,  the  same  arrangement  is  used  to  work  the  oil-pump. 
The  nse  of  the  intermediate  beam  and  driving-belt  allows  the  boiler,  which  is 
usually  of  the  common  agricnltaral  or  portable  form,  to  be  kept  at  a  safe  distance 
from  the  stream  of  inflammable  gas,  accompanying  the  oil  and  water  brought  up. 
The  mixed  fluid  lifted  by  the  pump  is  received  in  large  open  vats,  in  which  the 
separation  takes  place ;  t^e  water  being  allowed  to  run  off  by  a  waste-pipe  below, 
while  the  oil  accumulates  until  a  sufficient  quantity  has  been  collected  for  barrelling. 
The  standard  measure  for  petroleum  is  the  barrel  of  40  American  or  old  wine-gallons, 
equal  in  weight  to  about  3  cwts. 

From  what  has  already  been  stated,  it  will  be  easily  understood  that  petroleum 
varies  considerably  in  composition  and  density,  according  to  whether  it  be  derived 
tram,  shallow  or  deep  wells,  the  former  giving  the  darkest  and  heaviest  products. 
The  following  are  some  of  the  chief  properties  of  different  American  oils,  according 
to  Gesner : — Pennsylvanian  petroleum  is  dark  coloured,  with  a  peculiar  greenish 
lustre  or  fluorescence ;  by  reflected  light,  the  specific  gravity  varies  from  0782  to 
0*820.  When  refined,  the  distillate  yields  &am  76  to  85  per  cent,  of  illuminating  oil, 
giving  off  inflammable  vapours  at  a  temperature  of  from  110°  to  116°  F.  The  heavy 
oils  produced  in  the  distillation  yield  paraffin,  or  may  be  used  for  lubricating.  The 
epeciflc  gravity  of  heavy  natural  or  lubricating  oil  from  Pennsylvania,  is  from  0*800 
to  0-860. 

Oil  from  Mecca,  Ohio,  which  remains  fluid  at  very  low  temperatnres,  has  the 
specific  gravity  0*800  to  0*910.  Tlie  Canadian  or  Euniskillen  petroleum  is  dark 
coloured,  and  has  a  peculiar  and  very  offensive  smell,  but  yields  a  larger  quantity  of 
burning  oils  than  the  Pennsylvanian ;  its  specific  gravity  is  from  0'860  to  0*880 ;  that 
of  the  rectified  burning-oil  is  0*838.  A  sample  of  Califomian  petroleum,  of  the 
specific  gravity  0*927,  yielded  the  following  products  when  refined : — 

ninminating  oil 38  per  cent. 

Labricating  oil 48    „    „ 

Pitch 10    „    „ 

Water 4    „    „ 

Another  sample  horn  California  lost  from  10  to  IS  degrees  by  volume,  yielding,  on 

rectification:  — 

Per  cent, 
light  oils        ......        a        .      6 

Burning  oil 60 

loght  machine-oil    .......    20 

Heavy  oil  and  paraffin 26 

The  bitumen  of  the  gum-bed  of  Enniskillen  yields  50  per  cent,  of  volatile  products 
by  distillation ;  and  the  Bangoon  tar  contains  about  10  or  11  per  cent,  of  paraffin. 

The  refining  of  petroleum  has  already  been  noticed  under  Naphtha.  The  following 
is  a  sketch  of  the  operation  as  performed  at  a  small  refinery  at  Oil  Springs,  Canada 
West.  The  crude  oil,  purchased  from  the  proprietors  of  the  wells,  is  stored  in  large 
nndeiground  tanks.  Por  refining,  wrought-iron  stills  are  employed,  having  a  capacity 
of  40  barrels,  or  1,600  gallons ;  they  are  flat-bottomed,  and  are  provided  with  man- 
holes, through  which  the  black  pitchy  residue  is  removed.  When  the  charge  is  intro- 
duced the  still  is  closed,  and  the  distillation  is  effected  by  a  fire  placed  beneath.  The 
charge  takes  about  a  week  to  work  off;  the  distillate  is  collected  in  large  wooden  tubs, 
a  Binall  quantj^  of  a  thick  greenish  substance  separating  from  it,  which  is  returned 
to  the  still.  The  pitchy  residue  in  the  still  is  not  subjected  to  any  fiirther  treatment, 
but  forms  part  of  the  fuel  used  in  the  next  distillation.  The  liquid  collected  is  mixed 
vrith  from  5  to  10  per  cent,  of  sulphuric  add,  and  agitated  by  rotatory  paddles  at  a 
steam-heat,  for  the  purpose  of  bleaching  it  After  ^s  is  done,  the  bleached  oil  is 
washed  with  water,  the  last  faint  traces  of  acid  are  neutralised  with  caustic  potash,  and 
it  is  finally  deodorised  with  ammonia.  When  freshly  prepared,  the  refined  oil  is  without 
colour  or  smell ;  and  when  seen  in  large  quantity,  exhibits  the  extraordinary  blue,  or 
fluorescent  rays  of  Professor  Stokes  in  a  striking  manner.  The  loss  in  distillation  is 
about  30  per  cent. ;  the  refined  oil  is  packed  in  40-gallon  barrels  made  of  oak,  which, 
before  they  are  used,  are  lined  with  an  elastic  cement  resembling  vulcanised  india- 
rubber,  the  principal  ingredients  of  which  are  glue  and  white  lead,  in  order  to  prevent 
leakage  through  the  joints  of  the  staves. 

The  gigantic  dimensions  of  the  American  petroleum  trade  may  best  be  represented 
by  the  following  statistics  given  in  evidence,  before  a  Select  Committee  of  the  House  of 
Lords,  in  1872  *.— 
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ExforUfrom  the  United  Statet  during  the  pears  1870  afid  1871,  to  Lmdon  and  several 
Continental  ports,  in  gallons. 


London  ... 
Bremen  .  .  . 
Hambuiff  ... 
Botterdam  .        .        . 

Konigsberg  and  SteMin 
Copenhagen  .  . 
Qttioa  and  Leghorn     . 


1870 


1871 


2,047,118 

1,467,628 

10,163,399 

12,366,672 

4,466,226 

6,780,459 

5,306,299 

6,987,302 

2,666,677 

6,600,978 

894,422 

2,967,345 

2,616,926 

3,109,142 

The  peticlenm  Exports  of  the  United  States  for  1872  ■were  as  follow : — 
Daring  the  year  there  had  been  exported  170,386,869  gallons ;  the  most  of  it 
going  to  German  ports.  This,  compared  with  1871,  is  a  decrease  of  over  6,000,000  of 
gallons  ;  this  decrease  in  a  trade  which  naturally  ought  to  increase  being  acconnted 
for  by  the  strennons  efforts  which  have  been  made  to  conbnl  the  trade  and  prices  by 
decreasing  production  at  the  wells.  These  efibrts  still  continue,  though  they  are 
looked  upon  as  unsuccessful.  The  bulk  of  the  export  is  made  from  New  York  and 
Philadelphia ;  the  former  having  sent  out  90,000,000,  and  the  latter  nearly  67,000,000 
gallons  during  the  year,  leaving  but  3  per  cent,  of  the  export  for  other  ports.  Phila- 
delphia, compared  with  1871,  increased  her  export  nearly  760,000  gallons ;  while  that 
of  Kew  York  was  reduced  nearly  6,000,000  of  gallons.  Owing  to  certain  trade  ad- 
vantages in  &Tour  of  Philadelphia,  her  export  gradually  increases  at  the  expense  of 
other  ports.  Tear  by  year  a  larger  portion  of  the  petroleum  shipped  is  refined  oil ; 
nearly  128,000,000  out  of  the  160,000,000  gallons  sent  in  1872  having  been  refined  oi). 
Total  exports  from  TTnited  States  to  all  parts  of  the  world  during  the  years — 

Gallans 

1868.        . 97,013,817 

1869 100,780,168 

1870 139,271,450 

1871 164,877,377 

The  high  prices  of  petroleum  in  Europe  when  first  used  as  an  illuminant,  stimolated 
production  to  an  extraordinary  extent  This  was  also  aided  by  the  cheapness  of 
manufacture ;  pumping,  purification,  and  cooperage  being  very  easy  items.  When 
Young's  bnming-oil  sold  retail  at  3s.  6d.  per  ^illon,  and  when  Is.  6d.  was  the  lowest 
quotation  lookra  on  as  possible,  it  was  seriously  doubted  that  the  Americans  could 
compete  with  British  oil-makers  at  the  lower  figure.  But  several  years'  experience 
has  shown  how  petroleum  can  be  profitably  exported  at  a  price  in  Europe  below  this. 
In  &ct,  the  safest  petroleum  is  now  sold  so  low  as  to  allow  the  working-man  a  light 
superior  to  gas  at  Id.  a  night.  Our  statistics  show  how  decrease  in  price  has  only 
stimulated  activity  in  production.  Notwithstanding  the  lull  at  the  commencement  ^ 
last  season's  trade,  caused  by  a  temporary  combination  amongst  the  well-owners,  it 
heads  the  yield  of  all  previous  years.  Though  really  coextensive  with  the  area  of  the 
North  American  continent,  petroleum  is  chiefly  got  in  Pennsylvania,  West  Virginia, 
and  Ohio,  in  the  United  States;  as  also  in  Western  Canada.  Its  proximity  to 
immense  metallic  deposits  in  many  localities  encourages  the  hope  of  its  speedy  use  in 
metalliurgy.  Less  than  half  of  the  crude  material  can  be  safely  sold  for  lamps,  but 
it  would  admirably  answer  this  purpose.  (See  Naphtha,  NATrvs.)  Ifost  of  the 
refined  material  reaching  Europe  is  obtained  in  county  Venango  in  Pennsylvania,  in 
the  neighbourhood  of  Oil  City,  Titusville,  Petroleum,  Cherry  Eun,  &c  There  are 
now  few  or  no  flowing  wells  in  the  oil  regions ;  bnt,  owing  to  various  circumstances, 
the  oil-well  owner  can  compete  very  favourably  with  the  British  mineral-oil  maker. 
British  crude  shale-oil,  in  the  most  &vourable  circumstances,  was  manofhctored  at  a 
prime  cost  of  3}<2.  per  gallon ;  now  (1873)  it  costs  nearly  double.  Pumping  an  oil- 
well  should  not  cost  more  than  id.  per  gallon.  The  bore-holes  which  an  made 
through  the  heavy  honeycombed  structure  of  the  sandstones  of  Oil  Creek,  U.S.,  are 
from  3  to  4  inches  in  diameter,  and  frequently  600  or  600  feet  deep,  sometimes  800 
feet  deep.  From  many  years'  experience,  the  cost  of  sinking  a  bore-hole  nearly  900 
feet  deep,  and  j>reparing  everything  to  pnmp  up  the  petroleum,  is  4,000  to  5,000 
dollars.  Now  in  1869  some  of  the  best-yielding  bore-holes  gave  much  more  than 
260  to  300  barrels  per  day,  but  at  the  close  of  the  year  only  one  of  these  bore-holes 
continued  yielding  200  barrels  a  day;  whilst  thirty  wore  giving  from  50  to  100 
banels  per  day.    Assuming  the  Titusville  standard  of  43  gallons  per  barrel,  it  woidd 
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oast  7,000/,  sterliiig  to  fit  up  a  shale-irork  (pving  the  lowest  jield ;  and  the  pioflts 
would  be  fractional  comporea  with  thoae  of  the  oil-welL  This  competition  has  driyen 
the  crnde-oil  tiade  of  Britain  into  the  hands  of  laige  capitalists.  Bnt  the  oil-maker 
calculates  on  the  gross  profits  of  a  large  tnrn-over,  and  on  his  advantage  over  his 
Fennsylranian  competitor  in  having  sulphate  of  ammonia,  paraffin,  and  other  ore- 
products.  The  enormous  quantity  of  used  petroleum-barrels  m  the  British  market  is 
also  a  great  source  of  jprofit. 

As  regards  the  origm  of  petroleum  and  analogous  bituminous  substances,  there  can 
be  but  bttle  doubt  that  they  are  derived  from  the  decomposition  of  organic  matter 
in  the  rocks  containing  them.  The  changes  forming  part  of  the  great  series  whereby 
organised  structures,  containing  carbon,  oxygen,  and  hydrogen,  become  altered  into 
peat,  lignite,  coal,  anthracite,  and  graphite,  are  too  well  known  to  be  dwelt  upon  here 
at  length ;  suffice  it  to  say,  that  they  consist  in  the  abstraction  of  variable  qtiantities 
of  carbonic  acid,  water,  and  marsh-gas  (CH*).  From  the  results  of  observations  of 
the  Geological  Survey  of  Canada,  Dr.  Sterry  Hunt,  Mr.  Wall,  and  others,  it  would 
appear  that  the  sepanition  of  these  hydrocarbons  is  the  first  stage  of  carbonaceous 
metamorphism,  and  that  such  substances  when  under  favourable  conditions — that 
is,  when  kept  from  the  access  of  air,  as  in  the  cavities  of  limestones,  or  in  sand- 
stones or  shales  covered  by  impermeable  beds— may  be  preserved  intact ;  but  when 
they  are  allowed  to  come  to  the  surface  (as,  for  instance,  in  rising  through  cracks 
and  superficial  (pravels)  oxidation  takes  place,  the  greater  part  of  the  hydrogen  is 
removed,  and  ultimately  asphalt  and  coaly  substances  are  produced.  That  much  of 
the  petroleum  of  the  older  rocks  may  be  derived  &om  the  decomposition  of  animal 
matter  is  evident  by  its  presence  in  considerable  amount  in  the  cells  of  coral,  in 
Comiferous  limestone,  which  contains  exclusively  marine  remains,  and  is  not  per- 
meable to  liquids  from  without.  In  peat  and  brown  coal  there  is  no  difficulty  in 
supposing  that  the  decomposition  of  the  plants  has  given  rise  to  the  various  paraiBn- 
like  and  other  solid  hydrocarbons  which  it  contains.  One  puticular  class  of  these 
substances — namely,  the  resins,  such  as  amber,  retinjte,  &c— may  have  existed  in 
the  tissues  of  the  plants  during  their  life,  as  they  may  all  be  paralleled  with  the 
gum-resins  of  living  conifers.  Perhaps  the  most  remarkable  among  these  bitu- 
mens is  that  called  Scheererite,  found  in  the  brown  coals  of  Uznach  in  Switzerland, 
and  Eger  in  Bohemia ;  which,  while  resembling  Hatchettine,  has  the  composition 
of  marsh-gas,  showing  the  same  relation  to  it  that  paraffin  does  to  oleflant  gas. 

Another  fact  in  support  of  the  animal  origin  of  some  bitumens  is  that  furnished  by 
the  bituminous  odour  evolved  by  nearly  all  very  fossiliferous  limestones,  as,  for  in- 
stance, the  Upper  Silurian  and  Carboniferous  limestsnes  of  England,  which  certainly 
contain  no  land-plants. 

Another  view,  put  forward  by  Dr.  Senft,  may  be  of  use  in  explaining  why  in  certain 
cases  coals  ore  produced  and  in  others  bituminous  shales :  it  is,  that  the  carbonaceous 
substance  produced  in  peat-bogs  has  the  power  of  absorbing  and  fixing  carburetted 
and  sulphuretted  hydrogen.  Now,  supposing  in  a  sea-bed  the  amount  of  decomposing 
organic  matter,  marine  plants,  molluscs,  corals,  &&,  to  be  small  as  compared  with  the 
accompanying  mineral  matter  (carbonate  of  lime,  silica,  clay,  &c.),  the  hydrocarbons 
formed  would  be  liable  to  escape,  and  remain  isolated  as  petroleum.  But,  on  the 
other  hand,  in  the  case  of  a  great  forest-growth  or  peat-bog  decomposing  under  water, 
the  hydrocarbons  separated  would  be  liable  to  lie  reabsorbed  by  the  great  excess  of 
residual  carbon  present,  and  to  be  condensed,  giving  rise  to  bituminous  coals.  See 
Kafbtra;  Pabaffin. 

Petroleum  Imports  in  1878. 

Tun.  "^"i"" 

Unrtfincd,  from  the  United  States  of  America  .  895  12,836 

OaUons  £ 

i?^nf(;,  from  the  United  States  of  America      .    16,377,252  974,755 

,,  other  countries  ....  58,648  5,250 


Total    .        .        .    16,435.800  979,005 

Imports  in  1874. 
85,630  tuns;  value  £1,002,541. 

(For  farther  information  on  this  subject,  consult  Stemr  Hunt's  paper  in  '  American 
Journal  of  Science,'  vol.  xxxv.  p.  168 ;  Senft,  «ier  Sumut,  Tor/,  &c. ;  Gesner  on 
'  Coal  Oils ' ;  and  Sammdaherg,  Mineral-Chenae.) 

At  the  old  rates  of  wages  and  coals,  the  crude  oil  yielded  a  moderate  trade-profit  in 
competition  with  petroleum ;  but  this  summer  (1873)  many  British  companies  have 
eonmderably  reduced  their  dividends.     And  the  stability  of  our  home  trade  wlU 
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depend  on  incieased  economies  in  tad,  mining,  and  laboor.  On  the  oUier  hand,  the 
abandance  of  petiolenm  in  America,  and  the  ease  •with  which  it  is  obtained,  will, 
vnlesn  new  usee  for  the  material  are  digeoTored,  keep  the  trade  only  barely  IncratiTe. 
ya-TOW-nni  is  the  Chinese  name  for  what  is  thought  by  geologists  to  be  a 
partiallj-decomposed  granite,  used  by  them  in  the  mami&ctnse  of  theiz  poKelain. 
It  is  analogoos  to  our  Ckamish  china-stone.    See  Chika  Stohi  ;  Clat. 

9M'MI  W  USTB  KASiSXJk  A  shelly  limestone,  ooomrring  in  the  Wealden  strata, 
in  the  neighbonrhood  of  Petworth,  in  Sussex.    See  Sussn  MunLB. — H.  W.  B. 

VaWTaS.  (Potior  (fUam,  Fr.)  Pewter  is,  generally  speaking,  an  alloy  c£  tin 
and  lead,  with  a  little  antimony  or  copper,  combined  in  seTeral  different  pro- 
portions, according  to  the  purposes  whidi  the  alloy  is  to  serre.  The  English 
pewterers  distinguish  three  sorts,  which  thej  call  jiMe,  trifie,  and  la/  pewter :  the 
first  and  hardest  being  used  for  plates  and  dishes  ;  the  second  for  beer-pots ;  and  the 
third  for  larger  wine  measures.  The  jdaU  peuiter  has  a  bright  silrery  lustre  when 
polished ;  the  best  is  composed  of  100  parts  of  tin,  8  parts  of  antimony,  3  parts  of 
bismuth,  and  2  of  copper.  The  trifU  is  said  by  some  to  consist  of  83  ports  of  tin,  and 
17  of  antimony;  but  it  generally  contains  a  «)od  deal  of  Iwid.  The  ley  pewter  is 
composed  of  4  parts  of  tin  and  1  of  lead.  The  English  ley  pewtear  coatains  often  much 
more  than  20  per  cent,  of  lead.  As  the  tendency  of  the  mann&cturer  is  to  pnt  in  as 
much  of  the  cheap  metal  as  is  compstibie  with  the  appearance  of  his  alloy  in  the 
market,  and  ns  an  excess  of  lead  may  cause  it  to  act  poisonoosly  upon  all  vinegars 
and  many  wines,  the  French  Goremraent  appointed  Fooicroy,  Vauquelin,  and  other 
chemists,  to  ascertain  by  experiment  the  proper  proportions  of  a  safe  pewter  alloy. 
These  commissioners  found  that  18  ports  of  lead  might,  without  danger  of  affecting 
wines,  &c.,  be  alloyed  witli  82  puts  of  tin ;  and  the  French  QoTemment  in  con- 
sequence passed  a  law,  requiring  pewterers  to  use  88^  of  tin  in  100  ports,  with  a 
tolerance  of  error  amonnting  to  1^  per  cent.  This  onlonnance,  allowing  not  more 
than  18  per  cent,  of  lead  at  a  maximum,  has  been  extended  to  all  vessels  destined  to 
contain  alimentary  substances.  A  table  of  specific  gravities  was  also  published,  on 
purpose  to  test  the  quality  of  the  alloy ;  the  density  of  which,  at  the  legal  standard, 
IS  7'764.  Any  excess  of  lead  is  immediately  indicated  by  an  increase  in  the  specific 
gravity  above  that  number. 

Britannia  metal,  the  kind  of  pewter  of  which  English  teapots  are  made,  is  an  alloy 
of  equal  parts  of  brass,  tin,  antimony,  and  bismuth ;  but  the  proportions  di%r  in 
different  workshops,  and  in  many  much  mora  tin  is  introduced,  Qmen's  meiti  is 
said  to  consist  of  0  parts  of  tin,  1  of  antimony,  1  of  bismnth,  and  1  of  lead ;  it  serve* 
also  for  teapots  and  other  domestic  utensils. 

A  much  safer  and  better  alloy  for  these  purposes  may  be  compounded  by  adding 
to  100  parts  of  the  French  pewter,  6  parts  of  antimony,  and  5  of  brass  to  harden  it. 
Under  Tin,  will  be  found  the  description  of  an  easy  method  of  analysing  its  lead  alloys. 
The  pewterer  fashions  most  of  his  articles  by  casting  them  in  brass  moulds,  which 
are  made  both  inside  and  outside  in  various  pieces,  nicely  fitted  together,  and  locked 
in  their  position  by  ears  and  catches  or  pins  of  varions  kinds.  The  moulds  most  be 
moderately  heated  before  the  pewter  is  poured  into  them,  and  their  sur&ces  should 
be  bntshed  evenly  over  with  poonce-powder  (sandarooh)  beaten  up  with  white-of-egg. 
Sometimes  a  film  of  oil  is  preferred.  The  pieces,  after  being  cast,  are  tonied  and 
polished ;  and  if  any  part  needs  soldering,  it  must  be  done  with  a  fusible  alloy  of  tin, 
bismuth,  and  lead. 

It  is  the  practice,  however,  in  the  metal  works  of  Birming^m,  to  raise  varions 
articles,  as  tea-pots,  milk-jugs,  and  the  like,  from  the  flat  into  their  proper  forms,  by 
a  process  called  SpiinnKO :  this  consists  in  bringing  the  sheet  of  pewter  against  a 
rapidly-reToIving  tool,  by  which,  with  a  little  dexterity  on  the  part  of  the  workman, 
it  IS  gradually  fashioned. 

MUUfTAaMAOOSXA.  The  phantasmagoria  lanterns  are  a  sdentific  form  of 
magic  lantern,  differing  from  it  in  no  essential  principle.  The  images  they  produce 
are  variously  exhibited,  either  on  opaque  or  transparent  screens.  The  light  may  be 
a  kind  of  solar  lamp,  but  in  most  cases  the  oxyhydrogen  or  lime  light  is  now  em- 
ployed. The  manner  in  which  the  beautiful  melting  pictures  callad  dissolving  views 
are  produced,  as  respects  the  mechanism  employed,,  deserves  to  be  explained.  The 
arrangement  adopted  in  the  instrument  is  the  following : — Two  lanterns  of  the  same 
size  and  power,  and  in  all  respects  exactly  agreeing,  are  arranged  together  upon  a 
little  tray  or  platform.  They  are  held  fast  to  this  stand  by  screws,  which  admit  of  a 
certain  degroe  of  half-revolving  motion  from  side  to  side,  in  order  to  adjust  the  ibci. 
This  being  done  in  such  a  manner  that  the  circle  of  light  Of  each  lantern  &lls  precisely 
upon  the  same  spot  upon  the  screen,  the  screws  are  tightened  to  the  utmost  extent  so 
as  to  remove  all  possibility  of  further  movement.  The  dissolving  apparatus  consists 
of  a  eiroulor  tin  plate  japanned  in  black,  along  three  parts  of  the  ciroumference  of 
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which  a  creccented  aperture  runs,  the  interral  between  the  honu  of  the  cresoeut  being 
occnpied  b^  a  circular  opening,  covered  by  a  screwed  plate,  remoreable  at  pleasure. 
This  plate  is  fixed  to  a  horizont^  wooden  axis,  at  the  other  end  of  which  is  a  handle, 
In  which  the  plate  can  be  caused  to  rotate.  The  axis  of  wood  is  supported  hj  two 
pillars  connected  with  a  flat  piece  which  is  secured  to  the  trsy.  This  apparatus  is 
placed  between  the  lanterns  in  snch  a  manner  that  the  circular  plate  is  in  trout  of  the 
tubes  of  both,  while  the  handle  projects  behind  the  lanterns  at  the  back.  The  plate 
can,  therefore,  be  turned  round  by  means  of  the  handle,  without  difficulty,  &om  behind. 
A  peg  of  wood  is  fixed  into  the  axis,  so  as  to  prevent  its  aiding  more  than  half  a 
revolntion.  The  widest  part  of  the  creacentic  opening  in  the  plate  is  sufficient  to 
admit  all  the  rays  of  the  lantern  before  which  it  happens  to  be  placed.  On  the  plate 
being  slowly  turned  half  round,  by  means  of  the  handle  behind,  the  opening  narrows 
ontil  it  is  altogether  lost  in  one  of  the  horns  of  the  crescent.  The  light  of  that  lantern 
is  gradnally  cut  off  as  the  apertnre  diminishes,  until  it  is  at  length  whoUy  shaded  under 
the  moveable  cover  occupying  the  interval  between  the  horns  of  this  crescentio  open- 
ing. In  proportion  as  the  light  is  cut  off  from  one,  it  is  let  on  from  the  other  tube,  in 
consequence  of  the  gradually-increasing  size  of  the  crescent  revolving  before  it,  until 
at  length  the  widest  part  of  this  opening  in  the  plate  is  presented  before  the  tube  of 
the  second  lantern,  the  fifst  being,  as  we  have  seen,  shaded.  This  movement  being 
reversed,  the  light  is  cut  off  £rom  the  second  lantern,  and  again  let  on  &om  the  first, 
and  so  on  alternately.  Thus  while  the  screen  always  presents  the  same  circle  of  light, 
yet  it  is  derived  first  &om  one  lantern,  then  &om  the  next 

When  in  use  a  slider  is  introduced  into  each  lantern.  The  lantern  before  the  mouth 
of  which  the  widest  part  in  the  opening  in  the  plate  is  placed,  exhibits  the  painting  on 
the  screen,  the  light  of  the  other  lantern  being  then  hid  behind  the  cover.  On  turn- 
ing the  handle,  this  picture  gradually  becomes  shaded,  while  the  light  irom  the  second 
lantern  streams  through  the  widening  o|iening.  The  effect  on  the  screen  is  the  melt- 
ing away  of  the  first  picture,  and  die  brilliant  development  of  the  second,  the  screen 
being  at  no  instant  left  unoccupied  by  a  picture. 

The  principle  involved  in  this  apparently  complex,  but  in  reality  simple  mechanism, 
is,  merely  the  obscuration  of  one  picture  and  the  throwing  of  a  second  in  the  same 
place  on  the  screen.  And  it  may  be  accomplished  in  a  great  variety  of  ways.  Thus 
by  simply  placing  a  flat  piece  of  wood,  somewhat  lilce  tixe  letter  Z,  on  a  pomt  in  the 
centre,  so  tnat  alternately  one  or  the  other  of  the  pieces  at  the  end  should  be  raised  or 
depressed  before  the  lanterns,  a  dissolving  scene  is  produced.  Or,  by  fixing  a  move- 
able upright  shade,  which  can  be  pushed  alternately  before  one  or  the  other  of  the 
lanterns,  the  same  effect  is  produced. 

There  are  many  individuals  whose  sole  occupation  consists  in  painting  the  minute 
scenes  or  slides  used  for  the  phantasmagoria  lanterns.  The  perfection  to  which  these 
paintings  are  brought  is  surprising.  There  are  two  methods  by  which  the  sliders 
now  employed  are  produced.  In  one  of  these,  the  outline  and  detail  are  entirely  the 
work  of  the  artists  pencil.  For  pictures  representing  landscapes,  or  wherever  a 
spirited  painting  is  required,  this  is  the  exclusive  method  employed.  The  colours  are 
rendered  transparent  by  being  ground  in  Canada  balsam  and  mixed  with  varnish. 
The  other  method  is  a  transfer  process.  The  outlines  of  the  subject  are  engraved  on 
copper-plates,  and  the  impression  is  received  from  these  on  thin  sheets  of  glue,  and  is 
then  transferred  to  a  plate  of  glass,  the  impression  being  burnt  in  the  same  manner  as 
is  effected  in  earthenware.  Sliders  produced  in  this  way  receive  the  distinctive  name 
of  copper-plate  sliders.  The  subject  is  merely  represented  in  outline,  it  being  left  to 
the  artist  to  fill  up  with  the  necessary  tints,  &c  The  advantages  of  this  method  for 
the  production  of  paintings  of  a  limited  kind  are  obvious.  Photography  on  glass 
is  now  very  largely  employed  to  obtain  pictures  for  the  magic  lantern. 

Beechy's  Trinoptric  Lantern,  which  has  been  long  manumctoied  by  Hr.  Abrahams 
of  laverpool,  is  an  improvement  on  the  ordinary  phantasmagoria.  The  Bridgman 
OCriple  Lantern  has  recently  been  introduced. 

9WMKAMXSM.  A  silicate  of  glucina.  The  Siberian  crystals  are  occasionally 
cat  for  jewellery,  and  resemble  rock  aystal. 

WKMKAMMBKM,    See  Amzora  Viourr. 

V>WIXOm«  Phenicimne,  or  Phatyl  Broten.  A  colouring-matter  produced  by 
the  action  of  nitro-solphnric  acid  on  phenylic  alcohol  (carbolic  acid).  Phenidne  is  an 
amorphons  powder  of  a  brown  colour.  It  is  sparingly  soluble  in  water,  but  it  dis- 
solves readily  in  alcohol,  ether,  and  acetic  acid,  also  in  the  alkaline  solutions,'  and  in 
lime-water.  The  solution  in  an  alkaline  fiuid  is  of  a  fine  violet-blue,  but  it  is  clianged 
to  brown  by  the  least  excess  of  acid.  It  appears-to  be  a  mixture  of  two  colouring- 
matters,  one  yellow,  and  the  other  blaok.  Fhenicine  dyes  silk  and  wool,  like  the 
aniline  colours,  without  the  intervention  of  a  mordant.  If  a  piece  of  silk  or  wool  is 
dyed  with  phenicine,  it  acquires  a  fine  garnet-red  coloiir,  on  immersion  in  a  solution 
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of  cbiomate  of  copper  acidnl&ted  with  sulphuric  acid.  Cotton  being  previously  mor- 
danted with  tannin  or  stannate  of  soda  may  be  dyed  with  phenicine  of  a  deep  purple 
colour,  on  being  immersed  in  hot  chromate  of  potash.  The  colour  is,  however,  changed 
by  alkalis,  and  destroyed  by  soap.    See  Caxbouo  Acn>. 

WHMMOIb,    See  Cakbouc  Acid. 

'HBJIOIi  MEiOM.  Under  certain  circumstances,  phenol  gives  rise  to  the  forma- 
tion of  a  blue  colouring-matter,  which  is  used  to  a  certain  extent  in  dyeing.  This 
substance  is  known  in  commen»  by  the  name  of  asuline.    See  Cabbouo  Acid. 

MIOBMXDM  TSWAX.  Ifew  Zealand  flax.  From  a  Beport  of  the  Flax  Com- 
mission appointed  to  examine  into  the  preparation  and  value  of  the  New  Zealand 
flax,  we  learn  that  one  general  method  of  manu&cture  is  adopted  in  the  colony.  This 
method  has  been  thus  described : — 

'  The  green  leaves  are  stripped  by  revolving-roUors  with  projecting  beaters,  travelling 
at  a  hig^  rate  of  speed,  which  crush  the  epidermis  against  a  fixed  plate,  so  set  as  to 
allow  room  for  the  fibre  to  remain  intact  The  fibre,  thus  freed  from  the  leaf  of  the 
plant,  is  washed  by  various  methods,  put  on  the  ground  or  on  lines  to  dry  and  bleach, 
finished  by  an  arm  or  barrel-scutch,  and  when  baled  is  ready  for  the  market.  No 
material  alterations  in  the  manufacturing  processes  have  been  made ;  but  a  more 
skilled  labour  and  enlarged  experience  have  improved  the  general  quality  of  the  fibre, 
so  that  it  is  more  eagerly  competed  for  in  the  London  market  as  approaching  nearer 
the  appearance  of  Manilla  hemp,  and  is,  in  tact,  capable,  in  the  opimon  of  competent 
judges,  of  being  so  prepared  as  to  surpass  it.  The  chief  improvement  recently  intro- 
duced is  the  wet-scutchiDg,  by  which  the  fibre  is  cleaned  and  softened,  although  it  has 
not  always  been  commerciaUy  successful ;  for,  whilst  local  purchasers  were  ready  to 
give  SI.  per  ton  extra  for  the  tiax,  the  loss  of  fibre,  by  formation  of  an  excesnve 
amount  of  tow,  and  the  additional  expense  of  labour,  increased  the  cost  from  81.  to 
10^.,  so  that  the  new  process  was  abuidoned.  But,  notwithstanding  this,  the  Com 
missioncrs  strongly  recommend  it  for  farther  trial.  The  mills  are  chiefly  worked  by 
steam-power;  and  good  streams  of  water  are  also  essential  for  the  effectual  washing 
of  the  fibre,  which,  when  carefully  prepared  and  neatly  baled,  fetches  as  much  as 
&om  171.  to  211.  per  ton,  although  the  ordinary  price  is  about  IRl.  The  cutting  of 
the  flax-leaves  is  an  important  point  In  some  fields  an  established  vigorous  plant, 
in  suitable  soil,  will  yield  four  good  leaves  for  manufacture  every  year.  The  leaves 
are  usually  of  twelve  months'  growth,  and  vary  from  3  to  5  feet  long.  In  some  parts 
thej^  are  greatly  injured  by  a  small  '  looper '  caterpillar,  about  an  inch  in  length, 
which  eats  quite  through  the  fibre,  in  patches  from  i  an  inch  to  2  inches  long,  and  ^ 
of  an  inch  broad.  This  insect  comes  to  its  full  size,  and  is  most  numerous,  in  the 
month  of  December.  Of  the  leaves,  when  cut,  6J  tons  yield  one  ton  of  fibre.  They 
ore  mostly  found  after  two  years'  growth  to  have  passed  their  prime  and  begun  to 
decay.    The  green  strippings  of  the  leaf  form  food  for  horses.' 

The  phorminm  fibre  is  largely  used  for  rope-making.  It  is  said  that  the  New 
Zealand  white  rope  when,  kept  diy,  lasts  longer  and  wears  60  per  cent  better  than 
tarred  ropo  of  this  materia^  and  34  per  cent  better  than  Manilla-hemp  fibre,  but 
the  effect  of  wetting  with  salt  water  acts  i^uriously  upon  the  New  Zealand  rope, 
whilst  the  Manilla  rope  is  said  to  be  actually  improved  by  the  salting.  The  breaking- 
strain  of  Manilla-hemp  rope  being  taken  as  100,  that  of  several  varieties  of  New 
Zealand  rope  as  at  present  exported  varies  from  53  to  84,  with  an  average  of  91. 
But  samples  of  native-dressed  New  Zealand  fibre  ranged  from  70  to  122,  with  an 
average  of  91.  During  the  year  1870  there  were  161  mills  in  operation  in  the  colony, 
with  an  aggregate  of  342  stripping  machines,  employing  1,450  horse-power  and  1,766 
persons,  and  prodndng  4,467  tons  of  fibre.  From  April  1870  to  May  1871,  36,008 
bales  of  fibre  were  brought  to  London,  in  addition  to  which  87  were  destroyed  at  sea ; 
1,546  bales  of  tow  were  also  produced.  The  total  value  of  the  fibre,  reckoning  6 
bales  to  1  ton,  amounted  to  140,506^.,  the  average  price  being  231.  8>.  per  bale.  See 
FtBBBs;  Flax. 

VHOSOAH  iwa.    Native  chloro-earbonate  of  lead.    See  Lbad. 

raOBVMJkTas.  Combinations  of  phosphoric  acid  with  metallic,  earthy,  or  alka- 
line bases.  A  few  only  of  these  require  notice  in  this  work;  all  will  be  found 
described  in  Watts's  '  Dictionary  of  Chemistry.' 

Phosphate  of  Lime,  or  Acid  PhotphaU  of  Lime,  is  formed  when  bone-earth  is  treated 
with  sulphuric  acid.  If  bone-earth  is  digested  with  this  acid  for  some  time,  and  then 
water  added,  the  clear  solntion  filtered  from  the  insoluble  sulphate  of  lime  will  on 
evaporation  yield  crystals  of  phosphate  of  lime,  Oround  bones  are  fluently  em- 
ployed as  a  manure ;  tjieir  action  depends  in  part  upon  the  decomposed  gelatine,  but 
chiefly  on  thophoepliate  of  lime,  which  they  contain  in  the  condition  of  a  tribasic- 
phoEj^te.  'Wben,  as  for  turnip-crops,  a  large  supply  of  phosphoric  acid  is  reqaired,  it 
IS  found  advantageous  to  treat  the  bones  with  sulphuric  acid,  by  which  the  triphosphate 
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is  converted  into  the  add  phosphftte  of  lime.  The  nsnal  practice  U  to  mix  bone-dust 
■with  one-fourth  of  its  weight  of  oil  of  vitriol,  adding  an  eqoal  quantity  of  water  after 
each  portion  of  add ;  the  mass  is  allowed  to  remain  in  a  heap  until  qnite  dry.  It  is 
then  sold  as  superpiiatphate,  which  is  a  mixtnie  of  the  gelatinous  portion  of  the  bone 
with  the  add  phosphate  and  sulphate  of  lime.     See  Apatite  ;  Bonxs  ;  CopaoLrrB. 

Phuphate  of  Magnesia  enters  into  the  composition  of  the  bones  of  animals. 

Amongst  the  native  phosphates  may  be  ennmeratcd : — 

ApatUe.  Phosphate  of  lime,  the  composition  of  which  mineral  is  generally,  phos- 
phoric acid,  42'26 ;  lime,  60-00  ;  fiuorine,  3'77.    See  Apatite. 

W(Mnerite.    Phosphate  of  magnesia,  with  fluoride  of  magnotoum. 

Zimetdite.     Phospliate  of  iron  and  manganese.    See  Ibon. 

Pyromorphite.    IHiosphate  of  lead.    See  Lead. 

Latulite.    Blue  spar.    See  Lazcutb. 

TkrgKOtw.    See  Tcsquoise. 

VManiU,    Blue  iron  earth  or  phoephsCte  of  iron.     See  Inoir. 

lAhtthenitt.    Phosphate  pf  copper.    See  Coppkb. 

Ehlite,    A  hydrous  phosphate  of  copper. 

Waeeliite.    Sub-phosphate  of  alumina. 

Childrenile,  consists  of  phosphoric  add,  27'8 ;  alumina,  H'4 ;  protosiJo  of  iron, 
31 '3 ;  protoxite  of  manganese,  8-9 ;  water,  17*6. 

P/iotphochalcite.    Hydrous  j^osphate  of  capper. 

Vu/rciiite.   Green  iron  ore.    Phosphoric  add,  28'0 ;  peroxide  of  iron,  63-1 ;  water,  8-0. 

Uranite.  Two  varieties  of  this  mineral  are  recognised :  the  one  is  a  copper-urfoiite, 
known  as  Torbneritt,  and  consisting  of  a  phosphate  of  uranium  and  copper ;  the  other 
is  a  lime-uranite,  known  as  AviuniU,  and  composed  of  phosphate  of  uranium  and  lime. 

Ciypioliie.    Phosphate  of  cerium. 

Xenotime.    Phosphate  of  yttria. 

There  are  some  other  combinations  which  it  is  unnecessary  to  describe. 

VBOBVBATZC  VOOITXaS.  Concretions  and  nodules  of  phocphato  of  lime, 
which  occur  in  layers  chiefly  in  the  Gault  and  Upper  Greensand,  and  also  in  the 
Crag.    They  are  now  much  used  lor  artifldal  manure.    See  Cofbolitbs. 

ntOSraOB-aSOma.  Although  the  combination  of  phosphorus  with  copper, 
tin,  dne,  and  other  alloys,  dates  a  ^food  way  back,  it  is  but  yesterday  since  anything 
like  a  careful  and  skilful  investigation  of  the  physical  properties  of  these  combinations 
was  undertaken. 

The  latest  and  most  important  of  the  experimental  data  as  to  the  physical  constants 
of  phosphor-bronze  which  have  been  obtained  are  the  following: — 

Pnusian  Experiments. — By  order  of  the  Royal  Prussian  Ministry  of  Commerce  ex- 
periments have  been  made  with  -various  sorts  of  phosphor-bronze.  These  experiments 
are  carried  on  at  the  Boyal  Academy  of  Industry  at  Berlin.  The  object  of  these 
experiments  is  to  ascertain  the  qualities  and  capacities  of  the  metal  whilst  under 
heavy  strain,  and  especially  the  comparative  resistance  to  often-repeated  strains, 
whether  tensile  or  inflecting.  The  first  bar  of  phosphor-bronze  fixed  on  the  stretching 
machine  -was  tried  under  a  constant  strain  of  10  tons  per  square  inch,  and  resisted 
408,230  pulls  of  this  amount.  A  bar  of  ordinary  bronze  broke  even  before  the  strain 
of  10  tons  per  square  inch  had  been  attained.  A  second  bar  of  phosphor-bronze  ii-as 
tried  under  a  strain  of  12i  tons  per  square  inch;  and  under  this  high  strain  -tritbstood 
147,850  pulls.  Yetmore  favourable  results  have  been  obtained  ona  machine  bywhioh 
the  test-bar  is  repeatedly  bent  up  to  40,000  times  per  day.  A  barof  phosphor-bronze 
whilst  under  10  tons  of  strain  per  square  inch  resisted  8i52,080  bends,  while  best  gun- 
metal  broke  after  102,650  bends.  Another  bar  of  phosphor-bronze  under  9  tons  strain 
per  eqnaro  inch  is  being  tested,  and  has  at  present  resisted  1,260,000  bends. 

Auttrian  Experiments.  —At  the  Imperial  Austrian  Polytechnic  Institution  in  Vienna, 
experiments  were  executed  by  Professor  R.  Jeuney  with  phosphor-bronze  bars,  showing 
the  following  results : — 


CluEticity 

BeststSDcc  at  point  ol  elasticity 

Beslttimcc  at  point  of  mptnro 

0875 

13*74  kilos,  per  sq.  millimeter 

or 

10,867  lbs.  per  square  inch 

40-40  kilos,  per  sq.  millimeter 

or 

68,383  lbs.  per  square  inch 

In  the  Imperial  Arsenal  at  Vienna,  experiments  were  made  by  Colonel  Ucbatiuii 
(^ving  tlio  following  results : — 
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AtMolate  teslstance 

Point  of  eloattcU? 

Stietcbin 
percentage 

Phosphor-     1 
bronze          | 

Krnpp's  cast  T 

stoel  as  used    |> 

for  guns       J 

Ordnance      1 
bronze         J 

6,660  kilos,  per  sq.  c.  m. 

or 
81,786  lbs.  per  sq.  inch 
5,000  kilos,  per  sq.  c.  m. 

or 
72,268  lbs.  per  sq.  inch 
2,200  kilos,  per  sq.  c  m. 

or 
31,792  Ibe.  per  sq.  inch 

3,800  kilos,  per  sq.  c.  m. 

or 
54,916  lbs.  per  sq.  inch 
1,000  kilos,  per  sq.  c  m. 

or 
14,460  lbs.  per  sq.  inch 
386  kilos,  per  sq.  c.  ni. 

or 
6,662  lbs.  per  sq.  inch 

percent. 
1-6 

11-0 

150 

Kxperimenta  on  the  capacity  of  phosphor-bronze  to  resist  the  oxidation  of  sea-water : 
Best  JSnglish  copper-sheets  lost  dnnng  six  months  immersion  in  sea-water  3*058 
per  cent.    Phosphor-bronze  sheets  lost  only  1'168  per  cent. 

To  these  may  be  subjoined  the  following  results  obtained  by  Messrs.  Montefiore  :— 

Belpiaa  Experimatt. — Ordinary  bronze  always  contains  a  larger  or  smaller  amount 
of  oxide  in  snspension.  This  has  been  contested  by  Tarious  authorities,  as  it  was  not 
possible  to  prore  the  presence  of  oxide  of  tin  in  the  bronze  by  analysis,  the  oxide 
not  being  reduced  by  hydrogen  at  the  temperatures  which  can  be  produced  in  labora- 
tories. 

By  a  longer  series  of  experiments  Messrs.  Montefiore  and  Kiintzel  have  now  defi- 
nitely proved  the  presence  of  oxide  of  tin  and  sub-oxide  of  copper.  The  presence  of 
oxide  greatly  lessens  the  tenacity,  elasticity,  and  tensile  strength  of  the  bronze. 
Various  experiments  were  made  in  this  direction.  They  melteid  shavings  of  old 
bronze  and  cast  a  bar  thereof  at  1,526°  Cent.  The  remaining  liquid  bronze  was 
stirred  with  a  wooden  stick  (poled)  and  a  second  bar  cast  at  1,668°  Cent  The  re- 
maining metal  was  deoxidised  with  phosphorus  and  a  bar  then  cast  at  1,611°.  Then 
three  castings  were  thus  made  out  of  the  same  crucible  and  in  the  same  manner  into 
three  iron  moulds.    The  results  were  as  follow : — 


Nature  of  tlifi  bronie 

Ataolnte 
resistanoe 

Xbutlo 
resistance 

until  mptoie 

Diminution 
otseotian 

Old  bronze  . 
„         poled  . 
„          deoxidisetl 
„  with  phosphorus 

1613 
1755 

2384 

1200 
1244 

1356 

percent, 
2 
2-8 

68 

percent. 
3-2 
3-2 

6-7 

Thus  by  the  entire  redaction  the  old  bronze  has  tripled  its  tenacity  and  considerably 
augmentod  its  absolute  resistance. 

Messrs.  Alex.  Dick  and  Co.  have  very  recently  established  at  Blackfriars  Boad 
London,  a  special  foundry  for  phosphor-bronze  casting,  and  hare  also  made  arrange- 
ments in  Birmingham  for  the  production  of  sheets,  wire,  &c. 

The  Table  on  p.  566  shows  the  results  of  Experiments  to  ascertain  the  Tensile 
Strength  and  the  Besistance  to  Torsion  of  various  "Wires  received  from  A.  Dick,  Esq., 
and  made  by  Mr.  David  Kircaldy,  of  the  testing  and  experimental  works  in  Southwark. 

VROSyiunUO  ACXS  exists  abundantly  in  the  mineral  kingdom :  it  is  found  in 
several  of  the  igneous  rocks,  in  combination  chiefiy  with  lime.  In  the  vegetable  king- 
dom, it  is  discovered  in  the  ashes  of  many  plants,  and  it  forms  a  large  and  important 
portion  of  the  animal  kingdom.  Anhj/drotu  phosphoric  acid,  is  the  acid  formed  by  the 
vivid  combustion  of  phosphorus.  Monobasic  or  metaphoaphoric  add,  commonly 
known  as  glacial  phosphoric  add,  is  now  much  employed  in  ^England,  though  for  somo 
time  it  did  not  attract  the  attention  which  it  deserves  in  the  arts  and  manufactures  of 
this  country.  For  many  of  the  wants  of  the  dyer,  the  calico-printer,  the  enameller, 
and  even  in  the  purification  of  some  oils  and  fat,  the  glacial  phosphoric  acid  has  much 
to  recommend  it  over  any  of  the  common  acids  at  present  in  use.    Nor  need  its  price 

Swe  an  obstacle  to  its  introduction  as  a  practical  agent.  Finely  ground  bone-ash, 
gested  with  a  due  proportion  of  oxalic  acid  and  water,  readily  yields  a  solution  of 
phosphoric  acid,  which  requires  only  to  be  evaporated  in  a  proper  vessel  to  furnish  at 
once  this  useful  article.  (Ure.)  Unlike  sulphuric  and  other  strong  acids,  it  is  not 
.decomposed  by  organic  matter ;  and  might  hence  be  employed  with  great  advantage 
in  the  precipitation  of  carmine  and  other  delicate  vogetoble  colours,  as  well  as  for 
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more  general  purpoBes.  Some  enteiiments  have  alao  shown  lliat,  combined  'with 
alumina  and  a  little  boiacic  add,  it  is  capable  of  piodudng  a  glaze  for  earthenware 
of  extreme  beauty  and  durability,  in  addition  to  its  perfectly  innocoons  character  and 
power  of  improving  the  colonrs  imparted  by  most  metallic  osidee  when  applied  to 
earthenware. 

Another  method  of  forming  this  monobasic  acid  is  the  following:  one  part  of  phos- 
phorus is  cat  into  small  pieces,  and  introduced  into  a  retort  connected  with  a  receiver, 
and  containing  thirteen  parts  of  nitric  acid,  sp.  gr.  1  -2.  The  retort  is  moderately  heated 
on  a  sand-bath,  and  the  nitric  acid  which  distils  over  returned  to  it  &om  time  to  time 
until  the  phosphoms  has  disappeared.  The  greater  part  of  the  nitric  acid  is  then 
distilled  o£^  and  the  residual  liquor  evaporated  so  long  as  any  water  is  evolved  upon 
cooling :  the  phosphoric  acid  is  a  colourless  glass,  whi^  dissolves  slowly  in  water. 

VHOSmOBXTB.    Concretionary  and  massive  apatite.    See  Afatitb. 

VHOOnOBVB.  (The  folloiwing  detailed  description  of  the  mann&cture  of 
phosphorus  is  left  in  Dr.  Ure's  own  words,  it  being  a  good  example  of  his  descriptive 
powers  when  applied  to  scientific  manufactnies.)  This  interesting  simple  combustible 
being  an  object  of  extensive  consumption,  and  therefore  of  a  considerable  chemical 
manofactnre,  I  shall  describe  the  requisite  manipulations  for  preparing  it  at  some 
detail.  Put  1  cwt.  of  finely-ground  bone-ash,  such  as  is  used  by  the  assayers,  into  a 
■tout  tub,  and  let  one  person  work  it  into  a  thin  pap  with  twice  its  weight  of  water, 
and  let  him  continue  to  stir  it  constantly  with  a  wooden  bar,  while  another  person 
poors  into  it,  in  a  uniform  but  very  slender  stream,  78  lbs.  of  concentrated  sulphuric 
ucid. 

The  heat  thus  excited  in  the  dilution  of  the  acid,  and  in  its  reaction  upon  the  cal- 
careous base,  is  favourable  to  the  decomposition  of  the  bone  phosphate.  Should  the 
resulting  sulphate  of  lime  become  lumpy,  it  must  be  reduced  into  a  uniform  paste,  by 
the  addition  of  a  little  water  f^m  time  to  time.  This  mixture  must  be  made  out  of 
doors,  as  under  an  open  shed,  on  account  of  the  carbonic  acid  and  other  offensive  gases 
which  are  extricated.  At  the  end  of  24  hours  the  pap  may  be  thinned  with  water,  and 
if  convenient,  heated,  with  careful  stirring,  to  complete  the  chemical  change,  in  a  square 
j»n  made  of  sheet-lead,  simply  folded  up  at  the  sides.  Whenever  the  paste  has  lost 
its  granular  character,  it  is  ready  for  transfer  into  a  series  of  tall  casks,  to  be  further 
diluted  and  settled,  whereby  the  clear  superphosphate  of  lime  may  be  run  off  by  a 
syphon  &om  the  deposit  of  gypsum.  More  water  must  then  be  mixed  with  the  pre- 
cipitate, after  subsidence  of  which  the  supernatant  liquor  is  again  to  be  drawn  o£ 
The  skilful  operator  employs  the  weak  acid  from  one  cask  to  wash  the  deposit  in 
another,  and  thereby  saves  Aiel  and  evaporation. 

The  collected  liquois  being  put  into  n  leaden,  or  preferably  a  copper  pan,  of  proper 
dimensions,  are  to  be  concentrated  by  steady  ebullition,  till  the  calcareous  deposit 
becomes  considerable ;  after  the  whole  has  been  allowed  to  cool,  the  dear  liquor  is  to  be 
run  off,  the  sediment  removed,  and  thrown  on  a  filter.  The  evaporation  of  the  clear 
liquor  is  to  be  urged  till  it  acquires  the  consistence  of  honey.  Being  now  weighed,  it 
should  amount  to  37  pounds.  One  fourth  of  its  weight  of  charcoal  in  fine  powder, 
that  is,  about  9  pounds,  is  then  to  be  incorporated  with  it,  and  the  mixture  is  to  be 
evaporated  to  d^mess  in  a  cast-iron  pot.  A  good  deal  of  sulphurous  acid  is  disen- 
gaged along  with  the  steam  at  first,  from  the  reaction  of  the  siUphurio  add  upon  the 
charcoal,  and  afterwards  some  sulphuretted  hydrogen.  When  the  mixture  has  be- 
come perfectly  dry,  as  shown  by  the  redness  of  me  bottom  of  the  pot,  it  is  to  be  allowed 
to  cool,  and  packed  tight  into  stoneware  jars,  fitted  with  cloee  covers,  till  it  is  to  be 
subjected  to  distillation.  For  this  purpose,  earthen  retorts  of  the  best  quality,  and 
free  ttom  air-holes,  must  be  taken,  and  evenly  luted  over  the  surface  with  a  compost 
of  fire-clay  and  horse-dung.  When  the  coating  is  dry  and  sound,  the  retort  is  to  be 
two-thirds  filled  with  the  powder,  and  placed  upon  proper  supports  in  the  laboratory 
of  an  air  furnace,  having  its  fire  placed  not  immediately  beneath  the  retort,  but  to  one 
side,  after  the  plan  of  a  reverbatory ;  whereby  the  flame  may  play  uniformly  round 
the  retort,  and  the  ftael  may  be  supplied  as  it  is  wanted,  without  amnitting  cold  air  to 
endanger  its  cracking.  The  gallery-furnace  of  the  Palatinate  (see  Hbbcdbt)  will 
show  now  several  retorts  may  be  operated  upon  together,  with  one  fire. 

To  the  beak  of  the  retort,  properly  inclined,  the  one  end  of  a  bent  copper-tube  is  to 
be  tightly  luted,  while  the  other  end  is  plunged  not  more  than  one  quarter  of  an  inch 
beneath  the  suriSace  of  water  contained  in  n  small  copper  or  tin  trough  placed  beneath, 
dose  to  the  side  of  the  furnace,  or  in  a  wide-mouthed  bottle.  It  is  of  advantage  to  let 
the  water  be  somewliat  warm,  in  order  to  prevent  the  concretion  of  the  phosphorus 
in  the  copper-tube,  and  the  consequent  obstniction  of  the  passage.  Should  the  beak  of 
the  retort  appear  to  get  filled  with  solid  phosphorus,  a  bent  rod  of  iron  may  be  heated 
and  passed  up  the  copper-tube,  without  removing  its  end  from  the  water.  The  heat 
of  the  fbmace  should  be  most  slowly  raised  at  first,  but  afterwards  equably  maintained 
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in  a  state  of  bright  ignition.  Alter  3  or  4  hours  of  steady  firing,  carbonic  acid  and 
SQlphmons  acid  gases  are  evolved  in  considerable  abundance,  provided  the  materials 
had  not  been  well  dried  in  the  iron  pot ;  then  sulphuretted  hydrogen  makes  its  appear- 
ance, and  next  phosphuretted  hydrogen,  which  last  should  continue  during  the  trhole 
of  the  distillution. 

The  firing  should  be  regulated  by  the  escape  of  this  remarkable  gas,  which  ought 
to  be  nt  the  rate  of  about  2  bubbles  per  second.  K  the  discharge  comes  to  be  inter* 
ruptad,  it  is  to  be  ascribed  either  to  the  temperature  being  too  low,  or  to  the  retort 
getting  cracked ;  and  if  upon  raising  the  heat  sufficiently  no  bubbles  appear,  it  is  a 
proof  that  the  apparatus  has  become  defective,  and  that  it  is  needless  to  continue  the 
operation.  In  fact,  the  great  nicety  in  distilling  phosphorus  lies  in  the  management 
of  the  fire,  which  must  be  incessantly  watched,  and  fed  by  the  successive  introduction 
of  fuel,  consisting  of  coke  with  a  miztare  of  dj^  wood  and  coal. 

We  may  infer  that  the  process  approaches  its  conclusion  by  the  increasing  slowness 
with  which  gas  is  disengaged  under  a  powerful  heat;  and  when  it  ceases  to  come 
over,  we  may  cease  firing,  taking  care  to  prevent  reflux  of  water  into  the  retort,  from 
condensation  <^  its  gaseous  contents,  by  admitting  au  into  it  through  a  recurved  glass 
tube  or  through  the  lute  of  the  copper  adapter. 

The  usual  period  of  the  operatiou  upon  the  great  scale  is  &om  24  to  30  hours.  Its 
theory  is  very  obvious.  The  charcoal  at  an  elevated  temperature  disozygenates  the 
phosphoric  acid  with  the  production  of  carbonic  add  gas  at  first,  and  aftnrwards  car- 
bonic oxide  gas,  along  with  sulphuretted,  carburetted,  and  phosphuretted  hydrogen, 
from  the  reaction  of  t^e  water  present  in  the  charcoal  upon  the  otner  ingredients. 

The  phosphorus  falls  down  m  drops,  like  melted  wax,  and  concretes  at  the  bottom 
of  the  water  in  the  receiver.  It  requires  to  be  purified  by  squeezing  in  a  shamoy 
leather  bog,  while  immersed  under  the  sur&ce  of  warm  water,  contained  in  an  earthen 
pan.  Each  bag  must  be  firmly  tied  into  a  ball  form,  of  the  size  of  the  fist,  and  com- 
pressed under  tiie  water  heated  to  180°,  by  a  pair  of  fiat  wooden  pincers,  like  those 
with  which  oranges  are  squeezed. 

The  purified  j^osphorusis  moulded  for  sale  into  little  cylinders,  by  melting  it  at  the 
bottom  of  a  deep  jar  filled  with  water,  then  plunging  the  wider  end  of  a  slightly  tapering 
but  straight  glass  tube  into  the  water,  sucking  this  up  to  the  top  of  the  glass,  so  as  to 
warm  it,  next  immersing  the  end  in  the  liquid  phosphorus, «nd  sucking  it  up  to  any 
desired  height. 

The  tube  being  now  shut  at  bottom  by  the  applicatioa  of  the  point  of  the  left 
index,  may  be  taken  from  the  mouth  and  transferrod  into  a  pan  of  cold  water  to  con- 
geal the  phosphorus ;  which  then  will  commonly  &U  out  of  itself,  if  the  tube  be  nicely 
tapered,  or  may  at  any  rata  be  pnshed  out  with  a  stiff  wire.  Were  the  glass  tube  not 
duly  warmed  before  sncking  up  the  phosphorus,  this  would  be  apt  to  congeal  at  the 
sides  before  the  middle  be  filled,  and  thus  form  hollow  cylinders,  very  troublesome 
and  even  dangerous  to  the  makers  of  phosphc»io  match-bottles.  The  moulded  sticks 
of  phosphorus  are  finally  to  be  cut  with  scissors  imder  water  to  the  requisite  lengths, 
and  put  up  in  phials  of  a  proper  size ;  which  should  be  filled  up  with  water,  closed 
with  ground  stoppers,  and  kept  in  a  dark  place,  for  carriage  to  a  distance,  each 
vial  should  be  wrapped  in  paper,  and  fitted  into  a  tin-plato  case. 

Fhorohoms  has  a  pale  yellow  colour,  is  nearly  transparent,  brittle  when  cold,  soft  ' 
and  pliable,  like  wax,  at  the  temperature  of  70°  '.,  crystallising  in  rhombo-dodecahe- 
drons  out  of  its  combination  witn  sulphur,  and  of  specific  gravity  1-77.  It  exhales 
white  fumes  in  the  air,  which  have  a  gariic  smell,  appear  luminous  in  the  dark,  and 
spontaneously  condense  into  liquid  phosphoms  add.  Phosphorus  melts  in  close  vessels, 
at  05°  F.,  into  an  oily-looking  colourless  fluid;  begins  to  evaporate  at  217'5°,  boils  at 
654°,  and  if  poured  in  the  liquid  state  into  ioe-oold  water,  it  becomes  black,  but  re- 
sumes its  former  colour  when  again  melted  and  slowlv  cooled.  It  has  an  aoid  dis- 
agreeable taste,  and  acts  deleteriously  in  the  stomach,  though  it  has  been  administered 
as  a  medicine  by  some  of  the  poison-doctors  of  the  present  day.  It  takes  fire  in  the 
open  air  at  the  temperature  of  165°,  but  at  a  lower  degree  if  partially  oxidised,  and 
bums  with  great  vehemence  and  splendour. 

9noarno»aa,  AatosvHovs,  or  TKmit  VBoarKomvB.   If  a  stick  of 

phosphorus  be  put  into  an  hermeticaUy.closed  tube  and  exposed  to  the  action  of  the 
spectrum,  one  end  will  become  vihUe,  and  the  other  red.  It  may  be  prepared  also  by 
exposing  phosphorus  for  a  long  time  in  an  atmosphere  quite  free  of  oxygen  or  moisture, 
to  a  temperature  of  470°  F.  At  this  temperature  the  phosphorus  fuses ;  it  remains  for 
some  time  colourless,  and  then  gradually  becomes  rod  and  opaque.  Amorphous 
phosphoms  was  investigated  by  Dr.  Schrotter,  of  Vienna.  Hie  apparatus  for  making 
It  consists  of  a  double  iron  pan  ;  the  intermediate  space  between  the  two  contains  a 
metallic  bath  of  an  alloy  of  tin  and  lead ;  with  a  cast-iron  cover  to  the  inner  vessel, 
fitted  to  the  top  end  by  means  of  a  screw,  and  fastened  to  the  outer  vessel  by  screw- 
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piiM.  In  the  interior  itoa  pan  a  glass  Teesel  is  fitted,  in  which  the  i>ha8^honu  to 
be  (qierated  npon  is  placed.  Tiom  this  inner  Teisel  a  tube  passes,  and  is  dipped  into 
vater  to  serve  as  a  s^ety-valTe.  A  spirit  lamp  is  applied  under  that  pipe  if  necessary, 
to  pievent  it  being  clogged  irith  phosphoros.  The  phosphorus  to  be  conrerted  is 
first  oi  all  melted,  and  then  cooled  under  Tater,  and  dned  as  much  as  passable.  A  fire 
is  nov  made  under  the  other  Teasel,  and  the  temperature  raised  to  such  a  degree  as  to 
drive  off  the  air,  ice.  The  tsn^ratnre  has  to  be  gradually  raised,  until  bubbles  escape 
at  the  end  of  the  pipe,  vrhieh  take  fire  as  they  enter  the  air,  and  the  heat  may  soon 
rise  in  the  bath  till  it  be  470°  F.  This  temperature  must  be  maintained  ibr  a 
certain  time  to  be  determined  by  experience :  the  apparatus  may  then  be  allowed  to 
cooL  The  convoted  phosphorus  is  difficult  to  detach  from  the  glass.  It  is  to  be 
lerigated  under  water,  and  then  drained  in  a  bag.  The  phosphorus  when  moist  should 
be  spread  thinly  on  separate  shallow  trays  of  sheet  iron  or  lead,  so  placed  alongside 
eadi  other  as  to  reeeire  the  heat  cf  steam,  and  lastly,  of  chloride  of  calcium,  or  of 
sand,  till  the  phosphorus,  baring  been  frequently  stirred,  shows  no  more  luminous 
Tapour.  The  operator  should  hare  water  at  hand  to  quench  any  fire  that  might 
ansa.  It  is  then  to  be  washed  tall  the  water  shows  no  trace  of  acid.  Should  the  resmt- 
iag  phospboms  eonhun  some  of  the  unconverted  article,  this  may  be  removed  by 
bisolpbida  of  carbon.  Thus,  heat  alone  effects  the  transmutation.  It  is  identical  in 
composition  with  ordinary  phosphorus,  and  may  be  reconverted  into  it  without  loss 
of  wei^it,  and  that  merely  by  change  of  temperature.  This  substance  remains  nn- 
altend  in  the  atmosphere,  is  iusolnble  in  bisulphide  of  carbon,  in  alo^ol,  ether,  and 
naphtha.  It  requires  a  heat  of  260°  Cent  to  restore  it  to  the  ordinary  state,  and  it 
is  only  at  that  beat  that  it  begins  to  take  fire  in  the  open  air.  It  is  not  InmiDons 
in  the  daric  at  any  ordinary  tunperatore.  When  perfectly  dry,  amorphous  phos- 
phoms  is  a  scarlet  or  carmine  powder,  which  bec<Hnas  darker  when  heated.  On  the 
urge  sotle  it  is  prepared  in  dan  masses  of  a  red  or  dark  brown  colour.  The  great 
advantages  of  thu  singular  condition  of  phosphorus  are,  that  it  does  not  appear  to 
affect  those  persons  who  are  empknred  in  the  manu&cture  of  lucifer-matches  with  the 
loathsome  disease  which  the  use  M  the  ordinary  phosphorus  produces.  See  LrciFER- 
Matcbbs. 

VH08VK0K0S  BIATOBaS.    See  LuciFBS-MATcaBS. 

moarmmKOU  vasts,  for  the  Deitructim  of  Eats  and  Miee.  The  Prussian 
Government  issued  an  ordonnance  on  April  27,  1843,  directing  the  following  com* 
position  to  be  substituted  for  arsenic,  for  destroying  lats  and  mice;  enjoining  the 
authorities  of  the  different  provinces  to  communicate,  at  the  expiration  of  a  year, 
the  results  of  the  trials  made  with  it,  with  the  view  of  Naming  a  law  on  this  sub- 
ject. 

The  following  is  the  formula  for  this  paste : — 

Take  of  phosphorus  8  parts,  liquefy  it  in  180  parts  of  lukewarm  Water;  pour  the 
whole  into  a  mortar,  add  immediately  180  parts  of  rye-meal ;  when  cold,  mix  in  180 
parts  of  butter  melted,  and  126  parts  of  sugar.  If  the  phosphoros  is  in  a  finely- 
divided  state,  the  ingredients  may  be  all  mixed  at  once  without  melting  them.  This 
mixture  will  retain  its  efficacy  for  many  years,  for  the  phosphorus  is  preserved  by  the 
butter,  and  only  becomes  oxidised  on  the  surface.  Rats  and  mice  eat  this  mixture 
with  avidity ;  after  which  they  swell  out,  and  soon  die.  Several  similar  preparations 
are  now  made  in  this  conntry  for  the  destruction  of  vermin. 

mOTO-OAX>VA3r<HHt&VKT.  A  name  given  to  a  process  invented  by 
Hr.  Fretseh,  for  produdng  engravings  from  photographs,  by  the  application  of  the 
galvano-pltutic  process.  It  is  not  now  employed,  although  great  efforts  were  made 
to  iatiodnce  it  to  the  public.  The  principles  involved  are  sufficiently  described  in 
the  article  on  Pbotoosaphic  Enobatimo. 

VHOTOCnv.  Syn.  Paraffin  Oil.  A  term  which  has  recently  found  its  way  into 
commerce,  to  designate  certain  oils  or  naphthas  for  illuminating  purposes.  It  is  gene- 
rally prepared  &om  shales,  brown  coals,  or  cannels.  Boghead  coal,  and  the  numorons 
varieties  of  inflammable  shales  which  more  or  less  resemble  it,  are  specially  adapted 
for  the  preparation  of  photogen.  The  chief  physical  difference  between  photogen  and 
ordinary  coal-oils  of  the  same  boiling-point,  is  the  specific  gravity,  with  wluch  the 
former  varies  from  0*820  to  O'SSO,  whereas  common  coal-naphtha  never  has  a  less 
density  than  O'SfiO.  It  is  true  that  photogen  may  be  obtained  of  as  high  a  demsity 
as  0*900,  but  then  it  will  be  of  an  excessively  high  boiling-point,  and,  in  all  proba- 
bility, saturated  with  paraffin. 

The  light  oil  known  as  photogen  may  be  obtained  from  common  bituminouii  coals 
by  distilling  them  at  a  lower  temperature  than  is  employed  in  gas-works.  To  obtain 
the  maximnm  amount  of  photogen  from  coal,  the  temperature  should  not  ba  much 
above  700°  Cent. 

FrtfortttUm. — The  coab,  broken  into  small  pieces  (the  smaller  the  better),  ane  to  be 
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heated  in  Teitical  or  horizontal  iron  letorta,  the  tar  beioK  recaiTed  through  a  very 
vide  worm  into  large  tanks.  Some  manufactoiers  nse  vertical,  and  others  horizontu 
retorts ;  it  is  also  common  to  distil  the  coals  by  the  heat  produced  hy  their  own 
combustion.  If  the  latter  process  be  employed,  the  arrangements  for  condensing  the 
product  must  be  very  perfect,  or  great  loes  will  be  sustained,  owing  to  the  air  which 
supports  the  combustion  carrying  away  a  considerable  quantity  of  the  hydrocarbons. 
This  power  of  air  to  satuzate  itself  with  vapours  is  of  great  importance  in  the 
economy  of  all  processes  where  the  distillation  of  one  portion  of  substance  is  carried 
on  by  the  heat  evolved  by  the  combustion  of  another.  It  is  not  uncommon  in  prac- 
tice, where  the  cylinders  are  horizontal,  to  place  the  coal  or  other  matters  to  be 
distilled  in  semicylindrical  trays,  which  are  capable  of  being  inserted  into  the  retorts, 
and  also  of  being  removed  to  make  way  for  another  charge  at  the  completion  of  the 
operation. 

The  tar  obtained  by  any  of  the  above  processes  is  to  be  redistilled :  tlie  lighter 
portions  form  (when  purified  by  means  of  snlphuric  acid  and  alkalis)  the  fluid  Imown 
in  commerce  as  'Boghead  naphtha.'  (See  Nafhtha,  Boohbas.)  In  (Germany  and 
some  other  places,  it  is  usnal  to  divide  the  distillate  from  the  tar  into  two  portions, 
one  being  for  the  preparation  of  photogen,  and  the  other  for  '  solar  oiL'  This  division 
is  made  as  the  fluid  runs  £ram  the  stiU;  the  more  volatile  constituting  the  photogen, 
and  the  loss  the  solar  oil. 

The  process  of  purification  is  the  same  in  both  cases,  namely,  alternate  treatments 
with  concentrated  snlphuric  add  to  remove  the  highly-coloured  and  odorous  consti- 
tuents of  the  crude  distillate,  and  washing  with  an  alkali  to  remove  carbolic  acid  and 
its  congeners ;  also  that  portion  of  sulphuric  acid  which  remains  suspended  in  the 
naphtha,  and  the  sulphurous  acid  produced  by  the  decompoeidon  of  a  portion  of  the 
snlphuric  acid  by  the  carbon  of  certain  easily-decomposed  organic  matters  in  the  crude 
distillate.    This  decomposition  of  the  snlphuric  add  happens  thus : — 

2S0«H0  +  0  -  2S0»  +    2H0    +  C0« 

izanut*  +  o  »  aso*  +  zmpo  +  co'). 

There  is  another  advantage  in  the  treatment  of  the  fluid  by  alkalis,  inasmuch  as 
some  sulphide  of  hydrogen,  and  probably  other  fstid  sulphnr-componnds,  is  decom- 
posed and  the  resulting  products  removed. 

In  preparing  photogen  from  any  of  the  sources  enumerated,  much  must  be  left  to 
the  discretion  of  the  manii&cturer,  both  as  regards  the  apparatus  and  the  chemical 
processes.  In  some  instances  the  solar  oil  and  photogen  are  with  advantage  prepared 
separately ;  but  in  this  country  it  is  more  usual  to  mix  the  heavy  and  light  oils 
together,  so  as  to  produce  a  flnid  of  medium  density  and  volatility.  It  must  be 
remembered  that  wmle  the  more  volatile  hydrocarbons  confer  extreme  inflammability 
and  fluidity,  they  are  at  the  same  time  more  odorous  than  the  less  volatile  portion  of 
the  distillate,  which  is  the  true  paraffin  oil. 

The  more  odorous  impurities  m  photogen  appear  to  be  easily  susceptible  of  oxida- 
tion. This  is  evident  from  the  facility  with  which  foully-smelling  photogen  loses  its 
oKnsive  odour  in  contact  with  bichromate  or  manganate  of  potash,  or  even  animal 
charcoal.  Their  exposure  to  air  even  greatly  improves  the  odour,  and  a  recently- 
distilled  photogen,  which  is  very  unpleasant,  becomes  comparatively  sweet  if  kept  in 
tanks  or  barrels  for  a  few  days.  The  same  thing  happens  with  many  essential  oils, 
such  as  those  of  peppermint,  cbves,  &c.  The  presence  of  sulphurous  add  in  photo- 
gen may  be  instantly  detected  by  shaking  a  little  in  a  test-tube  with  a  few  drops  of  a 
very  weak  solution  of  bichromate  of  potash ;  if  sulphurous  add  be  present,  a  portion 
of  the  chromic  add  will  be  reduced  to  green  oxide,  which  will  instantly  betray  the 
presence  of  the  reducing  agent  alluded  to. 

I'hotogen  often  shows  the  phenomenon  of  dichroism ;  but  the  more  it  is  purified 
by  adds,  the  more  feebly  is  the  coloration  by  reflected  light  observed,  and  if  the 
less  volatile  portion  of  the  distillate  be  rejected,  the  property  alluded  to  will  not  bo 
percdved. 

In  distilling  the  heavy  oils  or  tars  produced  by  distilling  Boghead  coal  or  other 
photogen-yiel^ng  substances,  it  is  particularly  to  be  observed  that  the  worms  or 
other  tubes  preceding  from  the  stills,  if  of  too  small  diameter,  are  liable  to  be- 
come choked  up  with  paraffin ;  this,  if  unobserved,  might  lead  to  serious  results.  It 
is  very  convenient  to  have  a  steam-pipe  inserted  into  Uie  worm-tubes  or  condensing- 
tanks,  to  enable  the  water  to  be  heated  to  such  a  point  as  to  melt  any  solid  matters 
in  the  worms,  and  allow  them  to  be  washed  into  tie  redpient  by  the  fluids  distilling 
over. 

The  following  Table  by  Wagenmann  will  be  found  of  great  importance  to  those  who 
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ne  intarerted  in  the  oommenaal  Talne  of  the  dUferent  Tarietiei  of  ooalt  and  bitn&ens 
M  loaiGes  of  illnminating  oil* : — 
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None  of  the  cannel  or  bitaminoas  ooal,  shales,  or  other  substances  used  for  yielding 
bnining  fluids  by  distillation,  give  distillates  of  such  purity  and  freedom  from  odour, 
as  Bangoon  tar.  The  more  volatile  portion  of  the  distillate  from  the  latter  has 
obtained  in  commerce  the  absurd  name  of  Sherwoodole ;  it  is  ttsed  instead  of  coal- 
beniole  for  removing  grease,  &&  The  paraffin  obtained  from  Rangoon  tar  has  a 
greater  value  for  commercial  purposes  than  that  from  Boghead  coal,  inasmuch  as  it 
has  a  higher  melting-iwint,  which  renders  it  better  adapted  for  candles.  The  follov- 
ing  are  ue  melting-points  of  various  samples  of  paraffin : — 

jUUii^point. 

Bo^ead-ooal  paiaAn lU"* 

„  „       another  specimen ....    108 

The  last,  after  being  distilled 108 

TurfpaiBffin 116 

Bitomtnons-coal  paraffin,  prepared  by  Atwood's  process  .110 
Bangoon.tar  paraffin 140 

It  is  curious  to  observe  the  effict  of  light  upon  photogen.  Some  samples  of  ex- 
tremdy  dark  colour,  when  exposed  to  its  influence  for  a  few  days,  become  as  completely 
bleached  as  animal  oils  would  nnder  these  circumstances.  At  the  same  time,  as  we 
have  before  hinted,  the  odour  becomes  much  improved.  A  photogen  of  good  quality 
has  by  no  means  a  repulsive  odour,  but  if  much  of  the  more  volatile  constituents  be 
present,  it  is  impassible  to  avoid  its  being  disagreeable  if  spilled  ^bont.  The  less 
volatile  hydrocarbons  have  comparatively  little  odour.  It  should  not  be  too  inflam- 
mable, that  is  to  say,  it  must  not  tale  fire  on  the  approach  of  a  light.  If  it  does,  it  is 
owing  to  the  more  volatile  portion  not  having  been  sufficiently  removed.  See 
PisAvniT  for  a  description  of  its  manufacture. 
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VMOTOOBAVKZO  MMiOULVJMa.  The  first  who  appean  to  hare  had  any 
idea  of  engraving  by  the  influence  of  sunlight  was  Nicephore  Kiipoe.  According  to 
M.  Aimi  Oirafd,  the  first  proof  taken  by  Aim  by  means  of  this  process  bears  date 
1837.  This  process  -was  very  simple :  it  consisted  in  spreading  a  thin  layer  of  bitu- 
men of  Judna  upon  a  copper-  or  pewter-plate,  which  was  then  placed  in  the  camera 
obscnra,  where  it  was  allowed  to  remain  some  hours,  until  the  bitumen  had  received 
the  impression  of  the  external  objects  towards  which  the  lens  had  been  directed.  On 
withdrawing  the  plate,  it  was  submitted  to  the  action  of  the  essential  oil  of  lavender, 
which  dissolved  those  portions  of  the  bitumen  not  acted  upon  by  the  light,  leaving  the 
metal  bare,  while  the  remaining  bitumen  produced  the  design.  Passing  the  plate 
afterwards  through  an  acid  solution,  the  add  acted  on  the  metallic  plate,  while  the 
other  parts  were  preserved  by  the  protecting  varnish. 

Six  years  later,  that  is,  in  1839,  M.  Daguerre  made  his  discovery  of  the  '  Daguerreo- 
type '  public.  In  the  meantime,  he  had  considerably  improved  on  Niipce's  process ; 
but  alUiough  many,  and  some  tolerably  successfU,  attempts  were  made  to  engrave  the 
picture*  prodnoed  by  these  processes,  none  were  ^uita  successful. 

The  next  process  to  which  we  shall  refer  is  that  of  M.  fiseao.  He  took  a 
Daguerreotype  plate,  and  submitted  it  to  the  action  of  a  mixture  of  nitric,  nitrons, 
and  hydrochloric  adds,  which  did  not  affect  the  whites  of  the  picture  but  attacked 
the  blacks  with  a  resulting  formation  of  adherent  chloride  of  silver,  which  speedily 
arrested  the  action  of  the  add.  This  he  removed  by  a  solution  of  ammonia,  and  the 
action  of  the  add  was  continued.  This  process  he  continued  until  a  flnely-engraved 
plate  was  the  result;  but  the  lines  of  this  plate  were  not  deep  enough  to  aUowof 
many  prints  being  token  ftom  iL  To  remedy  this,  he  covered  the  plate  with  some 
drying  oil,  and  then,  wiping  it  from  the  surface,  left  it  to  dry  in  the  hollows.  He 
afterwards  submitted  the  plate  to  an  electro-chemical  proeess  whieh  covered  the  raised 
parts  with  gold,  leaving  the  hollows,  in  which  the  varnish  remained,  untouched.  On 
the  completion  of  the  gilding,  the  varnish  was  removed  by  means  of  caustic  potadi, 
and  the  surface  of  the  plate,  covered  with  graina  de  gravurt,  prodndng  what  is  techni- 
cally termed  an  aquatint  ground,  and  the  deepening  of  the  lines  was  proceeded  wiUi 
by  means  of  the  acid.  The  Daguerreotype  plate  was  by  these  means  converted  into  an 
engraved  plate,  but  as  it  was  silver  it  would  have  worn  out  very  soon  ;  to  obviate 
which  an  impression  was  taken  on  copj^r  by  the  electro-chemical  process,  which  could 
of  conrse  be  renewed  when  it  showed  signs  of  wear. 

M.  Clandet  and  Mr.  Orove  both  produced  some  very  good  engr«vingg  on  the 
Daguerreotype  plats,  but  these  processes  have  proved  rather  curious  than  nseftal. 

On  October  29,  18fi2,  Mr.  Fox  Talbot  patented  a  process,  which  was  similar  to  a 
process  previously  used  by  MM.  Pretsch  and  Foitevin,  as  regards  the  substance  fiitst 
employed,  viz.  a  mixture  of  bichromate  of  potash  and  gelatine )  but  the  remaining 
portion  of  the  process  was  conducted  on  the  same  prindple,  though  in  a  difbient 
manner,  to  that  of  M.  Fizeau. 

Mr.  Mungo  Ponton  discovered  the  use  of  the  bichromate  of  potash  as  a  photographic 
agent ;  and  Mr.  Robert  Hunt  subsequently  published  a  process,  called  the  <  (Siromo- 
type.'  In  both  thrs^  processes  the  peculiar  property  of  the  chromic  add,  liberated 
under  the  action  of  sunshine,  to  combine  with  organic  matter,  was  pointed  out.  MM. 
Pretsch,  Poitevin,  and  Talbot,  only  availed  themselves  of  this  previous  discovery,  and 
in  each  instance  gelatine  was  rendered  insoluble  by  the  decomposition  of  the  bichro- 
mate of  potash  under  the  influence  of  actinic  power.  By  dissolving  off  the  still  soluble 
portions  of  the  gelatine,  either  metal  could  be  predpitated  by  the  voltaic  batteiy,  or 
an  etching  produced. 

In  1853  M.  Niipce  de  Si;  Victor,  the  nephew,  of  Nicephore  Niipce,  took  up  his 
ancle's  plan,  and  with  the  assistance  of  M.  Lemaitre,  who  had  also  assisted  his  unde, 
endeavoured  to  perfect  it ;  but,  though  he  modified  and  improved  it,  his  success  was 
not  very  great — it  was  always  found  necessary  to  have  the  assistance  of  an  engravm 
to  eomplete  the  plate. 

After  this  many  others,  among  whom  ma^  be  enumerated  MM.  Lerebonrs,  Le- 
mercier,  Borreswil,  Davanne,  and,  finally,  Poitevin,  endeavoured  to  obtain  a  design 
by  similar  means  on  stone.  The  last  appears  to  have  succeeded.  His  method  is 
iMsed  on  the  chemical  action  of  light  on  a  mixture  of  gelatine  and  bichromate  of 
potash,  as  above.  This  mixture,  which  when  made  is  perfectly  soluble  in  water, 
becomes  insoluble  after  exposure  to  the  light.     His  mode  of  proceeding  is  as  follows : — 

He  spreads  the  mixture  on  the  stone,  and,  after  drying,  lays  the  negative  upon 
it,  and  exposes  it  to  the  light.  After  a  suitable  exposure  the  negative  is  removed, 
and  the  portions  not  acted  upon  by  the  light  are  washed  away  with  water,  and  the 
design  remains  with  the  property  of  taking  the  ink  like  an  ordinary  lithographic 
crayon.  The  stone  is  then  transferred  to  ^e  press,  and  proofs  taken  in  the  usual 
way.  It  is  said  that  pictures  have  been  obtained  ttom  the  stone  after  900  copice  had 
been  puUed, 
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The  {MceM  of  H.  Oharlaa  Nigra  iras  more  complicated  than  the  precedijig,  but 
yielded  (uperioT  tenilta.    Hie  process  -was  not  unlike  that  of  H.  Fizean. 

Mr.  Fox  Talbot  thus  describes  his  process  of  Photoglyphia  Sugmving : — 

'  I  employ  plates  of  steel,  oopper,  or  zinc,  such  as  are  commonly  used  by  engravers. 
Before  osisga  plate  its  sur&ee  should  be  well  cleaned ;  it  should  then  be  rubbed  irith 
•  linen  doth  dipped  in  a  mixture  of  'caustic  soda  and  whiting,  in  order  to  remove  any 
remaining  trace  of  graasiuess.  The  plate  is  then  to  be  rubbed  dry  with  another  linen 
olotb.  This  process  is  then  to  be  repeated ;  after  which,  the  plate  is  in  general  snffi- 
dently  clean. 

'In  order  to  engiaTe  »  plate,  I  fliat  ootw  it  with  a  sobstanoe  which  is  sensitiTe  to 
lig^t.    This  is  {oepared  as  follows : — 

'Abootaqniuterof  an  ounce  of  gelatine  is  dissolved  in  eight  or  ten  ounces  of  water, 
by  the  aid  of  heat.  To  this  solution  is  added  about  one  ounce,  by  measure,  of  a  satu- 
rated solution  of  bichromate  of  potash  in  water,  and  the  mixture  is  strained  through 
a  linen  doth.  The  best  sort  of  gelatins  for  the  purpose  is  that  used  by  cooks  and 
confectioners ;  in  default  of  this,  isinglass  may  be  used,  but  it  does  not  answer  so  well. 
This  mixture  of  gelatine  and  bichromate  of  potash  keeps  good  £>r  several  mouthy 
owing  to  the  antiseptic  and  preserving  power  of  the  bichromate.  It  remains  liquid 
and  ready  fbr  ate  at  any  time  during  uie  summer  months ;  but  in  cold  weather  it 
becomes  a  jelly,  and  has  to  be  warmed  before  using  it :  it  should  be  kept  in  a  cup- 
board or  dark  place.  The  proportions  given  above  are  convenient,  but  they  may  be 
considerably  varied  without  injuring  the  result. 

'  The  engraving  process  should  be  carried  on  in  •  partiaUy-darkened  room,  and  is 
performed  as  follows : — 

'A  little  of  this  prepared  gelatine  is  poured  on  the  plate  to  be  engraved,  whidi  is 
then  held  vertical,  and  the  superfluous  liquid  allowed  to  drain  off  at  one  of  tlie  comers 
of  the  plate.  It  is  held  in  a  horizontal  position  over  a  spirit-lamp,  which  soon  dries 
the  geUdne,  which  is  left  as  a  thin  film,  of  a  pale  yellow  colour,  covering  the 
metaUio  sut&ce,  and  generally  bordered  with  several  narrow  bands  of  prismatic 
colours.  These  colours  are  of  use  to  the  c^Mrator,  by  enabling  him  to  judge  of 
the  thinness  of  the  film  :  when  it  is  very  thin,  the  prismatie  ooloars  are  seen  over 
the  whole  surface  of  the  plate.  Such  plates  often  make  excellent  engravings ;  never- 
theless, it  is  perhaps  safer  to  use  gelatine  films,  which  ara  a  little  thicker.  Enerienca 
alone  can  guide  the  operator  to  Uie  best  result.  The  object  to  be  engraved  is  then 
laid  on  the  metal  plate,  and  screwed  down  upon  it  in  a  photographic  copying-fatme. 
Snch  objects  may  be  either  material  substances,  as  lace,  the  leaves  of  plants,  Sec, 
OF  they  may  be  engravings,  or  writings,  or  photographs,  &c.  &c.  The  plate  bearing 
the  object  upon  it  is  then  to  be  placed  in  the  sunshine,  for  a  space  of  time  varying 
firom  one  to  several  minutes,  according  to  drcomstances ;  or  else  it  may  be  placed 
in  common  daylight,  but  of  course  for  a  long  time.  As  in  other  photographic  pro- 
cesses, the  juogment  of  the  operator  is  here  called  into  play,  and  his  experience 
guides  him  as  to  the  proper  time  of  exposnre  to  the  light.  When  the  frame  is 
withdrawn  ttam  the  li^t,  and  the  object  removed  from  the  plate,  a  faint  image  is 
seen  upon  it — the  yellow  colour  of  the  gelatine  having  turned  blown  wherever  the 
light  has  acted. 

'When  the  plate  bearing  the  photographic  image  is  removed  from  the  copying 
frame,  I  spread  over  its  surface,  carefully  and  very  evenly,  a  little  finely-powdered 
gam  copal.  It  is  much  easier  to  spread  this  resinous  powder  evenly  upon  the  sur&ce 
of  the  gelatine,  than  it  is  to  do  so  upon  the  naked  surface  of  a  metal  plate.  The  chief 
error  we  operator  has  to  guard  against  is  that  of  patting  on  too  much  of  the  powder : 
the  best  results  are  obtained  by  using  a  very  thin  layer  of  it,  provided  it  is  uniformly 
distributed.  If  too  much  of  the  powder  is  laid  on  it,  it  impedes  the  action  of  the 
etching  liquid.  When  the  plate  has  been  thus  very  thinly  powdered  with  oopal,  it  is 
held  hraizontally  over  a  spirit-lamp  in  order  to  melt  the  copal ;  this  requires  a  con- 
siderable heat  It  might  be  supposed  that  this  heating  of  the  plate,  after  the  forma- 
tion of  a  delicate  photographic  image  upon  it,  would  disturb  and  iqjure  that  image ; 
but  it  has  no  such  efifect.  The  melting  of  the  copal  is  known  by  the  change  of  colour, 
The  plate  should  then  be  withdrawn  from  Uie  lamp,  and  suffered  to  cool.  This  pro- 
cess may  be  called  the  laying  an  aquatint  ground  upon  the  gelatine,  and  I  believe  it 
to  be  a  new  process.  In  the  common  mode  of  laying  an  aquatint  ground,  the  resinous 
particles  are  laid  upon  the  naked  surfiice  of  the  metal,  before  the  engraving  is  com 
menced.  The  gelatine  being  thus  covered  with  a  layer  of  copal,  disseminated  uni- 
formly and  in  minute  particles,  the  etdiing  liquid  is  to  be  poured  on.  This  is  prepared 
as  follows : — Muriatic  add,  otherwise  called  hydrochloric  ndd,  is  saturated  with  per 
oxide  of  iron  as  much  as  it  will  dissolve  with  the  aid  of  heat.  After  straining  the 
solution,  to  remove  impurities,  it  is  evaporated  till  it  is  considerably  reduced  in 
volume,  and  is  then  poured  off  into  bottles  of  a  convenient  capadty;  as  it  cools,  it 
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eolidifies  into  a  brown  semi-dystalline  mass.  The  bottles  axe  then  well  eorked-np, 
and  kept  for  use.  I  shall  call  Uiis  preparation  of  iron  by  the  oame  of  "  petohloride  of 
iron."    It  is  a  substance  very  attractlTS  of  mcnsture. 

'  Water  dissolves  an  extraordinary  quantity  of  it,  sometimes  cTolving  much  heat 
dnring  the  solution.    I  find  that  the  foUowing  is  a  convenient  vay  of  proceeding : — 

'A  bottle  (No.  1)  is  filled  -with  a  satnrated  solution  of  perchloride  of  iron  in 
\rater.  A  bottle  (No.  2)  trith  a  mixture  consisting  of  five  or  six  ports  of  the 
saturated  solution  and  one  part  of  water.  And  a  bottle  (No.  3)  with  a  'weaker  liquid, 
consisting  of  equal  parts  of  water  and  the  saturated  solution.  Before  attempting 
an  engraving  of  importance,  it  is  almost  essential  to  make  preliminary  trials,  in 
order  to  ascertain  that  these  liquids  are  of  the  proper  strength.  I  have  already  ex- 
plained how  the  photographic  image  is  made  on  the  surface  of  the  gelatine,  and 
covered  with  a  thin  layer  of  powdered  copal  or  resin,  which  is  then  melted  by  hold- 
ing  the  plate  over  a  lamp.  When  the  plats  has  become  perfisctly  cold,  it  is  ready 
for  the  etching  process,  which  is  performed  as  follows: — ^A  small  quantity  of  the 
solntion  in  boUle  No.,  2,  viz.  that  consisting  of  fire  or  ax  parta  of  satnrated  solution 
to  one  of  water,  is  poured  upon  the  plate,  and  spread  with  a  camel's-bair  brush 
evenly  all  over  it.  It  is  not  necessary  to  make  a  wall  of  wax  round  the  plate,  be- 
cause the  quantity  of  liqtiid  employed  is  so  small  that  it  has  no  tendency  to  run 
oif  the  plate.  The  liquid  penetrates  the  gelatine  wherever  the  light  has  not  acted  on 
it,  but  it  refuses  to  penetrate  those  parts  upon  which  the  light  has  suffidently  acted. 
It  is  upon  this  remarkable  fiict  that  the  art  of  photoglypbic  engraving  is  mainly 
founded.' 

Photographic  engraving  has  not,  up  to  the  present  time  (1874),  been  snccessfoUy 
introduced  into  the  arts.  Many  especially  interesting  processes  hava  bean  devised, 
and  on  the  small  scale,  with  the  proper  amount  of  care,  they  have  been  all  that 
is  desirable ;  bnt,  when  it  has  been  attempted  to  apply  the  process  on  the  larger  scale, 
it  has  either  failed  entirely,  been  uncertain  in  its  results,  or  too  costly  for  the  general 
public.  

PKOTOCHL&VHXO  PBmnrO.  Numerous  experiments  have  been  made 
for  the  purpose  of  preparing  sur&ces  upon  which  pictures  could  be  obtained  by  the 
action  of  sunshine,  or  on  to  which  photographic  pictures  could  be  transferred. 

Most  of  the  processes  are  founded  on  the  peciUiar  action  of  the  solar  rays  upon  th« 
bichromate  of  potash  dissolved  in  a  solntion  of  gelatine.  It  is  not  possible  in  a  work 
of  this  class  to  do  more  than  deal  with  the  general  prindples  iuTolved.  In  the  last 
edition,  Woodbury's  relief -printing  was  alone  described.  A  portion  of  that  description 
is  retained. 

The  process  is  thus  described : — A  sheet  of  talc  (mica)  of  the  size  required  is  afSxed 
with  gum  or  water  to  a  plate  of  glass,  and  placed  on  a  levelling  stand ;  some  bichroma- 
tised  gelatine  is  then  pouredon  its  surface  to  form  an  even  coating.  When  quite  dry,the 
talc  by  means  of  a  knife  is  removed,  the  exposed  sur&ce  carefuUy  cleaned,  and  placed 
in  contact  with  the  negative  that  is  to  be  reproduced.  The  gelatine  is  protected  by  a 
piece  of  blotting-paper,  then  covered  with  a  glass  to  ensure  uniform  pressure  and  close 
contact  between  the  talc  and  the  negative.  After  exposure  to  the  sun  for  an  hour, 
the  film  must  be  placed  face  upwards  in  a  dish  of  hot  water ;  this  will  dissolve  all  the 
gelatine  unacted  upon  by  the  sun,  leaving  a  picture  in  relief,  the  ports  most  acted  on 
standing  in  highest  relief.  When  no  more  gelatine  will  dissolve,  the  film  is  dried  by 
heat  to  a  certain  stage,  then  naturally. 

The  metallic  intaglio  is  produced  in  the  following  manner : — The  gelatine  relief, 
with  a  clean  sheet  of  metal  composed  of  type-metal  and  lead  placed  on  it,  is  sub- 
mitted to  hydraulic  preesura.  As  it  is  of  the  greatest  importance  that  it  should  be 
kept  perfectly  flat,  a  sheet  of  steel  of  sufficient  thickness  to  prevent  its  bending  oi 
yielding  when  in  the  press,  is  placed  under  the  talc,  and  a  similar  one  on  top  of  the 
metal.  The  amount  of  pressure  varies  with  the  softness  of  the  metal  employed,  but 
the  approximate  amount  may  be  stated  as  4  tons  to  the  square  inch.  This  process 
does  not  in  the  least  injure  the  gelatine  mould,  which  will  serve  many  times. 

The  process  of  printing  from  the  metal  mould  is  conducted  in  the  following 
manner : — The  press  is  made  in  the  form  of  a  very  shallow  box  with  a  winged  lid.  In 
the  bottom  of  the  box  is  placed  a  plate  of  thick  glass  (resting  on  four  screws),  and  in 
the  lid  is  a  similar  plato.  Tlio  mould  is  placed  face  upwards  on  the  glass  in  the  box, 
and  raised  by  means  of  the  screws  to  come  in  contact  with  the  glass  lid  when  closed. 
A  small  quantity  of  ink  is  then  placed  on  the  middle  of  the  mould,  the  sheet  of  paper 
is  laid  on  the  top  of  the  ink,  and  the  lid  being  closed,  the  ink  spreads  out  between  the 
paper  and  the  mould,  filling  up  the  cavities  in  the  latter,  the  superfluous  portion 
escaping  over  the  edges.  The  lid  should  remain  closed  until  the  ink  is  sufficiently  set 
to  allow  of  its  being  removed  with  the  paper.  The  conditions  required  in  the  ink  are 
fluidity  with  rapid  setting,  tiansporency,  and  £icility  for  the  removal  from  the  mould 


Digitized  by 


Google 


PHOTOGRAPHIC  PRINTING  565 

with  poTfeet  adherence  to  the  paper.  All  these  are  found  in  gelatine,  to  which  an^ 
oolouring-matter  may  be  added.  The  ink  must  be  kept  warm,  the  heat  and  strength 
being  such  as  to  ensure  its  setting  in  a  reasonable  time ;  the  mould  should  be  slightly 
moistened  with  oil  to  prevent  the  ink  adhering  to  it. 

After  remaining  in  the  box  for  about  a  minute  the  paper  is  removed,  taking  with  it 
the  mass  of  gelatine,  which  at  this  stage  forms  a  picture  in  relief  (hence  the  name  of 
this  process,  rdief-printirtg),  but  as  it  dri^  this  peculiarity  gradually  disappears,  and 
when  it  is  quite  dry  not  a  trace  of  it  is  left.  One  operator  may  work  several  of  these 
presses  at  Uie  same  time,  and  by  so  doing  he  may  produce  from  160  to  200  prints  per 
hour.  The  print  is  fixed  by  immersing  it  for  a  short  time  in  a  solution  of  alum,  which 
lenders  it  impervious  to  moisture  and  improves  its  mechanical  condition. 

Hr.  Walter  Sentley  Woodbury  obtained  two  patents  for  modified  forms  of  his  pro* 
eees  in  1870  and  in  1872,  for  sundry  improvements  in  the '  Woodbwy  Ti/pe\'  his 
latest  process  being  the  following  one,  quoted  from  the  Specification  of  his  process,  dated 
December  4,  1872:— 

'  In  place  of  using  a  thin  film  of  collodion  (as  is  generally  used  in  the  process  called 
'Woodbury  type')  to  hold  the  gelatine  of  the  relief,  I  proceed  as  follows : — I  first  rub 
over  a  sheet  of  plate-glass  with  French  chalk  or  ox  gall,  and  then  coat  with  the  bi- 
chromatised  gelatine  solution  as  now  used.  When  this  is  dried  and  ready  for  use,  I 
expose  the  side  that  was  next  to  the  glass  for  a  few  seconds  to  daylight  before  expoong 
it  under  the  negative.  This  has  the  ef&ct  of  causing  a  thin  film  of  the  gelatine  to 
become  insoluble,  which  after  subsequent  exposure  under  the  negative  will  not  wadi 
away,  but  form  a  support  for  the  photographic  image  afterwards  impressol,  thus  dcnng 
away  with  the  expense  and  tronble  of  the  double  coatings  as  now  practised.  When 
the  gelatine  relief  is  dried  in  the  ordinary  way  I  take  a  thin  sheet  of  tin  foil  (same 
size  as  the  gelatine  relief),  and  attach  it  by  gum  or  other  adhesive  substance  around 
the  edges  to  the  gelatine  relief.  I  now  lay  on  the  back  of  this  a  stent  sheet  of  plate- 
paper,  and  pass  the  whole  through  an  orainary  rolling  press ;  the  tin  foil  is  by  this 
means  impressed  into  all  the  details  of  the  relief,  but  in  that  state  it  would  be  useless 
to  print  from.  I  then  proceed  as  follows  :^A  shallow  metal  box  is  filled  with  a  com- 
position of  shellac  and  asphalt  which  on  warming  becomes  soft,  but  hardens  on  cool- 
ing ;  this  box  is  placed  on  a  hot  plate  nntil  the  composition  it  contains  softens ;  it  is 
then  placed  on  the  lower  plate  of  the  ordinary  Woodbuiy  printing-press,  the  foil  and 
relief  laid  on  it,  the  press  closed  and  the  pressure  applied  by  the  under  screw.  When 
the  composition  has  hardened  the  tin  foil  adheres  to  it,  and  I  remove  the  gelatine  relief 
from  the  foil,  and  use  the  foil-backed  mould  to  print  from.  In  place  of  fixing  the 
proofs  by  alum  or  other  substance  of  a  like  nature  I  varnish  the  proofs  with  an  ordi- 
nary varnish  composed  of  shellac  and  alcohol,  which  gives  the  print  the  effect  of  a 
photograph  on  albumenised  paper,  at  the  same  time  protecting  the  snr&ce  from  mois- 
toie.  I  also  sometimes  use  the  composition  above  named  without  the  foil  as  a 
printing-mould  direct,  and  when  sufficient  numbers  have  been  printed  the  box  holding 
the  composition  is  again  heated,  and  can  be  used  over  and  over  again.  The  third  part 
of  my  invention  consists  in  an  improved  method  of  printing  Woodbury  type  by 
machinery.  This  I  accomplish  as  follows : — Out  of  a  solid  block  of  iron  I  have  turned 
a  cylindrical  hole  in  which  is  made  to  fit  very  Icosely  a  cylinder  of  soft  metal,  having 
a  taper  or  conical  hole  through  it  lengthwise.  Between  the  interior  of  the  steel  block 
and  the  soft  metal  cylinder  I  insert  the  gelatine  reliefs,  then  by  means  of  a  taper  or 
wedge-shaped  spindle  (roughened)  I  drive  by  hammering  or  by  pressure  the  soft  metal 
against  the  iron  cylinder,  thus  impressing  the  relief  on  the  outside  of  the  metal  cylin- 
der, the  taper  spindle  at  the  same  time  forming  a  shaft  for  the  cylinder  to  be  used  in 
the  process  of  printing.  I  then  mount  this  roller  bearing  the  relief  in  vertical  slots 
in  a  frame  having  a  bed  of  plate-glass  on  which  the  paper  rests,  the  roller  resting  on 
the  glass  by  its  own  weight  and  being  dragged  round  by  the  paper  itself,  or  in  place 
of  the  glass  plate  I  allow  the  soft  metal  to  lie  on  another  fixed  or  moveable  roller  of 
metal  or  glass.  The  latter  may  be  hollow  so  as  to  reduce  its  temperature  in  hot 
weather  by  a  stream  of  cold  water  running  through  it.' 

Mr.  Joseph  Wilson  Swan,  of  NewcasUe,  was  a  very  zealous  worker.  He  com- 
bined witii  uie  bichromated  gelatine  carbon  or  other  colouring-matter.  The  inter- 
mediate stages  of  the  process  were  as  in  other  of  the  chromotype  processes,  and  the 
coloored  gelatine  was  made  to  receive  a  printing  ink,  and  impressions  were  taken 
therefrom.  In  1866  he  improved  his  process  as  follows  : — When  the  image  is  pro- 
duced by  means  of  a  negative  that  is  employed  to  produce  an  impression  of  the  sensi- 
tive gelatinous  tissue,  previous  to  its  development  the  tissue  is  mounted  upon  a  surface 
of  glass,  and  the  nncoated  sur&ce  of  the  glass  is  placed  towards  the  light.  Warm 
water  is  used  to  dissolve  the  soluble  portions  of  the  gelatinous  coating,  and  thus  to 
develop  the  image.  The  plate  bearing  this  image  is  tsurronnded  with  a  rim,  hardened 
b;  means  of  a  protoealt  of  iron  or  of  sulphate  of  alumina.    The  sur&ce  is  coated  with 
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wlyet  ■wbSXe  wet  and  electiotyped  in  copper,  and  bam  Hob  plate  with  pnmar  precas- 
Uons  any  number  of  copies  can  be  printed  o£  In  1873  Mr.  Swan  innvmed  the 
writer  that  theproeem  had  been  mnch  improved,  particularly  in  the  transfer  part  of 
the  proceas.  The  tiasne,  after  being  impreased  by  the  solar  action  in  the  piintin^- 
frame^  is  now  attached  to  the  sur&ce  on  which  the  derelopment  of  the  pictoies  is 
eflfocted  wMoiUtMeaidofaiiyeementing  material,  and  wUkout  thtemploymentofa  jireu. 
The  natoral  adhesireness  of  the  tisane  itself,  aided  as  it  is  by  atmospheric  pressure 
and  capillaiy  attraction,  obtains  a  very  perfect  attachment  of  the  tissue  to  either  s 
plate  of  glass  or  metal  or  to  insoluble  gelatinised  or  insoluble  coagulated  albumenised 
paaper.  In  practice  the  tissue  is  transferred  for  development  (fif  warm  water^  to  a  ' 
anc  plate  tnhm  U  is  requirtd  to  be  re-tramferred  to  peeper  (to  procure  rerersal),  and 
when  the  Te-tiansfer  is  not  required  the  tissue  is  at  once  transransd  to  (and  the  pc- 
ture  developed  np<»)  paper  faced  with  some  insoluble  material  such  as  niuned,  or 
lac.  Mr.  Johnson,  imo  has  latteriy  done  much  in  the  improvement  of  the  process  in 
connection  with  the  points  referred  to,  and  who  works  in  conjunction  with  the 
Autotype  Company,  prefers  to  use  a  paper  &ced  with  lac,  deool6uri»ed  of  oouise.  This 
proceas  has  been  l^^ly  developed  as  the  '  autotype  process '  and  many  very  fine  pro- 
ductions are  now  being  regnlany  published, 

Numerous  modifications  of  these  processes  have  from  time  to  time  been  brought 
ander  the  notice  of  the  public.  Mr.  Duncan  Campbell  Dallas^  amongst  others, 
patented  the  following  process,  known  as  the  Dallastype : — 

The  design  is  photographed  or  drawn  upon  a  glass  plate  in  a  medium  that  inter- 
oepta  the  actinic  rays.  Over  the  design  a  solution  of  bicoromatised  gelatine  is  pouredi 
and  when  the  coating  thus  fbrmed  is  sufficiently  dry,  the  nncoated  side  is  exposed  to 
the  light.  The  parts  not  acted  upon  by  light  are  then  softened  and  caused  to  swell 
by  treatment  with  cold  water ;  this  is  ponrM  off  and  the  design  is  repeatedly  washed 
with  warm  water  till  the  design  is  free  from  the  gelatinous  mixture  and  allowed  to  diy. 
A  mould  is  then  taken  of  the  surface  by  electrotyping,  by  casting,  or  by  pressure. 

Further  information  relative  to  procesi>es  of  this  duuracter  must  be  songht  in  the 
numerous  Specifications  of  Patents  which  exist.  The  process  of  Photozincography  will 
be  £>und  under  its  spedal  heading.    See  PHoroznroooBAFay. 

PHOTOOBAVMT.  (Stem  ^t,  phoi,  photos,  light ;  ypu^,  graphi,  a  writing  or  a 
description.)  The  art  of  prodnong  pictures  by  the  agenqr  of  snnMiine,  acting  upon 
chemically-prepared  papers. 

There  are  certun  chemical  compounds,  and  especially  some  of  the  salts  of  silver, 
which  are  ramdly  decomposed  by  the  influence  of  the  sunshine,  and,  though  mcro 
slowly,  by  ordinaiy  daylight,  or  even  by  powerful  artificial  light  As  the  extent 
to  which  the  deccnnposition  is  carried  on,  depends  upon  the  jntenmly  of  radiation 
proceeding  ftom  the  object,  or  passing  thiotigh  it,  accordingly  as  we  are  employing 
the  reflected  or  the  transmitted  rays,  it  will  be  obvious  that  we  shall  obtain  very  deli- 
cate gradations  of  darkening,  and  thus  the  photograph  will  represent  in  a  very  refined 
manner  all  those  details  which  are  rendered  visible  to  the  eye  by  light  and  shadow. 

There  are  two  methods  by  which  photographs  can  be  taken :  the  first  and  simplest 
ithj  svper-position,  bat  this  is  applicable  only  to  the  copying  of  engravings  or  of  such 
botanical  specimens  as  can  be  spread  out  upon  paper,  and  objects  which  ate  entirely 
or  in  part  transparent  The  other  method  is  by  throwing  upon  the  {mpared  p^)er 
the  image  obtained  by  the  use  of  a  lens  fitted  into  a  dark  box — the  camera  obscitra. 

To  carry  out  either  of  these  methods  certain  sensitive  sui&ces  mast  be  produced ; 
these  thenfore  claim  our  first  attention : — The  artist  requires — 

1.  Nitrate  of  silver.  2.  Ammonia  nitrate  of  silver.  8.  Chloride  of  silver.  4, 
Iodide  of  silver.  6.  Bromide  of  silver.  These  five  chemical  compounds  may  be  re- 
garded as  the  agents  most  essential  in  the  preparation  of  photographic  sorfaces. 

1.  NrrBATB  or  Silvib.  The  crystallised  salt  should,  if  passible,  always  be  pro- 
cured. The  fused  nitrate,  which  is  sold  in  cylindrical  sticks,  is  liable  to  contamination. 
A  preparation  is  sometimes  sold  for  nitrate  of  silver,  at  ftom  td.  to  id,  the  ounce  lees 
than  uie  ordinary  price,  which  may  indnce  the  nnwaiy  to  purchase  it  This  redaction 
of  priise  is  effected  by  fusing  with  the  salt  of  silver  a  pioportioo  of  some  capreoas  salt, 
^erally  the  nitrate,  or  nitrate  of  potash.  This  firaud  is  readilv  detected  by  observing 
if  tlie  salt  becomes  moist  on  exposure  to  the  air, — a  very  smsll  admixture  of  copper 
rendering  the  nitrate  of  silver  deliquescent  The  evils  to  the  photographer  are,  want 
of  sennbility  upon  exposure,  and  the  perishability  (even  in  the  dark)  oS  the  finished 
dxawing. 

The  most  simple  kind  of  photographic  paper  is  that  washed  with  the  nitrate  of  silver 
only ;  and  for  many  purposes  it  answers  well,  particularly  for  copying  lace  or  feathers ; 
and  it  has  this  advantage  that  it  is  perfsctiy  fixed  by  well  soaking  in  pun  warm  water. 
The  best  proportions  in  which  this  salt  can  be  used  are  60  grains  of  it  dissolved  in 
a  flnid  ounce  of  water.  Care  must  be  taken  to  apply  it  equally,  with  a  quick  bat 
steady  motion,  over  every  port  of  the  paper. 
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By  disaolTing  the  nitrats  ot  nl-ror  in  ocmunon  rectified  Bpbits  of  'wine  instead  of 
inter,  we  jnoduca  a  tolerably  Bensitivs  mtiated  paper,  irmch  darkens  to  a  very 
beaotifnl  chocolate-brown. 

2.  Ammohoa.  Nitbatb  of  Sn.yKB.  liqnid  ammonia  is  to  be  dropped  carefully 
into  nitrate  of  silTer ;  a  dark  oxide  of  silver  is  thrown  down ;  if  the  ammonia-liquor 
is  added  in  excess,  this  precipitate  is  redissolved,  and  we  obtain  a  perfectly  colourless 
solution.  Paper  washed  with  this  solution  is  more  sensitiTe  than  that  prepared  with 
the  onUnary  nitrate. 

8.  Chlobisb  or  Silteb.  This  salt  is  obtained  most  readily  by  pouring  a  solution 
of  common  salt,  chloride  ofaodium,  into  a  solution  of  nitrate  of  silrer.  It  then  falls 
as  a  pure  wluta  precipitate,  which  changes  colour  in  diffUsed  daylight 

Chloridated  papers  are  formed  by  producing  a  chloride  of  silver  on  their  snifaca,  by 
washing  the  paper  with  the  solution  of  chloride  of  sodium,  or  any  other  cliloride,  and 
when  the  paper  is  dry,  with  the  solution  of  nitrate  of  silver. 

X%e  most  temUive  pa^. — Chloride  of  sodiom,  30  grains  to  1  ounce  of  water ; 
nitrate  of  silver,  120  grains  to  1  ounce  of  distilled  water. 

The  paper  is  first  soaked  in  the  saline  solution,  and  after  being  carefully  wiped  with 
linen,  or  pressed  between  folds  of  blotting-paper  and  dried,  it  is  to  be  washed  twice 
with  the  solution  of  silver,  drying  it  by  a  warm  fire  between  each  washing.  This 
paper  is  very  liable  to  become  brown  in  the  dark.  Although  images  may  be  obtained 
in  the  camera  obscura  on  this  paper  by  about  half  an  hour's  exposure,  they  are  never 
ve^  distinct,  and  may  be  regaxded  as  rather  curious  than  useful. 

Leat  amtitive  paper  for  copies  of  engravings  or  botanical  specimens. — Chloride  of 
sodium,  25  grains  to  1  ounce  of  water ;  nitrate  of  mlver,  99  grains  to  1  ounce  of 
distilled  water. 

Common  sentUivt  paper  for  copying  lace-work,  feathers,  ^. — Chloride  of  sodium, 
20  grains  to  1  ounce  of  water ;  nitrate  of  silver,  60  grains  to  1  oonce  of  distilled  water. 
This  paper  keeps  tolerably  well,  and,  if  carefully  prepared,  may  always  be  depended 
upon  for  darkening  equally. 

4.  losmB  OF  SiLVBB.  This  salt  was  employed  very  early  by  Talbot,  Herschel,  and 
others,  and  it  enters  as  the  principal  agent  into  Mr.  Talbot's  calotype-paper  (see  Calo- 
TTPa).  Paper  is  washed  with  a  solution  of  the  iodide  of  potassium,  and  then  with 
nitiate  of  nlver.  By  this  means  papers  may  be  prepared  which  are  exquisitely  sensi- 
tive to  luminous  influence,  provided  the  right  propc^tions  are  hit ;  but,  at  the  same 
time,  nothing  can  be  more  insensible  to  the  same  agency  than  the  pure  iodide  of 
silver.  A  singular  difference  in  precipitates,  to  all  appearance  the  same,  led  to  the 
belief  that  more  than  one  definite  compound  of  iodine  and  silver  existed  ;  but  it  is 
now  proved  that  pure  iodide  of  silver  will  not  change  colour  in  the  sunshine,  and 
that  the  quantity  of  nitiate  of  silver  in  excess  regulates  the  degree  of  sensibility. 
Experiment  has  proved  that  the  blackening  of  one  variety  of  iodated  paper,  and  the 
preservation  of  another,  depends  on  the  simple  admixture  of  a  very  minute  excess  of 
the  nitrate  of  silver. 

6.  Bbokidb  ot  SiLVEB.  Bromide  is  the  most  sensitive  to  light  of  all  the  salts  of 
mlver.  To  prepare  a  highly  sensitive  paper  of  this  kind,  select  some  sheets  of  superior 
glazed  post,  and  wash  it  on  one  side  only  with  bromide  of  potassium  (40  grains  to 
1  ounce  of  distilled  water)  over  which,  when  dry,  pass  a  solution  of  100  grains  of 
nitrate  of  silver  in  the  same  quantity  of  water.  The  paper  must  be  dried  as  quickly 
as  possible  without  exposing  it  to  too  much  heat ;  then  again  washed  with  the  silver- 
solution,  and  dried  in  the  dark.  Such  are  the  preparations  of  an  ordinary  kind,  with 
which  the  photographer  will  proceed  to  work. 

The  most  simple  method  of  obtaining  sun-pictures  is  that  of  placing  the  objects  to 
be  copied  on  a  piece  of  prepared  paper,  pressing  them  dose  with  a  |nece  of  gUiss,  and 
exposing  the  arrangement  to  snnshlae :  all 
the  parts  exposed  darken,  While  those  co- 
vered are  protected  from  change,  the  result- 
ing picture  being  white  upon  a  dark  ground. 

For  the  multiplication  of  photographic 
drawings,  it  is  necessary  to  be  provided 
with  a  frame  and  glass,  called  a  copging 
frame.  The  glass  must  be  of  such  thickness 
as  to  resist  considerable  pressure,  and  it 
should  be  selected  as  colourless  as  possible, 
great  care  being  taken  to  avoid  such  as  have 
a  tint  of  yellow  or  red,  these  colours  pre- 
venting the  permeation  of  the  most  efficient 
lays.  Fig.  1617  represents  the  frame,  showing  the  back,  with  its  adjustments  fed 
Mearing  the  dose  contact  of  the  paper  with  every  part  of  the  ol^ect  to  be  copied. 
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'  Harine  placed  tlie  frame  &ce  downirarclfl,  eaieftally  lay  oat  on  the  glass  the'objeet  to 
be  copied,  on  which  place  the  photographic  paper  Tery  nnoothly.  HaTing  covered 
this  with  the  cushion,  which  may  be  either  of  flannel  or  relret,  fix  the  back,  and  ad- 
just it  by  the  bar,  nndl  eraty  part  of  the  object  and  paper  are  in  the  eloaeat  poiaible 
contact ;  then  torn  np  the  frame  and  ezpoae  to  mnshine. 


1618 


1619 


It  shonld  be  here  stated,  once  for  all,  that  snch  pictures,  howsosnr  obtained,  are 
called  negative  pkotograpkM  ; — and  those  which  have  uieir  lights  and  shadows  correct  as 
in  nature — dark  upon  a  light  ground — are  pontine  phitograplu.  The  mode  of  effect!  ng 
the  production  of  a  pomtive  is,  haTing,  by  fixing,  giren  parmanence  to  the  negative 
picture,  it  is  placed,  face  down,  on  another  piece  w  sensitire  paper,  when  all  the  parts 
which  are  white  on  the  first,  admitting  light  freely,  cause  a  dai^  impression  to  be 
made  on  the  second,  and  the  resulting  image  is  correct  in  its  lights  and  shadows,  and 
also  as  it  regards  right  and  left. 

For  obtaining  pctoiee  of  external  nature,  the  Camera  Obscnra  of  Baplista  Porta  is 
employed, 

1630 


The  figiires  (^<.  1618,  1610,  1620)  represent  a  perfect  arrangement,  and,  at  the 
same  time,  one  which  is  not  essentially  expensive.  Its  conveniences  are  those  of  fold- 
ing (fig.  1620),  and  thus  packing  into  a  very  small  compass,  for  the  convenience  of 
travellers. 

Fig.  1618  exhibits  the  instrument  complete.  Fig.  1619  shows  the  screen  in  which 
the  sensitive  paper  is  placed,  the  shntter  being  np  and  the  frame  open  that  its  con- 
struction may  be  seen. 

Camera  obscnras  of  a  more  elaborate  character  are  constructed,  and  many  of  ex- 
ceeding ingenuity,  which  give  every  facility  for  carrying  on  the  manipulations  out  of 
doors. 

Fig.  1621  is  a  section  of  a  very  useful  instrument,  and  fig.  1622  its  external  form. 
With  a  view  to  its  portability  it  is  constructed  so  as  to  serve  as  a  packing-case  for  all 
the  apparatus  re^mred.  a  is  a  sliding  door,  which  supports  the  lens.  b,c,cm  side- 
openings  fitted  with  cloth-sleeves  to  admit  the  operatoPs  anna,  d  is  a  hinged  door  at 
the  back  of  the  camera,  which  can  be  supported  like  a  table  by  the  ho/ik  «.  /  is  the 
opening  for  looking  into  the  camera  during  an  operation.  This  opening  is  closed  idien 
necessary  by  the  door  g,  which  can  be  openwl  by  the  hand  jpassed  into  the  camera  through 
the  sleeves  c.  The  yellow-glass  window  which  admits  light  into  the  camera  dnriiu;  an 
operation  is  under  the  door,  A.  i  is  the  sliding  frame  for  holding  the  focussing  glass, 
or  the  frame  with  the  prepared  glass,  either  of  which  is  fastened  to  the  sliding  frame 
by  the  check,  h.  The  frame  shdes  along  the  rod,  1 1,  and  can  be  fitted  to  the  proper 
focus  by  means  of  the  step  m.  »  is  the  gutta-percha  washing-tray,  o  is  an  opening  in 
the  bottom  of  the  instrument  near  the  door,  to  admit  the  weU,  p,  and  which  is  closed 
when  the  well  is  removed  by  the  door.  The  well  is  divided  into  two  cells,  one  of 
vhicb  contains  the  fgcnssing  glass,  and  the  other  the  glass  trough,  each  in  %  frune 
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adapted  to  the  sliding  frame,  i.    Od  each  side  of  tbo  sliding  door  that  supports  the 
lens,  a,  there  is  'vithin  the  camera  a  small  hinged-table,  r,  supported  by  a  bracket,  ». 


1G21 


These  two  tables  serre  to  support  the  bottles  that  contain  the  solutions  necessary  to 
be  applied  to  the  glass  plate  after  its  exposure  to  the  lens. 

For  supporting  an;  of  these  camera  obscuras,  tripod  stands  are  employed ;  these 
are  virw  made  in  an  exceedingly  convenient  form,  being  light,  at  the  same  time  that 


1G22 


they  aie  sufficiently  firm  to  secure  the  instrument  fiwm  any  motion  during  tlie  opera 
tion  of  taking  a  picture. 

The  true  ]^otographic  artist,  hoverer,  will  not  be  content  with  a  camera  obecnra  of 
this  or  any  other  kind.  He  will  provide  himself  with  a  tent,  in  which  he  may  be 
able  to  prepare  his  plates,  and  subsequently  to  develop  and  to  fix  his  pictures.  Many 
kinds  of  tent  have  been  brought  forward  j  but  we  have  not  seen  any  one  which  unites 
perfectly  all  that  can  be  desired,  within  a  limited  space,  and  which  possesses  the 
great  recommendation  of  lightness. 

Smartt's  photographic  tent,  however,  appear^  to  meet  nearly  all  the  conditions  required. 
In  this  tent  an  endeavour  h.iE  been  made  to  obviate  many  of  the  inconveniences  com- 
plained of,  especially  as  to  working  space,  firmness,  simplicity,  and  portability.  It  is 
rectangular  in  form,  is  6  feet  high  in  the  clear,  and  3  feet  square,  affording  table  space 
equal  to  36  inches  by  18  inches,  and  ample  room  for  the  operator  to  mwipolate  with 
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perfect  ease  and  conrenienee.  The  table  is  made  to  fold  vp  wlieii  not  in  use ;  and  in 
place  of  the  ordinary  dish  for  developing,  a  yery  efficient  and  portable  tray  is  provided, 
made  of  india-rabber  cloth,  ha^■ing  its  two  sidee  fixed  and  rigid,  and  ite  two  enda 
moveable ;  it  thus  folds  up  into  a  space  bat  little  larger  than  one  of  its  sides.  The 
iroiUng  space  of  the  table  ii  economised  thus : — a  portion  of  it  is  occupied  in  the 
my  just  described :  the  silver-badi  is  suspended  from  iiie  fiont  of  the  table,  and  rests 
upon  a  portion  of  the  framework  of  the  tent  This  arrangement  leaves  ample  space  on 
the  table  for  manipulating  the  largest-sized  plates.  The  collodion  pooler,  the  plate- 
developng  holder,  the  developing  cups,  and  the  water-bottle,  have  all  special  points  in 
constmction.  The  entire  weight  of  the  tent  is  20  lbs.,  and  it  is  easily  erected  or  taken 
down  by  one  person.  Many  improvements  have  been  introdnoed  in  this  tent,  which 
now  render  it  nearly  perfect 
The  processes  of  most  importance  may  be  divided  as  follow : — 

1.  The  Copying  process,  already  described.  ^ 

2.  The  Oametreotjw*.    See  DAOUEBBBonra. 

3.  The  OaMype.    Bee  Oojcrma, 

4.  The  CoUoaton  process,  which  must  now  be  desetibed 

Thb  Coixos»x  Fnooass. 

The  difficulty  with  which  we  are  met  in  any  attempt  to  describe  this  photographic 
process  is,  that  it  is  almost  hopeless  to  find  two  photographers  who  adopt  precisely  the 
same  order  of  manipulation ;  and  books  almost  without  number  have  been  published, 
each  one  recommending  some  special  system. 

By  general  consent  uie  discovery  of  the  collodion  process,  as  now  employed,  is  given 
to  the  late  Mr.  Scott  Archer.  It  will,  therefore,  be  considered  quite  soffident  to  give 
the  details  of  his  process,  which  has  resdUy  been  but  little  inqnoved  on  since  its  first 
introduction. 

2b  prepare  tie  collodion.  Thirty  grains  of  gnn-ootton  should  be  taken  and  placed 
in  18  fiuid  ounces  of  rectified  sulphuric  ether,  and  then  2  oxuces  of  alcohol  should  be 
added,  making  thus  1  imperial  pint  of  the  solution.  The  cotton,  if  properly  made, 
will  dissolve  entirely ;  bat  uy  small  fibre  which  may  be  floating  about  should  be 
allowed  to  deposit,  and  the  clear  solution  poured  off. 

Zb  iodiie  tie  collodion.  Prepare  a  saturated  solution  of  iodide  of  potassium  in 
alcohol — say  1  ounce,  and  add  to  it  as  much  iodide  of  silver,  recently  preci{ntsted  and 
well  washed,  as  it  will  take  up :  this  solution  is  to  be  added  to  the  collodion,  the 
quantity  depending  on  the  proportion  of  alcohol  which  has  been  used  in  the  prepara- 
tion of  the  collodion. 

Coatinff  the  plaie.  A  plate  of  perfectly  smooth  glass,  free  from  air-babble  or  stris^ 
should  be  cleaned  very  perfectly  with  a  few  drops  of  ammonia  on  cotton,  and  then 
wiped  with  a  very  clean  cotton  cloth. 

The  plate  must  be  held  by  the  left  hand  perfectly  horizontal,  and  then  with  the 
right  a  sufficient  quantity  of  iodised  collodion  should  be  poured  into  the  centre,  so  as 
to  difffase  itself  equally  over  the  surface.  This  should  be  done  coolly  and  steadily, 
allowing  it  to  flow  to  each  comer  in  succession,  taking  care  that  the  edges  are  well 
covered ;  then  gently  tilt  the  plate,  that  the  superfluous  fluid  may  return  to  the  bottle 
from  the  opposite  corner  to  that  by  which  the  plate  is  held.  At  this  moment  the  plate 
should  be  brought  into  a  vertical  position,  when  the  diagonal  lines  caused  by  the  fluid 
running  to  the  corner  will  fall  one  into  the  other,  andgive  a  clear  flat  surface.  To 
do  this  neatly  and  effectually  some  little  practice  is  necessary,  as  in  most  things ;  but 
the  operator  should  by  no  means  hurry  the  operation,  but  do  it  systematically,  at  the 
same  time  not  being  longer  over  it  than  is  actually  necessary,  for  collodion  being  an 
ethereal  compound  evaporates  rapdly.  Many  operators  waste  their  collodion  by 
imagining  it  is  necessary  to  perform  this  operation  in  great  baste ;  but  such  is  not  the 
case,  for  an  even  coating  con  seldom  be  obtained  if  the  fluid  is  poured  on  and  off 
again  too  rapidly ;  it  is  better  to  do  it  steadily,  and  submit  to  a  small  loss  from  evapo- 
ration. If  the  collodion  becomes  too  thick,  Uiin  it  with  the  addition  of  a  little  fresh 
and  good  ether. 

Exciting  tha  plate.  Previous  to  the  last  operation,  it  is  necessary  to  have  the  bath 
ready,  wiuch  is  made  as  follows  :— 

Kitiate  of  silver SO  grains. 

IKstilled  water 1  ounce. 

Dissolve  and  filter. 

The  quantity  of  this  fluid  nccettaryUi  be  made  must  depend  upon  the /ormQ/°tn»^A 
to  6$  viei,  whether  horizontal  or  vertical,  and  also  upon  the  size  of  the  plate.    With 
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die  Totical  ttongh  a  glass  dipper  is  provided,  upon  which  the  {date  reits,  preveDtiDg 
the  necessity  of  any  handle  or  the  fingers  going  into  the  liqnid.  If  ho\rerer,  the  glass 
used  is  a  little  larger  than  required,  Uiis  is  not  necessary.  Having  then  obtained  one 
or  other  of  these  ttro,  and  filtered  the  liquid  previonsly,  the  plate,  free  from  any 
particle  of  dnst,  &c.,  is  to  be  immerted  steadily  and  mthimt  haitatiou ;  for  if  a  pause 
shoold  be  made  in  any  part,  a  line  is  sure  to  be  formed,  which  will  print  in  a  subse- 
quent part  of  the  process. 

The  plate  being  immersed  in 'the  solntibn  must  be  kept  there  a  suffident  time  for 
the  liquid  to  act  £reely  upon  the  surface,  particularly  if  a  negative  picture  is  to  be 
obtained.  Js  a  general  rule,  it  mil  take  about  tun  mitrntei,  but  thii  wul  rxtry  with  the 
temptraiuno/tJu  air  at  the  time  of  operating,  and  the  condition  of  the  edlodion.  _  In 
odd  weather,  or  indeed  anything  below  60°  Fahr.  the  bath  should  be  plaeed  in  a 
warm  situation,  or  a  proper  decomposition  is  not  obtained  under  a  very  long  time. 
Above  60°  the  plate  will  be  certain  to  have  obtained  its  maximum  of  sensibiuly  by 
two  minutes'  immersion,  but  below  this  temperature  it  is  better  to  give  a  little  extra 
time. 

To  &cilitate  the  action,  let  the  temperature  be  what  it  may,  the  plate  must  be  lifted 
out  of  the  liquid  two  or  three  times,  which  also  assists  in  getting  nd  of  the  ether  from 
the  snr&oe,  for  unless  this  is  thoroughly  done  a  uniform  coating  cannot  be  obtained ; 
but  on  no  account  should  it  be  removed  until  the  plate  has  been  immerted  about  half  a 
nunuie,  as  marks  are  apt  to  be  jiroduoed  if  removed  sooner. 

The  plate  is  now  ready  to  receive  its  impression  in  the  camera  obsenza.  This  having 
been  done,  the  pietnie  is  to  be  developed. 

The  deoelopment  of  the  im/^  To  efiect  this  the  plate  must  be  taken  again  into  the 
dark  room,  and  with  care  removed  tiom  the  slide  to  the  levelling  stand. 

It  will  be  well  to  caution  the  operator  respecting  the  removal  of  the  plate.  Glass, 
as  before  observed,  is  a  bad  conductor  of  heat ;  therefore,  if  in  taking  it  out  we  allow 
it  to  rest  on  the  fingers  at  any  one  spot  too  long,  that  portion  will  be  warmed  Uirough 
to  the  face,  and  as  this  is  not  done  until  the  developing  solution  is  ready  to  go  over, 
the  action  will  be  more  energetic  at  those  parts  than  at  others,  and  consequently  destroy 
the  evenness  of  the  picture.  We  should,  therefore,  handle  tlie  plate  with  care,  as  if  ft 
already  possessed  too  mnch  heat  to  be  comfortable  to  the  flngeri,  and  that  we  must 
therefore  get  it  on  the  stand  as  soon  as  possible. 

Having  then  got  it  there,  we  must  next  cover  the  £sc8  with  the  developng  solution. 

This  should  be  made  as  follows  :— 

Fyiogallic  and       ......         6  grains. 

Oladal  acetic  add 40  minims. 

Distilled  water        < 10  ounces. 

IHssoWe  and  filter. 
ICr.  Delamotte  employs 

FyrogaUic  add 0  grains. 

OWial  acetic  add 2  drachms. 

Distilled  water        ...  .        .  8  ounces. 

.  Now,  in  developing  a  plate,  the  quantity  of  liqnid  taken  mnst  be  in  proportion  to  its 
■ize.  A  plate  measuring  6  inches  by  4  will  require  half  an  ounce ;  less  may  be  used, 
but  it  is  at  the  risk  of  stains ;  therefore  we  would  recommend  that  half  an  ounce  of 
the  above  be  measured  out,  into  a  perfeetly  clean  measure,  and  to  this  from  8  to  12 
drops  of  a  60-grain  solution  of  nitrate  of  silver  be  added. 

Pour  this  quickly  over  the  snrface,  taking  care  not  to  hold  the  measure  too  hig^ 
and  not  to  pour  all  on  one  spot,  but  having  taken  the  meastire  properiy  in  the  fingers, 
begin  at  one  end,  and  carry  the  hand  forward ;  immediately  blow  upon  the  face  of  the 
plate,  which  has  the  effect  not  onl^  of  diflhsing  it  over  the  suriSace,  but  causes  the 
■olntion  to  combine  more  equallv  with  the  damp  surface  of  the  ^late ;  it  also  has  the 
effect  of  keeping  any  deposit  that  may  form  in  motion,  which  if  allowed  to  settle, 
causes  the  picture  to  come  out  mottled,  A  piece  of  white  paper  may  now  be  held 
under  the  plate,  to  observe  the  development  of  the  picture :  if  the  light  of  the  room  is 
adapted  tm  viewing  it  in  this  manner,  well ;  if  not,  a  light  must  be  held  below,  but  in 
either  case  arrangements  should  be  made  to  view  the  plate  easily  whilst  under  the 
operation :  a  successfU  result  depending  so  much  upon  obtaining  snffldent  develop- 
ment without  carrying  it  too  &r. 

As  soon  as  the  necessary  developmeiit  has  been  obtained,  the  liquid  mnst  be  poured 
oB,  and  the  snrfiuse  washed  with  a  little  water,  which  is  easily  done  by  holding  the 
plate  over  a  dish,  and  pouring  water  on  it;  taking  care,  both  in  this  and  a  subsequent 
part  of  the  process,  to  hold  the  plate  horiaontally,  and  not  veitieally,  so  as  to  prevent 
the  coating  being  torn  hy  the  force  and  weiglht  <n  water. 
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ProloMilphaie  aFiro»,  which  tras  first  introduced  as  a  photographic  agent  in  1840 
by  Mr.  Bobert  Hunt,  may  be  employed,  instead  of  the  pyio^llk  acid,  with  much 
advantsgc.  Generally  the  collodion  portraits  are  now  deTUoped  by  the  iron  salt.  The 
following  are  the  best  proportions : — 

Protosnlphate  of  iron 1  ounce. 

Acetic  acid 12  minims. 

Distilled  water 1  pint. 

This  is  used  in  the  same  manner  as  the  former  solutions. 

Fixing  of  image.  This  is  simply  the  removal  of  iodide  of  silver  from  the  surface  of 
the  plate,  and  is  effected  by  pounng  over  it,  after  it  has  been  dipped  into  water,  a 
solution  of  hyposulphite  of  soda,  made  of  the  strength  of  4  ounces  to  1  pint  of  water. 
At  this  point  daylight  may  be  admitted  into  the  room,  and  indeed  we  cannot  judge 
well  of  its  removal  without  it.  We  then  see  by  tilting  tbe  plate  to  and  fro  the  iodide 
gradually  dissolve  away,  and  the  difierent  parts  left  more  or  less  transparent,  according 
to  the  action  of  light  upon  them. 

It  then  only  remains  to  thoroughly  wash  away  every  trace  of  the  hyposulphite  of 
soda,  for  should  any  salt  be  left,  it  gnAxoMj  destroys  the  picture.  The  plate  should 
.  therefore  either  be  immersed  with  great  care  in  a  vessel  of  clean  water,  or  what  is 
better,  water  poured  gently  and  carefully  over  the  surface.  After  this  it  must  be 
placed  upright  to  dry  or  be  held  before  a  fire. 

Thtjmttg  proouaa.  The  most  important  part  of  Photography,  and  one  to  which 
the  least  attention  has  been  paid,  is  the  process  of  rendering  permanent  the  beautiful 
images  which  have  been  obtained.  Nearly  all  the  fine  photographs  with  which  we 
are  now  fEimiliar  are  not  permanent.  This  is  deeply  to  be  regretted,  especially  as 
tiiere  appears  to  be  no  necessity  for  their  fading  away.  In  nearly  all  cases  the  &ding 
of  a  photograph  may  be  referred  to  carelessness;  and  it  is  not  a  little  startling,  and 
certainly  very  annoying,  to  hear  a  veir  large  dealer  in  photographic  pictures  declare 
that  the  finest  pictures  by  the  best  photographers  are  the  first  to  fade.  This  is,  no 
doubt,  to  be  accounted  for  by  the  demand  which  there  is  for  their  pictures,  leading  to 
a  fatal  rapidity  in  the  necessanr  manipnlatory  details. 

T%en  M  no  necettilgfor  a  photograph  to  fade  if  kept  vnth  ordinary  eare.  It  should 
be  at  all  events  as  permanent  as  a  sepia  drawing.  Hyposulphite  of  soda  is  the  true 
fixing  agent  for  any  of  the  photographic  processes,  be  they  Daguerreotype,  calotype, 
collodion,  or  the  ordinary  process  for  producing  positive  prints.  It  should  be  under- 
stood, whichever  of  the  salts  of  silver  are  employed,  that  by  the  action  of  the  solar 
rays  either  oxide  of  silver  or  metallic,  silver  is  produced,  and  the  unchanged  chloride, 
iodide,  or  bromide  can  be  dissolved  out  by  tlie  use  of  the  hj/pottUphite  of  soda. 

The  photographic  picture  on  paper,  on  metal,  or  on  glass,  is  washed  with  a  strong 
solution  of  the  nyposulphile  of  soda,  and  the  silver  salt  employed  combines  with  it, 
forming  a  peculiarly  sweet  compound,  the  hyposulphite  of  silv^f ;  this  is  soluble  in 
water,  and  hence  we  have  only  to  remove  it  by  copious  ablutions.  The  usual  practice 
is  to  place  the  pictures  in  ttays  6f  water  and  to  change  the  fiuid  frequently.  In  this 
is  the  danger,  and  to  it  may  be  traced  the  fading  of  nine-tenths  of  the  pictures  prepared 
on  paper. 

Paper  is  a  mass  of  linen  or  cotton  fibre ;  howsoever  fine  the  pnlp  may  be  prepared, 
it  is  still  full  of  capillary  pores,  which,  by  virtue  of  the  force  called  capillarity,  holds 
with  enormous  tenacity  a  large  portion  of  the  solid  contents  of  the  water.  If  we  make  a 
solution  of  a  known  strength  of  the  hyposulphite  of  soda,  and  dip  a  piece  of  paper  into 
it,  it  will  be  found  to  have  lost  more  of  the  salt  than  belongs  to  the  small  quantity  of 
water  abstracted  by  the  paper.  Solid  matter  in  excess  has  been  withdrawn  frtim  the 
solution.  So  a  photographic  {ncture  on  paper  holds  with  great  tenacity  one  or  othec 
of  the  hyposulphites.  By  soaking  there  is  of  course  a  certain  portion  removed,  but  it 
is  not  possible  by  any  system  of  soaking  to  remove  it  all. 

The  picture  is,  however,  prepared  in  this  manner,  and  slowly,  but  sorely,  under 
Ihe  combined  infiuences  of  the  solar  rays  and  atmospheric  moisture,  the  metallic  rilver 
loses  colour,  i.  e.  the  photograph  fades. 

The  only  process  to  ba  reued  on  demands  that  eveiy  picture  should  be  treated 
separately,  first,  any  number  may  be  soaked  in  water,  and  the  water  changed ;  by 
this  means  the  excess  of  the  hyposulphite  of  silver  is  removed.  Then  each  pictoro 
must  be  taken  out  and  placed  upon  a  slab  of  porcelain  or  glass,  and  being  fixed  at  a 
small  angle,  water  should  be  allowed  to  fiow  freely  over  and  off  it.  Beyond  this,  the 
operator  should  be  famished  with  a  piece  of  soft  sponge,  and  he  should  maintain 
for  a  long  time  a  dabbing  motion.  By  this  mechanical  means  he  disturbs  the  solid 
matter  held  in  the  capillary  tubes,  and  eventually  removes  it.  The  labour  thus 
bestowed  is  rewarded  by  the  production  of  a  permanent  picture,  not  to  be  seemed  by 
any  other  means. 
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A  ptooeu  has  recently  been  introdnced  (1874)  which  ia  highly  spoken  of.  It  con- 
aists  essentisUy  in  mixing  lecenUy-precipitated  bromide  of  ailver  -with  very  pure  gelv 
tine.  This  creamy,  aemhopaque  mixtnre  ia  ponied  on  glasS'platee,  and  these  aie  dined 
with  application  of  moderate  heat  in  perfect  darkneas.  The  plates  are  rendered  highly 
sensitire  in  the  usual  manner.  It  is  said  that  in  good  liglit  a  portrait  can  be  taken 
in  five  secondi. 

PBOTOMBZST*    The  measnrement  of  light,  or  of  illuminating  power.    Sea 

JliniOHATIOH. 

9tUno-BCUXi9mM.  The  falloving  description  of  tbia  art  is  written  by  the 
late  H.  A.  Clandet,  F.  R.  8.,  who  most  sncceesfully  practised  it :— '  This  beantifnl  ap- 
plication of  photography  is  called  Fhoto-sculpture,  and  is  the  invention  of  U.  Willime, 
an  eminent  li'rench  sculptor.  Before  explaining  how  H.  Willime  was  led  to  this  dis- 
covery, let  me  remind  you  that  photography  itself  was  invented  by  painters  of  talent — 
by  artists  who,  while  nsing  the  camera  obscnia  for  studying  the  subject  of  their 
intended  pictures,  were  stru^  with  the  beauty  of  those  natural  representations.  In 
contemplating  them  they  naturally  desired  that  the  pictures  could  be  permanently 
fixed.  Considering  that  these  pictures  were  formed  by  the  light  reflected  &om  the 
objects,  they  essayed  to  fix  them  by  availing  themselves  of  the  known  scientific  &ct 
that  light  had  the  property  of  blackening  certain  chemical  compounds.  The  flash  of 
that  idea  was  enough';  thrfr  genius  and  perseverance  solved  tile  problem,  and  they 
created  that  art  which  they  desired  to  mtich — photography.  A  similar  and  no  less 
instructire  story  may  be  'told  of  photo-sCulpttlre.  m.  'Willime  was  in  the  habit, 
whenever  he  could  procure  photographs  ot  his  sitten,  of  endeavouring  to  communicate 
to  the  model  the  correctness  of  those  unerring  types.  But  how  should  he  raise  the 
outlines  of  flat  pictures  into  solid  form  ?  "Yet  these  single  pbotognphs,  such  as  they 
were,  could  serve  him  to  measure  exactly  profile  outlines.  He  could  indeed,  by  mean* 
of  one  of  the  points  of  a  pantograph,  follow  the  outline  of  a  photograph,  while  with 
the  other  point  directed  on  the  model,  he  ascertained  and  corrected  any  error  which 
had  been  communicated  to  his  work  during  the  modelling.  What  he  could  do  with 
one  -view  or  one  single  photograph  of  the  sitter,  he  might  do  also  -widi  several  other 
views  if  he  had  them.  This  -was  sufficient  to  open  the  inquiry  of  an  ingenions  mind. 
He  saw  at  once  that  if  he  had  photographs  of  many  other  profiles  of  the  sitter,  taken 
at  the  same  moment,  by  a  number  of  camera  obscuras  placed  round,  he  might  alter- 
nately and  consecutively  correct  his  model  by  comparing  the  profile  outline  of  each 
phob^Biraph  with  the  corresponding  outline  of  the  model.  Sncli  'was  the  origin  of  a 
marvellous  and  splendid  discovery.  But  it  soon  naturally  occurred  to  him,  that  in- 
stead of  correcting  his  model  when  nearly  completed;  he  had  better  work  -with  tha 
pantograph  upon  the  rough  block  of  clay,  and  cut  it  out  gradually  all  round  in  fol* 
lowing  one  after  the  other  the  outline  of  the  photographs.  Now  supposing  that  he 
had  twenty-four  photographs,  representing  the  sitter  in  aa  many  points  of  view  (all 
taken  at  once^,  he  had  but  to  turn  the  block  of  clay  after  every  operation  Jfth  of  the 
base  upon  which  it  is  fixed,  and  to  cut  out  the  next  profile,  until  the  blodc  had  com- 
pleted Its  entire  revolution,  and  then  the  clay  was  transformed  into  a  perfect  solid 
figure  of  the  twenty-four  photographs ;  the  statue  of  the  bust  'was  made.  'When  this 
is  once  explained,  everyone  must  be  struck  with  admiration  at  the  excellence  of  the 
process.  It  is  so  sure,  and  so  simple,  that  we  are  surprised  it  has  not  been  thought  of 
before.' 

PBOTOXnrOOORAVHT.  This  is  the  name  given  by  H^'or-General  Sir  Henry 
James,  B.E.,  Director  of  the  Ordnance  Survey,  who  has  thus  described  the  process: — 

'  For  the  purpose  of  producing  rapidly  and  in  large  numbers,  fac-similes  of  plani^ 
dra'wings,  'written  and  printed  documents,  &C.,  of  the  same  size  as  the  originals,  or  to 
any  required  lesser  scale,  the  present  Director  of  the  Ordnance  Survey  successfully  in- 
troduced in  1859,  a  method  combining  the  accuracy  of  photography  with  the  facility 
of  printing  from  zinc-plates,  and  named  the  process  FhotOdsinoogra^y.  It  is  now  ex- 
tensively used  at  Southampton  for  supplying  the  public  at  a  low  cost,  with  fac- 
similes of  seme  of  the  most  interesting  and  valuable  State  papera  that  are  preserved 
among  the  national  manuscripts  of  the  United  Kingdom. 

'  The  fac-similes  being  in  ink  of  which  carbon  is  the  basis,  are  not  liable  to  &de^ 
like  photographic  prints  i  n  silver ;  for  although  the  silver  is  coated  with  a  film  of  gold 
in  the  toning  bath,  it  slowly  yields  to  atmoepherio  influences,  and  to  the  long-continued 
action  of  small  traces  (almost  impossible  to  eradicate)  of  substances  employed  in  the 
manipulation. 

'  In  the  process  of  zincography  a  tracing  of  the  document  is  made  in  a  greasy  ink, 
and  applied  to  a  one-plate,  from  which  any  desired  number  of  impressions  may  b« 
printed ;  but  in  photozincography  a  photo^ph  is  prepared  in  such  a  manner  that  it 
may  be  transferred  to  a  zinc-plate,  the  jinnts  from  which  are  free  therefore  fiom  any 
PBVt  of  the  dranj^tsman's  hand. 
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'  'Id  eopjing  inapt,  engmTingi,  manoMiiptc,  &e,,  s  negatire  of  the  object  Is  taken 
on  a  gjam-plate,  and  the  nlver  deposit  blackened  vith  cornwive  subliinate  and  am- 
moninm  hydiosnlphate ;  a  snn-print  ia  taken  from  the  negntiTe  on  paper,  ooated  \ritb 
gelatine  and  bicloomate  of  potau,  which  Barface  when  ezpoaed  to  the  infloence  of 
Ugfat,  is  inaoluble  in  water  at  a  ntodeiately  hi^h  temperatoie. 

'The  print  i*  nniformly  covered  all  over  with  greasy  transfer  ink,  and  afterwards 
washed  with  waim  water  to  dissolre  the  gelatioe  unacted  upon  by  light,  and  so  can7 
away  the  ink  vpon  it,  which  now  remains  only  on  the  insoluble  portions.  In  this  way 
a  print  in  a  greasy  carbon  ink  is  prepared,  which  has  both  the  appearance  and  the 
properties  of  an  ordinary  tracing  in  lithographic  ink,  and  can  be  tnnsferred  to  one  or 
stone  in  the  usual  manner. 

'  The  paper  used  for  the  carbon  print  shonid  be  tongh,  free  from  loose  fibres,  and 
hare  a  surface  that  will  remain  almost  nndistnrbed  when  satorated  with  water,  and 
subjected  to  gentle  friction.  The  donble-elephant  bank-post  manuiSictured  by  Cowan 
and  Sons,  Cannon  Street,  London,  answers  these  reqaitements,  and  has  been  found 
more  suitable  than  any  otiier  paper  that  has  been  triM  at  Southampton. 

*  The  sensitising  solution  is  made  by  dissolving  gelatine  in  hot  water,  and  adding 
potassinm  bichromate  in  solution  in  the  following  proportions : — 

Kelson's  best  patent  fine  gelatine         .        .        i        .        .    3  ozs. 

Potassium  bichromate 2  „ 

Hot  water  .        .        .        , 60  „ 

The  mixture  must  be  made  and  preserved  in  the  daric 

*  When  used  for  coating  the  paper,  it  is  pot  into  a  fiat  dish  and  kept  at  a  tempers- 
tnre  of  about  100°  Fahr.,  by  means  (k  a  water-bath ;  the  paper  is  floated  on  its  sar&ce 
for  two  or  three  minutes,  then  hung  up  to  dry  by  two  comers,  floated  again  for  a 
shorter  period,  but  at  a  lower  temperature,  so  as  not  to  remove  the  first  coating,  and 
dried  in  a  reversed  position ;  by  this  double  application,  with  tha  aid  of  a  high  tem- 
paratnre  maintained  during  the  act  of  drying,  a  uniform  surfiice  is  obtained. 

'  The  coated  paper,  which  is  veij  sensitive  to  light,  is  then  smoothed  by  being  passed 
throng^  a  lithographic  press,  and  may  be  used  any  time  within  a  week  of  its  prepara- 
tion, but  the  best  results  in  making  copies  of  maps,  engnvings,  manuscripts,  &c,  are 
obtained  when  the  sensitised  paper  hss  not  been  kept  longer  than  two  or  three  days ; 
after  a  week  the  paper  becomes  useless,  it  being  aunost  impossible  to  clear  die  ink 
from  the  ground  of  the  print  on  account  of  the  uniform  reduction  of  a  portion  of  the 
potassium  bichromate.  The  sensitising  mixture  may  be  peserved  for  nirther  use  for 
a  considerable  length  of  time,  if  kept  in  an  opaque  vessel,  firee  from  organic  matter, 
and  in  a  dark  room ;  an  earthenware  jar  is  a  convenient  receptacle,  as  the  mixture 
when  cold  becomes  a  jelly,  and  the  jar  can  be  put  in  hot  water  without  injury,  so  as  to 
melt  its  contents  when  required  for  preparing  more  paper. 

'  The  time  required  to  obtain  a  suitable  sun-print  on  the  prepared  paper  variee 
perhaps  from  one  to  twenty  minutes,  with  the  amonnt  of  ligh^  the  age  of  the  paper, 
and  the  condition  of  the  negative ;  it  may  generally  be  known  by  the  exposed  portions 
of  the  yellow  bichromate  snr&ce  becoming  a  dad  olive  colour;  the  printing  should 
then  be  stopped,  and  the  paper  coated  with  transfer  ink.  Paper  reeenUy  prepared 
requites  rather  longer  exposure  than  that  two  or  three  days  old,  as,  if  the  latter  be 
darkly  printed,  it  is  almost  imposrible  to  wash  ofTthe  superfluous  ink. 

<  To  make  the  transfer  ink,  8  ounces  of  Burgundy  pitch  are  melted  in  an  iron  sauce- 
pan, ^  an  ounce  of  white  wax,  and  \  an  ounce  of  pnlm-oil  are  added,  and  then  by  de- 
grees 1  ounoe  of  finely-powdered  bitumen  of  Judtea ;  the  mixture  is  stirred  and  heated 
over  a  fire  until  it  commences  to  bum ;  after  the  flame  is  extinguished  by  the  lid  of 
the  saucepan,  8  ounces  of  best  lithographic  printing  ink,  robbed  np  with  4  ounces  of 
middle  lithoeraphie  varnish  are  gradually  added,  and  when  tmiformly  mixed,  the 
cwnpoeition  is  ground  in  small  portions  on  a  hot  slab  with  a  stone  muller. 

*  when  this  ink  is  recjuired  for  use,  a  little  of  it  is  spread  upon  a  stone  and  thinned 
with  turpentine,  according  to  the  consistency  required  for  the  nature  of  the  work  about 
to  be  tnuisferred.  To  coat  the  paper,  a  lithographic  stone  is  uniformly  inked  with  m 
printing  loUar  charged  with  the  composition,  uie  sun-print  is  laid  face  downwards  on 
the  stone,  and  passed  through  a  lithographic  press  in  a  dark  room ;  it  is  detached  frmn 
the  stone,  reversed  in  position,  and  pasMd  through  the  press  a  second  time  to  ensure 
a  sufficient  and  uniform  coating  of  ink.  After  wb  print  has  been  inked,  it  is  floated 
face  upwards  on  water  at  about  90°  Fahr.,  for  a  few  minutes,  when  by  an  unequal 
swelling  of  the  gelatine  the  detail  of  the  image  can  be  distinguished.  To  prevent 
stains,  that  would  inevitably  spoil  fine  work,  it  is  necessary  that  no  water  be  allowed 
to  &1I  upon  the  &oe  of  the  print  while  it  is  floating.  After  a  few  minutes,  the  paper 
is  raised  fhnn  the  sur&ce  of  the  water,  and  laid  evenly,  with  the  inked  face  uppermost, 
on  a  sUghtly-inclined  snriace  of  glass  or  earthenware,  and  a  fine  soft  sponge  dipped  in 
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tepid  irater  is  repeatedly  passed  over  it  with  a  Ught  hand,  plenty  of  water  being  oted ; 
this  remoyee  the  gelatine  and  bichromate  that  have  not  been  affected  by  light,  and 
they  cany  off  with  them  the  ink  that  was  on  their  snr&ce,  leaving  it  only  on  the  ports 
of  the  print  that  have  been  rendered  insoluble.  Very  gentle  friction  should  be  used, 
and  during  the  process  of  sponging,  the  print  shonld  be  soaked  face  downwards  in 
warm  water  for  a  few  minutes,  to  assist  in  loosening  the  ink  and  removing  the  gelatine. 
Soaking  in  this  manner,  for  some  little  time,  has  a  great  eflktin  jnreventing  blemishes, 
in  lessening  the  amount  of  friction  which  is  sometimes  liable  to  break  up  the  finer 
parts  of  the  print,  and  in  the  case  of  sensitive  paper,  over-exposed  to  light,  of  im- 
proving the  resulting  transfer.  When  the  chromo-carbon  print  is  sharp  and  clear,  it 
should  bo  well  washed  with  tepid  water  so  as  to  remove  every  trace  of  soluble  gelatine, 
as  if  any  intervened  between  the  inky  surface  and  the  sine  plate  (or  lithographic  stone) 
with  which  it  is  to  be  pressed  in  contact,  there  would  be  a  flaw  in  the  transfer.  After 
this  washing,  the  print  is  dried  and  transferred  to  zinc  or  stone,  in  the  same  way  as 
an  ordinary  tracing  in  lithographic  ink,  only  from  the  ink  not  having  been  long 
exposed  to  the  atmosphere,  it  is  seldom  necessary  to  pass  it  more  than  once  through 
the  press. 

'  The  same  number  of  impressions  can  be  obtained  as  if  the  transfer  had  been  efibcted 
by' means  of  a  tracing  in  greasy  ink, 

'In  reproducing  a  laige-sized  map  by  photozincography,  a  series  of  rectangles  are 
drawn  on  it  suitable  to  tha  ate  of  the  camera,  and  negatives  are  taken  which  shall 
overlap  each  portion,  the  chromoK^arbon  prints  from  these  being  joined  together  before 
they  are  tranrferred  to  the  zinc-plate.  To  ensure  a  good  result,  the  negatives  should 
be  as  nearly  as  possible  of  uniform  density,  the  prints  finished  with  a  corresponding 
thickness  of  ink  on  their  surfSues,  and  the  joining  effected  by  cutting  away  the  over- 
lapping portions  in  such  a  manner  as  not  to  interfere  with  the  names  or  prominent 
objects  on  the  map.  In  this  way  photozincographs  exceeding  8  feet  in  length  by  2 
ftet  in  breadth  have  been  successfully  prepared. 

'Pbotozincogiaphy  has  also  been  applied  to  the  representation  of  buildings,  natural 
oljects,  scenery,  &&,  with  more  or  less  success,  according  to  the  strength  of  the  con- 
trasts of  light  and  diade  presented  by  the  object ;  the  difficulty  being  to  obtain  fine 
gradations  of  shade  or  half-tone.  In  this  application  of  the  art,  the  glass  negatives 
taken  are  left  in  the  same  condition  as  they  would  be  used  for  making  ordinary  silver 
prints  of  views  and  scenery,  for  if  they  wero  intensified  with  corrosive  snblimate  and 
ammonium  hydro-sulphate,  as  described  in  copying  maps  and  engravings  (where  sharp 
lines  are  required),  all  gradations  of  shade  would  be  destroyed. 

'  Chromo-carbon  prints  ore  made  finm  tiiese  negatives  in  the  manner  before  described, 
and  transferred  to  zinc,  the  only  difference  in  their  proparati(»  being  that  the  paper 
coated  with  bichromate  and  gelatine  is  kept  from  four  to  five  days  after  preparation 
before  being  printed  upon,  and  the  transfer-ink  is  a  little  more  burnt,  when  being 
prepared,  tlian  the  ink  that  is  used  for  prints  without  gradations  of  shade ;  considera- 
ble experience  is  necessary  in  washing  the  prints  so  as  to  bring  out  the  fall  effect  of 
the  shadows,  and  much  of  tiie  success  of  the  process  also  depends  on  the  skill  and  caro 
of  the  zinc-printer.  An  application  of  glycerine  to  the  zinc-plate  is  found  to  assist 
materially  in  keeping  the  transfer  clean,  and  preventing  the  fine  portions  ttom  being 
clogged  with  ink ;  1  ounce  of  glycerine  ii  added  to  1  pint  of  freshly-dissolved  gum 
Arabic  of  the  nsnal  consistency,  made  neutral  to  test-paper  by  the  addition  of  lime- 
water,  and  2  onnces  of  this  mixture  added  to  12  ounces  of  water  are  used  for  wiping 
over  the  surface  of  the  plate ;  the  addition  of  the  glycerine  seems  to  keep  the  surface 
moist  for  a  longer  time  than  the  simple  application  of  water,  and  renders  the  roller 
less  liable  to  '  eatch.'  Glycerine  is  also  used  in  this  manner  in  ordinary  zincographie 
printing,  when  a  very  large  number  of  impressions  aro  required  from  a  plate. 

'Phctozincographic  views  of  natural  ot^ects  generally  have  a  better  effect  when 
printed  on  tinted  and  enamelled  paper  than  on  an  ordinary  white  ground,  and  paper 
so  coated  adds  materially,  by  lifting  the  ink  better  than  a  plain  surfiice,  in  keeping 
the  transfer  in  good  conidntion  on  the  zinc.  A  paper  of  an  agreeable  tint  may  be  pre- 
pared with  the  following  composition  :— 

Size  melted  in  10  pints  of  water        ...  .    20  oz. 

Zinc  white,  gronna  in  water  and  wm^ed  wet    .        .        .14  lbs. 

Oxide  of  iron 8  oz. 

Chrome  yellow 200  grains. 

Vermilion 80      „ 

'The  mixture  is  brushed  while  warm  over  the  paper,  any  streaks  being  obliterated 
with  a  flat  camel's-hair  brush  ;  and  when  the  coating  is  dry,  a  second  layer  is  applied  in  ' 
a  similar  manner.' 
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'  vanaxio  AOIB.    a  eryataUued  sabstsnce  produMd  by  the  actaon  of  nitrio 
Scid  on  rubias.    See  Maodbb. 

PKTTOOBAVBT.    See  Nati7bb-Fbii(TIM0. 

PX&SBASA  rXBKm,  obtained  from  the  AttaUa  fun\fera,  and  used  in  Brazil  for 
tope-making.    It  is  this  palm  which  also  yields  Ck>quilla  nats. 
.   VXCAMABB.  A  colourless  oil  in  wood-tar,  discovered  by  Beicbenbach.  See  Dis- 
mxATioN,  DssTBUcmrB ;  Naphtha  ;  Ftboxiuc  Spibit. 

>lC»li»B  are  various  kinds  of  vegetables  and  froits  preserved  in  vinegar.  The 
preparation  of  pickles  belongs  rather  to  a  book  on  cookery.  The  peculiar  and 
beantiful  green  colour  which  has  been  frequently  imported  to  pickles  is  due  in 
nearly  all  cases  to  the  use  of  a  ^It  of  copper.  This  is  in  the  highest  degree  injurious, 
and  cannot  be  too  strongly  deprecated.  The  presence  of  copper  may  be  detected  by 
putting  the  blade  of  a  pmecdy  clean  knife,  or  still  better,  a  polished  piece  of  soft 
iron,  into  the  suspected  pickle ;  it  will,  if  copper  be  present,  become  coated  in  a  short 
time  with  a  cupreous  film.  It  is  satisfactory  to  find  that  most  of  our  large  pickle> 
mann&ctnrers  are  content  to  sacrifice  the  colour,  at  one  time  so  much  looked 
to ;  and  they  now  famish  the  public  with  pickles  which  are  free  from  any  metallio 
contamination. 

PZOO&Xva,  Ci'H'N  (CH'w).  A  nitryle  base,  isomeric  with  aniline,  discovered 
by  Anderson  in  coal-naphtha  and  bone-oil.  It  is  also  contained  in  the  shale-naphtha 
and  crude  chinoline. 

noszo  AOZ9.  One  of  the  products  of  the  action  of  nitric  acid  npon  phenol : 
it  may  also  be  obtained  from  a  considerable  number  of  other  organic  compounds, 
amongst  which  may  be  mentioned  an  Australian  resin,  fiom  XaiUhorrhaa  luutilxt  (Sten* 
house),  salicin,  iniugo,  &o ;  bat  the  best  source  is  undoubtedly  impure  phenol,  or  even 
the  coal-tar  oils  that  distil  at  180°  and  200°  Cent.  (Laurent).    See  Cabbouo  Acid. 

The  reaction  between  nitrio  acid  and  phenol  is  very  violent.  It  is  therefore 
necessary  to  observe  many  precautions  when  operating  upon  considerable  quantities 
of  material.  When  the  fint  violent  action  has  ceased,  fresh  quantities  of  mtric  acid 
are  added,  and  the  mixture  is  heated  in  order  to  facilitate  the  reaction.  On  allowing 
the  mixture  to  cool,  after  having  added  water,  a  yellowish,  very  bitter  mass  is 
obtained,  which  is  washed  with  water  in  order  to  remove  the  excess  of  nitric  add. 
This  mass  consists  of  impure  picric  add,  and  treated  with  cold  or  hot  water,  it 
fhmishes  solutions  which,  when  filtered,  may  be  employed  for  the  ordinary  processes 
of  dyeing. 

It  is,  however,  preferable  to  puiiiy  the  add  and  to  prepare  it  in  the  crystallised 
condition. 

For  this  pnrpose  two  processes  may  be  employed.  The  yellow  mass  may  be 
•xtracted  l^  boiling  water  sufficiently  acidulated  with  sulphuric  add  to  render  com- 
paratively insoluble  the  yellow  resinous  matters.  (Those  yellow  matters  are  produced 
by  an  incomplete  transformation,  partly  of  the  phenol,  but  prindpally  of  the  neutral 
oils,  and  other  foreign  matters  accompanying  it,  and  which  nave  also  been  attacked  by 
the  nitric  acid.)  The  picric  add  crystallises  from  the  solution  (the  more  easily  for 
being  acidulated  with  sulphuric  acid),  and  is  deposited  in  the  form  of  crystalline 
plates  of  a  light  yellow  colour.  But  these  crystallisations  cause  the  loss  of  a  con- 
siderable quantity  of  substance,  and  by  no  means  eliminate  completdy  the  yellow, 
tarry  matter.  It  is  therefore  better  to  convert  the  impure  add  into  a  salt  which  may 
be  easily  purified,  and  afterwards  to  predpitate  the  add  from  it.  The  picrate  of 
potassium  is  very  applicable  for  this  purification,  as  it  is  only  slightly  soluble  in  cold 
water,  whilst  it  is  readily  soluble  in  boiling. 

But  in  operating  upon  a  large  scale,  Uie  filtration  of  large  quantities  of  the  salt 
becomes  extremely  difficult,  as  the  liquids,  even  when  boiling  and  contained  in  heated 
funnels,  have  a  great  tendency  to  crystallise  on  the  filters,  which  then  become 
choked. 

Several  mann&ctnrers  therefore  adopt  another  process,  which  consists  in  saturating- 
a  boiling  solution  of  picric  add  with  carbonate  of  soda,  excess  being  avoided,  for 
fear  of  dissolving  the  yellow  resinous  matter.  The  boiling  matters  are  filtered  to 
separate  this  resin,  and  to  the  filtrate  a  farther  quantity  of  carbonate  of  soda  is 
added.  This  causes  the  bulk  of  the  picrate  of  soda  to  crystallise  out,  as  this  salt 
is  nearly  insoluble  in  solutions  containing  an  excess  of  alkaline  carbonate.  The  small 
quantity  of  picrate  still  remaining  in  the  m^ther-liquogrs  n^y  be  predpitated  by  the 
addition  of  a  salt  of  potassium. 

The  crystallised  picrate  of  soda  thus  obtained  is  then  dissolved,  and  its  boilins 
solution  is  decomposed  by  an  excess  of  sulphuric  add.  The  picric  acid  thus  separated 
being  very  insoluble  in  the  mother-liquors  containing  the  add  sulphate  of  soda, 
qrystallises  almost  entirely  on  coaling ;  when  drained,  washed  with  a  little  cold  water, 
and  pressed,  it  is  almost  chemically  pure. 
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Pinrie  aeid  is  naed  far  dy«iii(|  ailk  and  wool  of  a  yellow  colour.  lu  colouring  power 
is  very  considerable,  and  it  exhibits  a  great  affinity  for  nitiogeniied  substances.  The 
eoloar  resists  the  action  of  light  very  well,  bat  it  is  somewhat  a£bcted  by  washing, 
particularly  with  soap.  It  is  rendered  more  stable  by  mordanting  the  material  wiui 
alum. 

Cotton,  hemp,  and  flax,  do  not  show  any  affinity  for  |ncric  add.  l%e  amd  may 
therefore  be  employed  to  distinguish  sillc  and  wool  from  cotton  and  flax.  For  this 
purpose  it  is  only  necessary  to  plunge  the  tissae  in  a  boiling  solution  of  pieric  acid, 
and  then  wash  in  water.  The  silk  and  wool  will  assume  an  intense  yellow  colour, 
whilst  the  cotton  and  flax  remain  perfectly  colourless. 

The  ose  of  pioric  add  for  dyeing  purposes  was  flrst  suggested  by  M.  Ouinon  of 
JjjVDB,  in  1846. 

Picric  add,  under  the  influence  of  reducing  agents,  produces  other  eolonring- 
uatters ;  treated  with  ferrous  salt  and  an  alkab,  for  example,  it  produces  a  red  add 
(WohlePs  nitro-tuematic  add).  Under  the  influence  of  cyanide  of  potassiom,  again, 
it  gives  rise  to  a  purple  potassium  salt  (Mr.  Hlasiwetz's  isopurpurate  of  potassium). 
This  porporate,  treated  with  an  ammoniacal  salt,  produces  an  ammonaical  compound, 
which,  when  applied  to  dyeing,  acts  like  the  murexide  of  uric  add,  giving,  in  &ct, 
precisely  the  same  tints.  Under  the  influence  of  chloride  of  tin,  picric  add  may  even 
produce,  blue,  purple,  and  red  colouring-matters;  but  the  nature  of  these  substances 
isreiy  little  known,  and  not  one  of  them  hasasyet  (1862)  recdvedany  practical  appli- 
cation.— HoftaaiM. 

Instead  dT  free  picric  add,  the  alkaline  picrates  have  been  used  in  dyeing.  This 
practice  is  to  be  condemned  since  these  salts  are  highly  exploeire,  and  are  indeed  used 
on  the  Continent  as  explodve  agents.  Picrate  gunpowder  is  prepared,  in  which 
picrate  of  potash  replaces  saltpetre.  Iterate  of  ammonia  enters  into  the  compodtion 
of  many  coloured  flros.  The  isopurpurate  of  potash  mentioned  above  is  now  used  as 
a  dye  under  the  French  name  of  GrhuU  tolMbU. 

VlCMHHMMb  is  the  name  given  by  M.  Th&nard  to  a  black  bitter  prindple  which 
he  supposed  to  be  peculiar  to  the  bile.  HM.  Gmelin  and  Tiedemaan  liave  since  called 
its  identity  in  question. 

VtCflKOTOlEat  (Piorotosio  aeid)  is  an  intensely  bitter  poisonous  vegetable 
prindple,  extracted  from  the  seeds  of  the  Hfeniipermum  eoccvlus  (Cocculus  Indicus), 
It  crystallises  in  small  white  needles,  dissolving  in  boiling  water  and  in  alcoboL  It 
does  not  combine  with  adds,  but  finms  combinations  with  alkalis. 

VZantA  Bmui.  Ornamental  work,  executed  in  coloured  stones,  representirg 
flowers,  fruits,  birds,  and  the  like.  The  Florentine  work  and  the  inlaid  marble  work 
of  Derbyshire  are  of  this  character. 

Pig  xaam.    BeelaoN. 

VtUMMBVU,    See  Colotibs  ;  Paimts. 

VtMBMTO.  (llfyrttuphunia,lism.;Eiiffttiiapimenia,'I)»ChDioile.)  Allspice,  or 
Jamaica  pepper.  This  plant  is  cultivated  in  Jamaica  in  regular  Pimmto  walkt.  The 
full  sized-friiit  is  gathered  green  and  son  dried,  during  which  process  it  is  frequently 
immersed.  It  is  sent  to  the  English  market  in  bags  of  1  cwt.  each.  This  fruit  con- 
sists, according  to  Bonastre's  complicated  analysis,  of : — 


Volatile  oil  .        «        .        . 

Oreen  oil       ...        . 

Concrete  oil . 

Extract  containing  tannin     . 

Onmmy  extract     . 

Brown  matter  dissolved  in  potash 

Beeinous  matter   .        . 

Sugar,  nncryatallised     . 

Gallic  and  malic  adds  .       . 

Vegetable  fibre 

Ashes  charged  with  salts 

Moisture  and  loss . 


ShellB  or  cspsnlat 


lO-O 
8-4 
0-9 

11-4 
3-0 
4-0 
1-2 
8-0 
0-6 

60-0 
2-8 
4-1 


Kernels 


60 
2-6 
1-2 

89-8 
7-2 
8-0 
8-2 
80 
l-« 

16-0 
1-9 
4'8 


»XtlJkM9i  or  Betel  Nut    See  Ajsca. 

WXMCMUMOK.    A  yellow  metkl,  composed  of  3  oss.  of  one  to  1  lb.  of  copper. 
See  AixoTS ;  Bbass. 
vnrCHMnRV,  or  JlUanne  commereiaU  — Under  these  names,  some  yean  ago, 

Vou  m.  p  p 
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Maaan.  Pioooff  and  Ck).,  of  Mancheeter,  brought  into  tha  markat  a  garanciq  which 
yields  -very  fine  violet  tints  vithoat  leqniriDg  deariiig.  The  other  coloura  obtaioad 
\rith  it  are  equally  satis&etoiy,  Finooffin  ia  aganuudn  pTepaied,  and  more  espeoially 
^raabed,  yrith  the  greatest  care.  It  is  made  aa  neutral  as  possible,  and  then  exposed 
to  a  heat  above  100°  0.,  by  means  of  high-pressure  steam.  Under  these  circum- 
stances, a  certain  quantity  o{  brown  colonring-matter  is  destroyed  or  rendered  inert, 
and  the  dried  piodaot  immediately  yields  fine  tints. 

WXMMmArvXM  TAJUr  and  O&OTB.  InHr.  Zindce's  pioeeas,  patented  in 
December  188S,  for  niepariog  the  filaments  of  this  plant,  the  Bromelia  JnanaM,  ths 
leaves  being  plucked,  and  deprived  oi  the  prickles  roond  their  edaea  by  a  cntting 
instrument,  are  then  beaten  upon  a  wooden  block  vith  a  wooden  sutUet,  till  a  silky- 
looking  mass  of  fibres  is  obtained,  which  are  to  be  freed  by  washing  from  the  greea 
fecula.  The  fibrous  part  must  next  be  laid  straij^t,  and  passed  between  wooden 
rollers.  The  leaves  should  be  gathered  between  the  time  of  their  full  matoiily  and 
the  ripening  of  the  fruit.  If  earUer  or  later,  the  fibres  will  not  be  so  flexible,  and  will 
lieed  to  be  deared  by  a  boil  in  soapy  water  for  some  hours,  aft»  being  laid  straight 
under  the  ptemore  of  a  wooden  grating,  to  prevent  their  becoming  entangled.  When 
well  washed  and  dried,  with  occasional  shaking  out,  they  will  now  appear  of  a  silky 
fineness.  They  may  be  then  spun  into  porous  rovings,  in  which  state  they  are  moat 
conveniently  bleached  by  the  orainary  metJhods. 

WXHMB.  A  numerous  fiunily  of  eone-bearing  timber  tvees.  The  wood,  which  is 
extensively  used,  is  imported  under  the  names  of  American,  Baltic,  Dantmc,  Hemel, 
Norway,  and  Biga  timber,  Swiss  deals,  &c.  The  New  Zealand  pine,  called  also  the 
Cowdie  or  Eanne  (the  Dammara  Auitraiu),  is  not  a  true  pins. 

Tie  Pitmt  ^lve$tru.    The  wild  pine,  or  Scfiteh  fir,  yields  the  yellow  deal. 

7%$  Mia  tieelta.    The  Norway  spra«e-fir,  the  white  deal.    See  Abibs. 

TTU  Jbitt  ficea.    The  silver  fir,  a  whitish  deal,  much  used  for  flooring. 

TAt  Larix  Europaa.    The  larch.    This  wood  is  much  employed  in  Switssrland. 

The  JPmtu  etrobu*.  The  Weymouth  pine,  is  much  used  in  the  Northam  United 
States. 

2%»  Pifttt*  AtatralU.  The  southern  pine,  yellow  pine,  or  pitch  pine.  Of  this 
wood  nearly  all  the  houses  of  the  Southern  United  States  are  built.  It  is  impoited 
into  Liverpool  as  the  Gteoigia  pitch  pina. 

There  are  numerons  others,  as  the  American  larch,  the  balm-of-Gilead  fir,  the 
spruce-firs,  &c.,  which  are  emfdoyed  in  various  districts  for  ship  and  hooa*  building, 
but  tbey  scarcely  require  any  special  notice  here. 

Vnrar  nUXA'Vr  is  a  concrete  fat  obtained  by  boiling  with  water  ths  fruit 
of  the  Vateria  indioa,  a  tree  common  upon  the  Malabar  coasL  It  seems  to  be  a  sub- 
stance intermediate  between  tallow  and  wax ;  partaking  of  the  nature  of  staarinsi  It 
melts  at  97i°  F.,  is  white  or  yellowish,  has  a  spec  grav.  of  0-926 ;  is  s^onifled  by 
alkalis,  and  forms  excellent  candles.  Dr.  Benjamin  Babington,  to  whom  we  are 
indebted  for  all  our  knowledge  of  piney  tallow,  found  its  ultimate  constituents  to  be, 
77  of  carbon,  12'8  of  hydrogen,  and  10'7  of  oxygen.    See  Oils. 

»Zir  MAJruVAOTinM.  {Fabrigm  if^wn^,  Fr. ;  Nad^fabrii,  Oer.)  A  pin 
is  a  small  bit  of  wire,  commonly  brass,  with  a  point  at  one  end  and  a  spherioal  head 
at  the  other.  In  making  this  little  article,  tiiere  are  no  less  than  fourteen  distinct 
operations : — 

1.  StraighUning  the  wire.  The  wire,  as  obtained  from  the  drawing-fhune,  is  wound 
about  a  bobbin  or  barrel,  about  6  inches  diameter,  which  gives  it  a  curvature  that 
must  be  removed.  The  straightening  engine  isformpd  by  fixing  6  or  7  nails  upright 
in  a  waving  line  on  a  board,  so  that  Uie  void  space  measured  in  a  staaight  Une 
between  the  first  three  nails  may  have  exactly  the  thickness  of  the  wire  to  be 
trimmed ;  and  that  the  other  nails  may  make  the  wire  take  a  ceitain  curve  line, 
which  must  vary  with  its  thickness.  The  workman  pulls  the  wire  with  pincers 
through  among  these  nails,  to  the  length  of  about  30  feet,  at  a  running  draa^t ; 
and  after  he  cuts  Uiat  aS,  he  returns  for  as  ijiuch  more ;  he  can  thus  finish  600 
fathoms  in  the  hour.  He  next  cuts  these  Ipng  pieces,  into  lengths  of  3  or  4  pina.  A 
day's  work  of  one  man  amounts  to  18  or  20,  thousand  dozei^  of  pin-lengths. 

2.  PointiHg,  is  executed  on  two  iron  or  steel  grindstones,  by  two  workmen,  one  of 
whom  roughens  down,  and  the  other  finishes.  Thirty  or  forty  of  ths  pin  wires  are 
applied  to  the  grindstone  at  once,  arrange^  in  one  plane,  between  the  two  forafingen 
and  thumbs  of  both  hands,  which  dexterously  give  them  a  rotatory  movement. 

3.  Cutting  thtte  wires  into  pin-lengths.  This  is  done  by  an  adjusted  chisel.  The 
intermediate  portions  are  handed  over  to  the  pointer. 

4.  IMsiing  of  the  wire  for  the  pin-heads.  These  are  made  of  a  much  flnev  wire, 
coiled  into  a  compact  spiral,  round  a  wire  of  the  size  of  the  pins,  by  means  of  a  small 
latho  constructed  for  the  purpose. 
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6.  Cutting  tie  luadt.  Two  tnini  ate  deztecooily  cut  off  for  each  head,  by  a  regu* 
lated  chijwl.    A  ddlfal  workman  may  turn  off  13,000  in  the  hour. 

6.  Anrualmg  thi  htadt.  They  are  put  into  an  iion  ladle,  made  red-hot  orer  an  open 
Are,  and  then  thrown  into  cold  water. 

7.  SUmpiitg  or  liapimg  ikt  headi.  .  This  is  done  by  the  blow  of  a  small  ram,  railed 
by  means  of  a  pedal  lever  and  a  cord.  The  pin-hwda  ace  also  fixed  on  by  the  same 
(^ratiTe,  who  makes  abont  1,600  pins  in  the  hour,  or  from  12,000  to  16,000  per 
diem,  ezolusive  of  one-thittaenUi,  which  is  always  deducted  for  waste  in  this  depart- 
ment, as  well  as  in  the  rest  of  the  manufacture.  Oast  haads,  of  an  Maj  of  tin  and 
antimony,  were  introduced  by  patent,  but  never  eame  into  general  use. 

8.  YMowiag  or  d»a$ung  tie  putt,  is  efficted  by  boiling  them  for  half  an  hour  in  sour 
beer,  wine  leea,  or  solntion  of  tartar;  after  whiia  they  ate  washed. 

9.  Wtatmmg  or  tmning.  A  stratum  of  abont  6  pounds  of  pins  is  laid  in  a  copper* 
pan,  then  a  stratum  of  about  7  to  8  pounds  of  grain  tin ;  and  so  alternately  till  the 
vessel  be  filled ;  a  pipe  being  left  inserted  at  one  side,  to  permit  the  introduction  of 
water  slowly  at  the  o^tom,  without  deranging  the  contents.  When  the  pipe  is  with- 
drawn, its  space  is  filled  up  with  grain  Un.  The  vessel  being  now  set  on  the  fire,  and 
the  water  becoming  hot,  its  surface  is  sprinkled  with  4  ounces  of  cream  of  tartar ;  after 
which  it  is  allowed  to  boil  for  an  hour.  The  pins  and  tin  grains  are,  lastly,  separated 
by  a  kind  of  cullender. 

10.  WaMug  tkepvu,  in  pure  water, 

11.  Drying  a»d  poUMng  thtm,  in  a  leathec  sock  filled  with  ooatse  bran,  which  is 
agitated  to  ioA  tto  by  two  men. 

12.  Wimiomng,  by  fiumers. 

13.  Ricking  ta»f<^s,  fot  receiving  the  pins. 

14.  Papering,  ot  fixing  them  in  the  ptqter.  This  is  done  by  childten,  who  acquire 
the  habit  of  putting  up  86,000  per  day. 

The  pin  manufacture  is  one  of  the  greatest  prodigies  of  the  division  of  labont ;  it 
furnishes  12,000  articles  for  the  sum  of  three  shillings,  which  have  required  the 
united  diligence  oi  fourteen  skilful  operatives. 

The  above  is  an  outline  of  the  mode  of  manu&ctoring  pins  by  hand  labour ;  but 
several  beautiful  inventions  have  been  employed  to  make  them  entirely,  or  in  a  great 
measure,  by  machinery;  the  consumption  for  home  sale  and  export  amounting  to  16 
millions  daily,  for  this  country  alone.  A  detailed  descriptiDn  of  it  will  b«  found  in 
the  0th  volume  of  '  Newton's  London  JoumaL'  The  following  outline  will  give  the 
reader  an  idea  of  the  stiucture  of  Mr.  Ii.  W.  Wright's  ingenions  machine  for  pin- 
making: — 

The  rotation  of  a  principal  shaft  mounted  with  several  cams  gives  motion  to 
various  sliders,  levers,  and  wheels,  which  work  the  different  parts.  A  slider  pushes 
pincers  forwards,  which  draw  wire  &om  a  reel,  at  eveiy  rotation  of  the  shaft,  and 
advance  snch  a  length  of  wire  as  will  produce  one  ^.  A  die  cuts  off  the  said 
length  of  wire  by  the  descent  of  its  upper  chap ;  the  chap  then  opens  a  carrier,  which 
takes  the  pin-  to  the  pointing  apparatus.  Here  it  is  received  by  a  holder,  which  turns 
round,  while  a  bevel-edged  file-wheel  r^dly  revolves,  and  tapers  the  end  of  the  wii« 
to  a  point.  The  pin  is  now  conducted  by  a  second  carrier  to  a  finer  file-wheel,  in 
order  to  finish  the  point  by  a  second  grinding.  A  third  carrier  then  bansfers  the 
pin  to  the  first  heading  die,  and  by  the  advance  of  a  steel-punch  the  end  of  the  pin 
wire  is  forced  into  a  recess,  whereby  the  head  is  partially  swelled  out.  A  fburUi 
carrier  removes  the  pin  to  a  seoond  die,  where  the  heading  is  perfected.  When  the 
heading-bat  tetitss,  a  fbrked  lever  draw*  the  fiinisbad  pin  from  the  die,  and  drops  it 
into  a  rec^tacle  bdow. 

The  following  is  a  fUrther  detail  of  this  very  interesting  manufactnie : — 

In  pin-making  the  wire  is  brass,  (a  compound  of  oopper  and  sine) :  it  is  ledoced  by 
the  ordinary  process  of  wire-drawing  to  the  requisite  thickness :  in  this  process  it  is 
necessarily  curved.  To  remove  this  it  is  re-wound,  and  palled  through  between 
a  number  of  pins  arranged  at  the  draw  or  straightening  bench ;  it  is  then  cut  into 
convenient  lengths  for  removal,  and  finally  reduced  to  just  such  a  length  as  will  make 
two  pins.  The  pointing  is  done  upon  steel  mills  (revolving  wheels),  the  circum- 
ference of  which  is  cut  with  teeth,  the  one  fine,  the  other  coaise.  Thirty  as  forty 
lengths  are  packed  up  at  once,  and,  as  in  needle-nmking,  the  cast  of  hand  given  by 
the  workman  makes  them  revolve,  and  the  whole  are  pointed  at  once ;  the  same 
operation  is  performed  with  the  other  end.  The  peocess  (a  heading  is  next  parfomed 
as  foUows :  a  number  of  the  pointed  wires  now  cut  in  two,  are  placed  in  the  feeder  of 
the  machine ;  one  drops,  is  finnly  seised,  and  by  means  of  a  pair  of  dies,  a  portion  of 
the  metal  is  forced  up  into  a  small  bulb;  by  a  beautifully  simple  and  automatic 
arrangement,  it  is  passed  into  another,  when  a  small  horizontal  hammer  gives  it 
a  sharp  tap,  which  completes  the  head.    The  white  colour  is  produced  by  boiling  in 
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»  aolatioii  of  cream  of  tartar  and  tin.  They  are  then  dried,  and  passed  into  the 
hands  of  the  wrappers-np.  The  preparation  for  marking  the  paper  is  pecnliar,  and 
is  done  by  means  of  a  moulded  piece  of  wood,  the  monlds  corresponung  to  those 
portions  which  represent  the  small  folds  of  paper  through  which  the  pins  are  passed, 
and  thereby  held.  The  pins  are  then  taken  to  the  paperers,  who  are  each  seated 
in  firont  of  a  bench,  to  irtiich  is  attached  a  horizontaUy-hinged  piece  of  iron,  the 
edge  of  which  is  notched  with  a  corresponding  nnmber  of  marks  to  the  number 
of  pins  to  be  stuck ;  the  small  catch  which  holds  together  the  two  parts  of  the  iron  is 
released,  the  paper  introduced,  and  a  pin  inserted  at  every  mark ;  the  paper  is  then 
released,  and  the  task  of  examination  follows,  which  is  the  work  of  a  moment. 
The  paper  of  pins  is  held  so  that  the  light  strikes  upon  it :  those  defeatire  are  imme- 
diately detected  by  the  shade,  are  taken  out,  and  others  substituted  in  their  stead.  An 
ancient  edict  of  Heniy  VIII.  held  that '  no  one  should  sell  any  pins  but  such  as  were 
double-headed,  or  the  heads  soldered  &st  on.' 

An  improred  pin  has  been  introduced,  in  which  iron  or  steel  wires  hare  been  em- 
ployed. The  iron  or  steel  wire  employed  should  be  Tety  round,  and,  to  protect  it 
firom  rust,  it  should,  at  the  last  drawing,  be  lubricated  by  means  of  a  sponge  saturated 
with  oil,  placed  between  the  draw-plate  and  reel. 

The  f<ulowing  is  the  process  adopted  with  these : — ^The  wire  being  cut  into  pins 
and  these  headed  and  pointed,  aU  acciording  to  the  usual  methods,  the  pins  are  thrown 
into  a  reTolying  cylinder  of  wood  containing  a  bath  of  soap-and-water  in  a  hot  state. 
It  is  of  the  capacity  of  about  0|  gallons,  but  should  not  contain  more  than  about 
1  i  gallon  oi  water,  with  about  2  ounces  of  soap  dissolred  therein,  as  this  quanti^  will 
besnfficient  for  the  tzeatment  of  about  18^  lbs.  weight  of  pins  at  a  time.  The  cylinder, 
when  thus  char^,  is  made  to  revolve  for  about  a  qnarter  of  an  hour ;  at  the  expira- 
tion of  which  time  the  pins  are  found  free  tiom  the  oil  with  which  they  were  pre- 
viously coated,  and  also  very  much  smoothed  and  polished  by  their  mbbing  on* 
against  the  other. 

The  pins  are  next  dried  by  transferring  them  to  another  cylinder  partially  filled 
with  well-dried  sawdust  (preferring  for  the  purpose  the  sawdust  of  po^ar  wood),  and 
causing  this  cylinder  to  revolve  for  about  tan  minutes ;  or,  instead  of  emplojing  a 
i^linder  of  this  description,  the  pins  may  be  thrown  into  a  bag  or  bags  partially  filled 
with  sawdust,  and  the  requisite  friction  produced  by  swinging  or  rolling  these 
bags  about  for  the  same  length  of  time. 

Into  a  glass  or  stone  vase,  there  are  put  about  1^  gaUon  of  saltwater,  -^ths  of  a 
pound  of  sulphnric  acid,  ^  lb.  of  salt  of  tin,  ^J^  lb.  of  crystallised  sulphate  of  one, 
and  100  gia.  of  pnie  sulphate  of  copper.  This  mixture  is  left  to  work  for  about  24 
hours,  so  that  the  salts  and  sulphates  may  be  properly  dissolved. 

The  mixture,  prepared  as  directed,  is  introduced  into  another  revolving  cylinder, 
and  pins  abont  13)  lbs.  weight  are  thrown  into  the  midst  of  it.  The  cylinder  is  then 
caused  to  revolve  for  about  half  an  hour,  which  serves  at  once  to  remove  any  verdigris 
from  the  pins,  to  impart  a  high  polish  to  them,  and  to  give  a  beginning  to  Uie  copper- 
coating  process.  At  the  end  of  the  half  hour  or  thereabouts,  232  grs.  Of  crystallised 
sulphate  of  copper  in  coarse  powder,  and  160  grs.  of  ctystallised  sulphate  of  zinc, 
previously  dissolved  in  soft  water,  are  added  to  the  mixture  in  the  cylinder,  and 
the  whole  again  agitated  for  about  a  quarter  of  an  hour.  The  pins  are  by  this  opera- 
tion not  only  completely  coated,  but  acquire  a  very  considerable  degree  of  polish.  The 
copper  liquors  being  drawn  o£^  the  pins  are  washed  with  cold  water  in  the  rotating 
CTunder,  and  afterwards  in  a  tub  with  soap-and-water  out  of  contact  with  air,  where 
they  are  well  shaken.  The  contents  of  the  tub  are  then  emptied  into  a  wooden  strainer, 
having  a  perforated  bottom  of  tin-plate  iron.  The  pins  are  finally  dried  by  agitation 
with  dry  sawdust. 

2%<  tinning  ond  blaneUng  are  performed  by  laying  the  pins  upon  plates  of  very  thin 
tin  placed  one  above  another,  in  a  tinned  copper  boiler  containing  a  solution  of  about 
4}  lbs.  of  crude  tartar  or  cream  of  tartar,  in  abont  22  gallons  of  water,  and  then 
setting  the  whole  to  boil  for  about  12  hours.  The  tartar  solution  should  be  prepared 
at  least  24  hours  previoosly.  A  little  more  cream  of  tartar  improves  the  brilliancy  of 
the  pins. 

vms.    See  FiMxs. 

9i9MOSth,'r.  A  hydrous  silicate  of  alumina,  found  in  Devonshire  and  some 
other  parts,  used  in  the  manufacture  of  tobacco-pipes.    See  Ciat. 

VmnU>nrai>  a  volatile  base,  discovered  by  Anderson,  by  acting  with  potash 
on  the  product  of  the  action  of  nitric  acid  on  piperine.  It  may  also  be  procured  by 
treating  piperine  with  potash.    It  has  been  chiefly  studied  by  Cahours. 

VZVncnfB  is  a  crystalline  principle  extracted  tiom  black  pepper,  by  means  of 
alcohol.  It  is  colourless,  has  hardly  any  taste,  fuses  at  212°  F. ;  is  insoluble  in  water, 
but  soluble  in  acetic  add,  ether,  and  most  readily  in  alcohol. 
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vmSTOWBa    A  TBiiety  of  clay  slate.    See  Cxtuktie. 

VZSO&XTB.    Thepeastone.    See  LntisTONE.' 

VZSOlimo  BKmr  OBB.  An  ore  made  up  of  small  Dodnles,  like  peas.  See 
Ibon. 

VXTA  HBMF.  The  fibre  of  the  American  aloe  (Jgate  Amerieana),  wed  foi  tex- 
tile &bric8,  and  in  paper-making. 

WXTOtUatiWantM,    An  ore  of  nianinm.    See  Ubanitk. 

VnrOB,  MIMIInaifc,  is  the  same  as  BimasK  and  Asfhalt,  which  see. 

KTCH  of  wood-tar  (JPoix,  Fr. ;  Pech,  Ger.)  is  obtained  by  boiling  tar  in  an  open 
iron  pot,  or  in  a  still,  till  the  volatile  matten  are  driven  off.  Fib£  contains  pjrro- 
ligneons  resin  along  with  colophony  (common  rosin),  but  its  principal  ingredient  is 
the  former,  called  by  Berzelins  puretine.  It  is  brittle  in  the  cold,  out  softens  and 
becomes  dnctile  with  heat.    See  VkB. 

yxTOBSTOm.  A  volcanic  rock  resembling  obsidian,  bnt  having  a  pitchy 
lather  than  a  glasrv  lustre. 

»IT-OOA3b.    See  Coal. 

wmAlOAJH  from  two  Greek  words,  signifying  j!n«  ptfoA,  is  one  of  the  principles 
detected  in  wood-tar  by  Seichenbach.  It  is  obtained  by  adding  baiyta-wster  to  a 
solntJon  otpioamar,  or  of  oil  of  tar  deprived  of  its  add,  when  the  pittaeal  falls.  It  is 
a  dark  blue  solid  snbstance,  somewhat  like  indigo,  and  assumes  a  metallic  Instre  on 
friction.  It  is  void  of  taste  and  smell,  not  volatile ;  carbonises  at  a  high  heat  widiont 
emitting  an  ammoniacal  smell ;  i^  soluble  or  rather  very  difibsable  in  water ;  gives  a 
green  solution,  with  a  cast  of  crimson,  in  sulphuric  acid,  with  a  cast  of  red-blue  in 
muriatic  add,  and  with  a  cast  of  aniora-red  in  acetic  add.  It  is  insoluble  in  alkalis, 
and  in  alcohol  and  ether.  It  dyes  a  fast  blue  upon  linen  and  cotton  goods  with  tin 
and  aluminous  mordants. 

yuunocXJLSB.    SeeFKLSPAS. 

VKAXB  TBBB.  The  Platanut  occidmialis,  one  of  the  largest  of  the  American 
trees.  The  wood  of  the  plane  tree  is  much  used  for  quays  ;  it  is  also  employed  for 
musical  instruments,  and  for  other  works  requiring  a  clean  l^t-coloured  wood.  The 
Fake  Plane,  or  Sycamore,  is  one  of  the  Iflaple  &imly  {Acer  pieiido-plataam). 

VUUHTAXV.    See  Banana. 

Vtt^im^   A  translucent  chalcedony,  of  a  greenish  colour  and  a  glittering lustie. 

VKABTBB.    See  Hostab. 

V&ASTas  or  VASZS.    See  Alabaster  and  Gtfsiuc. 

VXUiSTZO  O&AT.  An^  day  which,  when  in  a  moist  state,  may  be  kneaded 
between  the  fingers,  and  admits  of  bdng  moulded  into  a  definite  form. 

Plastic  clay  is  not  confined  to  any  particular  strata,  but  is  found  in  secondary  and 
tertiary  formations,  and  also  in  deposits  derived  from  the  decomposition  of  other 
rocks.  In  geological  nomenclature,  however,  the  term  Plastic  Clay  is  applied  to  those 
portions  of  the  Lower  Tertiary  or  Eocene  strata  which  intervene  between  the  Chalk  and 
the  London  day,  in  consequence  of  some  of  the  beds  of  clay  of  which  they  are  com- 
posed being  of  a  plastic  nature.  Some  of  the  earliest  pottery  made  in  the  country  was 
manufactnred  from  these  datyt,  dug  up  at  Crendls  Common,  near  Oranbome,  in  Dorset- 
shin,  where,  as  wdl  as  at  Newport  in  the  Isle  of  Wight,  Eareham  in  Hants,  &&,  the 
day  is  still  dug  and  converted  into  pottery.  The  clay  from  the  Plastic  Clay  series  is 
generally  of  a  bright  brick-red  colour,  frequently  mottled  with  white,  but  sometimes 
fas  at  drendle)  it  is  dark  purple  or  nearly  black  towards  the  lower  part,  and  this  clay 
IS  said  to  be  the  best  as  regards  quality.  The  clays  of  the  Plastic  Clay  bum  to  a 
red  colour,  and  are  manufactured  into  bricks,  tiles,  flower-pots,  and  other  coarse 
pottery.— H.  W.  B. 

The  Plastic  Clay  series,  between  the  Thanet  Sand  and  the  London  Clay,  is  now 
generally  known  by  Mr.  Frestwich's  najne  of  the  Woolwich  and  Beading  bads. 

V&ATB-O&MMtnra.  Boil  80  grms.  of  finely-powdered  and  caldned  hartshorn 
in  a  quart  of  water,  and  while  on  the  fire  put  as  many  silver  artides  in  the  vessels 
used  for  boiling  as  it  will  hold,  and  leave  them  there  for  a  short  time ;  then  withdraw 
them,  and  dry  them  over  the  fire;  continue  this  until  all  the  artides  have  been 
treated  in  the  same  manner ;  then  introduce  into  the  hartshom-watar  dean  woollen 
rags,  and  allow  them  to  remain  until  saturated,  after  which  dry  them,  and  use  them 
for  poUshing  the  silver.  This  is  also  the  beet  substance  for  deaning  locks  and  brass 
haDdlee  of  room-doors.  When  the  silver  artides  are  perfectly  dry,  they  must  be  care- 
fully rubbed  with  a  soft  leather.  This  mode  of  deamng  is  excellent,  and  much  pre- 
ferable to  the  employment  of  any  powder  containing  mercury,  as  mercury  has  the  effect 
of  rendering  the  silver  so  brittle  as  to  break  on  falling. 

»AT»  mJUM.    See  Glass. 

V&AVB9  BEAimPACnnnUk  (Fabrigue  dg  plaqui,  Fr. ;  &lbtr  FlaiUrung, 
Ger.)    The  -silver  in  this  case  is  not  applied  to  ingots  of  pure  copper,  but  to  ai) 
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alloy  oonsistiiig  of  copper  and  brass,  which  possesan  the  leqUsitA  ttifiiMS  Air  the 
Tarioos  articles. 

The  ftamace  used  for  melting  that  alloy,  in  blaek-lead  cniciblM,  is  a  eoianon  air- 
fomace,  like  that  for  making  brass.    See  Bbass. 

The  ingot-monlds  are  made  of  cast  iron,  in  tvo  pieces,  fiisteaad  taRetltert  the 
cavity  being  of  a  rectangular  shape,  3  inches  broad,  14  thidc,  and  18  or  20  long. 
There  is  an  elevated  mouth-piece  or  gate,  to  give  juieseure  to  the  liquid  netalt  and 
secure  solidity  to  the  ingot  The  monld  is  heated  till  the  grettwwith  wliicb  ita  cavity 
is  besmeared  merely  begins  to  smoke,  but  does  not  bum.  The  {ooper  htttt  of  the 
melted  metal  for  easting,  is  when  it  assimies  a  blnish  colonr,  and  u  quite  liquid. 
Whenever  the  metal  has  solidified  in  the  mould,  the  wedges  Uiat  tighten  its  rings  are 
driven  oa^  lest  the  shriTikage  of  the  ingot  should  canse  ue  mould  to  ciack. 

The  ingot  is  now  dressed  cstefnlly  with  the  file  on  one  or  two  ftces,  aecordiiig  aa 
it  is  to  be  single-or  doiibl»i»hted.  The  thidmess  of  the  silver  ^ta  i>  ndl  w  to 
constitute  one  fortieth  of  the  thinkness  of  the  ingot ;  or  when  this  is  an  inch  and  a 
quarter  thick,  the  silver  plate  applied  in  one  tlurty-seoond  of  an  ilMfa{  being  by 
weight  a  pound  troy  of  tjie  former,  to  team  8  to  10  pennyweights  of  tlie  Wtter.  The 
silver,  wliich  is  slightly  less  in  size  than  the  copper,  is  tied  to  it  truly  with  iron  wire, 
and  a  little  of  a  saturated  solution  of  borax  is  then  insinuated  at  the  e^^  This  salt 
melts  at  a  low  heat,  and  excludes  the  atmosphere,  which  mig^t  oxidise  the  copper, 
and  obstmct  the  union  of  the  metals.  The  ingot  thna  prepared  is  bnmght  to  the 
plating  furnace. 

The  furnace  has  an  iron  door  wiA  a  small  hole  to  look  through ;  it  is  fed  with  edce 
laid  upon  a  grate  at  a  level  with  the  bottom  of  the  door.  The  ingot  is  placed  imme- 
diately npon  the  coke,  the  door  is  shot,  and  the  plater  watches  a4^  the  pee(>-hole  the 
instant  wlien  the  proper  soldering-temperature  is  attained.  Dnring  the  nmon  of  the 
^ver  and  copper,  me  surface  of  the  former  is  seen  to  be  drawn  into  intinata  contact 
with  the  latter,  and  this  species  of  rivetaig  is  the  signal  for  removing  the  eompoond 
bar  instantly  &om  the  Aunace.  Were  it  to  remain  a  very  little  Umger,  the  silver 
would  become  alloyed  with  the  co}mer,  and  the  plating  be  thus  comi^etely  spoiled. 
The  adhesion  is,  in  fact,  accomplished  hare  by  the  fbrmation  of  a  film  of  true  silver- 
solder  at  the  surfaces  of  contact. 

The  ingot  is  next  cleaned,  and  rolled  to  the  proper  thinness  between  (^'linden,  as 
described  under  Mrar ;  being  in  its  progress  of  lamination  frequently  annealed  on  a 
small  reverbeiatory  hearth.  After  uie  last  annealing,  ti^e  riieetk  Kre  immersed  in  hot 
dilute  sulphuric  acid,  and  scoured  with  fine  Calais  sand ;  they  SM  then  ready  to  be 
fuhioned  into  various  articles. 

In  plating  c(^per-wire,  the  silver  is  first  formed  into  a  tubular  shape,  with  one 
edge  projecting  slightly  over  the  other;  through  which  a  red-hot  copper  cylinder 
being  somewhat  loosely  run,  the  nlver  edges  are  closely  pressed  together  with  a  steel 
burnisher,  whereby  they  get  firmly  united.  The  tube  dras  completed  is  cleaned  in- 
side, and  pnt  on  ue  proper  copper  rod,  which  it  exactly  fits.  The  aoyper  is  left  a 
little  longer  than  its  coating  tube,  and  is  grooved  at  the  extreniities  of  the  latter,  so 
that  the  silver  edges,  being  woriced  into  the  copper  groove,  may  exclude  the  air  &om 
the  surface  of  the  rod.  Tbe  compound  cylinder  is  now  heated  ted-hot,  and  rubbed 
briskly  over  with  tiie  steel  burnisher  in  a  longitudinal  direction,  whoreby  the  two 
metals  get  firmly  united,  and  form  a  solid  rod,  rrady  to  be  drawn  into  wire  of  any  re- 
quisite fineness  and  form ;  as  fiat,  half-round,  fluted,  or  with  mouldings,  according  to 
the  figure  of  the  hole  in  the  draw-plate.  Such  wire  is  mudi  used  for  making  bnad- 
baekets,  toast-racks,  snuffers,  and  articles  combining  elegance  with  lightness  and  eco- 
nomy. The  wire  must  be  annealed  from  time  to  time  dnring  the  drawing,  and  finally 
cleaned,  like  the  plates,  with  dilute  add. 

Formerly  the  diflferent-shaped  vessels  of  plated  metal  were  all  fashioned  by  the 
hammer ;  but  every  one  of  simple  form  is  now  made  in  dies  strndc  with  a  diop-ham- 
mer  or  stamp.    Some  manufacturers  employ  8  or  10  drop  machines. 

Fiffs.  1628  and  1624  are  two  views  of  the  stamp :  a  is  a  large  stone,  the  more  massy 
the  better ;  b,  the  anvil  on  iriiiid  the  die,  o,  is  secured  by  four  screws,  as  shown  in  the 
ground  plan,  fig.  1026.  In  fig.  1628,  a  a  are  two  upright  square  prisms,  set  diagonally 
with  the  angles  opposed  to  each  other ;  between  which  the  hammer  or  dnp,  a,  slides 
tru]y\  by  means  of  nieely-fltted  angnlar  grooves  or  recesses  in  its  sides.  The  hainmet 
is  raised  by  pulling  the  rope,/  which  passes  over  the  pullev,  e,  and  is  let  foil  Anm 
different  heights,  according  to  the  impulse  required.  Vessels  which  are  less  in  dia- 
meter at  the  top  and  bottom  than  in  the  middle,  must  either  be  raised  by  the  stamp  in 
two  pieces,  or  raised  by  a  hand-hammer.  The  die  is  usually  made  of  oast  steel. 
When  it  is  placed  upon  the  anvil,  and  the  plated  metal  is  cut  int«  {)ltc«s  of  praper 
size,  the  top  of  the  die  is  then  surrounded  with  a  lute,  mode  of  oil  and  etiff,  for  an 
inch  or  two  above  its  sur&ce;  and  the  cavity  is  filled  with  melted  lead.    The  under 
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&ce  <rf  the  Btomp-liamiiiBr  has  a  plate  of  inm,  esUed  tlis  Uektr-vp,  fitted  into  it,  aboot 
the  ana  of  the  die.    Wfaenerer  the  lead  has  become  solid,  the  hammer  is  raised  to  a 


certain  height,  and  dropped  down  upon  it ;  and  as  the  under  face  of  the  lickbr-up  is 
made  roogE  like  a  rasp,  it  firmly  adiieres  to  the  lead,  so  as  to  lift  it  afterwards  wilJi 
the  hammer.  The  plated  metal  is  now  placed  orer  the  die,  and  the  hammer,  mounted 
with  its  lead,  is  let  fall  repeatedly  npon  it,  till  the  impression  on  the  metal  is  complete. 
If  the  vessel  to  be  Btmdc  be  of  any  considerable  depth,  two  or  three  dies  may  be  used 
of  progressire  sizes  in  succession.  Bnt  it  occasionally  happens  that  when  Uie  vessel 
has  a  long  conical  neck,  recoorse  must  be  had  to  an  auxiliaiy  operation,  called  punch- 
inff.  See  the  embossing  punches,^.  1626.  These  are  made  of  cast  steel,  with  their 
hollows  tnrned  out  in  the  lathe.  The  pieces,  a  b,  are  of  lead.  The  punching  is  per- 
formed by  a  series  of  these  tools,  of  difi!erent  sis^s,  banning  witii  the  largest,  and 
ending  with  the  least  By  this  means  a  hollow  cone,  3  or  4  inches  deep,  and  1  inch  in 
diameter,  may  be  raised  out  of  a  fiat  plate.  These  punches  are  struck  with  a  hand- 
hammer  also,  for  small  articles  cf  too  great  delicacy  for  the  drop.  Indeed,  it  fre- 
ritly  happens  that  one  part  of  an  article  is  executed  by  the  stamp  and  another  by 
hand. 

pylindrical  and  conical  vessels  are  mostly  formed  by  bending  and  soldering.  The 
bending  is  performed  on  blocks  of  wood,  with  wooden  mallets ;  bnt  the  madhine  so 
much  used  by  the  tin-smiths,  to  form  their  tubes  and  cylindric  vessels  (see  the  end 
sections,  Jig$.  1627,  1628^,  might  be  employed  with  advantage.  This  consists  of 
3  iron  roUera  fixed  in  an  iron  &ame.  a,  b,  c,  are  the  three  cyunders,  and  a,b,c,d, 
the  riband  or  sheet  of  metal  passed  throngh  ibem  to  receive  the  cylindirieal  or  conical 
curvature.  The  upper  roller,  a,  can  be  raised  or  lowered  at  pleasure,  in  order  to 
modify  the  diameter  of  the  tube  ;  and  when  one  end  of  the  roller  is  nigher  than  the  other 
the  conical  curvature  is  given.  The  edges  of  the  plated  cylinders  or  cones  are 
soldered  with  an  alloy  composed  of  silver  and  brass.  An  aUoy  of  silver  and  copper 
is  somewhat  more  fusible ;  but  that  of  brass  and  silver  answers  best  for  plated  metal, 
the  brass  being  in  very  small  proportion,  lest  the  colour  of  the  plate  be  affected. 
Calcined  borax  mixed  with  sandiver  (the  salt  skimmed  from  the  pots  of  crown  glass) 
is  used  along  with  the  alloy,  in  the  act  of  soldering.  The  seam  of  the  plated  metal 
being  smeared  with  that  saline  mixture  made  into  a  pap  with  water,  and  the  bits  of 
laminated  solder,  cut  small  with  scissors,  laid  on,  the  seam  is  exposed  to  the  flame  of 
an  oil  blowpipe,  or  to  that  of  charcoal  urged  by  bellows  in  a  little  forge-hearth,  till 
the  solder  melts  and  flows  evenly  along  the  junction.  The  use  of  the  sandiver  seems 
to  be  to  prevent  the  iron  wire  tliat  binds  the  plated  metal  tube  from  being  soldered 
to  it. 

Mouldings  are  sometimes  fcmned  upon  the  edges  of  vessels,  which  ore  not  merely 
ornamental,  but  give  strength  and  stiflTaess.  Theiie  are  fashioned  by  an  instrument 
called  a  swage,  represented  in  Jigs.  1620,  1630.  The  part  i.  lifts  up  by  a  joint,  and 
the  metal  to  be  twaged  is  placed  between  the  dies,  as  shown  in  the  figures  ;  the  tail, }, 
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Mtt^  held  in  the  j»irs  of  a  rice,  while  the  eheu-ahaped  hammer  nets  vpon  it.  By 
strifang  on  the  head,  ji,  vhile  the  metal  plate  is  shifted  sncceaaively  fonnmls,  the 
beading  is  fonned.  In  Jig.  1629,  the  tooth,  a,  is  a  gnide  to  regulate  the  distance  be- 
1629  „&»  ,««,  16S3 


tween  the  bead  and  the  edge.  A  similaT  effect  is  prodaced  of  late  years  in  a  neater 
and  more  ezpedidoas  manner  by  the  rollers,  j!;^*.  1631,  1633.  Fig.  1632  is  a  section 
to  show  the  form  of  the  bead.  The  two  wheds  a,  a,  jig.  1631,  are  placed  upon  axes, 
tiro  of  vhich  are  furnished  with  toothed  pinions  in  their  middle ;  the  lower  one  bein^ 
tamed  by  the  handle,  gives  motion  to  the  upper.  The  groove  in  the  upper  wheel 
corresponds  with  the  bmd  in  the  lower,  so  that  the  slip  of  metal  passed  through  be- 
tween them  assumes  the  same  figure. 

The  greatest  improvement  made  in  this  branch  of  manufacture  is  the  introduction 
of  silver  edges,  beads,  and  mouldings,  instead  of  the  jdated  ones,  which  from  their 
prominence  had  their  silver  surface  speedily  worn  off,  and  thus  assumed  a  brassy  look. 
The  silver  destined  to  form  the  ornamental  edging  is  laminated  exceedingly  thin ;  a 
square  inch  sometimes  weighing  no  more  than  10  or  12  grains.  This  is  too  fragile 
to  bear  the  action  of  the  opposite  steel  dies  of  the  swage  above  described.  It  is 
necessary,  therefore,  that  the  sunk  part  of  the  die  should  be  steel,  and  the  opposite 
side  lead,  as  was  observed  in  the  stamping;  and  this  is  the  method  now  generally 
employed  to  form  these  silver  ornaments.  The  inside  shell  of  this  silver  moulding 
is  filled  with  soft  solder,  and  t^en  bent  into  the  requisite  form. 

The  base  of  candlesticks  is  generally  made  in  a  die  by  the  stamp,  as  well  as  the 
necic,  the  dish  part  of  the  nozzle  or  socket,  and  the  tubular  stem  or  pillar.  The  dif- 
ferent parts  are  united,  some  with  soft  and  others  with  hard  solder.  The  branches 
of  canmesticks  are  formed  in  two  semi-cylindrical  halves,  like  the  feet  of  tea-urns. 
When  an  article  is  to  be  engraved  on,  an  extra  plate  of  silver  is  applied  at  the  proper 
part,  while  the  plate  is  still  flat,  and  fixed  by  burnishing  with  great  pressure  over  a 
hot  anvil.    This  is  a  species  of  welding. 

The  last  finish  of  ^ted  goods  is  given  by  burnishing  tools  of  bloodstone,  fixed  in 
sheet-iron  cases,  or  hardened  steel,  finely  pobshed. 

The  ingots  for  lamination  might  probably  be  plated  with  advantage  by  the  delicate 
pressure  process  employed  for  silvenng  copper-wire. 

For  the  processes  of  Electro-plating,  see  EiacTBO-IfEiAiittBaT. 

V&ATUIUM  {aum.  Ft,  At.  wt.  98*5}.  A  metal  of  a  greyish-white  colour,  harder 
than  silver,  and  of  about  double  its  density,  being  of  specific  gravity  21.  It  is  so  in- 
fusible, that  no  considerable  portion  of  it  can  be  melted  by  the  strongest  heats  of  our 
furnaces.  It  is  unchangeable  in  the  air  and  water ;  nor  does  a  white  heat  impair  its 
polish.    The  only  acid  which  dissolves  it  is  the  nitro-muriatic. 

Native  Haiinum  in  the  natuiral  state  is  never  pure,  being  alloyed  with  several  other 
metals.  It  occurs  only  under  the  form  of  grains,  which  are  usually  flattened,  and 
resemble  in  shape  the  gold  prpiiai.  Their  size  is  in  general  less  than  linseed,  although 
in  some  cases  they  equal  hemp-seed,  and,  occasional^,  peas.  One  piece  brought  from 
Chooo,  in  Peru,  and  presented  to  the  Cabinet  of  Berlin  by  H.  Humboldt,  wei^ 
8821  grains,  or  more  than  2  oz.  avoirdupois.  A  lump  of  native  platinum  is  in  the 
Boyal  Museum  of  Madrid,  which  was  found  in  1814  in  the  gold  mine  of  Condoto, 
province  of  Novita,  at  Choco.  Its  size  is  greater  than  a  turkey's  egg  (about  2  inches 
one  diameter,  and  4  inches  the  other),  and  its  weight  11,641  grains.  lu  1827  a  speci- 
men was  found  in  the  Ural  Mountains  which  weighed  11-67  ponnds  troy;  the  largest 
yet  obtained  being  in  the  Demidoff  Cabinet,  and  weighing  21  pounds. 

The  colour  of  the  grains  of  native  platinum  is  generaUy  a  greyish  white,  like  tar- 
nished steel.    The  cavities  of  the  rough  grains  are  often  filled  with  earthy  and  ferra< 
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ginoQB  matters,  or  sometimes  trith  small  grains  of  magnetic  oxide  of  iron,  adhering  to 
die  smcbce  of  the  platinnm  grains.  Tlnir  specific  graritjr  is  also  much  lower  than 
that  of  forged  pore  platinnm ;  Tsrying  from  16  in  the  small  particles,  to  18'91  in 
Hmnboldt^s  large  specimen.  This  relative  likeness  is  owing  to  the  presence  of  iron, 
copper,  lead,  and  chnmiinm,  besides  its  other  metallic  oonatitnents,  paUadinm,  oemiom, 
rboainm,  and  iridium. 

Its  main  localities  in  the  New  Continent  are  the  three  following  districts : — 

At  Choco,  in  the  neighbourhood  of  Borbacoas,  and  generally  on  the  coasts  of  the 
South  Sea,  or  on  the  western  slopes  of  the  Cordillera  of  the  Andes,  between  the  2nd 
and  the  6th  degrees  of  north  latitude.  The  gold-washings  that  f^irnish  most  pUtinum 
are  those  of  Gondoto,  in  the  province  of  Novita ;  those  of  Santa  Bits,  or  ViioTiio,  of 
Santa  Luda,  of  the  ravins  of  Iro,  and  Apoto,  between  Novita  uid  Tadda  The 
deposit  of  gold  and  platinnm  grains  is  fimna  in  aUnvial  ground,  at  a  depth  of  about 
_  20  feet.  The  gold  Is  separated  from  the  pU^wn  by  pic^ng  with  the  hand,  and  also  by 
'  amalgamation ;  formerly,  when  it  was  imagined  that  platinum  might  be  used  to  debase 
gold,  the  grains  of  the  former  metal  wore  thrown  into  the  rivers,  through  which  mis- 
taken oinnicm  an  immense  quanti^  of  it  was  lost. 

Platinum  grains  are  found  in  Sraial,  but  always  in  the  alluvial  lands  that  contain 
gold,  particiUarly  in  those  of  Matto-Oroeso.  The  ore  of  this  country  is  somewhat 
different  from  that  of  Choco.  It  is  in  grains,  which  seem  to  be  fragments  of  a 
spongy  substance.  All  the  particles  are  nearly  globular,  exhibiting  a  sur&ce  formed 
of  small  spheroidal  protuberances  strongly  cohering  together,  whose  interstices  am 
clean,  and  even  brilliant.  This  platinum  includes  many  small  particles  of  gold,  but 
none  of  the  magnetic  iron-sand  or  of  the  small  zircons  which  accompany  the  Peruvian 
ore.  It  is  mixed  with  small  grains  of  native  palladium,  which  may  be  recognised  by 
their  fibroos  or  radiated  structnro  and  particularly  by  their  chemical  characters. 

Platinum  grains  an  found  in  Hayti,  or  Saint  Stnningo,  in  the  sand  of  the  river 
Jacky,  near  the  mountains  of  Sibao.  IJke  those  of  Choco,  thmr  aro  in  small  brilliant 
grains,  as  if  polished  by  finction.  The  sand  containing  them  is  quartzose  and  ferru- 
ginous. This  native  platinum  contains,  like  that  of  Choco,  chromium,  copper,  osmium, 
iridium,  rhodium,  palladium,  and  probably  titanium.  Vanquelin  could  find  no  gold 
among  the  grains. 

Platinnm  is  largely  produced  in  the  Bnssian  territories,  in  the  auriferous  sands  of 
Kuschwa,  260  wersts  from  Ekaterinbonrg,  and  consequently  in  a  geological  position 
which  seems  to  be  analogous  to  that  of  South  America.  It  also  occurs  at  Bischne- 
Tagilsk  and  Ooroblagodat,  in  the  Ural,  in  alluvial  and  drift  material. 

These  auriferous  sands  are,  indeed,  almost  all  superficial ;  they  cover  an  argillaceous 
soil,  and  include,  along  with  gold  and  platinum,  aUnis  of  dolerite  (a  kind  of  basalt) 
magnetic  iron-ore,  grains  of  corundnm,  &c.  The  platinum  grains  aro  not  so  flat 
as  those  from  Choco,  but  they  are  thicker ;  they  have  less  brilliancy,  and  moro  of  a 
leaden  hue.  This  platinum,  by  M.  Laugier's  analysis,  is  similar  in  purity  to  that  cf 
Choco ;  but  the  leaden-grey  grains,  which  wen  taken  for  a  miztnn  of  osmium  and 
iridinm,  an  merely  an  alloy  of  platinum,  containing  25  per  cent,  of  these  metals.  In 
Russia  platinum  has  been  farmed  into  coins  of  eleven  and  twenty-two  roubles  each;  and 
this  country  afibrds  annually  about  800  cwts.  of  platinum,  which  is  nearly  ten  times 
the  amount  from  other  parts  of  the  world. 

Platinum  has  also  been  found  in  Borneo,  in  California,  in  North  Carolina,  in 
Canada,  in  Australia,  in  the  sands  of  the  Bhine,  and  in  Co.  Wicklow,  Ireland. 

M.  Vanquelin  found  nearly  10  per  cent,  of  platinum  in  an  on  of  argentiferous 
copper,  which  was  transmitted  to  him  as  caning  from  Guadalcanal,  in  Spain.  This 
would  be  the  only  example  of  platinum  existing  in  a  rock  and  in  a  vein.  The  same 
thing  has  not  again  been  met  with,  even  in  other  specdmena  from  Guadalcanal. 

Platinum  has  been  known  in  Enrope  only  since  1748,  though  it  was  noticed  by 
Ulloa  in  1741.  It  was  compared  at  first  to  gold ;  and  was,  in  fact,  brought  into  the 
market  under  the  name  of  white  gold.  The  term  '  platinum,'  however,  is  derived  from 
the  Spanish  word  plaia,  silver,  on  account  of  its  resemblance  in  colour  to  that  metal. 

The  whole  of  the  platinum  on  flrom  the  Urals  is  sent  to  St.  Fetersbnig,  when  it  is, 
OP  formerly  was,  treated  by  the  following  simple  process: — 

One  part  of  the  on  is  put  into  open  platina  vessels,  capable  of  containing  from  6  to 
8  lbs.,  along  with  3  parts  of  muriatic  add  at  26°  B.  and  1  part  of  nitric  add  at  40°. 
Thirty  of  these  vessels  an  placed  upon  a  sand-bath  covered  with  a  glazed  dome  with 
moveable  panes,  which  is  surmounted  by  a  ventilating  chimney  to  carry  the  vapours 
out  of  the  laboratory.  Heat  is  applied  for  8  or  10  hours,  till  no  moro  red  vapours 
appear:  a  proof  that  the  whole  nitric  acid  is  decomposed,  though  some  of  the 
muriatic  remains.  After  settling  the  supernatant  liquid  is  decanted  off  into  large 
^lindrical  glass  vessels,  the  residimm  is  washed,  and  the  washing  is  also  deeantol 
sir.    A  fresh  quantity  of  nitro-muriatio  add  is  now  poured  upon  the  residuum.    Tbia 
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-tntttmant  is  rqieatod  till  the  whole  solid  matter  has  erentsally  dinroeared,  Hie  ore 
nqaires  for  solntioo  from  10  to  16  times  its  weight  of  nitro-maiiaOc  add,  aoending 
to  tlie  size  of  its  grains. 

_  The  solntioiis  thai  made  are  all  acid:  a  eiicnmstanee  essential  to  prereat  the 
Jiidinn  frcm  {ireeipitating  widi  the  |datinimi,  bj  the  water  of  ammonia,  vhidi  is 
next  added.  The  deposit  being  allowed  to  form,  the  mother-waters  are  poared  off; 
thepreoipitate  is  wa^ed  with  cold  water,  dried,  imd  calcined  in  cmcibles  erf*  platinum. 

The  methar-waters  and  the  washings  are  afterwards  treated  separately ;  the  former 
being  oonoentiated  to  one-twelfth  of  their  balk  in  glass  retorts ;  on  cooling,  they  let 
fall  the  itidiam  in  the  stats  of  an  ammoniacal  chloride,  oonstitating  a  dark  purple 
powder,  occasionally  crystallieed  in  regalsr  octshedrens.  The  washings  are  eraporated 
to  drrneas  in  poicelain  vessels ;  the  rsaidunm  is  ealdned  and  treated  like  fresh  ore ; 
but  tne  platinnm  it  affnde  nee^  a  second  ptniSeation. 

For  aggtcaranting  the  t^tinnm,  the  apongy  laass  is  pormded  in  bronae  mortars ;  the  . 
powder  is  passed  throogh  a  fine  siere,  and  pot  into  a  cylinder  of  the  intended  sin  of 
the  ingot.  The  cylinder  is  fitted  with  a  rammer,  winch  is  finwed  in  by  a  coining 
press,  till  the  powder  is  much  condensed.  It  is  thea  tamed  oat  of  Urn  mould,  and 
baked  36  houis  in  a  poroelain  kiln,  after  which  it  may  be  readily  foiged,  if  it  be  poie, 
and  may  recaire  any  desired  form  from  the  hammer.  It  oontraete  in  volome  from 
1-Sth  to  1-Sth  daring  the  calcination. 

The  method  ordinarily  used  for  the  ertzaetioB  of  platinam  is  that  originally  pro- 
poeed  by  I>r.  Wollaston.  The  ore  is  treated  first  with  nitric  and  then  with  hydro- 
ehlorie  add,  to  remo^  those  metals  wliich  are  readily  soluble,  and  is  afterwards 
digested  in  dilate  aqoa  regia  at  a  moderate  heat.  To  the  eolation  of  platinam  thus 
obtuned,  s  eolnlisn  of  sal-ammoniao  ia  added,  when  the  platinam  is  precipitated  in 
the  form  of  a  yellow  salt — the  doable  chloride  of  platinam  and  ammonimn.  This 
salt,  when  wa^ed,  is  heated  to  redneas,  whenby  the  chlorine  and  ammonia  are  ex- 
pelled, whilst  a  mass  of  ipongg  pkUmum  is  obtained.  Hie  sponge  is  worked  into  a 
paste  with  water,  and,  having  been  sahjected  to  powerhl  pressure  and  dried,  is  care- 
iolly  heated  to  whiteness  in  a  wind-Airnace  and  forged  into  an  ingot.  The  platinum 
at  a  high  tempeiatare  may  be  welded  like  iron. 

For  Dr.  Wollaaton's  process,  see  Philotophical  Traiuactions,  1829,  Part  I. 

Oreat  imptorements  in  refining  platinam  have  been  introduced  by  Messrs.  Deville 
and  Debray.  In  a  Aimace,  compased  of  blocks  of  lime,  the  platinum  is  fused  by 
means  of  the  oxyhydmgen  flame,  when  the  osmium  present  is  expelled  as  tetroxide, 
while  the  silica  ibrms  a  slag  by  combining  with  the  lime. 

The  same  chemists  efibct  the  porificatioB  of  platimim  by  f^ing  the  ore  with  galena 
in  a  rererberatoiT  fiimace.  The  metallic  lead  from  the  galena  alloys  with  the 
platinam,  whilst  the  iridosmine  present  in  the  ore  is  unattacked,  and  sinks,  by  its 
great  density,  to  the  bottom  of  the  bath.  The  alloy  of  lead  and  platinam  is  then 
drawn  ofi)  and  the  lead  removed  by  copellation. 

Platinnm  famishes  most  valnable  vessels  to  both  analjrtical  and  mannfactoring 
chemist*.  Boilers  and  stills  of  platinam  used  in  the  manufacfure  of  oil  of  vitriol  are 
tonstrocted  of  large  size  and  at  great  cost  The  metal  is  malleable,  and  may  be 
beaten  ont  into  leaves  of  extreme  thinness.  Dr.  WoUaston  succeeded  in  obtaining  a 
wire  not  exceeding  the  two-thousandth  of  ui  inch  in  diameter.  A  wile  of  wis 
metal  of  j^  inch  in  diameter  will  support  a  weiglit  of  861  lbs. 

In  1828  a  jdatinura  coinage  was  commenced  in  Russia,  but  was  discontinued  ia  18-15. 

This  metal  is  applied  to  porcelain  by  two  difbrent  processes:  sometimes  in  a 
rather  coarse  powder,  applied  by  the  brneh,  like  gold,  to  form  ornamental  flgnres ; 
sometimes  in  a  state  of  extreme  division,  obtained  by  decomposing  its  nitro-muriatic 
solution,  by  means  of  an  essential  oil,  sneh  as  rosemary  or  lavender.  In  this  cose,  it 
mast  be  evenly  spread  over  the  yAxAa  gtonnd.  Both  modes  of  application  give  rise 
to  a  steely  Instze. 

The  properties  posaeased  in  common  by  gold  and  platinum  have  several  times  j^ven 
occasion  to  fraudulent  admixtarea,  which  nave  deceived  the  assayers.  H.  Vauquelin 
having  executed  •  series  of  experiments  to  elnddate  this  eulgect,  drew  the  following 
conclusions: — 

If  tiie  platinum  do  not  exceed  80  or  40  parts  in  the  thousand  of  the  alloy,  the  gold 
does  not  retain  any  of  it  whan  the  parting  is  made  with  nitric  add  in  the  usual  way ; 
and  when  the  proportion  of  platinam  is  greater,  the  fraud  becomes  manifest,  Ist,  by  the 
higher  temperature  required  to  pass  it  thran{[h  the  cupel,  and  to  form  a  round  batton ; 
2nd,  by  the  absence  of  the  l^fataing,  folguiation,  or  comscation ;  3rd,  by  the  dull  white 
ooloor  of  the  button  and  its  crystallised  surface ;  4th,  by  the  straw-yellow  colour  which 
datinam  communicates  to  the  aquafortis  in  the  parting ;  Sth,  by  the  stiaw-yellow  colour, 
boidaiiiig  on  white,  of  the  comet  after  it  is  annexed.  If  the  platinnm  amounts  to  one 
fourth  of  the  gold,  we  must  add  to  the  alloy  at  least  8  times  Its  weight  of  fine  silver, 
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1«iiia«to  it  TUy  thin,  «nn««l  sotaewbat  Btroagly,  boil  it  half  ait  ImIw  in  Uia  flnt  aqua- 
fortis, and  at  least  a  qsaiter  of  an  hour  in  t£»  second,  in  ccder  that  the  acid  may  dis- 
•olre  the  vhole  of  the  tdatintim. 

Wen  it  reqoind  to  deteimine  exactly  the  pcqiortions  of  platinnm  contained  in  aa 
alloy  of  copper,  sflrer,  gold,  and  idatinom,  the  anonnt  of  the  conar  may  be  fonnd  is 
the  flnt  plaee  liy  enpellaUm ;  then  the  respectiTe  quantities  of  the  three  other  metals 
nay  be  leatsed  by  the  processes  fonnded,  1,  upon  the  proper^  possessed  by  snli^atie 
acid  «f  disRoMog  silver  -without  afleetiiig  gold  or  platinom ;  wo,  2,  upon  we  property 
of  platianm  bei^g  solnbls  in  nitrio  add,  when  it  is  alkyed  irith  a  certain  qoaatity 
of  gold  and  silver. 

Ttalma,  vmmgM  «ni  unvrovght,  imported  tn  1873. 

Omioat  tray  Vsloe 

EromBosda 39,284  ie61,843 

„    Germany 11,540  11,542 

„    Other  coontries        ....      6,167  9,680 

Total 6«,»81  7S,7«4 


or.  This  metal  will  alloy  with  iron ;  the  sUoy  is 
malleable  and  possesses  much  lustre.  Copper  and  platinum  in  ontain  proportions 
form  a  brilliant  alloy.  '  Silver  is  much  hardened  by  platinam:  although  platintim  is 
not  soluble  in  nitric  add,  it  will,  when  alloyed  with  silver,  dissolve  in  that  acid.  Aa 
aUoy  of  platinum  and  iridium  is  haidar  than  platinnm,  and  withstands  the  action  of 
nitro-hyiuochloric  add. 

Some  other  alloys  are  known,  but  none  of  them  are  employed  in  the  arts.  > 

9St^XBKjm  a&&OX.  This  interesting  preparation,  which  so  rapidly  oxidises 
alcohol  into  acetic  add.  Sec,  by  what  has  been  called  catalytic  or  contact  action,  is 
most  easily  prepared  by  the  following  process  devised  by  M.  Bosttger : — The  insoluUs 
powder  of  potassio-ehloride  or  ammomo-chloride  of  piranum  is  to  be  moistened  with 
sulphuric  add  (oil  of  vitriol),  and  a  bit  of  one  is  to  be  laid  in  the  mixture.  The 
platinum  becomes  reduced  to  a  bladkpowder,  which  is  to  be  washed  first  with  hydro- 
chloric acid,  and  then  with  water.  The  fineness  of  this  powder  dqwnda  upon  that  of 
the  saline  powders  emjdoyed  to  make  it ;  so  that  if  these  be  previously  finely  ground, 
the  platinum  black  will  be  also  very  fine,  and  proportionally  powerful  aa  a  chemical 
agent. 

The  following  method  of  preparing  igniferoas  black  platinum,  proposed  by  Deecotil, 
has  been  recommended  by  M.  Dobeceiner : — 

M eh  platinmn  ore  with  double  its  wdght  of  tine ;  reduce  the  alloy  to  powder,  and  treat 
it  first  with  dilute  sulphuric  add,  and  next  with  dilute  nitrio  add,  to  oxidise  and  dis- 
solve out  all  the  dnc,  which  is  somewhat  difficult  to  do,  even  at  a  boiliog-heat.  The 
insoluble  bladk-grey  powder  contains  some  osmide  of  iridiom,  united  wiui  the  crude 
platinum.  This  compound  acts  like  simple  platinum  black,  i^r  it  has  been  purified 
by  digestion  in  potash-lye,  and  washing  with  water.  Its  oxididng  power  is  so  great 
as  to  transform  not  only  formic  add  into  the  carbonic,  and  alcohd  into  vinegar,  bat 
even  some  osmic  add,  £n>m  the  metallic  osmium.  The  above  powder  explodes  by  heat 
likegunpowder. 

When  the  platinum  black  prepared  b^  means  of  dnc  is  moistened  with  alcohol,  it  be- 
esmes  incandescent,  and  emits  osmie  acid ;  but  if  it  be  mixed  with  alcohol  into  a  paste 
and  spread  upon  a  watch-glass,  nothiiig  but  acetic  add  win  be  disengaged ;  affording 
an  elegant  means  of  difRuing  the  odour  of  vinegar  in  an  apartment. 

A  yet  more  sim^e  method  of  preparing  the  platinum  black  than  either  of  those 
istiie  following:— ^rotochloride  of  ^atinum  is  dissolved  in  a  concentrated  solution 
of  potash  with  the  aid  of  heat ;  then  alcohol  is  added  by  degrees,  constantly  stirring  the 
solution.  The  platinum  is  precipitated  as  a  black  powder,  which  is  boiled  successively 
with  alcohol,  faydrocUOTie  add,  and  potash-water. 

rULTUmWK,  TOMnr  AXnrO.  An  ezplodve  coiqioniid,  obtained  by  adding 
acetic  add,  in  excess,  to  a  solution  of  chlraide  c^  platinum  and  amraoninm  in  caustic 
soda.  It  may  also  be  prepared  by  {vedpitating  sulphate  of  platinum  with  excess  of 
ammonia. 

V&ATXami,  SAXaw  or.  The  salts  of  i^tinnm  bdng  rarely  em^yed  in 
the  arts  or  manufactures,  the  reader  is  refecred  tot  them  to  Watts's  '  Dictionary  of 
Chemistry.' 

V&AVmii;  MUtlMVT.  A  loose  peroos  form  of  metallic  platinnm,  obtained 
by  heating  the  donUe  cU<^de  of  platinum  and  ammonium. 

9St^XBKjm  TSUbO'Vr.  A  pigment  prepared  team  platinum,  fagr  oxidation 
wiUi  adds,  is  sold  under  this  namck 

>lilJMB AOOt  commonly  called  Black  Lkao  ;  the  naan  jfiwmhtgt,  nd  its  com- 
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mon  one,  bung  deriyed  &om  the  fact  of  this  nuneral  resembling  lead  in  ito  external 
appearance.  See  Gbafhitb,  for  its  mineralogical  and  chemical  chamcten.  In  this 
conntry  plumbago  has  been  found  most  abundantly  in  Cumberland.  The  mountain 
St  Borrowdale,  in  which  the  black  lead  is  mined,  is  nearly  2,000  feet  high,  and  the 
entrance  to  the  mine  is  about  1,000  feet  below  its  summit.  This  Talnable  mineral 
became  so  common  a  subject  of  robbery  about  a  century  ago,  as  to  hare  enriched,  it 
was  said,  a  great  many  persons  liring  in  the  neighbourhood.  Even  the  ^;nard  stationed 
over  it  by  the  proprietors  was  of  Uttle  avail  against  men  inftariated  with  the  love  of 
plunder ;  since  in  those  days  a  body  of  miners  broke  into  the  mine  by  main  force,  and 
held  possession  of  it  for  a  considerable  time. 

The  treasure  was  then  protected  by  a  building,  consisting  of  four  rooms  upon  the 
ground-floor ;  and  immediately  under  one  of  them  is  the  opening,  secured  by  a  tra^ 
door,  through  which  alone  workmen  could  enter  the  interior  of  the  mountain.  In  this 
apartment,  called  the  dreesing-room,  the  miners  change  thur  ordinary  clothes  for  their 
mining-dress.  At  one  time  as  mnch  as  100,000^.  was  rtelised  &om  the  Borrowdale  mine 
in  a  year,  the  Cumberland  plumbago  selling  at  4Sf .  per  pound.  This  mine  has  not,  how- 
ever, been  worked  for  many  years.  The  last  great  discovery,  stated  to  have  been  about 
iOfiOOl.'a  worth,  has  been  hoarded  by  the  proprietors,  a  small  quantity  only  being  sold 
every  year;  but  it  is  now  generally  understood  to  be  exhausted.  Some  few  years 
since  the  Borrowdale  Black  Lead  Mine  was  inspected  by  three  experienced  miners, 
bnt  their  report  was  far  from  encouraging :  notwithstanding  this,  a  new  company  is 
formed  to  work  the  mine  (1874) ;  they  have  found  small  quantities  of  plumbi^o,  and 
the  report  is  that  the  appearances  are  very  promising. 

This  plumbago  in  Borrowdale  is  found  in  'nests'  in  a  trap  rock,  partially  de- 
composed, whi(£  runs  thtongh  the  day-slate.  In  Olenstrath&rrar  in  Inverness  it  is 
found  in  gneiss ;  and  at  Oraigman  in  Ayrshire  it  occurs  in  coal-beds  which  have  been 
fermed  in  contact  with  trap.  In  Cornwall  plumbago  has  been  discovered  in  small 
lumpe  in  the  Elvan  courses  (see  Elvan)  ;  and  on  the  northern  coast  of  that  county, 
small  pieces  are  picked  out  of  the  clay-slate  rocks,  where  it  has  been  exposed  by  the 
wearing-down  of  the  clifib.    At  Arendal,  in  Norway,  it  occurs  with  quartz. 

Flnmbago  occurs  in  Finland.  Large  quantities  are  brought  from  Ceylon  and  the  East 
Indies.    Some  considerable  portions  are  obtained  from  Canada. 

Plumbago  is  sometimes  formed  in  considerable  quantities  in  the  beds  of  blast 
furnaces,  especially  at  Cleator  Moor,  and  is  known  to  the  workmen  as  '  kish.' 

Mr.  Bro£e  puniies  plumbago  by  mixing  it  in  coarse  powder,  in  an  iron  vessel,  with 
twice  its  own  weight  of  commercial  sulphuric  add,  and  seven  per  cent,  of  chlorate  of 
potash,  and  heats  the  whole  over  a  water-bath  imtil  chloric  oxide  ceases  to  be  evolved. 
By  this  meana  the  compounds  of  iron,  lime,  and  alumina  present  ore  rendered  for  the 
most  part  soluble,  and  the  subsequent  addition  of  a  little  finoride  of  sodium  to  the  acid 
miztnre  will  decompose  anjr  Edlicotea  which  may  remnn,  and  volatilise  the  silica  present. 
The  mass  is  now  washed  with  abnndance  of  water,  dried,  and  heated  to  redness.  This 
last  operation  causes  the  grains  of  the  plumbago  to  exfoliate.  The  mass  swells  up  in 
a  surprising  manner,  and  is  reduced  to  a  state  of  very  minute  division.  It  is  tnen 
levigated,  and  obtained  in  a  state  of  great  purity,  ready  to  be  compressed  by  the  method 
ofBroAedon.    SeeFsirciLS. 

Plumbago  imported  m  1873. 

Tons  Value 

Bcom  Germanv 2,009  £28,964 

„     EoUand 662  11,390 

„     Cevlon 2,600  45,221 

„     Other  Countries        ....       297  7,043 

Total  .  .    5,488  M2,618 

mmB  (Panne,  Peluche,  Fr. ;  WoUiommtt,  PlS»eh,  Oer.)  is  a  textile  &bric, 
having  a  sort  of  velvet  nap  or  shag  upon  one  side.  It  is  composed  regolarly  of  a  woof 
of  a  single  wxxillen  thread,  and  a  two-fold  warp,  the  one,  wool  of  two  threads  twisted, 
the  other,  goat's-  or  camel's-hair.  There  are  also  several  sorts  of  plush  made  entirely 
of  worsted.  It  is  manufactured,  like  velvet,  in  a  loom  with  three  treadles  ;  two  of 
which  separate  and  depress  the  woollen  warp,  and  the  third  raises  the  hair-warp, 
whereupon  the  weaver,  throwing  the  shuttle,  passes  the  woof  between  the  woollen  and 
hair-warp ;  afterwards,  laying  a  brass  brooch  or  needle  under  that  of  the  hair,  he  cuts 
it  with  a  knife  (see  Fustiak)  destined  for  that  use,  running  its  fine  slender  point  along 
in  the  hollow  of  the  guide  brooch,  to  the  end  of  a  piece  extended  upon  a  table. 

90AMM.  A  name  amongst  peltmongers  for  the  collected  waste  arising  in  the 
preparation  of  skins,:  it  is  used  for  manure. 

See  Anooba  ;  CASKKsaJL 
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MHOrV  MBT  is  a  atyle  of  laee  foimeely  much  in  rogae,  but  now  nipergeded  by 
the  bobbin  net  nuuto&cboie.         

WmJkMtMJLTMtOK  OV  XHUMT.  It  ie  not  the  pnrpose  of  the  present  irork  to 
deal  nith  any  of  the  peculiar  phenomena  of  the  physical  powers,  except  so  far  as  they 
aie  involyed  in  any  of  the  proceesee  of  mansfiutora.  Polarised  light  is  emplc^ed  iu 
the  sugar  leflneiy ;  it  therefore  is  necessary  that  some  short  acconnt  should  be  giren 
of  the  phenomena  so  called,  and  of  the  methods  of  rendering  them  aTailable  to  useful 
ends. 

Under  the  term  Polariiaiion  of  I{igJ*t  is  comprehended  a  variety  of  very  singular 

Shenomena,  which  it  is  exceedingly  difficult  to  explain  within  the  space  which  can  be 
evoted  to  this  article.    For  anything  like  an  exact  description  of  these  peculiar  and 
striking  phenomena,  the  reader  is  referred  to  works  devoted  specially  to  this  branch 
of  science.    For  onr  purpoee  it  will  be  sufficient  to  state  that  if  a  ray  of  light  is 
reflected  bom.  a  plate  of  glass  placed  at  an  angle  of  about  66°,  it  will  be  found  to  have 
undergone  a  remarkable  change.    If  the  reflected  ray  of  light  is  looked  at  throueh 
a  thin  slice  of  Towmudine,  it  will  be  found  that  while  the  ray  is  seen,  when  t£e 
reflecting  plate  is  in  one  position,  it  can  no  longer  be  seen  through  the  transparent 
crystal  t£  the  glass-plate  is  turned  round  90°,  or  if  the  crystal  is  turned  to  the  same 
extent ;  although  an  ordinary  ray  of  light  is  seen  with  equal  intensity  in  whatever 
position  the  cr^tal  may  be  held. 
The  ray  of  light  by  reflection,  at  or  about  the  above-named  angle,  appears  to  have 
assumed  the  position  of  a  polar  body,  {.«.,  a 
1686  body  having  dissimilar  sides,  or  it  may  be,  1634 

that  the  mode  of  ^notion  has  been  altered 
by  the  reflection  at  the  polarising  angle. 
Light  can  be  polarised  by  refraction  equsJly 
as  well  as  by  reflection. 

Under  some  circumstances,  the  condition 
of  Oireular  Pohruaiitm  is  produced.  (Bee 
Pereira's  Leetmret  on  Polarised  Light.)  We 
do  not  attempt  to  explain  this.  The  phe- 
nomena alone  are  all  we  have  now  to  deal 
witli.  An  instrument  called  a  Potariaoope  is  constructed  upon 
the  prindples  shown  in  the  accompanying  figure  (fy.  1634). 

If  a  ray  of  common  light,  a,  be  poluised  by  &lling  upon  a 
glass,  b,  at  an  angle  of  56°  46",  the  plane-polarised  ray  e,  is 
obtained.  If  this  ray  is  transmitted  through  a  pure  solution  of 
crystallisable  cane-sugar,  and  the  ray  as  it  emerges,  e,  be  analysed 
by  a  double-re&acting  rhomb  of  Iceland  spar,  /,  two  coloured 
images  are  perceived,  as  shown  in  fig.  1686.  One,  o,  is  caused 
by  ordinary  refraction,  and  the  other,  x ,  by  extiaordinaiy  reficaction, 
ff  (Jig.  1634)  is  a  lens  to  produce  a  well-deflned  image.  The  colours 
of  these  images  are  complementary ;  that  is,  when  one  is  red  the 
other  is  green,  when  one  is  yellow  the  other  is  violet,  when  one 
is  bins  the  other  is  orange.  By  rotating  the  '  analyser,' — the 
rhomb  of  Iceland  spar, — ^the  colours  change.  If  the  rotation  be 
right-handed,  that  is,  as  we  turn  a  screw  or  cork-screw  to  make 
it  enter,  the  sequence  of  colours  is  rtd,  orange,  yeUova,  green, 
blue,  indigo,  and  violet,  red.  It  will  be  understood  that  by 
rotating  vie  rhomb  of  Iceland  spar,  the  extraordinary  ray  re- 
volves around  the  ordinary  ray,  each  undergoing  a  change  of 
colour.  The  sequence  of  the  ordinary  image  being  given  above, 
and  the  complementary  colours  named,  it  will  be  seen  that  the 
sequence  of  colours  on  the  extraordinary  image  will  be  green,  Jf^-' 
blue,  indigo,  and  violet,  red,  orange,  ydlow,  green.  In  one  com- 
plete revolution  of  the  analyser  each  of  the  colours  of  the 
spectrum  occurs  twice  for  each  image.  The  polarisoope  is  now  used  for  both  the 
qualitative  and  quantitative  analysis  of  sugar.  Indeed,  the  minutest  difference  in 
diemical  character  and  physical  constitution  can  be  resdily  detected  by  this  instru- 
ment.   See  SuoAB. 

VO&ZSBnro-BXJkTB.  A  grey  or  yellow  slate  composed  of  microscopioinftsoria. 
It  is  found  abundantly  in  the  coal-measures  of  Bohemia,  and  in  the  Auvergne. 

yOTOmiOlff  ft Ta.  (JEitouline.)  A  compound  &om  which  a  variety  of  colours 
may  be  prepared. 

A  great  many  vegetables  give,  when  treated  with  hot  water,  a  solation  which 
appears  yellow  by  transmitted  light,  but  blue  by  reflected  light.  The  iimer  bark  of 
the  horse-chestnut  is  a  peculiar  example  of  tiiis.    See  VLUOBSSCBKca. 
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A  Rul^te  of  potadi,  lime,  and  ma«;nesis,  ooonning  in  miiy 

gait  miass,  aa  at  Staasfurt  in  Pnuaiaii  Saxony. 

VOXiTTYVa.  Apoly^FpaiaaoMtof  a««0d«ntt«lMniniottsMUll(j»iaDeaM 
now  aaarly  diaoaidsd  is  &Tour  of  elaetiotjping. 

VMKABS  MVara.    See  BuMX  or  Tmbu. 

990tiMW  mnrav.    Another  oune  for  Hnita-paat  (Hiii$eut  (waWmw.) 

V4W&AB.  {Ptxfiiir,  Fr. ;  Pappd,  Oar.)  The  wooden  poliihinir  wheels  of  the 
glaia-grinder  are  made  from  horizontal  lectiona  of  the  stem  of  this  tree.  It  is  used 
in  the  mannfiietnM  of  to^,  but  not  for  many  other  puipoeas. 

VOVlilW.  A  atoff  made  of  silk  and  worsted,  man\^actared  in  Ireland.  The  Iriib 
poplins  are  either  watered,  brocaded,  or  tissued :  poplins  are  also  made  tH  Ncrwieh. 

fOVWWOOt.    Much  used  in  painting.    See  Ont. 

XWMIWilW.    See  Fottxbt. 

.    SeeOUkT. 
9JiMWWatt    Clay  whieh  has  been  vitiefled  by  the  igneous  rocks. 
iVS  mWMUMM.    See  Svua. 

A  native  alloy  of  gold  and  pftlladina,  which  ocooai  to  some 
extent  in  the  mines  of  Oongo  Sooo  in  Biaiil. 

»OaUM»zni  OS&.    See  Ons. 

VOSVOBZVO.    An  Italian  glass. 

yOBSMft  is  a  malt  liquor,  so  called  firom  being  fin  a  long  period  the  fitvourite 
beverage  of  the  porters  of  London,  and  indeed  confined  exolnsiTely  to  this  class  of 
the  woriq^eople  <a  the  metropolis.  It  is  chaisoterised  by  its  dark  brown  colour,  its 
transparency,  its  moderately  bitter  taste,  and  peculiar  aromatic  flaronr.  At  first  the 
essential  distinction  of  porter  arose  from  its  wort  being  made  with  highly-kilned 
brown  malt,  while  other  kinds  of  beer  and  ale  were  brewed  ficom  a  paler  article ;  but 
of  late  years,  the  taste  of  the  public  having  run  in  fovonr  of  sweeter  and  lighter  beve- 
rages, the  actual  porter  is  brewed  with  a  less  priqiortion  of  blown  malt,  is  less  strongly 
hopped,  and  not  allowed  to  get  hard  by  long  keeping  in  hnge  ripening  tuns.  Borne 
brewers  colour  the  porter  with  burnt  sugar ;  but  in  general  the  most  respectable  con- 
centrate  a  quantity  of  their  first  and  best  woit  to  an  extract,  in  an  iron  pan,  and  bum 
this  into  a  colouring  ttuaSS,  irtiweby  they  can  lay  claim  to  the  merit  of  using  nothing  in 
their  manufacture  but  malt  wad  hops.  Porter  is  now  brewed  in  large  quantities  in 
other  cities  besides  London,  especially  in  Dublin,    See  Bkib. 

VOXTXiAVn  JUOUVWaoOT.    See  Abbowboot. 

VOXT&AJTD  OSMtaVT  is  so  called  because  it  resembles  in  oolour  the  Fort- 
land  stone.  It  is  prwared  by  calcining  a  mixture  of  the  clayey  mud  of  the  Thames 
with  a  proper  proportum  of  ohalk.  They  make  ec^nally  good  cement  in  other  parts  of 
England  and  France  by  mixing  chalk  or  mari  with  other  days.  The  materials  are 
reduced  to  fine  powder,  and  intimately  mixed,  with  the  addition  of  water.  The  re- 
sulting paste  is  moulded  into  bricks,  which  are  dried  and  burned.  It  is  of  importance 
that  the  heat  in  calcining  be  sufficiently  elevated,  otherwise  tiie  carbonic  add  and 
water  may  be  expelled,  without  that  reaction  between  the  lime  and  clay  which  is  re- 
quired for  the  production  of  a  cement.  It  is  necessary  to  employ  a  white  heat,  which 
shall  agglutinate  and  frit  the  mixture.  After  this  operation  the  material  is  assorted, 
and  the  portions  which  are  scorified  by  too  much  heat,  as  well  as  those  insnffidently 
calcined,  being  set  aside,  the  cement  is  pulverised  for  use.  It  is  often  advantageous 
to  grind  to  powder  the  native  mixtures  ot  limestone  and  clay  before  burning  them,  in 
order  to  ensure  homogeneousness.  It  will  also  be  seen  that  caldnation  at  a  very  high 
temperature  is  frequently  required  to  devdop  the  i^dranlic  character  of  limestones ; 
the  greater  the  temperature  en^loyed,  the  more  slow  is  the  solidification  of  the  cement, 
but  the  harder  does  it  beeome.    See  Cunm. 

V4HtTXiAJn>  STOflia.  An  oditic  limestone,  immediately  underlying  the  Pur- 
beck  strata ;  so  sailed  in  consequenos  of  its  davdopment  in  the  island  of  Portland, 
situated  off  the  southern  coast  of  DorsetsluM. 

St.  Paul's  Cathedral,  and  manv  of  Uie  public  buildings  of  this  country,  bare  been 
built  of  stone  from  FcclJand,  aad  it  ia^tul  obtained  frwn  numerous  quarries  on  the 
islaad  tat  transmission  to  other  places,  and  formerly  for  the  breakwater. 

The  quarries  from  which  the  stone  used  for  building  St.  Paul's  Cathedral  was 
obtained  were  situated  at  the  northern  extremity  of  the  island,  but  have  been  long 
abandoned  in  consequence  of  the  stone  being  somswhat  haidsr  and  mor*  diflonlt 
to  work  than  that  met  with  in  oUier  parts  of  the  island.  The  principal  beds  of  stone 
qoarried  in  the  Isle  oS  Portland  are  called,  in  descendiog  order,  roacX  or  rothe, 
rubbb/  bed,  and  whit  (t.  e.  white)  or  best  bed.  These  beds  vary  much  in  thickness,  but 
they  may  be  stated  to  average  five  and  dx  feet  respectivdy ;  s<wis  reaching  fifteen  foet. 

The  roach  aSbrds  large  blocks  of  a  hard  and  durable  white  stone,  particularly 
adapted  for  foundations  of  buildings,  docks,  breakwaters,  and  other  constructions 
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whan  great  stiength  ia  requirad ;  bat,  owing  to  the  nuoMioiiB  caritiM  it  eontains 
(prodoMd  by  the  emptj  easts  of  shells),  it  'wm  not  leceive  a  closet  eren  fitce,  and  is 
uerefore  not  so  well  adapted  tor  many  other  purposes  of  a  more  omamental  descrip- 
tion. The  mbblj  bed  is  not  much  worked;  bat  the  white  or  best  bed,  when  aceeedble 
is  always  qnarried,  and  affords  a  white  oditic  freestone^  which  takes  a  amooth,  eren 
Uee,  and  works  freely  in  all  directions. 
The  following  analysis  by  Professor  Daniell,  gives  the  chemical  composition  of  this 

SUica 1-20 

Oarbonataof  lime 05'1S 

Carbonate  of  Bagaeaia            1-20 

Iron  and  alamina 0-60 

Water  and  loss l-»4 

Bitnman         , trace 


10000 

The  other  principal  localitie*  where  the  Portland  stone  is  qnarried  are  the  Isle  of 
Porbeck  in  IXorsetsiiiie,  where  it  is  called  Poibeck-Panland ;  and  the  Vale  of  Wardoor, 
when  (Mat  OhilmaA  and  other  places)  it  affinds  a  freestone  of  a  superior  description. 
FtoB  66,000  to  60,000  tons  of  stone  are  raised  annually  in  the  Isle  of  Portland.— 
H.W.B. 

F.__A  Koith  of  England  term  for  any  bed  cf  firm  rock. 

or  VOTAMUl.  (fotatit,  Vi. ;  Kali,  Qer.)  l%is  substance  was 
so  named  from  being  prepared  for  conunaxnal  purposes  by  sTaporating  in  iron  pots 
the  lixivium  of  the  ashes  (^  wood-fbeL  In  the  crude  state  it  consists,  therefore,  of 
such  ctmstitaents  of  bomed  vegetables  as  are  very  soluble  in  water,  and  fixed  in  the 
file.  The  potaah-salts  of  plants  which  ori^nally  contained  vegetable  adds  will  be 
oonvertad  foto  carbonates ;  the  sulphates  will  become  sulphites,  salphides,  or  even 
carbonates,  accocdinp;  to  the  manner  of  ineineiation ;  the  nitrates  will  b«  changed  into 
pure  carboiiatas,  while  the  muriates  or  chlorides  will  remain  unaltered.  Should  quick- 
lime be  added  to  the  solution  of  the  ashes,  a  oozrssponding  portion  of  canstie  potassa 
will  be  introduced  into  the  product,  with  more  or  less  lime,  according  to  the  care  taken 
in  dasaating  off  the  elear  lye  for  evap(vati<Mi. 

In  Amarfoa,  where  timber  is  in  many  places  an_  inoimibianoa  upon  the  soil,  it  is 
felled,  piled  up  in  pyramids,  and  burned,  solely  with  a  view  to  the  manufacture  of 
potash.  The  ashes  are  put  into  wooden  cisterns,  having  a  plug  at  the  bottom  of  one 
of  the  sides  under  a  ftlse  bottom ;  a  modatats  quantity  of  water  is  then  poured  on  the 
mass,  and  some  quicklime  is  stirred  in.  JJtMt  standing  for  a  few  hours,  so  as  to  take 
up  the  soluble  matter,  the  clear  liquor  is  drawn  aS,  evaporated  to  diyness  in  iron  pots, 
and  finally  fused  at  a  red  heat  into  compact  masses,  which  are  grey  on  the  outside  and 
pink-coloored  within. 

Peofiaih  is  prepared  by  ealdning  potashes  apon  a  reverbeiataiy  hearth,  tiU  the 
whole  earbonaeaoas  matter,  and  the  gieatar  part  of  the  snlphur,  be  dissipated:  then 
lixiviating  the  mass  in  a  dstsm  having  a  fldsa  botttmi  covered  with  stiaw,  evaporating 
the  clear  lye  to  dryness  in  fiat  iron  pans,  and  stirring  it  towards  the  end  into  white 
lumpy  granulations. 

The  best  pink  Canadian  potashes,  as  they  are  impacted  in  casks  containing  about 
6  cwts.,  contain  pretty  uniformly  60  per  cent,  of  absolute  potassa;  and  the  best 
peariashes  contain  60  per  cent ;  the  alkali  in  the  former  being  nearly  in  a  caustic 
state ;  in  the  latter  carbonated. 

All  kinds  of  vegetables  do  not  yield  the  same  proportion  of  potash.  The  more 
Baoealent  the  plant,  the  mace  does  it  afford ;  for  it  is  only  in  the  juices  that  the  vege- 
table salts  reside,  which  are  eonverted  by  incineration  into  alkaline  matter.  Herb- 
aceous weeds  an  more  productive  of  potash  than  the  graminiferoas  species,  or  shrubs, 
and  these  than'  trees ;  and  for  a  like  raason  twigs  and  leaves  are  more  productive 
than  timber.  But  plants  in  all  cases  are  richest  in  alkaline  salts  when  they  have 
arrived  at  matority.  The  soil  in  which  they  grow  also  influences  the  quantity  of 
saline  matter. 

The  following  Table  exhibits  the  average  product  in  potash  of  several  plants, 
according  to  the  researches  of  Vauqu^lin,  Pertais,  Kirwan,  and  De  Sanssore : — 

Potwa 
.  226 
.  3-86 
.  3-00 
.  3-90 
.  4  20 


In  1000  part* 

Pouaa 

In  1000  pacts 

Fine  or  fir 

.  0-46 

Boxwood. 

Poplar     . 

.  076 

WiUow    . 

Ikefoil     . 

.  076 

Elm  and  maple 

Beechwood 

.  1-45 

Wheat-straw   . 

Oak 

.  1-58 

Bark  of  oak-twigs 

In  1000  puts 

Fotiuak 

.    600 

Flax-stams 

.    600 

Small  rushes 

.    608 

Vine-shoots 

.    6-60 

Barley-stnw 

.    6-80 
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In  1000  ptiti  PotuM 

Jhj beech-bark  ,    600 

Fern    .        .  .    6-26 

Large  mah  .  .    7*22 

StaUc  of  mause  .  17*6 

Bean-stalks .  .  200 


InlOOOputa  Potuu 

Bastard  chamomile 
(JntheTois  cotula,Tj.)  19-6 
Snnflower-Btalks      .  20-00 
Common  nettle        .  26-03 
Vetch  plant     .        .  27-50 


In  1000  puta.  Potwa 

Thistles  in  fnll  growth  85-37 
Siy  straw  of  wheat 

before  earing  .  .  47-0 
Wormwood.  .  .  liO 
Fumitory    .        .        .  79*0 


Stalks  of  tobacco,  potatoes,  chestnuts,  chestnut-husks,  broom,  heath,  furze,  tansy* 
sorrel,  vine-leayes,  beet-leares,  orach,  and  many  other  plants,  abound  in  potash  salts. 
In  BnigundT,  the  well-known  eendrei  gramtiet  are  maiia  by  indneratiDg  the  lees  of 
wine  pressed  into  cakes,  and  dried  in  the  sun ;  the  ashes  contain  fully  16  per  cent,  of 
potash.    See  Asbsb  or  Plajtis. 

The  puriflcation  of  pearlash  is  founded  upon  the  &ct  of  its  being  more  soluble  in 
water  than  the  neutral  salts  which  debase  it.  Upon  any  giren  quantity  of  that  sub* 
stance,  in  an  iron  pot,  let  one  and  a  half  times  its  weight  of  water  be  poured,  and  let 
a  genUe  heat  be  applied  for  a  short  time.  When  the  whole  has  again  cooled,  the 
bt^tom  will  be  encrusted  with  the  salts,  while  a  solution  of  nearly  pure  carbonate  of 
poUsh  will  be  found  floating  abore,  which  may  be  drawn  aS  clear  by  a  syphon.  The 
salts  may  be  afterwards  thrown  upon  a  filter  of  graveL  If  this  lye  be  diluted  with 
six  Umes  its  bulk  of  water  mixecl  with  as  much  slaked  lime  as  Uiere  was  pearlash 
employed,  and  the  mixture  be  boiled  for  an  hour,  the  potash  will  become  caustic  by 
giving  up  its  carbonic  add  to  the  lime.  If  the  dear,  settled  Ibdvium  be  now  syphoned 
cS,  and  concentrated  by  boiling  in  a  oorered  iron  pan,  till  it  assumes  the  appearance 
of  oil,  it  will  constitute  the  common  ■  caustic '  of  the  surgeon,  the  foUutaJuaa  of  the 
shops.  But  to  obtain  potash  chemically  pure,  recourse  must  be  had  to  the  bicar- 
bonate, nitrate,  or  tartrate  of  potash,  salts  which,  when  caieAilly  oystallised,  are 
exempt  from  anything  to  render  the  potash  derived  from  them  impure.  The  bicar- 
bonate haTing  been  gently  ignited  in  a  sUver  basin,  is  to  be  dissolved  in  six  times  its 
weij^  of  water,  and  the  s^ntion  is  to  be  boiled  for  an  hour,  along  with  1  lb.  of 
slaked  lime  for  every  pound  of  the  Ucarbonate  used.  The  whole  must  be  left  to 
settle  without  contact  of  air.  The  supernatant  lye  is  to  be  drawn  off  by  a  syphon,  and 
evaporated  in  an  iron  or  silver  vesset  provided  with  a  small  orifice  in  its  close  cover 
for  the  escape  of  the  steam,  till  it  assumes,  as  above,  the  appearance  of  oil,  or  till  it 
be  nearly  red-hot.  Let  the  fused  potash  be  now  poured  out  upon  a  bright  plate  of 
iron,  cat  into  pieces  as  soon  as  it  concretes^  and  put  up  immediately  in  a  bottle  fur- 
nished with  a  well-ground  stopper.  It  is  s  hydrate  of  potash,  being  composed  of 
1  atom  of  potash  48, -fl  atom  of  water  9  =  57 ;  or  KO.HO  (UO). 

A  pure  carbonate  of  potash  may  be  also  prepared  bjrfusii^  pure  nitie  in  an 
earthen  crucible^  and  projecting  charcoal  into  it  by  small  bits  at  a  time,  till  it  ceases 
to  cause  deflagration.  Ot  a  mixture  of  10  parts  of  nitre  and  1  of  charcoal  may  be 
deflagrated  in  small  successive  portions  in  a  red-hot  deep  crucible.  When  a  mixture 
of  2  parts  of  tartrate  of  potash,  or  crystals  of  tartar,  and  1  of  nitre  is  deflagrated, 
pure  carbonate  of  potash  remains  mixed  with  charcoal,  which  by  linviation,  and  the 
agency  of  quicklime  wiU  affiod  a  pore  hydrate.  Ciystals  of  tartar  calcined  alone 
yield  also  a  pure  carbonate. 

In  addition  to  the  ashes  of  plants,  otha  sources  of  potash  are  now  utilised.  The 
most  important  of  these  sources  are  the  potash-minerals  occurring  in  the  upper  part 
of  the  great  salt-deposits  of  Stassfnrt  in  Fnissian  Saxony  and  Kalucz  in  Oahcia. 
These  nits  are  tylvme,  or  chloride  of  potassium ;  canudliU,  oc  chloride  of  potassium 
and  magnesium ;  and  iamite,  a  sulphate  of  potash  and  magnesia,  with  chloride  of 
WW!">™1'"     See  AjmAVH  Su,t6. 

Potash  has  also  been  extracted  from  certain  felspars,  from  sea-water,  from  beet-root 
molasses,  from  the  ash  of  sea-weeds,  and  from  the  suint  of  wool.  But  these  sources 
are  insignificant  when  compared  with  the  great  deposits  of  potash  salts  occurring  natn- 
ralh'  at  Stassfurt,  which  have  of  late  years  been  worked  on  a  very  extensive  scale. 

The  PrcduoHon  of  Potash  SaUt  at  Stassfurt. — A  few  details  on  these  mines,  which 
have  produced  so  great  a  revolution  in  the  manufacture  of  potash  salts,  will  be  useful. 
Stass^t  is  situate  about  20  kilos  from  Magdeburg,  on  the  Anhalt  frontier.  The 
geological  formatdon  on  which  it  lies  is  the  Bunter  Sandstone.  The  presence  of  a  bed 
of  rock-salt  below  this  stratum  was  suspected  in  1838.  Borings  were  executed  by 
order  of  the  Prussian  Government,  and  in  1851  the  presence  of  a  deposit  of  rock-salt, 
at  least  830  meters  in  thickness,  was  ascertained,  ^e  formal  working  of  the  mines 
began  in  1867.  Before  reaching  the  salt  it  was  necessary  to  sink  260  meters  through 
the  sandstone,  the  gypsum,  and  the  marl. 

The  saline  deposit  does  not  consist  exclusively  of  common  salt,  and  may  be  divided 
into  four  chief  regions.  The  lowest  bed  is  the  largest,  and  consists  entirely  of  rock- 
aalt,  travened  by  slender  veins  of  karstenite.    It  is  about  240  meters  in  thickness. 
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We  find  n«xt  the  region  of  polyhaliU,  still  compoMd  of  rock-salt,  but  intersected  by 
veins  of  2  to  8  cm.  thick,  formed  of  poljhalite,  a  mineral  composed  of  the  salphates  of 
lime,  magnesia,  and  potash.  This  layer  is  about  64  meters  in  thickness,  and  is  com- 
posed on  an  average  of  91-2  per  cent,  chloride  of  sodiom,  0-66  of  karsteaite,  6°63  of 
polvfasUte,  and  1-Sl  of  hydrated  chloride  of  magnesium. 

To  this  stratum  succeeds  another  of  a  different  composition,  and  characterised  by 
the  presence  of  a  saline  mineral  named  Jaeterite.  It  consists  of  mono-hydrated  sul- 
phate of  magnesia,  in  small  microscopic  needles.  The  layer  contains  65  per  cent,  of 
chloride  of  sodium,  17  of  kieserite,  13  of  camallite,  8  of  chloride  of  magnesium,  and  2 
of  karstenite.  Its  thickness  is  66  meters.  The  npper  region  is  formed  of  a  group  of 
salts  chiefly  magnesic  and  potaasio,  and  formerly  called  nddance  stdti  (AbraunuaJze), 
becsnse  they  were  at  first  without  industrial  application,  and  were  merely  extracted  to 
reach  the  rock-salt  below.  These  salts  are  now  the  foundation  of  the  trade  of  Stassfurt. 
The  principal  salt  is  eantaUiie,  a  chloride  of  potassium  and  magnesium.  It  baa  a  red 
oolonr,  due  to  the  presence  of  oxide  of  iron  in  microscopic  lamellie.  There  are  found 
also  in  this  deposit  tylvint  and  HauxiUie,  a  chloride  of  potassium  containing  often  small 
quantities  of  sulphate  of  potash,  and  of  sulphate  and  cbloride  of  magnesium ;  tachyhy- 
drite,  a'camallite  in  which  the  chloride  of  potassium  is  replaced  by  chloride  of  calcium ; 
and  boracUe,  a  combination  of  the  borate  and  chloride  of  magnesium.  Stassftirt,  as  we 
have  stated,  lies  on  the  Prussian  frontier,  towards  the  borders  of  the  Duchy  of  Anhalt. 
The  Prussian  workings,  therefore,  could  not  be  extended  to  the  south-west,  where  tha 
geological  conditions  were  most  favourable.  In  ISSfi  the  Qovemment  of  Anlialt  com- 
menced operations  within  its  own  territory,  with  perfect  success.  The  saline  beds 
were  reached  at  the  depth  of  145  meters,  and  soon  a  new  salt  was  discovered  in  great 
quantity,  giving  a  new  impulse  to  the  trade  of  the  district.  This  is  kainite,  a 
compound  of  sulphate  of  magnesia  and  chloride  of  magnesium.  Its  discovery  enabled 
the  inhabitants  to  enter  upon  the  manu&cture  of  pure  sulphate  of  potash,  which  is 
largely  exported  to  England  and  the  United  States.  Their  applications  are  numerous. 
The  monde  of  potassium  is  used  in  the  manufacture  of  saltpetre  and  carbonate  of 
potash;  the  sulphate  of  potash  is  in  great  demand  in  the  gloss  and  aliim  works. 
Stassfurt  exports  also  sulphate  of  magnesia  and  chloride  of  magnesium,  which  are 
extensively  used  in  England  for  tha  discreditable  purpose  of  adding  to  the  weight  of 
textile  goods,  and  rendering  them  hygroscopic  ;  bromine  to  an  extent  almost  sufficient 
for  the  consumption  of  Kuiope,  and  boradc  acid.  Lastly,  the  impure  salts  obtained 
as  waste  in  the  various  refining  processes,  consisting  principally  of  salts  of  soda, 
magnesia,  and  potash,  are  skilfully  combined,  and  sold  as  mineral  manures,  more  01} 
less  rich  in  potash  and  magnesia.  The  demand  for  these  manures  has  greatly  in- 
creased of  late  years,  especi^y  in  England  and  Germany.  In  1869  the  Prussian  mine 
alone  yielded  109,075,000  kilos  of  salts  of  potash,  and  56,332,000  kilos  of  rock-salt, 
representing  a  total  value  of  916,960  francs.  It  is  interesting  to  note  that  whereas 
the  application  cf  potassic  salts  in  agriculture,  some  fifteen  or  twenty  years  ago, 
was  found  to  produce  little  or  no  benefit,  they  are  shown  by  more  recent  experiments 
to  be  highly  valuable.  Liebig  has  shown  that  the  use  of  manures  which  contain  only 
loms  of  the  ash-constituents  of  the  crops  merely  enables  the  soil  to  be  more  rapidly 
whaosted  of  the  other  necessary  constituents.  See  Cabnaiuth  ;  E/amTB ;  Kibsbiutb  ; 
Stlvhib. 

Cauttio  potath,  after  being  fused  in  a  silver  crucible  at  a  red  heat,  retains  1  equi- 
valent of  water.  Hence  its  composition  in  100  parts  is,  potassium  70,  oxygen  14, 
water  16.  Jniydroiu  potash,  or  the  oxide  free  &om  water,  can  be  obtained  only  by 
the  oxidation  of  potassium  in  air.    It  is  composed  of  83^  of  metal  and  1 6|  of  oxygen. 

Caustic  potash  may  be  crystallised ;  but  in  general  it  occurs  as  a  white  brittle  sub- 
stance of  specgrav.  1'708,  which  melts  at  a  red  heat,  evaporates  at  a  white  heat, 
deliquesces  into  a  liquid  in  the  air,  and  attracts  carbonic  acid ;  is  soluble  in  water  and 
alcohol,  forms  soft  soaps  with  fat  oils,  and  soapy-looking  compounds  with  resins  and 
wax ;  dissolves  sulphur,  some  metallic  sulphurets,  as  those  of  antimony,  arsenic,  &c., 
as  also  silica,  alumina,  and  certain  other  bases ;  and  decomposes  animal  textures,  as 
hair,  wool,  silk,  horn,  skin,  &c  It  should  never  be  touched  with  the  tongue  or  the 
fingers. 

The  only  certain  way  of  determining  the  quantity  of  free  potash  in  any  solid  or 
liquid  is  from  the  quantity  of  a  dilute  acid  of  known  strength  which  it  can  saturate. 

The  hydrate  of  potash  or  its  lye  often  contains  a  notable  quantity  of  carbonate,  t!ie 
presence  of  which  may  be  detected  by  lime-water,  and  its  amount  be  ascertained  by 
the  loss  of  weight  which  it  suffers,  when  a  weighed  portion  of  the  lye  is  poured  into  a 
weighed  portion  of  dilute  sulphuric  acid  poised  in  the  scale  of  a  balance. 

The  following  Table  exhibits  the  quaptity  of  potash  in  100  parts  of  catutio  lye,  at 
the  respective  densities : — 
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Bp.gr. 

Fo(.lnlOO 

Sp.gr. 

Pot.  in  100 

8f.gr. 

Pot.  In  100 

Sp.gr. 

Fot.inlOO 

8p.gr. 

Pot.  in  100 

1-S8 

63-06 

1-48 

42-31 

1-34 

32-14 

1-22 

23-14 

1-10 

11-38 

lfi« 

61-68 

1-44 

40-17 

1-82 

80-74 

1-20 

21-26 

1-08 

9-20 

l-fi4 

60-09 

1-42 

87-97 

1-80 

29-84 

1-18 

19-34 

1-06 

7-02 

1-52 

18-46 

1-40 

85-99 

1-28 

27-86 

1-16 

J  7-40 

1-04 

4-77 

l-ftO 

46-46 

I'83 

84-74 

1-26 

26-84 

1-14 

16-38 

1-02 

2-44 

1-48 

44-40 

1-86 

88-46 

1-24 

24-77 

1-12 

13-80 

1-00 

000 

VOTASB,  BZoaSBOVATa  OV.  is  prepared  by  passing  carbonic  acid  tlurangli 
a  solution  of  tlie  carbonate  of  potash.    See  Bku.bbona'rs. 

rOTABB,  BZCBSOMATB  OV.    See  Chbokatbs  of  Potash. 

rOTABB,  BZBOXA&ATa  OV.  Salt  qf  wood  torrtl ;  Salt  of  torrd ;  8d 
aeetoteUa.   (8eltroieiUe,'Br.) 

The  Ozalia  aeetotella  is  an  odonrless  plant,  bnt  in  taste  it  is  a^pneably  acidsloiu. 
In  some  parts  of  Germany  the  binoxalnte  of  potash  is  obtained  in  large  quantities 
fSrom  this  plant  by  evaporating  the  expressed  juice.  Five  hundred  parts  of  the  plant 
yield  four  parts  of  the  crystallised  salt;  its  composition  is,  oxalic  acid  2  parts, 
potash  1  part,  water  2  parts. 

It  is  sold  under  the  name  ot$aU  oflemom,  sometimes  in  a  pure  state,  but  more  f^- 
quently  mixed  Trith  ertam  of  tartar,  and  is  used  for  the  removal  of  inm  stiuns  trota 
bnea. 

POTASH,  BITAWntATa  OV.  Cream  of  tartar.  This  salt  is  a  constituent  of 
many  vegetable  juices,  especially  of  the  juice  of  the  grape.  All  the  salt  of  commercs 
is  obtained  during  the  vinous  fermentation  ;  it  deposits  during  the  process  of  the  for- 
mation of  alcohol,  and  accordingly  as  it  is  obtained  from  white  ur  red  wine  it  is  known 
by  the  name  of  v)hite  or  red  argol.  The  acid  tartar  is  thus  prepared  in  the  wine- 
making  districts  of  France. 

Argol,  which  occurs  in  crystalline  cakes,  and  is  composed  of  the  bitartrateof  pobuib, 
tartrate  of  lime,  and  colouring-mattor,  is  boiled  in  water ;  and  the  solution  allowed  to 
cool,  by  which  a  deposit  of  crystals  is  obtained.  These  are  washed  with  cold  water, 
and  then  dissolved  in  boiling  water,  in  which  are  diShsed  clay  and  charcoal,  which  as 
they  fall  down  receive  the  ccuouring-matter.  The  clear  liquor  is  allowed  to  cool  slowly, 
and  crystals  form. 

This  salt  consrsts  of  potash  25-00,  tartaric-acid  70-21,  water  4-79, 

If  cream  of  tartar  is  heated  it  is  decomposed,  swells  up,  evolves  gaseous  products, 
and  is  converted  into  Black  Flux.    See  AssAVma. 

rOTABB,  OASBOVATB  or.  Salt  of  tartar ;  Totashea ;  PearUuhei.  If  land 
plants  are  burnt  their  ashes  will  be  found  to  contain  a  considerable  quantity  of  ths 
carbonate  of  potash. 

Carbonate  of  potash  is  composed  of  48  parts  of  base  and  22  of  acid ;  or,  in  160 
parts,  of  6809  of  potash  and  31-91  of  carbonic  acid :  that  is,  KO.CO*  (XHW). 

Carbonate  of  potash,  as  it  exists  associated  with  carbon  in  calcined  tartsfr,  passes 
Tery  readily  into  the  bicarbonate,  on  being  moistened  with  water,  and  having  a  current 
of  carbonic  acid  gas  passed  through  it.  He  abenrption  takes  place  so  rapidly,  that 
the  mass  becomes  hot,  and  therefore  ought  to  be  surrounded  with  edd  water.  See 
Potash. 

POTASH,  OMSTIO.    See  Potash. 

POTASH,  (nnrfMIATB  OP.    See  Chiabatb  of  Potash. 

POTASH,  OITHATH  OP.  This  salt  is  formed  by  neutralising  dtrio  add  wiUi 
carbonate  of  potash.  Under  the  names  of  Unum  and  kali,  effenetcing  lemonade,  and 
the  like,  mixtorea  of  dry  citric  acid  in  powder  and  dry  carbonate  of  potash,  with  very 
dry  sugar,  are  sold.    These  form  very  agnjeablo  and  healthful  beverages. 

POTASH,  BTSXATH  OP,  or  OAUSTZO  POTASH.  {PotatM,  Fr. ;  Kali. 
Oer.)  It  may  be  obtnined  thus : — Mix  a  solution  of.  1  part  of  the  dry  carbonate  of 
potash  with  1  part  of  freshly-prepared  dry  hydrate  of  lime,  and  allow  it  to  stand  in  a 
closed  vessel  for  24  hours  at  a  temperature  of  68°  to  78°  Fahr.,  frequently  shaking  it. 
The  potash  salt  should  be  dissolved  in  1 2  to  16  parts  of  -water ;  the  carbonate  of  lime 
separates  in  a  granulated  state,  and  the  clear  caustic  lye  may  be  decanted.  A  weaker 
lye  may  be  obtained  ^m  the  residue  by  fresh  treatment  with  water.    See  Potash. 

POTASH,  HZTHATB  OP.  KO.NO*  (HHO*.)  Syns.  HUn,  Sallpeire,  Prismatia 
nitre.  (Nitrate  do  potasee,  Fr.  j  Sdpetenaitrea  Kali,  Ger.)  For  the  mode  of  purifica- 
tion, see  QuKFOWDHB.  This  well-known  and  useful  salt  is  fbund  native  in  various 
parts  of  the  world,  more  especially  in  tropical  climates.  The  fonnati<m  of  nitre  ia 
the  earth  appears  to  be  much  facilitatal  t^  warmth. 
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Prtparatitm. — 1.  By  ItziTutioii  of  earth  impregnated  with  the  nit  The  earth  is 
heated  vith  water  in  tanlu  or  tubs  irith  falsa  bottome,  and  after  sufficient  digestion 
the  solution  is  run  off  and  eraporated  to  crystallisation.  The  nitre  procured  bv  the 
^tnt  opemtion  is  exceedingly  impure,  and  contains  large  quantities  of  chloride  of 
potassium,  and  some  sulphate  of  potash.  By  repeated  crystallisations  the  salt  may 
be  obtained  pure.  If  the  crude  product  of  the  liziriation  contains,  as  is  often  the 
case,  the  nitmtes  of  lime  or  magnesia,  they  may  be  got  rid' of  by  the  addition  of  c^- 
bonate  of  potash ;  the  earths  are  precipitated  as  carbonates,  and  may  be  filtered  o£^ 
while  an  equiTalent  quantity  <>f  nitrate  of  potash  is  fonued,  and  ramaios  in  soIutioD, 
thus: — 

OftO.NO>  -c  KO.CO*  -  QtO.CO*  -t^  KO.NO*.  [Cti(tra>Y + KHJO*  -  OaCO* + aawo*.] 

2.  The  second  mode  of  preparing  nitre  which  we  shall  consider,  is  from  nitrate  of 
soda  and  chloride  of  potassium.  On  dissolving  equivalent  quantities  of  these  two 
salts  in  water,  and  sailing  down,  double  decomposition  takes  place.  The  chlcxride  of 
sodium  may  be  removed  irom  the  hot  concentrated  fluid  by  means  of  shovels,  while 
the  nitrate  of  potash,  being  much  more  soluble  in  hot  than  in  cold  water,  remains  in 
■olntion,  but  crystallises  out  on  ooding.  The  deemnposition  takes  jdace  in  accordance 
with  the  anneoced  equation : — 

NaO.;ro*4-ECi»ma-t-EO.NO*.  (inaro'4-xoi-»«ci-xMo'.) 

Tha  above  reaction  is  one  of  gnat  inteiast  and  importance,  inasmuch  as  it  enables 
OS  to  convert  Bemvian  or  *  snbic  nitre,'  as  nitrate  of  soda  is  sometimes  called,  into  Hie 
much  more  valuable  salt,  nitrate  of  potash.  During  the  last  war  with  Bnssia  it  was 
found  that  large  quantities  of  cblonde  of  potassium  were  exported,  and  found  their 
way  into  that  country.  For  some  time  no  notice  was  taken,  because  the  salt  appeared 
too  harmless  to  be  Sedated  contraband  of  war.  Eventually  it  was  found  that  it  was 
entirely  nsed  in  Bnssia  for  the  purpose  of  affording  nitrate  of  potash,  by  the  process 
described.  It  need  scarcely  be  said  that  the  gunpowder  made  thiongh  the  medium  of 
our  own  chloride  of  potassium  was  employed  against  our  troops  in  the  Crimea, 

8.  Kitre  may  of  course  be  prepared  by  neabalising  nitric  acid  by  means  of  carbo- 
nate of  potash,  or  the  caustic  alkali.  The  process  is  evidently  too  expensive  to  be 
employed,  except  for  the  pupose  tt  experimental  illuBtiation,  or  under  other  special 
ciieuinstraoe& 

/  Hie  formation  of  nitare  in  the  aaith  of  hot  dimatwi  is  probably  in  most  cases  due 
to  the  daoomposition  of  nitiogenjsed  oiganic  matters.  The  subject  of  nitrification  is 
one  upon  which  aonie  controvert  has  taken  place.  It  is  supposed  by  some  chemists 
that  tne  chief  source  of  the  nitric  acid  is  the  ammonia  produced  during  the  decay  of 
mtrogenous  matten.  The  presence  of  bases  appears  to  have  a  remarkable  ten- 
dauCT  to  increase  the  production  of  the  acid.  It  has  been  asserted  that  the  ammonia 
which  is  produced  suffers  partial  oxidation,  the  acid  formed  uniting  with  the  undeoom- 
posed  ammonia  to  form  ike  nitrate  of  that  alkali.  On  the  other  hand,  it  has  been 
argued  that  the  ammonia  does  not  sul^  oxidation,  but  that  the  nitrogen  produced  during 
the  decay  of  organic  matter  combines,  at  the  instant  of  its  liberation  with  oxygen,  to 
form  nitric  add,  which  unites  with  the  bases  present.  Nitrate  of  ammonia,  no  matter 
how  formed,  snl^rs  double  decomposition  in  presence  of  the  carbonates  of  the  alka- 
line earths,  the  result  being  the  production  of  the  nitrates  of  lime  and  magnesia.  It  is 
owing  to  the  presence  of  the  two  latter  salts  in  the  crude  liquor  obtained  by  lixiviating 
nitrifled  earth,  that  the  addition  of  carbonate  of  potash  is  so  important,  and  causes  so 
great  an  increase  in  the  produce  of  nitre.  It  has  been  insisted  by  some  observera 
that  the  presence  of  nitrogenous  organic  matters  is  not  essential  to  the  production  of 
nitre.  In  support  of  this,  it  has  been  shown  that  large  quantities  of  nitrates  are  often 
found  where  little  or  no  organic  matters  are  present.  This  has  been  explained  by 
assuminff  that  porous  bodies  have  the  power  of  absorbing  water,  oxygen,  and  nitangen, 
and  produdng  nitric  acid  from  them.  But  it  is  evident  that  other  forces  exist  cap- 
able of  indndng  the  oxidation  of  atmospheric  nitrogen.  It  has  been  experimentally 
demonstrated  tint  nitric  add  is  produced  during  the  discharge  of  atmospheric  dectn- 
dty.  It  is  also  probable  that  ozone  plays  an  important  part  in  the  phenomena  of 
nitrification.  Perhaps  most  of  the  chemists  v^o  have  investigated  the  subject,  have 
been  too  anxious  to  assign  the  formation  of  nitre  to  one  particular  cause,  whereas,  the 
phenomena  which  have  been  noticed  by  different  observers  are  in  fiivouT  of  the  idea 
that  several  agendes  are  at  woric  during  the  production  of  nitrates  in  the  earth  and  in 
artificial  nitre-beds. 

During  the  time  that  France  was  fighting  single-handed  against  the  rest  of  Burope, 
great  difficulty  was  found  in  obtaining  sufScient  nitre  for  the  production  of  the  vast 
amount  of  gunpowder  necessary  to  enable  her  artillery  to  be  emotively  supplied  with 
ammunition.    This  led  the  French  chemists  to  establish-  artificial  nitre-beds  in  various 
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part*  of  tho  contttry.  The  soecess  of  the  procesi  ma;  be  judged  of  £ram  tlie  fiuit  that 
they  yielded  2,000  tons  aDnoally. 

Nitze  ciyat^ses  in  colonrless  six-8ided  pmmf .  The  ciystals  are  anhydions ;  large 
specimens  vhen  broken,  howerer,  generally  tsbov  the  presence  of  n  little  moisture 
mechanically  adhering  to  the  interstices.  U  wanted  in  fine  powder,  it  must  therefore 
be  first  coarsely  bruised,  and  then  dried,  after  which  it  may  be  finely  pulverised  and 
■ifted. 

By  the  careful  application  of  heat,  nitrate  of  j)otaah  may  be  melted  without  under- 
going any  decomposition  or  loss  of  weight.  But  if  the  heat  be  raised  to  redness,  it 
begins  to  decompose,  the  degree  to  which  tho  change  takes  place  depending  on  the 
amount  of  heat  and  the  time  of  exposure.  By  carefUlly  heating,  for  some  time,  a 
large  quantity  of  nitrite  of  potash  is  formed,  oxygen  gas  being  erolved.  If  the  heat 
be  raised,  or  the  exposure  to  a  high  temperature  be  continued,  a  large  quanti^  of 
nitrogen  accompanies  the  oxygen,  and  the  nitre  becomes  more  and  more  changed, 
imtil  finally,  a  mixture  of  potash  with  peroxide  of  potassium  is  attained.  If  copper 
filings,  clipping,  or  shreds  be  mixed  with  the  nitre,  the  decomposition  proceeds  much 
more  readily,  and  Wohler  has  prc^osed  to  prepare  pure  potash  by  this  means.  At 
high  temperatures  nitre  is  a  potent  agent  of  oxidation,  so  much  so,  that  the  diamond 
itself  is  attacked  and  couTerced  into  carbonic  add,  which  unites  with  the  potash. 
Crystallised  boron,  which  is  said  to  equal  if  not  exceed  the  diamond  in  hardness,  is 
not  attacked  by  tnaed  nitre.  The  oxidising  power  of  nitre  is  made  use  of  in  the  arts 
in  order  to  obtain  bichromate  of  potash  firom  chrome  iron  ore. 

Nitrate  of  potarii  is  sometimes  used  as  a  source  of  nitric  add,  but  nitrate  of  soda  is 
in  every  way  mcne  economical.  This  will  be  evident  when  it  is  considered  that  it 
takes  101  partsof  nitrate  of  potash  to  yield  oneequiralent  of  d^nitrioadd(e4  parts), 
whereas  85  parts  of  nitrate  of  soda  yield  the  same  amount  of  acid.    See  Nrrnio  Acu>. 

Nitrate  of  potash  is  employed  in  blow-pipe  experiments,  in  order  to  assist  in  the 
production  of  the  green  reaction  characteristic  of  the  presence  of  manganese.  It 
often  happens  where  the  quantity  of  manganese  is  exceedingly  small,  as  in  rose 
qaaits,  that  the  green  coloration  with  soda  on  platinum  foil  cannot  be  obtained  ;  if, 
howeTor,  a  little  nitre  be  added,  and  the  testing  be  repeated,  the  reaction  generally 
sppears  without  any  trouble. 

Nitrate  of  potash  is  greatly  employed  in  the  preparatwu  of  pyrotechnic  mixtoies. 
It  ought  always  to  be  wdl  dried  and  reduced  to  fine  powder  before  being  used. 

Nitre  is  not  unirequently  employed  by  the  chemist  for  determining  the  percentage 
of  sulphur  in  coal.  For  this  purpose  the  coal,  reduced  to  fine  powder,  is  mixed  with 
nitre  and  carbonate  of  soda,  and  projected  by  small  portions  into  a  direr  crudble, 
maintained  at  a  red  heat.  A  platinnm  crudble  must  not  be  employed,  as  it  is  attacked 
by  nitre  in  a  state  of  fusion.  The  sulphur  in  the  coal  is  conrerted,  by  the  oxidising 
agency  of  the  nitre,  into  sulphuric  add ;  the  latter  can  then  be  converted  into  sulphate 
of  boi^rta,  and  the  percentage  of  sulphur  ascertained  from  its  weight. 

Eitmaiioii  qfthe  Value  ^  Nitre. — A  great  number  of  processes  hare  been  devised 
fat  the  determination  of  tiie  percentage  of  pure  nitrate  of  potash  in  samples  of  the 
crude  salt.  All  these  procesaes  are  more  or  less  incorrect,  and  a  really  accurate  mode 
of  determining  the  value  of  nitre  has  long  been  felt  as  a  want  by  chemists.  This 
want  has  been  supplied  by  Hessrs.  Abel  and  Blnxam  of  the  Woolwich  Arsenal,  who 
have  devoted  mucn  labour  and  skill  to  the  subject  Before  detailing  the  sucoessftil 
proccM  of  the  latter  chemists,  we  will  take  a  bri^  glance  at  the  other  methods  com* 
monly  used  for  the  purpose.  The  French  process  depends  upon  the  prindftle  that 
»  solution,  when  saturated  with  one  salt,  is  ^1  capable  of  dissolving  a  considerable 
quantity  of  saline  matter  diffiring  in  its  nature  fnnn  the  first.  If,  therefore,  a  satu- 
rated solution  of  nitre  be  poured  upon  pure  nitre,  no  more  is  dissolved  if  the  tempera- 
ture remains  the  same  as  it  was  wnen  the  original  solution  was  prepared.  But  if,  on 
the  other  hand,  the  saturated  solution  of  nitre  be  digested  with  an  impure  sample  con- 
taining the  chlorides  of  sodium,  potassium,  &c.,  the  latter  salts  will  be  dissolved,  and 
the  pure  nitre  remaining  can,  after  proper  draining,  &&,  be  dried  and  weighed.  The 
loss  of  weight  obviously  represents  the  impurities  removed.  This  process  is  sulgeot 
to  so  many  sources  of  error  that  the  practical  details  need  not  be  entered  inta 

Another  mode  of  valuing  nitre  condsts  in  fusing  the  salt,  and,  aiter  cooling,  break- 
ing the  cake :  the  fineness  or  ooarseness  and  general  characters  of  the  fracture  are  tiie 
means  whereby  the  greater  or  less  value  of  the  salt  are  ascertained.  This  process, 
which  is  known  as  the  Swedish  or  Swarti^s  method,  is  &r  too  dependent  on  the  indi- 
vidual experience  and  dexterity  of  the  operator  to  be  of  any  value  in  the  hands  of  the 
chemist  whose  attention  is  only  now  and  then  directed  to  the  valuation  of  saltpetre. 
Moreover,  although  those  who  are  in  the  habit  of  udng  it  possess  some  confidence  in 
its  correctness,  it  is  quite  evident  that  it  is  impossible  for  such  an  operation  to  yield 
xesnlts  of  analytical  accuracy. 
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^e  Aostmn  method  has  also  been  need  by  aome,  but  it  ia  quite  inadmiiaible  aa  & 
general  working  process.  It  consists  in  ascertaining  the  temperature  at  which  the 
bolution  ciTStalBses. 

Qossart's  method  consists  in  determining  the  value  of  the  nitre  oy  measuring  its 
power  of  oxidation.  The  latter  is  accomplished  by  finding  the  quantity  of  protoxide 
of  iron  which  it  can  couTert  into  peroxide.  If  to  an  acid  solution  of  protosnlphata 
of  iron  nitric  acid  or  a  nitrate  be  added,  the  proto  is  conrerted  into  a  persalt  at  the 
expense  of  a  portion  of  the  oxygen  of  the  nitric  acid. 

H.  Felooze  endeavoured  to  improve  the  above  process  by  using  such  an  excess  of 
the  protosalt  of  iron  that  the  nitre  added  should  be  able  to  convert  only  a  portion  of 
it  into  a  persalt  The  remaining  protoxide  was  then  converted  into  persalt  by 
means '  of  a  solution  of  permanganate  of  potash  of  known  strength.  The  data  so 
obtained  enabled  the  value  of  the  nitre  to  be  estimated.  But  even  this  process  is  liable 
to  variations,  so  much  so,  indeed,  that  Messrs.  Abel  and  Bloxam  obtained  in  eleven 
experiments  made  with  pure  nitre  as  many  different  results. 

The  next  jirocess  which  we  shall  notice  is  that  which  the  chemists  generally  have 
settled  upon  ns  yielding  the  best  results.  It  is  that  of  M.  Oay-Lussac  It  depends 
on  the  fact  that  if  nitrate  of  potash  be  heated  with  charcoal,  or,  in  faft,  any  carbona- 
ceous matters  in  excess,  the  nitrate  is  converted  into  carbonate  of  potash,  the  amount 
of  which  may  be  accurately  estimated  by  means  of  a  standard  solution  of  sulphuric 
acid.  The  chlorides  which  may  be  present  are  unacted  upon  by  the  charcoal,  ajid  do 
not,  therefore,  infiuence  the  result ;  but  if  sulphates  be  present,  they  are  reduced  by 
the  carbon  to  sulphides,  which,  in  consequence  of  being  decomposed  by  the  sulpburio 
acid,  may  cause  serious  errors.  Fortunately  the  amount  of  sulphuric  acid  present 
in  nitre  is  seldom  sufficient  to  cause  any  great  error.  Any  nitrate  of  soda  present 
would  come  out  in  the  final  result  as  nioate  of  potash,  and  thus  become  another 
sonrce  of  error;  in  practice  this  is  seldom  likely  to  occur.  The  original  process  con- 
sists  in  weighing  out  20  grammes  (308-69  grains)  of  crude  saltpetre,  and  mixing  it 
with  6  grammes  (77'17  grains)  of  charcoal,  and  80  grammes  (1234*7  grains)  of 
chloride  of  sodium.  The  mixtnre  is  thrown  little  by  little  into  a  red-hot  cmcibleb 
and,  when  the  decomposition  is  over,  allowed  to  cool.  The  residual  mass  is  dissolved 
in  water,  filtered,  and  water  passed  through  the  filter  until  it  amounts  to  200  cubic  cen- 
timeters (12'2  cubic  inches).  The  amount  of  alkali  is  then  ascertained  with  a  burette 
and  standard  sulphuric  add.  (See  Auuuiixteb.)  Messrs.  Abel  and  Bloxham  have 
minntely  and  laboriously  studied  this  operation,  and  detected  its  sources  of  difficulty 
and  error.    Their  researches  have  led  them  to  employ  the  following  modification : — 

Twenty  grains  of  the  sample  are  to  be  well  mixed  in  a  platinum  crucible  with  80 
grains  of  flne^-powdered  rosm  and  80  grains  of  pure  dry  common  salt.  The  heat  of 
a  wire-gauce  name  is  then  applied,  until  no  more  vapour  is  given  off!  The  crucible  is 
then  allowed  to  cool  down  a  little,  and  26  grains  of  chlorate  of  potash  are  added,  A 
gentle  heat  is  then  applied  until  moet  of  the  chlorate  is  decomposed  ;  the  heat  is  then 
raised  to  bright  redness  for  two  or  three  minutes.  The  mass  should  be  fluid,  and  free 
from  floating  charcoal.  The  mass,  when  cool,  is  removed  to  a  funnel,  and  the 
emeible,  &e.,  washed  with  boiling  water.  The  mass  is  then  dissolved  in  hot  water,  and 
the  entire  solution,  coloured  by  litmus,  is  neutralised  with  the-  standard  add.  Ia 
the  annexed  table  30  grains  of  pore  nitre  were  taken  for  each  experiment : — 


Exp. 

Mitre  toond 

. 

Nitre  per  cent. 

1       . 

.    20-00 

.    100-00 

a    . 

.    20-00 

.    100-00 

3     . 

.    19-07 

.      99-85 

4      . 

.    19-97 

.      99-80 

6      . 

.    20-08 

.    100-40 

6      . 

.    20-08 

.    100-40 

7      .       . 

.    20-08 

• 

.    100-40 

These  chemists,  not  yet  satisfied,  made  63  more  experiments  by  this  method.  The 
mean  result  with  pure  nitre  was  99'7  per  cent.  The  mean  of  26  of  the  above  experi- 
ments was  98-7  per  cent    The  mean  of  the  remainder  was  100-7. 

Subsequent  experiments  showed  that  greater  accuracy  mij^t  be  obtained  by  substi- 
tuting, for  the  resin,  pure  ignited  finely-divided  graphite,  prepared  by  Professor  Bndie's 
patented  process.  To  pecform'the  process,  20  grains  of  the  nitre  ore  to  be  mixed 
with  6  grains  of  ignited  graphite  and  80  grains  of  ^It  The  general  process  is  con- 
ducted in  the  manner  described  in  the  operation  with  resin.  The  results  are  very 
exact  and  apparently  quite  sufBcient  for  lul  practical  purposes. 

>OTABH,  mXIUXa  or.  EO.NO«(XWO').  men  ordinary  saltpetre,  or  nitrate 
of  potash,  ia  heated  with  sulphuric  add,  in  the  cold,  no  special  reaction  beooinw  eft* 
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dent,  as  far  as  any  tTolution  of  gas  is  concerned ;  bat  if,  prerions  to  the  addition  of  &e 
acid,  the  nitre  be  strongly  fiised,  it  will  be  fonnd,  as  soon  as  the  admixtnre  takes 
place,  that  red  fiimes  are  erolred.  This  arises  from  the  fact,  that  nitrate  of  potash, 
when  snbjected  to  strong  ignition,  is  decomposed  with  evolution  of  osygen,  the  nibate 
becoming  gradually  oonTerted  into  the  nitnte  of  potash,  thns : — 

KOj;o>-soNO'+20.  (aswo'-asvo'-i-o'X 

This  reaction  aoqnires  great  interest  from  the  circnmstaooe,  that  to  its  correct 
explanation  was  owing  the  commencement  of  the  fame  of  the  illustrious  Swedish 
chemist  Scheele.  A  pharmaceutist,  at  Upsala,  having  heated  some  saltpetre  to  redness 
in  a  crucible,  happened,  when  it  became  cold,  to  poor  vinegar  over  it,  when,'  ta  his 
surprise,  red  fumes  were  evolved.  Oahn  was  applied  to  for  an  explanation;  but, 
inable  to  comprehend  the  matter,  he  applied  to  Bergmann ;  but  even  he  was  as  much  in 
the  dark  as  Gahn.  The  explanation  which  these  eminent  chemists  were  unable  to 
give  was  supplied  by  the  pharmaceutist's  apprentice^  the  young  Scheele.  Bergmann, 
when  informed  by  Gahn  of  Scheele's  exidanatioo,  felt  a  strong  desire  to  nu^  hi* 
acquaintance,  and  ultimately  they  were  introduced  to  each  other. 

Nitrite  of  potash  has  acquired  some  importance  of  late  years,  owing  to  the  valnaUe 
properties,  as  a  decomposing  agent,  which  have  been  found  by  chemists  to  reads  in 
nitrons  acid. 

Preparation. — Nitrate  of  potash  is  to  be  fitsed  at  a  red  heat  tor  a  ooosiderable  time. 
When  cold,  the  contents  of  the  crucible  are  to  be  dissolved  out  with  boiling  water, 
and  the  nitrate  of  potash  remaining  is  to  be  removed  as  &r  as  possible  by  crystallisa- 
tion. The  nitrite  of  potash  may  be  obtained  from  the  mother-liquor  by  evaporation 
and  subsequent  crystaUisation.  It  is  a  neutral  salt  which  deliquesces  on  exposure  to 
the  air.  If  a  piece  of  strongly-fused  nitre  be  put,  when  cold,  into  a  solution  of  sul- 
phate of  cop^r,  a  very  beautiful  apple-green  colour  is  produced,  of  a  tint  which  is 
seldom  observed,  except  in  solutions  conCsining  the  nitrite  of  that  metal. 

POT  ABB,  ntvaaXATS  or.  ferrea/tmidt  offotauimai  or  Ydlam  pnuriaie  of 
potaak.    K<FeCy*  +  8H0  (XVeOj*  -••  SXH>> 

This  salt  occurs  in  a  state  of  gnat  ptirity  in  oommatoe,  and  is  thus  manufiutmed 
on  the  large  scale : — 

Among  the  animal  substances  used  for  the  preparation  of  this  lixivium,  blood 
deserves  the  preference,  where  it  can  be  had  cheap  enough.  It  must  be  evaporated 
to  perfect  dryness,  reduced  to  powder,  and  sifted.  Hoofs,  parings  of  horns,  hides,  old 
woollen  la^  and  other  animal  ofEds,  are,  however,  generally  had  recourse  to,  as 
condensing  most  azotised  matter  in  the  smallest  bidk.  Dried  funguses  have  been 
also  prescribed.  These  animal-matters  may  either  be  first  carbonised  in  cast-iron 
cylinders,  and  the  residual  charcoal  may  then  be  taken  for  making  the  ferropmssiate ; 
or  the  iij  animal-matters  may  be  directly  employed.  The  latter  process  is  apt  to  be 
exceedingly  offensive  to  the  workmen  and  neighbourhood,  from  the  nauseous  vapours 
that  are  exhaled  in  it.  Eight  pounds  of  horn  (hoofs),  or  ten  pounds  of  dry  blood, 
affintd  upon  an  average  one  pound  of  charcoal.  This  must  be  mixed  well  with  good 
pearlash,  (freed  previously  from  most  of  the  sulphate  of  potlish,  with  which  it  is  always 
contaminated,)  either  in  the  dry  way,  or  by  soaking  the  iWsed  charcoal  with  a 
strong  Bolntion  of  the  alkali :  the  proportion  being  one  part  of  carbonate  of  potash 
to  from  1  i  to  2  parts  of  charcoal,  or  to  about  8  parts  of  hard  animal-matter. 

The  pot  for  calcining  -  the  mixture  of  animal  and  alkaline  matter  is  egg-shaped,  as 
Mpresented  at  a.  Jiff.  1636,  and  is  considerably  narrowed  at>  the  aeck  «,  to  facilitate 

the  closing  of  the  mouth  with  a  lid  i.  It 
is  made  of  cast  iron,  about  two  inches  thick 
in  the  belly  and  bottom ;  this  strength  being 
requisite  becanse  the  chemical  adjon  ^ 
the  material*  wears  the  metals  away  fast. 
It  should  be  built  into  the  furnace  in  a 
direction  sloping  downwards,  (more  than 
is  shown  in  the  figure,)  and  have  a  strong 
knob  b,  projecting  fkom  its  bottom  to  snp* 
port  it  upon  the  bade  wall,  while  'its 
shoulder  is  embraced  at  the  arms  c,  e,  by 
the  brickwtnlc  in  front.  The  interior  of 
the  furnace  is  so  formed  as  to  leave  but 
a  space  of  a  few  inches  round  the  pot,  in 
order  to  make  the  flame  play  closely  over 
its  whole  surface.  The  fire-door/,  and  the 
dnnght-hole,  r,  of  the  aah-pit,  are  placed  in  di«  posterior  part  of  the  furnace,  in  ordev 
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that  the  waAxaea  may  not  be  incommoded  by  the  heat.  Tlie  smoke-Tent  o,  issnet 
thiopgh  the  arched  top,  b,  of  the  flumace,  towards  the  front,  and  is  thence  led  baek- 
waids  by  a  floe  to  the  main  chimney  of  the  &ctory.  <f  ia  an  iron  or  stone  shelf, 
inserted  before  the  month  of  the  pot,  to  pierent  loss  in  shorelling  oat  the  semi-liquid 
paste.    The  pot  may  behalf  flUed  with  the  materials. 

The  calcining  process  is  different,  according  as  the  animal  snbstaacfs  are  £resh  or 
carboaiMd.  In  tiie  first  case,  the  pot  mnst  remain  opes,  to  allow  of  diligent  stirring 
of  its  emtents,  with  a  xlightly  bent  flat  iron  bar  or  scoop,  and  of  introdaaag  more  <« 
the  miztnie  as  the  intumescence  subsides,  during  a  period  of  five  or  six  hours,  till  the 
naaseons  vapoors  cease  to  rise,  till  the  flame  becomes  smaller  and  brighter,  and  till  a 
smell  of  ammonia  be  perceived.  At  this  time  the  heat  should  be  increased,  the  mouth 
of  the  pot  shonld  be  shut,  and  opened  only  ooce  eveiy  half-hour,  for  the  purpose  of 
TaraiMng  the  mass  with  the  iron  paddle.  When  on  (^ning  the  mouth  of  the  pot,  and 
stirring  the  past^  mixture,  no  more  flame  rises,  the  process  is  finished. 

If  the  animal  ingredients  aro  employed  in  a  catbonised  state,  the  pot  mnst  be  shnt 
••  soon  as  its  contents  are  brou^t  to  ignition  by  a  briskly-nrged  fire,  and  c^ned  foi 
a  few  seconds  only  every  quarter  of  an  hour,  during  tiie  action  of  stirring.  At  first,  a 
body  of  flamo  bursts  forth  every  time  that  the  lid  is  removed;  but  by  di^reea  this 
ceases,  and  the  mixture  soon  agglomerates,  and  llien  softens  into  a  paste.  7%ongh  the 
fire  be  steadily  kept  up,  the  £me  becomes  less  and  lees  each  time  that  the  pot  is 
opened ;  and  when  it  ceases,  the  process  is  at  an  end.  The  operation,  with  a  mass  of 
60  pounds  of  charcoal  and  60  jtounds  of  purified  pearlash,  lasts  about  12  hours  the 
first  time  that  the  fhmace  is  kindled ;  but  when  the  pot  has  been  previonsly  brought 
to  a  state  of  ignition,  it  takes  only  7  or  8  hours.  In  a  well-appointed  factory  the 
fire  should  be  invariably  maintained  at  the  proper  ptch,  and  the  pots  should  be  worked 
with  rolays  of  operatiTea. 

The  molten  mass  is  now  to  be  scooped  out  with  an  appropriate  iron  shovel,  having 
a  long  shank,  and  caused  to  cool  in  small  portions,  as  quickly  as  ^nssible  ;  but  not 
by  throwing  it  into  water,  as  has  sometimes  been  prescribed,  for  in  this  way  a  good 
deal  of  the  cyanogen  is  converted  into  ammonia.  If  it  be  heaped  up  and  kept  hot  in 
contact  with  air,  some  of  the  ferrocyanide  is  also  decomposed,  with  diminution  of 
the  product.  The  crude  mass  is  to  be  then  put  into  a  pan  with  cold  water,  dissolved 
by  the  application  of  a  moderate  heat,  and  filtered  through  cloths.  The  charcoal 
which  remains  upon  the  filter  possesses  the  properties  of  decolouring  syrups,  vinegars, 
&C.,  and  <^  destroying  smells  ia  a  pre-eminent  degree.  It  maj  alsp  serve,  when  mixed 
with  fresh  animal-charcoal,  fbr  another  calcining  operation. 

As  the  iron  zeqnisite  for  ti)e  formation  of  the  ferrocyanide  is  in  general  derived 
ficom  the  sides  of  the  pot,  this  is  apt  to  wear  out  into  holes,  espeeially  at  its  under  side, 
where  the  heat  is  greatest.  In  this  event  it  may  be  taken  out  of  the  furnace, 
TOtched  up  with  iron-rust  cement,  and  reinserted  with  the  sound  side  undermost. 
The  eroeion  of  the  pot  may  be  obviated  in  some  measure  by  mixing  iron  borings  or 
cinder  with  the  other  materials,  to  the  amount  of  one  or  two  hundredths  of  the  potash. 

The  above  lixivium  is  not  a  solution  of  puro  ferropniasiate ;  it  contains  not  a  little 
cyanide  of  potassium,  which  in  the  course  of  the  proeess  had  not  absorbed  the  proper 
dose  of  iron  to  form  a  ferroqranide ;  it  contains  also  mon  or  less  carbonate  of  potash, 
with  phosphate,  sulphate,  hydrogenated  sulphuret,  muriate,  and  sulpho-cyanide  of  the 
same  base,  as  well  as  phosphate  of  lime ;  substances  derived  partly  fhxn  the  impun 
potash,  and  partly  from  the  incinerated  animal-matters.  Formerly  that  very  complex 
impure  solution  was  employed  directly  fur  the  precipitation  of  prussian  blue ;  but 
now,  in  all  well-regulated  works,  it  is  converted  by  evaporation  and  cooling  into 
crystallised  ferroprossiate  of  potash.  The  mother-water  is  a^n  evaporated  and 
crystallised,  wheroby  a  somewhat  inferior  ferroprussiate  is  obtained.  Before  evapo- 
rating the  lye,  however,  it  is  advisable  to  add  as  much  solution  of  groen  sulphate  of 
iron  to  it  as  will  re-dissolve  the  white  precipitate  of  cyanide  of  iron  which  first  falls, 
and  thereby  convert  the  cyanide  of  potassium,  which  is  present  in  the  liquor,  into 
ferrocyanide  of  potassium.  The  commercial  pmssiate  of  potash  may  be  rondered 
dunnically  pure  by  making  its  crystals  efBoresce  in  a  stove,  fusing  them  with  a  gentle 
heat  in  a  glass  retort,  dissolving  the  mass  in  water,  neutralising  any  carbonate  and 
cyanide  of  potassium  that  may  be  present,  with  acetic  acid,  then  precipitating  the  ferro- 
pmssiate  (^  potash  by  the  addition  of  a  sufficient  quantity  of  alcohol,  and  finally 
dystallising  the  precipitated  salt  twice  over  in  water.  The  sulphate  of  potash  may 
be  decomposed  by  acetate  of  baryta,  and  the  resulting  acetate  of  potash  removed  by 
alcohol. 

JBerri/a  Patent  Prectu. — Beduce  charcoal  into  bits  of  the  size  of  a  walnut ;  soak  them 
with  a  solution  of  carbonate  of  potash  in  urine,  and  then  pour  over  them  a  solution  of 
nitrate  or  acetate  of  iron ;  dry  the  whole  by  a  moderate  heat,  and  introduce  them  into 
the  cast-iron  tubes,  presently  to  be  described.    The  following  proportions  of  consti< 
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tnents  have  been  found  to  answer:— Ordinary  potash,  80  parts;  nitre,  10;  acetate  of 
iron,  15 ;  charcoal  or  coke,  45  to  6S ;  dried  blood,  SO.  The  materials,  mixed  and  dried, 
are  put  into  retorts  similar  to  those  for  coal-gas.  The  animal-matter,  however  (the 
blood]^  is  placed  in  separate  compartments  or  pipes  connected  with  the  abore  retorts. 
The  pipes  containing  the  animal-matter  should  be  brought  to  a  red  heat  before  any 
fire  is  placed  under  the  retorts. 

In  Jig.  16S7,  abod,  is  a  horizontal  section  of  a  furnace  constructed  to  receire  four 
elliptical  iron  pipes.  The  ftimace  is  arched  in  the  part  ab,  in  order  to  reTerberate 
the  heat,  and  oriTe  it  'back  on  the  pipes  w,  V,  w",  tt".  These  pipes  are  placed  on 
the  plane  bf,  of  the  ellipsoid,  a  a,  represents  the  grating  or  ban  of  the  furnace  to  bs 
heated  with  coal  or  coke ;  ii  (Jig.  1638),  is  the  pot  or  retort 

This  pot  or  retort  is  placed  in  a  separate  compartment,  as  seen  in  jig,  1638,  which 
is  a  vertical  section,  taken  through  fig.  1610  at  the  line  o,  e.  x  is  a  connactii^  tube 
from  the  retort  and  the  elliptical  pipes  v. 

In  the  section,  fy.  1639,  the  sliape  of  the  tube  k  will  be  better  seen ;  also  its  coda) 
«,  and  likewise  its  connection  with  tlie  pipes  w,  {,  {fig,  1638)  is  a  safetj^TidTei  «,  tlM 

16S7 


1619 


corer  of  the  pot  or  retort ;  i,  is  the  ash-pit ;  and  b,  the  door  of  the  flimaoe ;  x,  is  an 
open  space,  roofed  over,  or  a  kind  of  shed,  close  to  the  furnace,  and  under  it  the  pipes 
are  emptied  ;  m,  an  inclined  plane  behind  the  fire-bars. 

The  arrows  indicate  the  direction  of  the  current  of  heat.  This  cnrrent  traverses 
the  intervals  left  between  the  pipes,  and  ascends  behind  them,  passing  through  the 
aperture  j',  in  the  brickwork,  which  is  provided  with  a  valve  or  damper,  for  closing  it, 
as  required.  The  heat  passes  through  tbis  aperture,  and  strikes  against  the  sides  of 
the  pot  when  the  valve  is  open.  Another  valve,/,  g,  must  also  be  open  to  expose  the 
pot  or  retort  to  the  direct  action  of  the  fire.  The  smoke  escapes  by  a  lateral  passage 
into  a  chimney,  v. 

It  must  be  remarked  that  there  is  a  direct  communication  between  the  chimn^  and 
that  compartment  of  the  furnace  which  contains  the  pipes,  so  that  the  heat,  reflected 
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Aom  Um  part  t,  strikes  on  the  pot  or  retort  only  irhon  the  pipes  ▼,  -w ,  ti",  yr"',  ar« 
snffldeDtly  heated. 

In.^.  16S9  are  represented  the  jnnction-tiibes,  which  connect  the  fonr  pipes  with 
their  gss-bnrneis,  s,  z,  and  the  cocks  mm',  r,  r,  fig.  1640,  are  corers,  closing  the  pipes, 
and  having  holes  formed  in  them ;  these  holes  are  shnt  b^  the  stoppers  e. 

WbeUier  the  pipes  are  placed  in  the  vertical  or  horizontal  position,  it  is  always 
proper  to  be  able  to  change  the  direction  of  the  current  of  gas ;  this  is  wsily  done  by 
closing,  during  one  hour  (if  the  operation  is  to  last  two  hours),  the  cocks  «,  ml  {fig. 
16S9),  and  openiot;  those, «',  m  \  then  the  gas  passes  through  u',  into  the  branch  K,  and 
entering  w"',  passes  through  ▼  into  V ,  throngh  g  into  w*,  and  tlirough  2nd  g  into  yi, 
and  flnaily  etcspes  by  the  bomer  z.  During  the  following  or  other  hour,  the  cocks 
t^,  m,  must  be  closed ;  the  cocks  «,  m',  being  opened,  the  current  then  goes  team.  «, 
into  K,  w,  V,  V,  V",  and  escapes  by  the  burner  s*,  where  it  may  be  ignited. 

The  changing  of  the  direction  of  the  current  dispenses,  to  a  certain  degree,  with  the 
labour  required  &r  stirring  with  a  spatula  the  matters  contained  in  the  pipes ;  never- 
thelese,  it  is  necessaiy,  from  time  to  time,  to  pass  an  iron  rod  or  poker  amongst  the 
substances  contained  in  the  pipes.  It  is  for  this  purpose  that  apertures  are  formed,  so 
as  to  be  easily  opened  and  dosed. 

The  patentee  remarks,  that  although  this  opetataon  is  only  described  with  reference 
to  potash,  for  obtaining  pmssiate  of  potash,  it  is  evident  that  the  same  process  is 
applicable  to  soda;  and  when  the  above-mentioned  ingredients  are  employed,  soda 
bijing  substituted  fbr  potash,  the  result  will  be  pmssiate  of  soda. 

The  process  employed  in  the  manufacture  of  ferrocyanide  of  potassium,  by  Hoffinayr 
and  Frukner,  is  as  follows : — The  potash  must  be  free  &om  sulphate,  for  each  atom  <^ 
sulphur  destroys  an  atom  of  the  cyanide  of  potassium.  A  very  strong  heat  is  advan- 
tageous. The  addition  of  from  1  to  3  per  cent,  of  saltpetre  is  usefol,  when  the  mass 
is  too  long  in  i^ng.  A  reverberatory  furnace  is  recommended ;  but  the  flame  must 
not  beat  loo  much  upon  the  materials  for  fear  of  oxidising  them.  When  the  smoky 
red  flame  ceases,  it  is  nsafnl  to  throw  in  &om  time  to  time  small  pactions  of  nncar- 
bonised  animal-matter,  particniarly  where  the  flame  first  beats  upon  the  mass,  whereby 
the  resulting  gases  prevent  oxidation  by  the  air.  The  animal-matters  should  not  be 
too  much  carbonised,  but  left  somewhat  brown-coloured,  provided  they  be  readily 
polveiised.  Of  uncarbonised  animal-matters,  the  proportions  may  be  100  parts  dried 
blood,  to  fimm  28  to  80  of  potash  (carbonate),  and  from  2  to  4  of  hammerslag 
(smithy  scales),  or  iron  filings.  2nd.  100  parts  of  horns  or  hoofs ;  itnxa.  38  to  36 
potash ;  2  to  4  iron.  3rd.  100  leather;  48  to  48  potash;  and  2  to  4  iron.  From 
blood,  8  to  9  per  cent,  of  the  pmssiate  are  obtained ;  from  horns,  9  to  10  ;  and  from 
leather,  5  to  6.  The  potash  should  be  mixed  in  coarse  particles,  like  peas,  with  the 
carbonised  animal-matter,  which  may  be  beat  done  in  a  revolving  pot,  containii^ 
cannon-balls.  Of  the  animal-charcoal  and  potash  equal  parts  may  be  taken,  except  wit£ 
that  from  leather,  which  requires  a  few  more  parts  of  potash  per  cent.  On  the  average, 
blood  and  hora-charcoal  should  afford  never  less  than  20  per  cent,  of  pmssiate,  nor  the 
leather  than  6 ;  bat  by  good  treatment  they  may  be  macle  to  yield,  the  first  25,  and 
the  last  from  10  to  11. 

POTABBi  vm  ntVSSX&TB  OTi  or  Fgrrvajoiade  of  poiasiium,  is  prepared 
by  passing  chlorine  ^  through  a  solution  of  the  ferrocyanide  of  potassium  imtil  it 
ceases  to  give  a  precipitate  of  Prussian  blue,  with  a  persalt  of  iron,  and  no  longer. 
Jto  formula  is  K'Fe'CV  {*.*WOy*). 

POTABBIVK  (^.  and  Fr. ;  Kalitttn,  Ger.)  Symb.  K\  At.vit.  89.  This  is  a 
metal  deeply  interesting,  not  only  from  its  own  properties,  but  from  its  having  been  the 
first  link  in  the  chain  of  discovery  which  conducted  Sir  H,  Davy  through  many  of  the 
formerly  mysterious  and  untrodden  labyrinths  of  chemistry.  It  is  the  metallic  base  of 
potash. 

The  easiest  mode  of  obtaining  this  elementary  snbstanen  is  that  contrived  by 
Brnnner.  Into  the  orifice  of  one  of  the  iron  bottles,  as  a,  fig,  1641,  in  which  mercury 
is  imported,  adapt,  by  screwing,  a  piece  of  gun-barrel  tube,  9  inches  long ;  having 
brazed  into  its  side,  about  three  inches  from  its  outer  end,  a  similar  piece  of  iron  tube. 
Fill  this  retort  two-thirds  with  a  mixture  of  ten  parts  of  cream  of  tartar,  previously 
calcined  in  a  covered  cradble,  and  1  of  charcoal,  both  in  powder ;  and  lay  it  hon- 
zontall^  in  an  lur  furnace,  so  that  while  the  screw  orifice  is  at  the  inside  wall,  the 
extremity  of  the  straight  or  nozzle-tube  may  project  a  few  inches  beyond  the  brick-  ' 
work,  and  the  tube  brazed  into  it  at  right  angles  may  descend  pretty  close  to  the 
outside  Wall,  so  as  to  dip  its  lower  end  a  quarter  of  an  inch  beneath  the  surface  of 
some  rectified  naphtha  contained  in  a  copper  bottle  surrounded  by  ice-cold  water.  By 
bringing  the  condenser  vessel  so  near  the  furnace,  the  tubes  along  which  thepotassium'^ 
vapour  requires  to  pass  run  less  risk  of  getting  obstructed.  The  horizontal  straight 
•nd  of  the  nozzle-tobe  shonld  be  f^ut  by  screwing  a  stopcock  ui-taghtinto  it«    Oy 
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opanhig  the  cock  moaiMiUrily,  and  thnwting  in  s  iMt  'win,  tkis  tabc  ataj  Ve  Maidil^ 
kept  iirae,  without  permitting  any  considerable  waste  of  potassinni.  The  heat  should 
be  slowly  applied  at  fint,  bnt  eventually  urged  to  whiteoats,  and  contuned  as  long  as 
potassuretted  hydrogen  continues  to  be  disengaged.  The  retort  and  the  part  of  the 
nozile-tube  exposed  to  the  fire  should  be  coTered  with  a  good  refraocoiy  lute,  aa 
described  under  the  article  Fios^obob.  The  joint*  must  he  perfectly  air-tight; 
and  the  ressel  &e«d  from  ereiy  taraos  of  menwy,  by  ignition,  befise  it  is  ohaiged 
'with  the  tartar«sh. 

Tartar  skilfully  treated  in  this  way  will  afibrd  3  per  sent  of  potaaaiuin ;  and  when 
it  is  obserred  to  send  forth  green  fumas,  it  has  •ommenesd  Uie  production  of  th» 
MStaL  Instead  of  the  eoasbmotion  abore  described,  the  fbllowing  form  of  aj^Muatoa 
nay  be  employed : — 

k,fig.  1641,  reprwent*  the  iron  bottle,  charged  with  the  inonerated  tartar ;  and  b 
is  a  ne-briek  support.  A  piece  of  fire-tile  should  also  be  placed  between  the  bottom  of 
the  bottle  and  the  back  wall  of  the  furnace,  to  keep  the  apparatus  steady  daring  tha 
operation.  Whenerer  the  moisture  is  expdled,  and  the  mass  faintly  ignited,  the  tube 
o  should  be  screwed  inte  the  mouth  of  the  bottle,  through  a  small  hiue  left  for  thia 
poTpose  in  the  side  of  the  furnace.  That  tube  should  be  no  loagm,  and  the  front 
wall  of  the  Aimaee  ne  thieksi^  than  what  is  absolotaly  neeeasaiy.  As  soon  as  the 
reditttion  is  indicated  by  the  emissioa  <A  green  vapouzs,  the  leoeiTer  li,  a,  s,  ■,  most  be 
adapted ;  this  is  shown  in  a  huge  scale  in^.  1642, 


1641 


4         tc 
1642 
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Thb  is  a  condenser,  in  two  pieces,  mads  of  thin  sheet  ct^tper :  s,  the  upper  part,  i* 
a  rectangular  box,  opea  at  bottom,  about  10  inches  high,  by  ft  or  6  long  and  2  wids ;' 
near  to  Uie  side  a,  it  is  divided  inside  into  two  equal  compartments,  up  to  two-tfairds 
nf  its  height,  by  a  partition,  h,  b,  in  order  to  make  the  'vapoars  that  issue  Itam  c  pursue 
a  do'wairard  and  circuitous  path.  In  each  of  its  narrow  sides,  near  the  to{i,  a  shoft 
tube  is  soldered,  at  d  and  a ;  the  former  being  fitted  air-tight  into  the  end  of  tiie  nonia 
of  the  retott,  while  the  latta^  is  cloaed  with  a  cork  tsBTerMd  by  a  stiff  iron  pobe,  «, 
which  passes  through  a  small  hole  in  the  partition  6,  h,  under  c,  and  is  employed  tot 
keep  the  tube  c  dear'  by  it*  driU-sbi^ed  steel  point.  In  one  of  the  broad  sids*  vi 
the  box  D,  near  the  top,  a  bit  of  pipe  is  soldered  on  at  o,  ibr  raeeiving  the  end  of  a 
brnt  glass  tube  of  safe^,  which  mps  its  other  and  lower  end  into  a  ^as*  containing 
naphuia.  ■,  is  the  bottom  copper  box,  'with  naphtha,  which  receives  pretty  closely  the 
upper  case,  n,  and  is  to  be  inmeiaed  in  a  (Sstem  of  cold  water,  containing  lumps  <^  ice. 

In  this  process,  carbonate  of  potash  is  obtained  by  calcination  of  the  tartar,  and  thia 
carbonate  is  then  decomposed  yj  the  carbon,  with  formation  of  carbonic  oxide  gas  and 
elimination  of  metallic  potassium.  For  details  of  the  process,  and  for  precautions  to 
he  observed,  see  Watla's  '  Dictionary  of  Chemistry.' 

Pure  potassium,  thus  procured,  or  by  Dnvy's  original  method,  by  acting  npoa 
fused  potash  under  a  film  of  naphtha,  with  the  negative  wire  of  a  powerftil  voltaio 
battery,  is  a  soft  metal,  which  can  be  cut,  like  irax,  -with  a  knife,  and  its  npwly-cut 
sur&ce  possesses  great  brilliancy.  It  is  fiuid  at  120°  F.  At  50°  it  is  nutlleable,  and 
)^  tba  lustra  of  polished  silver;  at  82°  it  is  brittle,  'with  a  crjvtalline  ftectoze;  and 
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at  ft  heat  a][^prMiduiig  to  lednsM,  it  begins  to  lioil,  is  Tolatilised,  and  convntad  into  a 
gTMn-ccdonnd  gas,  which  condenses  into  globoles  upon  the  surface  of  a  cold  bod^. 
Its  specific  gravity  \n  the  imrast  state  is  0-865  at  6u^  VThen  heated  in  the  ur,  it 
takes  fire,  and  bonis  very  vividly.  It  has  a  stronger  affinity  for  oxygen  than  any  other 
known  sabstaoce ;  and  is  hence  very  difficult  to  preserve  in  the  metallic  state.  At  a 
high  tsmparatnre  it  redoces  almost  every  ozygenised  body.  When  thrown  upon 
water,  it  HtmIIaii,  and  moves  about  violently  upon  the  saifoce,  linnung  with  a  violet 
flame,  till  it  be  eonsnmed ;  that  is  to  say,  converted  into  potash.  When  thrown  upon 
a  cake  of  ice,  it  likewise  kindles,  and  melts  a  hole  in  it.  If  a  globule  of  it  be  laid 
iq>on  wet  turmerio-papWi  it  takes  fire,  and  runs  about,  maiting  its  deaultoiy  paths 
with  red  lines.  The  iame  observed  in  these  cases  is  owing  chiefly  to  hydregen,  far  it 
is  at  the  expense  of  the  water  that  the  potassium  bums,  potassnietted  hydrogen  being 

fumed.  

TOTJkMMXaWi,  W9,9MnM  4NP.  A  componnd  resembling  iodide  of  potassium, 
and  prepared  by  similar  piooesses. 

VOTASSXraC,  OB&Oama  or.  This  salt  may  bo  obtained  £rom  sea- water  or 
from  kelp,  but  it  is  now  geaarally  prepared  by  washing  camallUe,  a  double  chloride 
of  potassium  and  magnesinm,  from  which  the  latter  chloride  is  readily  removed  by 
water.  Ohloride  of  potassium  occnis  among  the  Stassfurt  salts  as  a  distinct  mineral 
known  as  Sffhim.  See  GiJiK.uxiiB ;  Potash  ;  8n,viifE. 
POTASaXOM,  CTAKXSa  or.  See  Ctakibbs. 
rOTASSXUM,  nOBAXa  or.    See  FOTASE. 

wmJkMMXaWi,  lOBXSB  or.  iodide  of  potassium  is  nsnally  prepared  by 
digesting  2  parts  of  iodine,  and  1  port  of  pure  iron  filings,  in  10  parts  of  water,  tiU 
they  have  combined  to  &rm  a  solution  of  a  pale  green  colour,  iriueh  is  a  solution  of 
the  iodide  of  iron.  This  solution  is  decomposed  with  exactly  the  requisite  qnaDtit]r  of 
carbonate  of  potash,  and  iodide  of  potassium  is  held  in  solution,  ths  iron  salt  being 
^•cipitated.    The  iodide  is  then  oystallised  out. 

A  more  recent  process  consists  in  digesting  1  part  of  amorphoos  phosphoms  in  40 
ports  of  warm  water,  and  adding  20  of  dry  iodine.  To  Uie  solution,  carbonate  of 
baryta  is  first  added,  and  then  baiyta-water ;  Uie  phosphate  of  baryta  is  filtered  <dK 
and  the  solution  of  iodide  of  barium  treated  with  sulphate  of  potash,  %dien  iodide  of 
potassimn  and  sulfate  of  baryta  are  obtained. 

Iodide  of  potassium  is  much  used  in  photography  to  obtain  the  iodide  of  silver ;  and 
for  this  purpose  its  parity  is  of  great  importance.  The  iodide  of  potassium  of  commeice 
frequentljf  contains  carbonate  of  potash,  caustic  potash,  and  the  bromide  and  ehlofids 
of  potassium. 

rOTJkMMnm,  OXXBS  or.    See  PoTlSK 

rOTATO.  (Potrnne  de  tare,  Fr. ;  Kartoffei,  Oer.)  The  well-known  tubw  (under- 
gyevnd  stem)  of  the  Solanum  tuberotum. 

Many  methods  have  at  different  times  been  tried  for  preserving  potatoes  in  tm  un- 
dumgesble  state  and  always  ready  to  be  dressed  into  a  wholesome  and  nutritious  dish, 
but  none  with  such  success  as  the  plan  of  Mr.  Bownes  Sdwards,  for  which  he  obtained 
a  patent  in  August  1840.  The  potatoes,  being  first  dean-washed,  are  boiled  in  water 
or  steamed,  till  Uieir  skins  begin  to  crnck,  then  peeled,  f^eed  fircon  their  specks  and 
ey«s,  and  placed  in  an  iron  cylinder,  tinned  inside,  and  perforated  with  many  holes 
one-eighth  of-  an  inch  in  diameter.  The  potatoes  are  forced  lJuDugh  these  by  the 
pleasure  of  a  piston.  The  pulp  is  finally  dried  on  well-tinned  ^tes  of  copper, 
moderately  heated  by  steam,  into  a  gnnnlar  meal.  When  tliis  is  mixed  into  a  pulp 
with  hot  wfttor,  and  seasoned  with  milk,  Sec,  it  forms  a  very  agreeable  food,  liko 
fresh  masbed  potatoes.    See  Stasch. 

rOTATO-STASOK.    Engluh  Arromrooi.    See  Stabch. 
rOTATO-SVOAIk    SeeSooAB. 

rOTSTOVa,  or  Lapit  oUarit  (  Tbp/iteiN,  Oer.),  is  an  impure  variety  ot  steatite  used 
in  Germany  (or  ornamental  purposes.    See  Taxc. 

b.  A  metal  composed  of  lead  and  copper,  used  for  making  pots. 
OUk  Picked  lumps  of  the  sulphide  of  lead  (galena).  See  Lkad. 
'  and  roBOSKAnr  I  Eabthbkwabb,  Stonewaiib.  (EngL  and  7r. ; 
SteingiU,  Pandltm,  Oer.)  Th»  French  call  the  potter's  art  ciramiqtte,  from  the  Chreek 
noon  Kipa/ws,  an  earthen  pot,  or  burned  day.  In  reference  to  chemical  constitution, 
there  are  only  two  genera  of  ceramic  ware.  The  fl^  consista  of  a  fusible  earthy 
mixture,  along  with  an  infusible,  which,  when  combined,  are  susceptible  of  becoming 
semi -vitrified  and  translucent  in  the  kiln.  This  constitutes  true  porcelain  or  china- 
ware  ;  which  is  also  called  kard  and  genuine,  or  tender  and  ipurioiu,  according  to  the 
quality  and  quantity  of  the  fusible  ingredients.  The  tender  or  soft  porcelain  is  an 
earthy  body,  which  is  coveored  with  and  penetrated  bv  a  transparent  glaze.  The  second 
load  conssta  of  as  iafhsible  mixture  of  earths,  which  is.  zeftactory  in  the  kila  and 
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oontiiniM  opaque.  Thia  is  pottery,  piopsilyso  called;  but  it  compielieiide  seyenl 
rabspedes,  irhich  graduate  into  each  other  by  imperceptible  shadea  of  diffeiencs.  To 
thia  head  belong  earthenware,  stoneware, /i^mios,  delft-ware,  iron-stone  china,  jco. 

The  gla^  bridu  from  Babylon — the  enamelled  tiles  from  the  mined  cities  of  the 
Desert — ^and  the  glaced  coffins  from  those  Assyrian  cities  of  the  dead  discorered  by 
Mr.  Kennett  Loftos,  prare,  contrary  to  the  received  ideas,  that  the  earliest  attempts 
to  make  a  compact  earthenware,  with  a  painted  glase,  did  not  originate  with  the 
Arabians  in  Spain  about  the  ninth  ceatuiy ;  bat  it  is  certain  that  the  ait  passed  thenoe 
into  Hq'orca,  in  which  island  they  were  carried  on  with  no  little  success.  In  the 
14th  century,  these  articles,  and  the  art  of  imitating  them,  were  highly  prized  by  the 
Italians,  under  the  name  of  Hq'olica,  and  porcdlarta,  from  the  Portuguese  word  for  a 
cup.  The  first  manniSictory  of  this  ware  possessed  by  them  was  erected  at  Fsenza,  in 
the  ecclesiastical  States,  whence  the  Frendbi  termfoffenee  is  deriTed.  The  body  of  the 
ware  was  usually  a  red  clay,  and  the  glaze  was  opaque,  being  formed  of  the  oxides 
of  lead  and  tin,  tdong  with  potash  and  sand,  whidi  glaze  was  in  all  probabili^  the 
discovery  of  Lnca  della  Bobbia,  which  he  had  found  'after  experiments  isnnmerable.' 
Bernard  Palissy,  about  the  middle  of  the  16th  century,  manufactured  the  Palissy  ware 
— which  is  remarkable  for  its  beantiftil  glaze,  and  the  imitation  of  plants  and  animals 
— at  Saintes,  in  France ;  and  not  long  afterwards  the  Dutch  produced  a  similar  article, 
of  substantial  make,  under  the  name  of  Delit-ware,  but  destitute  of  those  graceful 
forms  and  paintings  for  which  the  ware  of  Faenza  was  distinguished. 

The  English  East  India  Company  was  formed  in  1600,  and  in  1631  they  imported 
China  ware  into  England.  The  Dutch,  however,  in  1686,  appear  to  have  traded  in 
this  true  porcelain.  There  was  naturally  a  deeire  to  imitate  this  beautiful  manu- 
facture. In  this  Bottcher  made  the  first  advance  in  1700 ;  although  it  is  now  known 
that  a  porcelain  of  soft  paste  was  made  at  Flcnenoe  as  early  as  1680.  Bottcher  was 
woi^g'in  the  laboratory  of  Tschimhaus,  an  alchemist,  at  Dresden,  and  it  is  stated  that 
some  crucibles  prepared  by  him  assumed  the  character  of  Chinese  porcelain.  Bottcher 
made  first  a  red  ware,  but  eventually,  bv  employing  white  clays  (AooKn)  which  were 
found  near  Schneeberg  in  the  Er^birge,  he  made  a  true  porcelain  at  Meissen. 
Eventually  the  manufacture  spread  to  Dresden,  Munich,  and  other  places,  and  the 
celebrated  Sivres  Pottery  was  established. 

In  England,  porcelain  appears  to  have  been  experimentally  maau&ctnred  atPnlham, 
by  Dwig^t,  as  &r  back  as  1671 ;  but  it  was  not  produced  in  quantity  until  about  1730^ 
when  works  were  established  at  Bow,  and  those  were  soon  afterwards  followed  by  the 
ftctoriee  of  Chelsea,  Derby,  and  Worcester.  Porcelain  with  kard  paste,  however,  was  not 
produced  in  this  country  until  Cookworthy's  celebrated  discovery  of  the  Cornish  china- 
clay  and  china-stone — a  discovery  which  led  to  the  foundation  of  the  porcelain  works 
of  Plymouth  and  BristoL 

Coarse  ware  was  manufactured  in  Staffi>rdshire  as  early  as,  if  not  earlier,  than  1600. 
Dr.  Shaw  says, '  there  exist  documents  which  imply  that  during  many  centuries  con- 
siderable quantities  of  common  culinary  articles  were  manu&ctured  of  red,  brown,  and 
mottled  pottery.' — Hittorg  of  StaffonUMn  Potteries. 

It  was  in  1670  that  a  work  for  maUng  earthenware  of  a  coarse  description,  coated 
with  a  conunon  lead-glaze  (butter  pots),  was  formed  at  Burslem,  which  may  be  con- 
sidered as  the  germ  of  the  vast  potteries  now  established  in  Staffordshire.  The 
manufacture  was  improved  about  the  year  1690,  by  two  Germans,  the  brothers  Elers, 
who  were  compelled  to  leave  the  Potteries  in  1710,  and  it  is  said  they  settled  in  Chel- 
sea. The  introduction  of  the  use  of  salt  for  glazing  took  place  in  1690  at  Palmer's 
pottery  at  Bagnall.  It  is  to  the  lata  Jodah  Wedswood  that  thia  country  and  the 
world  at  large  are  mainly  indebted  for  the  p;reat  modem  advancement  of  the  otramio 
art.  It  was  he  who  first  erected  magnificent  factories,  where  every  resource  of 
mechanical  and  chemical  science  was  made  to  co-operate  with  the  arts  of  painting, 
senlptnre,  and  statoaiy,  in  perfecting  this  valuable  department  of  the  industiy  of 
nations.  So  sound  were  his  principles,  so  judicious  his  pluis  of  procedure,  and  so  ably 
have  they  been  prosecuted  by  his  successors  in  Staffi>rdshire,  and  especially  by  the 
lata  Herbert  Minton,  that  a  population  of  upwards  of  100,000  operatives  now  derives 
a  comfortable  subsistence  within  a  district  formerly  bleak  and  barren,  of  8  miles  long 
by  6  broad,  which  contains  250  kilns,  and  is  significantly  called  '  The  Potteries.' 

Or  THX  Matebllls  or  Pqttkbt,  and  thbib  Psefabatiox. 

Clay. — The  best  clay  from  which  the  Stafibrdshire  ware  is  made  comes  ttata.  Poole 
in  Dorsetshire,  and  a  second  quality  from  near  Nowton  in  Devonshire ;  hue  both  are, 
well  adapted  for  working,  being  refractocy  in  the  fire,  and  becoming  very  white 
when  burnt.  The  clay  is  cleaned  as  much  as  possible  by  hand  and  freed  from  loosely 
adhering  stones  at  the  pits  where  it  is  dug.  For  the  manufacture  of  poioehun, 
and  id  the  l^ner  Idnds  of  earthenware,  the  china-clay  is  used.    (See  Cut.)    In. 
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the  factory  the  day  if  eiit  to  jdeees,  and  then  kneaded  into  a  palp  'vrith  water,  hy 
engines;  instead  of  being  broken  down  'vith  pickaxes,  and  worked  vith  irnter 
by  hand-paddles,  in  a  square  pit  or  water-tank,  an  old  process,  called  Uunging.  The 
cUy  ia  now  thrown  into  a  cast-iron  cylinder,  20  inches  wide  and  4  feet  hi^,  or  into 
a  cone  2  feet  wide  at  top  and  6  feet  deep,  in  whose  axis  an  upright  shaft  rerolres, 
bearing  knives  as  radii  to  the  shaft.  The  knives  are  so  arranged,  that  their  flat  sides 
lie  in  aie  plane  of  a  spiral  line  ;  so  that  by  the  reToluUon  of  the  shaft,  they  not  only 
cut  throufth  OTerything  in  their  way,  but  constantly  press  the  soft  contents  of  the 
qrlinder  or  cone  obliqnitly  downwards,  on  the  principle  of  a  screw.  Another  set  of 
knives  stands  ont  motioidess,  at  right  angles  ftom  the  inner  snr&oe  of  the  cylinder, 
and  projects  nearly  to  the  oentt&l  shaft,  having  their  edges  looking  opposite  to  the 
line  of  moUon  of  the  revolving  bladea.  Thus  the  two  sets  of  slicing  implements,  the  - 
one  active,  and  the  other  passive,  operate  like  shears  in  catting  the  clay  into  small 
pieces,  while  the  active  blades,  by  their  spiral  form,  force  the  clay  in  its  comminuted 
stete  out  at  an  aperture  at  the  bottom  of  the  cylinder  or  cone,  whence  it  is  conveyed 
into  a  cylindrical  vat,  to  be  worked  into  a  pap  with  water.  This  cylinder  is  tub- 
shaped,  being  about  four  times  wider  than  it  is  deep.  A  perpendicular  shaft  turtis  also 
in  the  axis  of  this  vat,  bearing  cross  spokes,  one  Iwlow  another,  of  which  the  vertical 
set  on  each  side  is  connected  by  upright  staves,  giving  the  moveable  arms  the  appear- 
ance of  two  or  fonr  opposite  square  paddle-boards  revolving  with  the  shaft  This 
wooden  framework,  or  Large  blimger,  as  it  is  called,  turns  round  amidst  the  water  and 
clay  lumps,  so  as  to  beat  them  into  a  fine  pap,  from  which  the  stony  and  coarse  sandy 
particles  separate,  and  subside  to  the  bottom.  Whenever  the  pap  has  acquired  a 
cream-oonsistenced  uniformity,  it  is  run  off  through  a  series  of  wire,  lawn,  and  silk 
sieves,  of  different  degrees  of  fineness,  which  are  kept  in  continual  agitation  backwards 
and  forwards  by  a  orajik  mechanism ;  and  thus  all  the  grosser  parte  are  completely 
separated,  and  hindered  from  entering  into  the  composition  of  the  ware.  This  clay- 
liquor  is  set  aside  in  proper  dstems,  and  diluted  with  water  to  a  stendard  density. 
IHnti. — These  are  obtained  in  great  quantities  from  the  chalk  formations.    See 

FUNTS. 

Chert,  which  is  a  flinty  substance,  found  in  the  Hotmtoin  Limestone,  is  also  em> 
ployed.    Tiiis  is  calcined  and  ground.    See  Chbbt. 

j^Wspor.    Used  both  in  the  body  and  in  glazing.    See  Fblspab. 

Bone. — Bone-ashes,  (phosphate  of  lime),  also  enters  into  the  composition  of  potteiy. 

Steatite,  or  Soap-eiont,  is  occasionally  employed.    See  STBATraa. 

Ckina-stons, — A  decomposed  granite.    See  Ohina-Stokb. 

These  may  be  regarded  as  the  substances  which  enter  into  the  body  of  the  ware, 

Olay  alone  cannot  form  a  proper  material  for  pottery,  on  account  of  ite  great  con- 
tractiU^  by  heat,  and  the  consequent  cracking  and  splitting  in  the  kiln  of  tiie  vessels 
made  of  it;  for  which  reason  a  siliceous  substance  incapable  of  contraction  must 
enter  into  Uie  body  of  pottery.  For  this  purpose,  ground  flint,  called  flint-powder 
by  the  potters,  is  universally  preferred.  The  nodules  of  flint  extracted  from  the  chalk 
formation  are  washed,  heated  red-hot  in  a  kiln,  like  that  for  burning  lime,  and  thrown 
in  this  state  into  water,  by  which  treatment  they  lose  their  translucency,  and  become 
exceedingly  brittle.  They  are  then  reduced  to  a  coarse  powder  in  a  stempiog-mill  or 
a  crushing-mill.  The  pieces  of  flint  are  laid  on  a  strong  grating,  and  pass  through 
ite  meshes  whenever  they  are  reduced  by  the  stempe  to  a  certein  stete  of  comminution. 
This  granular  matter  is  now  transferred  to  the  proper  flint-mill,  which  consiste  of  a 
strong  cylindrical  wooden  tub,  bottomed  with  flat  pieces  of  massive  ehert,  or  horn- 
stone,  over  which  are  laid  large  flat  blocks  of  similar  chert,  that  are  moved  round 
over  the  others  by  strong  iron  or  wooden  arms  projecting  from  an  upright  shaft  made 
to  revolve  in  the  axis  of  the  mill-tub.  Sometimes  the  active  blocks  arc  flxed  to  these 
cross  arms,  and  thus  carried  round  over  the  passive  blocks  at  the  bottom.  Into  this 
cylindrical  vessel  a  small  stream  of  water  constenUy  trickles,  which  facilitetes  tils 
grinding  motion  and  action  of  the  stones,  and  works  the  flint-powder  and  water  into 
a  species  of  pap.  Near  the  surface  of  the  water  there  is  a  plug-hole  in  the  side  of  the 
tub,  by  whicli  the  creamy-looking  flint-liquor  is  run  ofi'fiom  time  to  time,  to  bo  passed 
through  lawn  or  silk  sieves,  similar  to  those  used  for  the  dny-liqnor ;  while  the  par- 
ticles that  remain  on  the  sieves  are  retnmed  into  the  mill.  This  pap  is  also  reduced  to 
a  standard  density  by  dilution  with  water ;  whence  the  weight  of  dry  siliceous  earth 
present  may  be  deduced  from  the  measure  of  the  liquor. 

The  standard  day-  and  flint-liquors  are  now  mixed  together,  in  snch  proportion  by 
measure,  that  the  flint-powder  may  boor  to  the  dry  clay  the  ratio  of  one  to  five,  or 
occasionally  one  to  six,  according  to  the  richness  or  plasticity  of  the  clay ;  and  the 
liquors  are  intimately  incorporated  in  a  revolving  chnm,  similar  to  that  employed  for 
making  the  day-pap.  This  mixture  is  next  freed  from  ite  excess  of  water  by  evapo- 
xation  in  oblong  stone  troughs,  called  tlip-kilne,  bottomed  with  flre-tileB,  nnder  which 
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A  fiiniace-fiM  rniM.  The  breadth  of  tbig  enpontivg  tMogii  viiiies  ttom  2  to  8  feet; 
its  lengtli  from  20  to  60  ;  and  its  depth  from  8  to  12  inches,  or  more. 

By  Ute  dissipation  of  the  water,  and  carefol  agitation  of  tiie  pap,  an  uniform  dooghy 
mass  is  obtaiued ;  irhicb,  being  taken  out  of  the  trough,  is  eat  into  cubical  lumps. 
These  are  piled  in  heaps,  and  left  in  a  damp  cellar  for  a  considaraUe  time ,-  that  is, 
seyeral  months,  in  large  manufactories.  Here  the  dough  fiu£&r8  disintegration,  pro- 
moted hy  s  kind  of  fermentative  action,  due  probably  to  some  vegetable-matter  in  the 
water  and  the  day ;  for  it  becomes  bla^  and  exhales  a  foetid  odour.  The  aigillaoeons 
and  siliceous  particles  get  dimntegrated  also  by  the  action  of  the  water,  in  such  a  way  that 
Uie  ware  made  with  old  paste  is  fbuud  to  be  more  bomogeneons,  finer  grained,  and  not 
BO  apt  to  crack  or  to  get  disfigured  in  the  baking,  as  the  wore  misde  wnh  newer  paste. 

But  this  chemical  comminution  must  be  aided  by  mechanical  operations ;  the  first  of 
which  is  called  the  potter's  tlappmg  at  vedging.  It  consists  in  seising  a  mass  of  clay  in 
Uie  hands,  and,  with  a  twist  of  both  at  once,  tearing  it  into  two  pieces,  or  cutting  it  with 
a  wire.  These  are  again  slaf^ied  together  witb  foroe,  but  in  a  dilbrent  direction  from 
that  in  which  they  adhered  b^oce,  and  then  da^ed  down  on  a  board.  The  mass  is 
once  more  torn  or  cut  asunder  at  right  angles,  again  slaj^ped  together,  and  so  worked 
repeatedly  for  20  or  30  times,  wUch  ensures  so  complete  an  incorporation  of  the 
di&rent  parts,  that  if  the  mass  had  been  at  first  half  black  and  hafr  white  clay,  it 
would  now  be  of  a  uniform  grey  colour.  A  similar  effect  is  produced  in  some  large 
establidunents  by  a  slicing  machine,  like  that  used  for  euttiog  down  the  clay  lumps 
as  diey  come  &om  the  pit. 

In  the  axis  of  a  cast-iron  cylinder  or  cone,  an  upright  shaft  is  made  to  revolve,  firom 
which  the  roiral-shaped  blades  extend,  with  their  edges  |daced  in  the  direction  of 
rotation.  Tne  pieces  of  day  subjected  to  the  action  of  uieae  knives  (with  the  reaotioa 
of  fixed  ones)  are  minced  to  small  morsels,  which  are  forced  pell-mell  by  the  screw- 
like  pressure  into  an  opening  of  the  bottom  of  the  cylinder  or  cone  from  which  a 
horizontal  pipe  about  6  inches  square  proceeds.  The  doogii  is  made  to  issue  through 
this  outlet,  and  is  then  cut  into  lengths  of  about  12  inches.  These  clay  pillars 
or  prisms  are  thrown  back  into  the  cylinder,  and  subjected  to  the  same  operation 
•gain  and  again,  till  the  lumps  have  their  paitides  perfectly  blended  together.  This 
process  may  advantageously  precede  their  being  set  aside  to  ri^  in  a  damp  eellai. 
In  France  the  earthenware  dough  is  not  woAed  in  such  a  machine;  but  aftw  being 
beat  with  wooden  mallets,  a  practice  common  also  in  Bngland,  it  is  laid  down  on  a 
clean  floor,  and  a  woriunan  is  set  to  tread  upon  it  with  naked  feet  for  a  considerable 
time,  walking  in  a  spiral  direction  firom  the  centre  to  the  circumference,  and  from 
the  dreomfereoce  to  the  oentm.  In  Sweden,  and  also  in  China  (to  judge  from  the 
Chinese  paintings  which  represent  their  manner  of  making  porcelain),  the  clay  is 
trodden  to  a  umform  mass  by  oxen.  It  is  afterwards,  in  all  cases,  kneaded  like 
baker's  dough,  by  folding  bock  the  cake  upon  itself,  and  kneading  it  out  alternately. 

Although  we  have  aboudant  evidence  proving  to  us  the  importance  of  the  so-called 
fermenting  process,  of  the  treading  operation,  and  of  the  slapping,  we  are  not  in 
possession  of  any  explanation,  whidi  is  in  the  slightest  degree  reliable,  as  to  any  one 
of  the  changes  which  may  be  effected  in  the  mass  by  these  mampnlations. 

The  basis  of  the  English  earthenware  is  a  day,  brought  from  Dorsetshire  and 
Devonshire,  which  lies'  at  the  depth  of  from  26  to  30  feet  binieath  the  sur&oe.  It  is 
composed  ai  about  24  parts  of  alumina  and  76  of  silica,  with  other  ingredients  in  very 
small  proportions.  This  day  is  very  refractory  in  higb  heats,  a  proper^  which 
joined  to  its  whiteness  when  burned,  renders  it  peculiarly  valuable  for  pottery.  It  is 
also  the  basis  of  all  the  yellow  biscuit-ware  called  enam  oolour,  and  in  general  of 
what  is  called  the  printing  body ;  as  also  for  the  semi-vitrlfied  ware  of  Wedgwood's 
invention,  and  of  the  tender  (soft)  poccelain. 

The  constituents  of  earthenware  are,  Dorsetshire  clay,  the  powder  aS  calcined 
flints,  and  of  the  decomposed  granite  called  Cornish  stone.  The  proportions  sre 
varied  by  the  different  manu&ctuiers.  The  following  are  those  generally  adopted 
in  one  of  the  principal  establishments  of  Staffordshire : — 

For  crtam  colour  wore,  Silex  or  ground  flints       ....       20  ports. 

CUy 100    „ 

Cornish  stone 2    „ 

CompotUiofi  ofihe  Pattefor  receiving  the  Printing  Body  under  the  Glaze. 

For  this  purpose  the  proportions  of  the  flint  and  the  felspar  must  be  increased.  The 
substances  ore  mixed  separately  with  water  into  the  consistence  of  a  thidc  creitm, 
which  weighs  per  pint,  for  the  flints  32  ounces,  and  for  the  Cornish  stone  28.  The 
china-clay  is  added  to  the  same  mixture  of  fiint  and  felspar,  when  a  finer  pottery 
or  porceuin  is  refuimd.    That  olay-creom  weighs  21  ounces  per  pint.    These  34 
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ounces  in  weiglit  SM  Tcdaoed  to  one-tlurd  of  th«ii  bulk  hj  evaporation.  The  piat 
of  dry  poTcelain-cby  w«i^  17  onnoea^  and  in  iU  first  pasty  state  21,  as  just  stated. 
The  dry  flint-poirdw  weighs  144  ounces  per  pint;  which  when  made  into  a  cream 
weighs  32  ounces.    To  40  measures  of  Teignmoath  elay-cream  there  are  added, 

13  measures  of  flint-liquor. 
12        II        II  porcelain  day  ditto. 
1        „       „  Cornish  stone  ditto. 

The  whole  are  well  mixed  by  proper  agiitation,  half  dried  in  the  trouffkt  of  the  slip- 
kiln,  and  then  subjected  to  the  machine  for  cutting  up  the  day  into  junks.  The 
•bore  paste,  when  baked,  is  very  white,  hard,  aonorons,  and  susceptible  of  reoeiTiag 
all  sorts  of  impressions  from  the  paper  engravings.  When  the  silica  is  mixed  with 
the  day  in  the  above  poportions,  it  fon&a  a  compact  ware,  and  the  impremion 
remains  fixed  between  the  biscuit  and  the  glace,  without  communicating  to  eiuier  any 
portion  of  the  tint  of  the  metallic  colour  employed  in  the  engravers  press.  The 
felspar  gives  strength  to  the  biscuit,  and  renders  it  sonorous  after  being  baked ;  while 
the  chioa^lay  has  the  double  adranta^  of  imparting  an  agreeable  whiteness  and 
great  closeness  of  grain. 

We  must  now  proceed  to  a  consideration  of  the  manufacture.  The  clay  being  pie- 
pared,  is  submitted  to  the  potter,  who  employs  at  the  prssent  day  a  whed  of  the  same 
deseription  as  that  used  in  the  days  of  Moses. 

Tknmiatg  is  performed  upon  a  tool  called  tho  potter's  lathe.  This  conmsts  of  an 
upright  iron  shaft,  about  the  height  of  a  common  table,  on  the  top  of  which  is  fixed, 
1^  its  centre,  a  horixontal  disc  or  dreular  piece  of  wood,  of  an  area  sufficiently 
great  for  the  largest  veesd  to  stand  upon.  The  lower  end  of  the  shaft  is  pointed, 
and  runs  in  a  conical  step,  and  its  collar,  a  little  bdow  the  top-board,  being  truly 
turned,  is  embraced  in  a  socket  attached  to  the  wooden  flrame  of  the  lathe.  The  shaft 
has  a  pulley  fixed  upon  it,  with  grooves  for  3  speeds,  over  which  an  endless  band 
passes  from  a  fiy-whed,  by  whose  revolution  any  desired  rapidity  of  rotation  may  be 
given  to  the  shaft  and  its  top-board.  This  wheel,  when  small,  may  be  placed  along- 
side, as  in  the  turner's  lathe,  and  then  it  is  driven  by  a  treadle  and  crank ;  er  when 
of  larger  dimensions,  it  is  turned  by  the  arms  of  a  labooier. 


Fig.  1048  is  the  profile  of  the  ordinary  potter's  lathe,  for  blocking-out  round 
ware,  c  is  die  table  or  tray ;  a  is  the  head  of  the  lathe,  with  its  horizontal  disc ;  o,  b, 
is  the  ufnight  shaft  of  the  head ;  d,  pulleys  with  several  grooves  of  different  diameters, 
fixed  upon  the  shaft,  for  receiving  the  dnving-eord  or  band ;  A  is  a  bench  upon  which 
the  workman  sits  astride ;  «,  the  treadle  foot-boaid ;  ^  is  a  ledge-board,  for  catching 
the  shavings  of  day  which  fly  off  ficom  the  lathe ;  A  is  an  instmment,  with  a  dide-nnt 
{,  for  measuring  the  objects  in  the  blocking-out ;  o  is  the  fiy-whed,  with  ity  winch- 
handle,  r,  tum^  by  an  assistant ;  the  sole-frame  is  secured  in  its  place  by  the  heavy 
stone p ;  /is  the  oblong  guide-pulley,  having  also  several  grooves  far  converting  the 
vertical  movement  c^  the  fly->rneel  into  the  h(»ueontal  movement  of  the  head  of  tha 
lathe. 

D  is  one  of  the  intermediate  forma  given  by  the  potter  to  the  ball  of  day,  as  it  re- 
volves upon  the  head  of  the  lathe. 

In  large  potteries,  the  whole  of  the  lathes,  both  for  throwing  and  turning,  are  put  in 
notion  by  a  steam-engine.  The  vertical  spindle  of  the  lathe  has  a  bevel  wheel  on  it, 
whidi  works  in  another  bevel-toothed  wheel  fixed  to  a  horiaontal  shaft  This  shaft  is 
provided  with  a  long  conical  wooden  drum,  from  which  a  strap  ascends  to  a  similar 
eoniciU  drum  on  the  main  lying  shait.  The  apex  of  the  one  cone  corresponds  to  the 
base  ttt  the  cthev,  irtuch  allows  the  strap  to  retain  the  same  d^rve  of  tNwion,  whil* 
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it  is  made  to  travene  borizontaUy,  in  order  to  vary  the  speed  of  the  lathe  at  pleaiore. 
VHien  the  belt  is  at  the  base  of  the  driTing-oone,  it  vorks  near  the  vertex  of  tho 
driven  one,  so  as  to  give  a  maximum  velocity  to  the  lathe,  and  vim  vend. 

During  the  tlirowing  of  any  article,  a  separate  mechanism  is  conducted  by  a  boy, 
which  makes  the  strap  more  parallel  to  itself  along  these  conical  drums,  and  nicely 
regulates  the  speed  of  the  lathe.  When  the  strap  runs  at  the  middle  of  the  cones,  the 
Telocity  of  each  shaft  is  equal.  By  this  elegant  contrivance  of  parallel  cones  reversed, 
the  velocity  rises  gradoalfy  to  its  inaTinnim,  and  returns  to  its  minimum  or  slover 
motion  when  the  workman  is  about  to  finish  the  article  thrown.  The  strap  is  then 
transferred  to  a  pair  of  loose  polleys,  and  the  lathe  stops.  The  vessel  is  now  cut  off 
at  the  base  with  a  small  wire;  is  dried,  turned  on  a  power-lathe,  and  pcdished  as 
above  described. 

The  same  degree  of  dryness  which  admits  of  the  day  being  turned  on  the  lathe,  also 
suits  for  fixing  on  the  handles  and  other  appendages  to  the  vessels.  The  parts  to  be 
attached  being  previously  prepared,  are  joined  to  the  circular  work  by  means  of  a 
thin  paste,  which  the  worbnen  call  »lip,  and  the  seams  are  then  smoothed  off  with 
•  wet  sponge.  They  are  now  taken  to  a  stove-room  heated  to  80°  or  90°  F.,  and 
fitted  up  with  a  great  many  shelves.  When  they  are  fully  dried,  they  are  smoothed 
over  with  a  small  bnndle  of  hemp,  if  the  articles  be  fine,  and  are  then  ready  for  the 
kiln,  which  is  to  convert  the  tender  clay  into  the  hard  biacuit. 

At  a  certain  stage  of  the  drying,  called  the  green  ttate,  the  ware  possesses  a  greater 
tenacity  than  at  any  other,  till  it  is  baked.  It  is  then  taken  to  another  lathe,  called 
the  imminff  lathe,  where  it  is  attached  by  a  little  moisture  to  the  vertical  face  of  a 
wooden  chuck,  and  turned  nicely  into  its  proper  shape  with  a  very  sharp  tool,  which 
also  smooths  it.  After  this  it  is  slightly  burnished  with  a  smooth  steel  surface, 
A  great  variety  of  pottery  wares,  however,  cannot  be  fashioned  on  the  lathe,  as  they 
are  not  of  a  dicnlar  form.  These  are  made  by  two  different  matters,  the  one  called 
preae-mrrk,  and  the  other  outing.  The  press-work  is  done  in  moulds  made  of  Paris 
plaster,  the  one  half  of  the  pattern  being  formed  in  the  one  side  of  the  mould,  and  the 
other  half  in  the  other  side :  these  moulding-pieces  fit  accurately  together.  All  vessels 
of  an  oval  form,  and  such  as  have  fiat  sides,  are  made  in  this  way.  Handles  of  tea- 
pots, and  fiuted  solid  rods  of  variooa  shapes,  are  formed  by  pressure  also ;  viz.  by 
squeezing  the  dough  contained  in  a  pump-barrel  through  different-shaped  orifices  at  its 
bottom,  by  working  a  screw  applied  to  the  piston-rod.  The  worm-shaped  dough,  as  it 
issues,  is  cut  to  proper  lengths,  and  bent  into  the  desired  form.  Tubes  may  be  also 
made  on  the  same  pressure  prindple,  only  a  tubular  opening  must  be  provided  in  the. 
bottom-^late  of  the  clay-forcing  pump.  The  temperature  of  the  Tsrions  rooms  in  a 
pottery  is  as  follows : — ■ 

Plate-makers'  hothouse 108°  Fahr. 

Dish-makers'  hothouse 106      „ 

Printer*^  shop 80      » 

Thrower^  hothouse   ,       .       .       .'      .       .       .      88      „ 

The  branches  against  which  the  temperatuM  of  the  hothouse  is  placed  require  that 
heat  for  drying  their  work  and  getting  it  off  their  moulds.  The  outer  shops  in  which 
thc^  work  may  be  from  five  to  ten  degrees  less. 

The  other  method  of  fiishioning  ear^nenware  articles  is  called  eaeiing,  and  is,  perhaps, 
the  most  elegant  for  such  as  have  an  irregular  shape.  This  operation  consists  m  pour- 
ing_  the  clay,  in  the  state  of  pap  or  slip,  into  plaster-moulds,  whidi  are  kept  in  a 
desiccated  state.  These  moulds,  as  well  as  the  pressure  ones,  are  made  in  halves,  which 
nicdy  correspond  together.  The  slip  is  poured  in  till  the  cavity  is  quite  full,  and  is 
left  in  the  mould  for  a  certain  time,  more  or  less,  according  to  the  intended  thickness  of 
the  vessel.  The  absorbent  power  of  the  plaster  soon  abstracts  the  water,  and  makes  the 
coat  of  day  in  contact  with  it  quite  doughy  and  stiff  so  that  the  part  still  liquid  being 
ponred  out,  a  hollow  shape  remains,  which  when  removed  from  the  mould  constitutes 
the  half  of  the  vessel,  beuing  externally  the  exact  impress  of  the  mould.  The  thickness 
of  the  clay  varies  with  the  time  that  the  paste  has  stood  upon  the  plaster.  These 
eait  artides  are  dried  to  the  green  state,  like  the  preceding,  and  then  joined  accurately 
with  dip.  Imitations  of  flowers  and  foliage  are  elegantly  executed  in  this  way.  This 
operaition,  which  is  called  /umititsy,  requires  voiy  delicate  and  dflxterous  manipula- 
tion. 

The  saggers  for  the  nnglazed  coloured  ware  should  be  covered  inude  with  a 
glaze  composed  of  12  parts  of  common  salt  and  30  of  potash,  or  6  parts  of  potash  and 
14  of  salt ;  which  may  be  mixed  with  a  little  of  the  common  enamel  for  the  glazed 
pottery  saggers.  The  bottom  of  each  sagger  has  some  bits  of  flints  sprinkled  upon  it, 
yiindi  become  so  adherent  after  the  first  firing  as  to  form  a  multitude  of  little  promi- 
nences for  setting  the  war«  upon,  when  this  does  not  consist  of  ^tes.    It  is  the  duty 
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ot  the  warkmen  beloneing  to  the  glaie-kilo  to  make  the  laggeis  during  the  inteirsli 
of  Uteii  work ;  or  if  uere  be  a  relay  of  handa,  the  man  who  is  not  firing  makes  the 
eaggers. 

When  the  -ware  is  sufficiently  dry,  and  in  sufficient  quantity  to  fill  a  kiln,  the  next 
process  is  placing  the  various  articles  in  the  baked  fire-clay  vessels,  which  may  be  either 
of  a  cylindrical  or  oral  shape ;  called  gaxetttM,  Fr. ;  Kapaehi,  Qer.  These  are  £nom  6 
to  8  indlies  deep,  and  from  12  to  18  inches  in  diameter.  When  packed  full  of  the  dry 
ware,  they  are  piled  over  each  other  in  the  kiln.  The  bottom  of  the  upper  sagger  forms 
the  lid  of  its  nllow  below ;  and  the  function  of  the  two  is  luted  wiui  a  ring  of  soft 
clay  applied  between  them.  These  dishes  protect  the  ware  from  being  snddenly  and 
unequally  heated,  and  &om  being  soiled  by  the  smoke  and  vapours  of  we  fuel.  Each 
pile  ef  saggers  is  called  a  bung. 

Flan  of  an  Engliih  Pottery. 

A  pottery  should  be  placed  l^  the  side  of  a  canal  or  navigable  river,  because  the 
articles  manufactured  do  not  well  bear  land-carriage. 

A  Staffordshire  pottaiy  is  usually  built  as  a  quadrangle,  each  side  being  about  100 
feet  long,  the  walls  10  iaet  high,  and  the  ridge  of  the  roof  6  feet  more.  The  base  of 
the  edifice  consists  of  a  bed  of  bricks,  18  inches  high  and  16  inches  thick;  upon 
which  a  mud  wall  in  a  wooden  frame,  called  pUi,  is  raised.  Cellars  are  formed  in 
front  of  the  buildings,  as  dep6ts  for  the  pastes  prepared  in  the  establishment.  The  wall 
of  the  yard  or  court  is  9  feet  high  and  18  inches'  Uiick. 

A,  fig.  1644,  is  the  entrance  door ;  B,  the  porter's  lodge ;  c,  a  particular  warehouse ; 
D,  workshop  of  the  plaster-moulder ;  b,  the  clay  dep6t ;  v,  F,  large  gates,  6  feet  8 
inches  high;  o,  the  winter  evaporation-stove;  h,  tbe  shop  for  sifting  the  paste- 
liquors  ;  I,  sheds  for  the  paste-liquor  tubs :  3,  paste-liquor  pits ;  k,  workshop  for  the 
moulder  of  hollow  ware ;  i.,  ditto  of  the  dish  or  plate  moulder ;  m,  the  plate  drying- 

1644 


— '-^. 


stove    K,  workshop  of  the  biseuit-printMS ;  o,  ditto  of  the  biscuit,  with  <f,  a  long 
window ;  p,  passage  leading  to  the  paste-liquor  pts ;  Q,  biscuit  warehouse ;  B,  place 
where  the  biscuit  is  cleaned  as  it  comee  out  of  the  biscuit-kilns,  s,  s;  T,  T,  enamel-  or 
Voi-III.  R  R 
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glaz«-kilns ;  Ti,  long  paMase ;  T,  space  left  for  nipplementary  woikBhope ;  x,  space 
appointed  as  a'dej^t  for  the  sagger  fire-clay,  as  a1«o  for  making  the  Saggers  ;  z,  the 
workshop  for  applying  the  glaze-liquor  to  the  biscuits ;  a,  apartment  for  cleaning  the 
glazed  ware ;  b,  o,  pumps ;  e,  basin  ;  d,  muffles ;  «,  warehouse  for  the  finished  stone- 
ware ;  /,  that  of  the  gland  goods ;  g,  a,  another  warehouse ;  h,  a  large  space  for  the 
smith's  fbrge,  carpenter's  shop,  packing  room,  dep6t  of  clays,  saggers,  &c.  The 
packing  and  loading  of  the  goods  are  performed  in  front  of  the  wwenonse,  which  has 
two  outlets,  in  order  to  famitate  the  work ;  i,  a  passage  to  the  eooit  or  yard ;  I,  a 
space  for  the  wooden  sheds  Ibr  keeping  hay,  clay,  and  other  miscellaaeons  articles  ; 
m,  room  fov  patting  the  biscuit  into  us  saggers ;  M',  a  long  window ;  n,  woAshop 
with  lathes  and  fly-wheels ;  o,  drying-room ;  p,  room  for  mounting  or  furnishing 
the  pieces ;  o,  repairing  room ;  r,  drying  room  (^  the  goods  roughly  turned ;  i,  rough 
turning  or  Uocbng-out  room ;  t,  room  for  beating  the  paste  or  dough ;  u,  counting- 
house. 

PoUery  Kiln  qf  StaffordiMre. 

Ftgt.  1640k  1646,  1647,  1648,  1649,  represent  the  Uln  for  baking  the  Inscuit,  and 
also  for  running  the  glaze,  in  the  English  potteries. 

a,  a,  figi.  1646,  1646,  1647,  are  the  fhmaces  which  heat  the  kiln;  of  which  b,  in 
fig.  1646,  are  the  npper  mouths,  and  V  the  lower;  the  former  being  closed  more  or 
less  by  the  fire-tile  r,  shown  in^.  1649. 

/is  one  fireplace;  for  the  manner  of  distributing  the  fuel  in  it,  aeefig.  1649. 


1646 


9iJVi  fiS'- 1645,  1649,  are  the  horizontal  and  vertical  flues  and  chimneys  for  con- 
ducting ue  flame  and  smoke.  I  is  the  laboratory,  or  body  of  the  kiln  ;  having  its  floor, 
k,  sloping  slightly  downwards  ^m  the  centre  to  the  circumference,  x,  y,  is  the  slit 
of  the  horizontal  register  leading  to  the  chimney -flue,  y,  aS  the  furnace,  being  the  first 
jg^g  regulator ;  x,  «,  is  the  vertical  register-conduit,  leading 

to  the  furnace  or  mouth  /,  being  the  second  regulator ; 
V  is  the  register-slit  above  the  furnace,  and  its  vertical 
flue  leading  into  the  body  of  the  kiln ;  «',  c,  slit  for 
regulating  flue  at  the  shoulder  of  the  kiln ;  i  is  an  arch 
which  supports  the  walls  of  the  kiln,  when  the  furnace  is 
under  repair ;  c,  c,  are  small  flues  in  the  vault  t  of  the 
laboratory.    h,fig.  1646,  is  the  central  flue,  called  lunette,  of  the  laboratory. 

T,  T,  is  the  conical  tower  or  haaell,  strengthened  with  a  series  of  iron  hoops,     o  is 
the  great  chimney  or  lunette  of  the  tower ;  p  is  the  door  of  the  laboratoiy,  bound 
inidde  with  an  iron  irame. 
A,  is  the  complete  kiln  and  iowell,  with  all  its  appurtenances. 
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B,  fig.  1646,  is  the  phui  at  the  level  (2,  (2,  of  the  floor,  to  ahoir  the  amngement 
and  diitribution  of  all  the  horiaontal  flnea,  both  dicolar  and  ladiadng. 

c,  fig.  1647,  is  a  plan  at  the  level  «, «,  of  the  ujpper 
mooths  A,  of  tlie  farnacea,  to  show  the  disposition  of  the 
fireplaces  of  the  vertical  flues,  and  of  the  horizontal 
reguters,  or  peep-holes. 

D,  fig.  1647,  is  a  bird's-eye  view  of  the  top  of  the 
vault  or  dome  «,  to  Aism  the  disposition  of  the  vent- 
holes,  e,  c 

^fig.  1648,  is  a  detailed  plan  at  the  level  c,  e,  of  one 
finrnace  and  its  dependenoiee. 

F,  fig.  1640,  is  a-  tiansverse  section,  in  detail,  of  one 
famace  and  its  dependsnoiss. 
The  same  letters  indicate  the  same  objects  in  all  the  flgures. 
ChargifKg  of  tin  kiln. — The  staggers  are  piled  np  first  in  Ae  space  between  each  of 
the  upright  furnaces,  till  they  rise  to  the  top  of  the  flues.  These  contain  the  smaller 
articles.  Above  this  level  Isrge  flre-tilee  are  laid,  for  supporting  other  saggers,  flUed 
with  teacups,  sugar-basins,  tec.  In  the  bottom  part  of  the  pile,  within  the  preceding, 
the  same  sorts  of  articles  are  pnt ;  but  in  the  upper  part  all  su*h  articles  are  plae^ 
as  require  a  faif^  heat.  Four  piles  of  small  saggers,  with  a  middle  one  10  inches  in 
height,  complete  the  charge.  As  there  are  6  piles  between  each  furnace,  and  as  the 
biscuit-kiln  has  8  furnaces,  a  charge  conseijuently  amounts  to  48  or  60  bungt,  each 
composed  of  from  18  to  16  aaggen.  The  inclination  of  the  bungs  ought  always  to 
foUow  the  foYm  of  tiie  kiln,  and  should  therefore  tend  towards  the  centre,  lest  the 
strong  draught  of  the  furnaces  shoold  make  the  saggers  &11  against  the  walls  of  the 
kiln,  an  accident  apt  to  happen  were  these  piles  perpendicular.  The  last  sagger  of 
each  bung  is  covered  with  an  unbaked  one,  three  inches  deep,  in  place  of  a  round  lid. 
The  wat(£e8  are  small  cups,  of  the  same  biscuit  as  the  charge,  placed  in  saggers,  four 
in  number,  above  the  level  ot  the  flue-tops.  Thejare  taken  hastily  out  of  the  saggers, 
lest  they  should  get  smoked,  and  are  thrown  into  cold  water. 

'^en  tlie  cliarging  is  completed,  the  flring  is  commenced,  with  coal  of  the  best 
quality.  The  management  of  the  ftamaees  is  a  matter  of  great  consequence  to  the 
sooceaa  of  the  process.  Ko  greater  heat  should  be  employed  for  some  time  than  may 
be  necessary  to  agglutinate  the  particles  which  enter  into  the  composition  of  the  paste, 
by  evaporating  all  the  humidity ;  and  the  heat  should  never  be  raised  so  high  as  to 
endanger  the  fusion  of  the  ware,  which  would  make  it  very  brittle. 

Whenever  the  month  or  door  of  the  kiln  is  built  up,  a  child  prepares  several  fires  in 
the  neighbonriux>d  of  the  koteell,  while  a  labourer  transports  in  a  wheelbarrow  a  supply 
of  coals,  and  introduces  into  each  furnace  a  number  of  lumps.  Hese  lumps  divide 
the  Aimace  into  two  parts ;  those  for  the  upper  flues  being  placed  above,  and  those 
for  the  ground  flues  below,  v^ch  must  be  kept  nnobstmcted. 

The  flre-months  being  charged,  they  are  kindled  to  begin  the  baking,  the  regulator 
tile,  r,  fig.  1649,  being  now  opened  ;  an  hour  afterwards  the  bricks  at  the  bottom  of 
the  fliniace  are  stopped  up.  The  fire  is  usually  kindled  at  6  o'clock  in  the  evening, 
and  progreasively  increased  till  10,  whan  it  be^ns  to  gain  force,  and  the  flame  rises 
half-way  up  the  chimney.  The  second  charge  is  put  in  at  8  o'clock,  and  the  mouthii 
of  the  Aimaees  are  then  covered  with  tiles ;  by  which  time  the  flame  issues  through 
the  vent  of  the  tower.  An  hour  afterwards  a  fresh  charge  is  made ;  the  tiles  r,  which 
cover  the  furnaces,  are  slipped  back ;  the  cinders  are  drawn  to  the  front,  and  replaced 
with  small  coal.  Abont  half-pest  1 1  o'clock  the  kiln-man  examines  his  furnaces,  to 
see  that  their  draught  is  properly  regulated.  An  hour  afterwards  a  new  charge  of 
coal  is  applied;  a  practice  repeated  hourly  till  6  o'clock  in  the  morning.  At  this 
moment  he  takes  out  his  flrst  vatoh,  to  see  how  the  baking  goes  on.  It  should  be  at 
a  very  pale-redheat ;  but  the  watch  of  7  o'clock  should  be  a  deeper  red.  He  removes 
the  tiles  from  those  furnaces  which  appear  to  have  been  burning  too  strongly,  or 
whose  flame  issues  by  the  orifices  made  in  the  shoulder  of  the  kiln  ;  and  puts  tiles 
upon  those  which  are  not  hot  enough  The  flames  glide  along  briskly  in  a  regular 
manner.  At  this  period  he  draws  oat  the  watches  every  quarter  of  an  hour,  and 
compares  them  with  tliose  reserved  fh)m  a  previous  standard  kiln  ;  and  if  he  observes 
a  similarity  of  appearance,  he  allows  the  furnaces  to  bum  a  little  longer  ;  then  opens 
the  moutlis  careiEnlly  and  by  slow  degrees ;  so  as  to  lower  the  heat  and  flnish  the 
round. 

The  baking  usually  lasts  from  40  to  42  hours  ;  in  which  time  the  biscuit-kiln  may 
consume  14  tons  of  coals ;  of  which  four  are  put  in  the  flrst  day,  seven  the  next  day 
and  following  night,  SJid  the  last  four  give  the  strong  finishing  heat. 

EiMftymg  tlttkdn. — The  kiln  is  allowed  to  oool  very  slowly.  On  taking  the  ware 
out  of  Um  saggers,  the  biscuit  is  not  subjected  to  friction,  as  in  the  foreign  potteries, 
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becaose  it  ig  onooth  enough ;  but  ie  immediately  tnniported  to  the  place  where  it  is 
to  be  dipped  in  the  glaze-  op  enamel-tub.  A  child  makes  the  pieces  ring,  by  striking 
\rith  the  handle  of  the  brush,  as  he  dusts  them,  and  then  immerses  them  into  the 
glaze-cream ;  from  which  tub  they  are  taken  out  by  the  enameller,  and  shaken  in  the 
air.  The  tub  usually  contains  no  more  than  4  or  6  inches  depth  of  the  glazp,  to 
enable  the  workman  to  pick  out  the  articles  more  readily,  and  to  lay  them  upon  a 
board,  whence  they  are  taken  by  a  child  to  the  glaie-kihi. 

Of  PoBCEtAm. 

Porcelain  is  a  kind  of  pottery  ware  whose  paste  is  fine  grained,  compact,  very  hard, 
and  faintly  translncid ;  and  whose  biscuit  softens  slightly  in  the  kiln.  Its  ordinary 
whiteness  cannot  form  a  definite  character,  since  there  are  porcelain  pastes  rarionsly 
coloured.  There  are  two  species  of  porcelain,  very  different  in  their  nature,  the 
essential  properties  of  which  it  is  of  consequence  to  establish  ;  the  one  is  called  hard, 
and  the  other  tender  or  toft :  important  distinctions,  the  neglect  of  which  has  intioduced 
great  confusion  into  many  treatises  on  this  elegant  manu&ctnre.  _  _ . 

Bard  porcelain  is  essentially  composed,  first,  of  a  natnral  day  containing  some 
silica,  infusible,  and  preserving  its  whiteness  in  a  strong  heat ;  this  is  almost  always  a 
true  kaolin  ;  secondly,  of  a  flux,  consisting  of  silica  and  alkali,  composing  a  quartxoge 
felspar  rock,  called  pe-tun-ttt.  The  glaze  of  this  porcelain,  likewise  earthy,  admits  of 
no  metallic  substance. 

The  biscuit  of  the  hard  porcelain  made  at  the  French  national  manufactory  of 
Sivres  is  generally  composed  of  a  kaolin-day,  and  of  a  decomposed  felspar-rock ; 
analogous  to  the  china-day  of  Cornwall  and  Cornish  stone.  Both  of  the  above 
Prendi  materials  come  from  Saint  Yrieux-la-Ferche,  near  Limoges. 

After  many  experiments,  the  following  composition  has  been  adopted  for  the  tenict 
paste  of  the  Boyal  manufactory  of  Sivree ;  that  is,  for  all  the  ware  which  is  to  be 
glazed :  silica,  69 ;  alumina,  3£'2 ;  potash,  2-2 ;  lime,  3'3.  The  conditions  of  such  a 
compound  are  pretty  nearly  fulfilled  l^  tajung  from  68  to  70  of  the  washed  kaolin  or 
china-day,  22  to  15  of  the  felspar,  nearly  10  of  fiint-powder,  and  about  6  of  chalk.  The 
glaze  is  composed  soldy  of  solid  felspar,  caldned,  crushed,  and  then  ground  fiine  at 
the  mill.  This  rock  pretty  uniformly  consists  of  silica  73,  alumina  16-2,  potash  8-4, 
and  water  0-6. 

The  kaolin  is  washed  at  the  pit,  and  sent  in  this  state  to  Sivres,  under  the  name  of 
decanted  earth.  At  the  manufactory  it  is  -washed  and  elutriated  with  care  ;  and  its 
slip  is  passed  through  fine  sieves.  This  forma  the  plastic,  infusible,  and  opaque 
in^wdient  to  which  Uie  substance  must  be  added  which  gives  it  a  certain  degree  of 
fusibility  and  semi-transparency.  The  felspar-rock  used  for  this  purpose  should 
contain  neither  dark  mica  nor  iron,  either  as  an  oxide  or  sulphide.  It  is  calcined  to 
make  it  crusbable  under  stamp-pestles  driven  by  machinery,  and  then  ground  fine  in 
homstone  (chert)  mills.  This  pulverulent  matter  being  difiused  through  water,  is 
mixed  in  certain  piopoitions  regulated  by  its  quality,  with  the  argillaceous  slip.  The 
mixture  is  deprived  of  the  chief  part  of  its  water  in  shallow  plaster  pans  without 
heat ;  and  the  resulting  paste  is  set  aside  to  ripen,  in  damp  cellars,  for  many  months. 

When  wanted  for  use,  it  is  placed  in  hemispherical  pans  of  plaster,  which  absorb 
the  redundant  moisture ;  after  which  it  is  divided  into  small  lumps,  and  completely 
dried.  It  is  next  pulverised,  moistened  a  little,  laid  on  a  floor,  and  trodden  upon  by 
a  workman  marching  over  it  -with  bare  feet  in  every  direction;  the  parings  and 
fragments  of  soft  moulded  articles  being  intermixed,  which  improve  the  plastidty  of 
the  whole.  TVhen  suffidently  tramped,  it  is  made  up  into  masses  of  the  size  of  a 
man's  head,  and  kept  damp  till  reqmred. 

The  dough  is  now  in  a  state  fit  for  the  potter's  lathe ;  but  it  is  much  less  plastic 
than  earthenware  paste,  and  is  more  difficult  to  fashion  into  the  various  artides ;  and 
hence  one  cause  of  the  higher  price  of  porcelain. 

llie  round  plates  and  mshes  are  shaped  on  plaster-monlds ;  but  sometimes  the  paste 
is  laid  on  as  a  crust,  and  at  others  it  is  turned  into  shape  on  the  lathe.  When  a  crust 
is  to  be  made,  a  moistened  sheep-skin  is  spread  on  a  marble  table ;  and  over  this  the 
dough  is  extended  with  a  rolhng-pin,  supported  on  two  guide-rules.  The  crust  is 
then  transferred  over  the  plaster-mould  by  lifting  it  upon  the  skin;  for  it  wants 
tenacity  to  bear  raising  by  itself.  When  the  piece  is  to  be  fashioned  on  the  lathe,  a 
lump  al  the  dough  is  urown  on  the  centre  of  the  horizontal  wooden  disc,  and  turned 
into  form  as  directed  in  treating  of  earthenware,  only  it  must  be  left  much  thicker  than 
in  its  finished  state.  After  it  dries  to  a  certain  degree  on  the  plaster-mould,  the  work- 
man replaces  it  on  the  lathe,  by  moistening  it  on  its  base  with  a  wet  sponge,  and 
finishes  its  form  -with  an  iron  tool.  A  good  workman  at  Sivres  makes  no  more  than 
from  15  to  20  porcelain  plates  in  a  day ;  whereas  an  English  potter,  with  two  boys. 
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makes  from  l.OOOto  1,200  plates  of  eaithenirare  ia  the  same  time.  The  pieces,  which 
an  not  round,  are  shaped  in  plaster-monlds,  and  finished  by  hand.  When  the 
articles  are  yerj  large,  as  wash-hand  basins,  salads,  &c.,  a  flat  ikke  is  spread  above  a 
skin  on  the  marble  slab,  which  is  then  applied  to  the  monld  with  the  sponge,  as  for 
plates ;  and  they  are  finished  by  hand. 

The  projecting  pieces,  snch  as  handles,  beaks,  spomts,  and  ornaments,  are  moulded 
and  adjusted  sepiKKtely ;  and  are  cemented  to  the  bodies  of  chintt-waie  with  slip,  or 
porcelain  dough  thinned  with  water.  In  fact,  the  mechanical  processes  with  porcelain 
and  the  finer  stoneware  are  substantially  the  same ;  only  they  require  more  time  and 
greater  nicety.  The  least  defect  in  the  &brication,  the  smallest  bit  added,  an  unequal 
pressnre,  the  cracks  of  the  moulds,  although  well  repaired,  and  seemingly  e&ced  in 
the  day  shape,  re-appear  after  it  is  baked.  The  articles  should  be  allowed  to  dry 
Teiy  slowly ;  if  humed  but  a  little,  they  are  liable  to  be  spoiled.  When  quite  dry, 
they  are  taken  to  the  kiln. 

The  kiln  for  hard  porcelain  at  Sivres  is  a  kind  of  tower  in  two  fiats,  constructed 
of  fire-bricks ;  and  resembles,  in  other  respects,  the  earthenware  kilns  already  figured 
and  described.  The  fuel  is  young  aspen  wood,  yery  dry,  and  cleft  Tery  small ;  it  is 
put  into  the  apertnres  of  the  four  outside  fomaces  or  fire-mouths,  which  discharge 
their  flames  into  the  inside  of  the  kiln  ;  each  floor  being  closed  in  above,  by  a  dome 
pierced  with  holes.  The  whole  is  covered  in  by  a  roof  with  an  open  passage,  placed 
at  a  proper  distance  from  the  uppermost  dome.    There  is,  therefore,  no  chimney  proper 

The  raw  pieces  are  put  into  the  upper  floor  of  the  kiln ;  where  they  receive  a  heat 
of  about  the  60th  degree  of  Wedgwood's  pyrometer,  and  a  commencement  of  baking, 
which,  without  altering  the  shape,  or  causing  a  perceptible  shrinking  of  their  bulk, 
makes  them  completely  dry,  and  gives  them  sufficient  solidity  to  bear  handling.  By 
this  preliminary  baking,  the  clay  loses  its  property  of  forming  a  paste  with  yntai ;  and 
the  pieces  become  fit  for  receiving  the  glazing  coat,  as  they  may  be  dipped  in  water 
without  risk  of  breakage. 

The  glaze  of  hard  porcelain  is  a  felspar  rock ;  this  being  ground  to  a  very  fine 
powder,  is  worked  into  a  paste  with  water  mingled  with  a  little  vinegar.  All  the 
articles  are  dipped  into  this  milky  liquid  tot  an  instant ;  and  as  they  are  very  porous 
they  absorb  the  water  greedily,  whereby  a  layer  of  the  felspar-glaze  is  deposited  on 
theu  surface,  in  a  nearly  dry  state,  as  soon  as  they  are  lifted  out  Glaze-pap  is 
afterwards  applied  with  a  hair-brush  to  the  projecting  edges,  or  any  points  where  it 
has  not  taken ;  and  the  powder  is  then  removed  from  Sie  part  on  which  the  article  is 
to  stand,  lest  it  should  get  fixed  to  its  support  in  the  fire.  After  these  operations,  it  is 
replaced  in  the  kiln,  to  be  completely  baked. 

The  articles  are  put  into  saggers,  like  those  of  fine  stoneware ;  and  this  operation 
is  one  of  the  most  delicate  ^d  expensive  in  the  manufacture  of  porcelain.  The 
saggers  are  made  of  the  plastic  or  potter's  clay  of  Abondant,  to  which  about  a  third 
part  of  cement  of  broken  saggers  has  been  added. 

As  the  porcelain  pieces  soften  soifiewhat  in  the  fire,  they  cannot  be  set  above  each 
other,  even  were  they  free  from  glaze ;  for  the  same  reason  they  cannot  be  baked  on 
tripods,  several  of  them  being  in  one  case,  as  is  done  with  stoneware.  Every  piece  of 
porcelain  requires  a  sagger  for  itself.  They  must,  moreover,  be  placed  on  a  perfectly 
flat  surface,  because  in  softening  they  would  be  apt  to  conform  to  the  irregularities  of 
a  roogh  one.  When,  therefore,  any  piece,  a  sonp-plate  for  example,  is  to  be  taggend, 
there  is  laid  on  the  bottom  of  the  case  a  perfectly  true  tlisc  or  round  cake  of  stone- 
ware, made  of  the  sagger  material,  and  it  is  secured  in  its  place  on  three  small  props 
'  of  a  clay-lute  consisting  of  potter's  clay  mixed  with  a  great  deal  of  sand.  When  the 
cake  is  carefully  levelled,  it  is  moistened,  and  dusted  over  with  sand,  or  coated  with  a 
film  of  flre-day  slip,  and  the  porcelain  is  carefully  set  on  it.  The  sand  or  flre-clay 
hinders  it  fiom  sticking  to  the  cake.  Several  small  articles  may  be  set  on  the  same 
cake,  provided  they  do  not  touch  one  another. 

The  ssggers  containing  the  pieces  thus  arranged  are  jnled  up  in  the  kiln  over  each 
other,  in  the  columnar  form,  till  the  whole  space  be  occupied  ;  leaving  very  moderate 
intervals  between  the  columns  to  favour  the  draught  of  the  fires.  The  whole  being 
arranged  with  these  precautions  and  several  others  too  minnte  to  be  specified  here, 
the  door  of  the  kiln  is  built  up  with  three  rows  of  bricks,  leaving  merely  an  opening 
8  inches  sc^uare,  through  which  there  is  access  to  a  sagger  with  the  nearest  side  cut 
o£  In  this  sagger  are  ^nt  fragments  of  porcelain  intended  to  be  withdrawn  from 
time  to  time,  in  order  to  judge  of  the  progress  of  the  baking.  These  are  called  trial- 
pieces  or  watches  {fiumtra).  This  opening  into  the  watches  is  closed  by  a  stopper  of 
stonoware. 

The  firing  begins  bv  throwing  into  the  furnace-months  some  pretty  large  pieces  of 
iHiite  wood ;  and  the  neat  is  maintained  for  about  15  hours,  gradually  raising  it  by 
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the  addition  of  a  larger  quantity  of  tbe  wood,  till  at  the  end  of  that  period  the  kiln  hat 
a  ebeny-red  colonr  irithin.  The  heat  is  now  greatly  increased  by  tbe  opeiation  tetmed 
eovermg  ti4  fire.  Instead  of  throwing  billets  rertically  into  the  fonr  fomacee,  there  is 
placed  nariKmtally  on  the  openings  cf  these  Aimaoes,  aspen  wood  of  a  sonnd  teztnie, 
cleft  small,  laid  in  a  sloping  position.  The  brisk  and  long  flame  which  it  yields  dips 
into  the  tunnels,  penetrates  the  kiln,  and  drcnlatas  round  the  sagger-piles.  The  heat 
aogments  la^dly,  and  at  the  end  of  18  or  16  hoors  of  this  firiiw  the  interior  of  the 
kiln  ia  so  irilite  that  the  watches  can  hardly  be  distinguished.  The  dzanght,  indeed, 
ia  so  xa.fki  at  this  time,  that  on*  may  place  his  hand  on  the  slope  of  the  wood  without 
figeling  incommoded  by  the  heat.  Evwything  ia  consumed,  no  small  charcoal  remains, 
smoke  ii  no  longer  prodnced,  and  even  the  wood-ash  is  dissipated.  It  is  obrions  that 
the  kiln  and  the  sasgeiB  must  be  ooniposad  of  a  reiy  refisetwy  clay,  in  older  to 
resist  inch  a  Are.  The  heat  in  the  Sirres  kilns  moants  as  high  as  the  184th  degree 
of  Wedgwood. 

At  the  end  of  16  or  20  hours  of  the  great  fire,  that  is,  after  from  80  to  86  hum' 
firing,  the  poroelain  is  bake^ ;  as  is  ascertained  by  taldng  out  and  examining  the 
wat(£es.  The  kiln  is  snfiered  to  cool  during  3  or  4  days,  and  is  then  opened  and 
^sdiaiged.  The  sand  strewed  on  the  cakes  to  prerent  the  adhesion  of  the  artJcles  to 
them,  gets  attached  to  their  sole,  and  is  removed  by  friction  with  a  hard  sandstone ; 
an  opetation  which  one  woman  can  perform  for  a  whole  kiln  in  less  than  10  days ; 
and  IS  the  last  applied  to  hard  porcelain,  unless  it  needs  to  be  returned  into  the  hot 
kiln  to  hare  some  defects  repaired. 

The  materials  of  fine  porcelain  are  very  rare ;  and  there  would  be  no  advantage 
in  making  a  gr^y-white  porcelain  with  eoniBcr  aid  sranewhat  cheaper  materials,  for 
the  other  sources  of  e:q>en8e  above  detailed,  and  which  are  of  meet  consequence, 
would  sdll  exist ;  while  the  porcelain,  losing  much  of  its  brightness,  would  lose  the 
main  part  of  its  value. 

It*  pap  or  dough,  which  requires  tedious  grinding  and  manipnlatioa,  is  also  more 
difficult  to  work  into  shapes,  in  the  ratio  of  80  to  1,  compared  to  fine  earthenware. 
Eadi  porcelain  plate  requires  a  separate  sagger ;  so  that  12  occupy  in  the  kiln  a  space 
sufficient  for  at  least  88  earthenware  plates.  The  temperature  of  a  hard  porcelain 
kiln  being  very  high,  involves  a  proportionate  consumption  of  fuel  and  waste  of 
saggers.  With  40  cubic  meters  of  wood,  12,000  earthenware  plates  may  be  cam|detely 
fiwd,  both  in  the  biscuit-  and  giaM-Jdlns ;  while  the  same  quantity  of  wood  would  taike 
at  most  only  1,000  plate*  of  poreelain. 

The  process  of  bisque  firing  is  as  follows :  the  ware  bang  finished  from  the  hands 
of  the  potter  is  brought  by  him  upon  boards  to  the  'green-house,'  so  called  from 
its  being  the  receptacle  for  ware  in  the  '  green '  or  unfired  state.  It  is  hare  giadoally 
dried  for  the  ovens ;  when  ready  it  is  carried  to  the  '  sagger-house '  in  immediate 
connection  with  the  oven  in  which  it  is  to  be  fired,  and  nere  it  is  placed  in  the 
'  saggers :'  these  are  boxes  made  of  a  peculiar  kind  of  clay  (a  native  marl)  pre- 
viously fired,  and  infusible  at  the  heat  required  for  the  wars,  and  of  form  suited  to 
the  articles  they  are  to  ctHitain.  A  little  dry,  pounded  fiint  is  scattered  between  pieces 
of  china,  and  sand  between  earthenware,  to  prevent  adhesion.  The  purpose  of  the  sagger 
is  to  protect  the  ware  from  the  flames  and  smoke,  and  also  for  its  security  from 
breiJuge,  as  in  the  clay  stats  it  is  exceedingly  brittle,  and  when  dry,  or  what  is  called 
'  white/  requires  great  care  in  the  handling.  A  plate  sagger  will  hold  tweatj  plates 
placed  one  on  the  other  of  earthenware,  but  china  plates  are  fired  separately  in 
'setters'  made  of  their  respective  forms.  The  'setters '  for  china  plates  and  duhes 
answer  the  same  purpose  as  the  saggers,  and  are  made  of  the  same  clay.  They  take 
in  one  dish  or  ^ate  each,  and  are  '  reared '  in  the  oven  in  '  bungs '  one  on  the  ' 
ether. 

The  hovels  in  which  the  ovens  are  built  form  a  very  peculiar  and  striking  feature 
of  the  pottery  towns,  and  fbrdUy  arrest  the  attention  and  excite  the  surprise  of  the 
stranger,  resembling  as  they  closely  do  a  sncoaasioa  of  gigantic  beehives.  They  are 
constructed  <^  brius  about  40  feet  in  diameter,  and  about  86  feet  high,  with  an 
aperture  at  the  top  for  the  escape  of  the  smoke.  The  '  ovens '  are  of  a  similar  form, 
about  22  feet  diameter,  and  from  18  to  21  feet  high,  heated  by  flrepUeee  or 
'  months,'  about  nine  in  nnmber,  bnilt  externally  around  them,  ilnsa  in  connection 
with  these  converge  under  the  bottom  of  the  oven  to  a  central  opening,  drawing  the 
flames  to  this  point,  where  they  enter  the  oven ;  other  flues  termed  '  bags '  pass  up 
the  internal  sides  to  the  height  of  ibont  4  feet,  thus  conveying  the  flames  to  the 
upper  part 

When  '  setting  in '  the  oven,  the  firemen  enter  by  an  opening  in  tbe  side,  canying 
the  saggers  with  the  ware  placed  as  described;  these  are  piled  one  upon  another, 
from  bottom  to  top  of  tbe  oven,  care  being  taken  to  arrange  them  so  t^  they  may 
receive  the  heat  (which  varies  in  different  parts)  most  suited  to  the  articles  they 
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coDtain.  Tbis  being  continned  till  the  oven  it  filled,  tho  apertnTs  ia  then  bricked 
up.    The  firing  of  eartheninue  bisqne  cootiaues  sixty  hooiB,  and  of  china  forty-eight 

The  quantity  of  coals  neeeasary  for  a  '  bisqne'  oveo  is  &om  16  to  20  tons ;  for  a 
'glost' oren  from  4^  to  6  tons. 

.  Tha  ware  is  allowed  to  cool  for  two  days,  irfaen  it  is  drawn  in  the  state  teehoioally 
called  '  biseoit '  or  bisque,  and  is  tlun  ready  for  '  glsancb'  except  trhen  required  for 
printing  or  a  common  style  of  painting,  both  of  vhich  processes  are  done  on  the 
bisqne  prior  to  being  'glaJied.' 

Tender  vorcelain,  or  soft  china-'ware.  is  made  vith  a  vitreous  frit,  rendered  less 
fnsiUe  and  ojpaque  by  an  addi&m  of  white  marl  or  bone-ash.  The  fnt  is,  therefore, 
first  prepared^  This,  at  Sines,  is  a  composition,  made  with  some  nitre,  a  little  sea 
salt,  Alicant  barilla,  alum,  gypsum,  and  much  siliceous  sand  or  ground  flints.  That 
mixture  is  subjected  to  an  incipient  pas^  fusion  in  a  furnace,  where  it  is  stirred  about 
to  blend  the  materials  well ;  and  thus  a  very  white  spongy  firit  is  obtained.  It  is 
pulverised,  and  to  every  three  parts  of  it^  one  of  the  whits  marl  of  Aigenteoil  is 
added ;  and  when  the  whole  are  well  ground,  and  intiniately  mixed,  the  past*  of 
tender  ponelain  is  formed. 

As  this  paste  bos  no  tenacity,  it  cannot  bear  working  till  a  mucila^  of  gum  or  black 
soap  be  added,  which  gives  it  a  kind  of  plasticity,  though  even  then  it  will  not  bear  the 
lathe.  Hence  it  must  be  &shioned  in  tne  press,  between  two  moulds  of  plaster.  The 
pieces  are  left  thicker  than  they  should  be ;  and  when  dried,  are  finished  on  the  lathe 
with  iron  tools. 

In  this  state  they  are  baked,  without  any  glaze  being  ai>]plied ;  but  as  this  porcelain 
softens  far  more  during  the  baking  than  the  hard  porcelain,  it  needs  to  be  supported 
on  every  side.  This  is  done  by  baking  on  earthen  moulds  all  such  pieces  as  can  be 
treated  in '  this  way,  namely,  plates,  saucers,  &e.  The  pieces  are  reversed  on  these 
monlds,  and  undergo  their  shrinkage  without  losing  their  form.  Beneath  other 
articles,  supports  of  a  like  paste  are  laid,  which  suffer  in  baking  the  same  contraction 
as  the  artides,  and  of  course  can  serve  cmly  once.  In  this  operation  saggars  are 
used,  in  which  the  pieces  and  their  supports  are  fired. 

The  kiln  for  the  tender  porcelain  at  Sivrea  is  absolnteljr  similar  to  tliat  for  the  com- 
mon earthenware ;  but  it  has  two  floors ;  and  while  the  biscuit  is  baked  in  the  lower 
story,  the  glaze  is  fused  in  the  upper  one;  which  causes  considerable  economy  of 
Aiel.  The  glaze  of  soft  porcelain  is  a  species  of  glass  or  cnrstal  prepared  on  purpose. 
It  is  composed  of  flint,  siliceous  sand,  a  little  potash  or  so^,  and  about  two-flfth  parts 
of  lead  oxide.  This  mixture  is  melted  in  crucibles  or  pots  beneath  the  kiln.  The 
resulting  glass  is  ground  flne,  and  diffiued  throuf^  water  mixed  with  a  little  vinegar 
to  the  consistence  of  cieam.  All  the  pieces  of  biscuit  are  covered  with  this  glan 
matter,  by  pouring  this  slip  over  them,  since  then  substance  is  not  absorbent  enough 
to  take  it  on  by  immersion. 

The  pieces  are  encased  once  more  each  in  a  separate  sagKer,  but  without  any  sup- 
ports ;  for  the  heat  of  the  upper  floor  of  the  kiln,  though  adequate  to  melt  the  glaze, 
IS  not  strong  enough  to  soften  the  biscuit.  But  as  this  first  vitreous  coat  is  not  very 
equal,  a  second  one  is  applied,  and  the  pieces  are  returned  to  the  kiln  for  the  third 
time.    See  Stoki!,  Abuficial,  for  a  view  of  this  kiln. 

The  mannfkctnre  of  soft  porcelain  is  longer  and  more  difficult  than  that  of  hard ; 
its  biscuit  is  dearer,  although  the  raw  materials  may  be  found  everywhere  ;  and  it 
furnishes  also  more  refuse.  Many  of  the  pieces  split  asunder,  receive  fissures,  or  become 
deformed  in  the  biscuit-kiln,  in  spite  of  the  supports ;  and  this  vitreous  porcelain, 
moreover,  is  always  yellower,  more  transparent,  and  incapable  of  bearing  rapid  transi- 
tions of  temperature,  so  that  even  the  heat  of  boiling  water  frequently  cracks  it.  It 
possesses  some  advantages  as  to  painting,  and  may  be  made  so  gaudy  and  brilliant  in 
Its  decorations,  as  to  captivate  tho  vulgar  eye. 

7^  beet  English  porcelain  is  made  &om  a  mixture  of  the  Cornish  and  Devonshire 
kaolin  (called  china-clay),  pound  flints,  ground  Cornish  stone,  and  calcined  bones 
in  powder,  or  bone-ash,  besides  some  other  materials,  according  to  the  fancy  of  the 
manufacturers.  A  liquid  pap  is  made  with  these  materials,  compounded  in  certain 
proportions,  and  diluted  with  water.  The  fluid  part  is  then  withdrawn  by  the 
absorbent  action  of  dry  stucco  basins  or  pans.  The  dough,  brought  to  a  proper  stiff- 
ness, and  perfectly  worked  and  kneaded  on  the  principles  detailed  above,  is 
fashioned  on  the  lathe,  by  the  hands  of  modellers,  or  by  pressure  in  moulds.  The 
pieces  are  then  baked  to  the  state  of  biscnit  in  a  kiln,  being  enclosed,  of  course,  in 


This  biscnit  has  the  aspect  of  white  sugar,  and  being  very  porous,  must  recsive  a 
vitreous  coating.  The  glaze  consists  of  ground  felspar  or  Cornish  stone.  Into  this, 
difihsed  in  water,  alon^  with  a  little  fire-powder  and  potash,  the  biscnit  ware  ia 
dipped,  as  already  descnbed.    The  pieces  aia  then  fixed  in  the  glaze-kiln,  care  being 
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taken,  before  patting  tiiem  into  their  saggers,  to  remove  the  glaze-powder  from  their 
bottom  parts,  to  prevent  their  adhesion  to  the  fire-clay  vessel. 

Mortar  Body,  is  a  paste  composed  of  6  parts  of  clay,  3  of  felspar,  2  of  silez,  and 
1  of  china-clay. 

JrotutoM-China.  Some  of  the  En^sh  poredain  has  been  called  ironstoneHshina. 
This  is  composed  usually  of  60  parts  of  Cornish  stone,  40  of  china-day,  and  2  of  flint- 
gUss  ;  or  42  of  felspar,  the  same  quantity  of  clay,  10  parts  of  flints  gronnd,  and  8  of 
flint-glass.    Slag  from  iron-gmelting  is  sometimes  introduced  into  the  paste. 

The  glaze  for  the  first  composition  is  made  with  20  ports  of  felspar,  16  of  flints,  6 
of  red  lead,  and  5  of  soda,  which  are  &itted  together ;  with  44  parts  of  the  fiit,  22 
parts  of  flint-glass,  and  15  ports  of  whits  lead,  are  gronnd. 

The  glaze  for  the  second  composition  is  formed  of  8  paita  of  flint-glass,  36  of 
felspar,  40  of  white  lead,  and  20  <xf  silex  (ground  flints). 

xiie  English  manufacturers  employ  three  sorts  of  compositions  for  the  poreelsin 
biscuit :  namely,  two  compositions  not  fHtted ;  one  of  them  for  the  ordinary  table 
service ;  another  for  the  dessert,  service,  and  tea  dishes ;  the  third,  which  is  fritted, 
corresponds  to  the  paste  used  in  France  for  sculpture ;  and  with  it  all  delicate  kinds 
of  ornaments  are  made. 


Ground  flints 
Calcined  bones 
China-clay    . 
Clay     .... 

Fint  oompwlUoa 

Second  comporitkwi 

75 

180 

40 

70 

66 

100 

96 

Granite       80 

Lynn  sand  150 
300 
100 

Potash           107 

The  glaze  for  the  flrst  two  of  the  preceding  compositions  consists  of,  felspar  45, 
flints  9,  borax  21,  flint-glass  20,  nickel  4.  After  fritting  that  mixture,  add  12  parts 
of  red  lead.  For  the  third  composition,  which  is  the  most  fusible,  the  glaze  must 
receive  12  paru  of  ground  flints,  instead  of  9 ;  and  there  should  be  only  15  parts  of 
borax,  instead  of  21. 

Deseripiion  of  the  Porcelain  MW. 

1.  The  following  figures  of  a  felspar  and  flint  mill  (figs.  1650, 1651)  are  taken  from 
plans  of  apparatus  constructed  by  Mr.  Hall,  (^  Dartford,  and  erected  by  him  in  the 
Boyal  Manuifactory  of  Sivres.  There  are  two  similar  sets  of  apparatus,  which  may 
bo  employed  together  or  in  succession ;  composed  each  of  an  elevated  tub  A,  and  of 


three  snceessive  vats  of  reception  a  ,  ana  two  'behind  it,  whose  top  edges  are  npon  a 
lower  level  than  the  bottom  of  the  casks  a,  a,  to  allol^  of  the  liquid  running  out  ot 
them  with  a  sufficient  slope.  A  proper  charge  of  kaolin  is  flrst  put  into  the  cask  A, 
then  water  is  gradually  run  into  it  by  the  gutter  adapted  to  the  stopcock  a,  after 
which  the  mixture  is  agitated  powerfully  in  every  direction  by  hand  with  the  stirring- 
bar,  which  is  hung  within  a  hole  in  the  ceiling,  and  has  at  its  upper  end  a  small  tin- 
plate  funnel  to  prevent  dirt  or  rust  from  dropping  down  into  the  clay.  The  stirrer 
stay  be  raised  or  lowered  so  as  to  touch  any  part  of  the  cask.  The  semi-fluid  mass  is 
left  to  settle  for  a  few  minutes,  and  then  the  finer  argillaceous  pap  is  run  off  by  the 
stopcock  a',  placed  a  little  above  the  gritty  deposit,  into  the  zinc-pipe  which  conTeys  it 
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into  one  of  the  tuDS  a';  but  as  this  eenii-liqaid  matter  may  still  contain  some  granular 
sabstaoces,  it  must  be  passed  through  a  mere  before  it  is  admitted  into  the  tab. 
There  is,  tiierafore,  at  the  spot  npon  the  tab 
where  the  zinc  {npe  terminatee,  a  wire^eloth 
sieTe,  of  an  eztremelj  close  texture,  to  re- 
oeiTe  the  liquid  paste.    Tliis  sieve  is  shaken 

rn  its  support,  in  order  to  make  it  dis< 
rge  the  -washed  kaolin.  After  the  clay 
has  subsided,  the  water  is  drawn  off  from 
its  sorftce  by  a  one  syphon.  The  vats  a' 
hare  corers,  to  protect  taeir  contents  from 
dust.  In  the  potteiT  factoriee  of  England 
the  agitation  is  produced  by  machinery  in- 
stead of  the  hand.  A  Tertical  shaft,  with 
horisontal  or  oblique  paddles,  is  made  to 
rerolve  in  the  vats  for  this  poipose. 

The  mail  triiuraiinff  mil  is  represented 
mfff.  1651.  There  are  three  similar  grinding-tobs  on  the  same  line.  The  detaib 
of  the  construction  are  shown  in  fig.  1652,  where  it  is  seen  to  consist  principally 
of  a  revolving  millstone,  b  {fig.  1658),  of  a  fiut  or  sleeper  millstone,  v,  and  of  a 
vat,  c  hooped  with  iron,  with  its  top  raised  above  the  apper  millstone.  The  lower 
block  of  homstone  rests  upon  a  very  firm  basis,  &';  it  is  snrronnded  immediately 
by  the  strong  wooden  circle  e,  which  slopes  out  fonnel-wise  above,  in  order  to 
throw  bock  the  earthy  mattei*  as  they  are  pushed  up  by  the  attzition  of  the  stones. 
That  piece  is  hollowed  out,  parti^y  to  admit  the  key  c,  opposite  to  which  is  the 
faucet  and  spigot  </,  for  emptying  tj^e  tub.  When  one  operation  is  completed,  the 
key  c  is  lifted  out  by  means  of  a  peg  put  into  the  holes  at  its  top ;  the  spigot  is 
then  drawn,  and  the  thin  paste  is  run  oat  into  vats.  The  upper  grindstone,  ad, 
like  the  lower  one,  is  about  two  feet  in  diameter,  and  must  be  cut  in  a  peculiar 
manner.  At  flnt  tbere  is  scooped  out  a  hollowing  in  the  form  of  a  sector,  denoted  by 
d  e  f,  fig.  1653 ;  the  arc  d  /is  about  one-sixth  of  the  drcnmference,  so  that  the 
vacuity  of  the  turning  grindstone  is  one-sixth  of  its  surfiice ;  moreover,  the  stone 
must  be  channelled,  in  order  to  grind  or  crush 
the  hard  grittv  substances.  For  this  purpose, 
a  wedge-shaped  groove  deg,  about  an  inch  and  a 
quarter  deep,  is  made  on  its  under  face,  whereby 
the  sttme,  aa  it  turns  in  the  direction  indicated 
by  the  arrow  acts  with  this  inclined  plane  upon 
ul  the  particles  in  its  course,  crushing  them  and 
forcing  tbem  ia  between  the  stones,  till  they  be 
tritnrs^  to  an  impalpable  powder.  When  the 
grindstone  wears  unequally  on  its  lower  snr&ce, 
it  is  useAil  to  ttace  upon  it  little  Amows,  pro- 
ceeding from  the  centre  to  the  drcumfarence, 
like  those  shown  by  the  dotted  lines  ^  «".  It 
must,  moreover,  be  indented  with  rough  points  by 
the  hammer. 

The  turning  homstone-block  is  set  in  motion 
by  the  vertical  shaft  r,  which  is  fixed  by  the 
clamp-iron  cross,  i,  to  the  top  of  the  stone.  When 
tbe  stone  is  new,  its  thickness  is  about  14  inchee, 
and  it  is  made  to  answer  for  grinding  till  it  be 
reduced  to  about  8  inches,  by  lowering  the  chunp 
I  upon  the  shaft,  so  that  it  may  continue  to  keep 
its  hold  of  the  stone.  The  mannner  in  which 
the  ^ndstones  are  turned  is  obvious  from  in- 
spection of  fig.  1651,  where  the  horizontal  axis  l, 
which  receives  its  impulsion  from  the  great  water- 
wheel,  turns  the  prolonged  shaft  l',  or  leaves  it 
at  rest,  according  as  the  dutch  {,  I',  is  locked 
or  open.  The  second  shaft  bears  the  three  bevel 
wheels  M,  jc,  n.  These  work  in  three  corre- 
sponding bevel  wheels  nfji'iif,  made  &st  respec- 
tively to  the  three  vertical  shafts  of  the  millstones, 
'nhich  pass  through  the  cast-iron  guide  tubes  nf'x". 
These  are  fixed  in  a  truly  vertical  position  by  the 
eoUar-bar  m",  m',fig.  1662.    In  this  figure  we  see  at  m  how  the  strong  cross-bar  of 
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cast  iron  is  made  fbst  to  tbe  wooden  be&ms  'trtiich  rapport  all  the  apper  Trnwhaiumn  of 
the  mill- work.  The  bearing  «t'  i>  digpoeed  in  an  analogona  manner;  but  it  is  sup- 
ported against  two  cast-iron  columns,  shown  at  i."  l",  in  fig,  I65I.  The  guide  tubes 
x"  are  bored  smooth  for  a  small  distance  &om  each  of  their  extremities,  and  their  in- 
tegacent  calibre  is  wider,  so  that  the  vertical  shafts  touch  only  at  two  places.  It  ia 
obvious,  that  whenever  the  shaft  il  is  set  agoing,  it  neeessarily  turns  the  wheels  x  and 
x',  and  their  guide  tubes  u" ;  but  the  vertical  shaft  may  remain  either  at  rest,  or  re- 
volve, according  to  the  position  of  the  lever<lick  or  catch  k,  at  the  top,  which  is  made 
to  slide  upon  the  shaft,  and  can  let  fall  a  flnger  into  a  vertical  groove  cot  in  the  sur- 
face of  that  shaft.  The  clamp-fork  of  the  dick  is  thus  mads  to  catch  upon  tiie  hori- 
zontal bevel  wheel  x',  or  to  release  it,  according  as  the  lever  k  is  lowered  or  lifted  up. 
Thus  each  millstone  may  be  thrown  out  of  or  into  gear  at  pleasnie. 

These  stonea  make  upon  an  average  11  or  12  turn*  in  a  minute,  corresponding  to  S 
revolutions  of  the  water-vheel,  which  moves  through  a  space  of  3  feet  4  inches  in  the 
second,  its  outer  circumference  being  66  feet.  The  weight  of  the  upper  stone,  witli  its 
iron  mountings,  is  about  6  cwts.  when  new.  The  charge  of  each  mill  in  dry  m«^iiwitl 
is  2  cwts. ;  and  the  water  may  be  estimated  at  from  one-half  to  the  whole  of  this  wsi^t ; 
whence  the  total  load  may  be  reckoned  to  be  at  leaat  3  cwts. ;  the  stone  by  dis|dace- 
ment  of  the  magma,  loses  fully  400  pounds  of  its  weight,  and  weighs  therefore  in 
reality  only  2  cwts.  It  ia  changed  in  successive  portions,  but  it  is  discharge  all  at 
once.  When  the  grinding  of  the  siliceous  or  felspar  matten  is  neariy  complete,  a 
lemadable  phencHuenon  occurs :  the  substance  precipitates  to  the  bottom,  and  nmnnnei 
in  a  few  seconds  so  strong  a  degree  of  cohesion,  that  it  is  hardly  possible  to  restore  it 
again  to  the  pasty  or  magma  state ;  hence,  if  a  millstone  turns  too  slowly,  or  if  it  be 
accidentally  stopped  fat  a  few  minutes,  the  upper  stone  gets  so  firmly  cemented  to  the 
under  one,  that  it  is  difficult  to  separate  them.  It  has  been  discovered,  bnt  without 
knowing  why,  that  a  little  vinegar  added  to  the  water  of  the  magma  almost  infallibly 
prevents  that  sudden  stifiening  of  the  deposit  and  stoppage  of  the  stones.  If  the  mills 
come  to  be  set  &st  in  this  way,  the  shafts  or  gearing  woiud  be  certainly  broksn,  were 
not  some  safety  provision  to  be  made  in  the  madiinery  a^iainst  such  accidents.  Hr. 
Hall's  contrivance  to  obviate  the  above  danger  is  highly  ingenious.  The  dutch  I,  I', 
fig.  1661,  is  not  a  lockinp-czab,  fixed  in  the  common  way,  upon  the  shaft  J. ;  bnt  it  is 
composed,  as  shown  in^<.  16S4,  1655,  1656,  1657,  of  a  hoop,  u,  fixed  upon  the  ttuA 
by  means  of  a  key,  of  a  collar  v,  and  of  a  flat  ring  or  washer  x,  with  four  pngectiona, 
which  are  fitted  to  the  collar  v  hj  four  bolts,  y.  Fig.  1655  represents  the  cdlar  v,  seen 
in  front ;  that  is,  by  the  face  which  carries  mo  dutdi  teeth  ;  and  J^.  1656  represents 
its  other  face,  widen  receives  the  fiat  ring  «,  fif,  1667,  in  four  notches  corresponding 
to  the  four  projections  of  the  ifasher-ring.  Since  the  ring  u  is  fixed  upon  the  shaft  l, 
and  necessarily  tarns  with  it,  it  has  the  two  other  pieces  at  ita  disposal,  namely,  the 

collar  t^  and  toe  washer  x,  because  they  are 
always  connected  witji  it  by  the  four  bolts  jr,  so 
as  to  turn  with  the  ring  tc,  when  the  resistance  they 
encounter  upon  the  shaft  j.'  it  not  too  great,  and 
to  remain  at  rest,  letting  the  ring  u  torn  by  itself, 
when  that  resistanoe  increases  to  a  certain  pitch. 
To  give  tiiis  degree  of  friction,  we  need  only 
interpose  the  leather  washers  z,  e',  fig.  1654 ;  and 
now,  as  the  coUar  eoufUng-bog,  «,  slides  pretty 
freely  upon  the  ring  «,  it  is  obvious  that  by 
tightening  more  or  less  the  screw-bolts  y,  these 
washers  will  become  as  it  were  a  lateral  brake, 
to  tighten  more  or  less  the  bearing  of  the  ring 
ft,  to  which  they  are  applied :  by  regulating  this 
pressure,  everything  may  be  easily  a^ostad.  When  the  resistance  becomes  too  great, 
the  leather  washers,  pressed  upon  one  side  by  the  collar  v,  of  the  washer  x,  and  rubbed 
upon  the  other  side  by  the  prominence  of  the  ring  u,  get  heated  to  such  a  degree,  that 
they  are  apt  to  become  carbonised,  and  require  replacement. 

This  safety  dutch  may  be  recommended  to  the  notice  of  mechaniduuui,  as  suscep- 
tible of  beneficial  application  in  a  variety  of  circumstances. 

Great  Porcelain  Mill.~The  large  felspar  .ind  kaolin  mill,  made  by  Mr.  Hall,  for 
Sivres,  has  a  flat  bed  of  homstone,  in  one  block,  laid  at  the  bottom  of  a  great  tub, 
hooped  strongly  with  iron.  In  most  of  the  Englixh  potteries,  however,  that  bed 
consists  of  several  flat  pieces  of  chert  or  homstone,  laid  level  with  each  other.  There 
is  88  usual  a  spigot  and  faucet  at  the  side,  for  drawing  off  the  liquid  paste.  The 
whole  system  of  the  mechanism  is  very  substantial,  and  is  supported  by  wooden 
beams. 
The  following  is  the  manner  of  turning  the  upper  blo^    In  ;^.  1650  the  main 
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horizontal  shaft,  r,  bears  at  one  of  its  eztretniUes  a  toothed  vheel,  iisoally  moonted 
upon  the  peripheiy  of  the  great  'vrater- wheel  {fig.  1 658  shows  this  toothed  wheel  by  a 
dotted  line)  at  its  other  end  :  p  carries  the  fixed  portion  p  of  a  oonpling-box,  similar 
to  the  one  jnst  described  as  belonging  to  the  little  mill.  On  the  prolongation  of  F, 
then  is  a  second  shaft,  p',  which  biarg  the  moveable  portion  of  tliat  box,  and  an  up- 
right bevel  wheel,  f".  Lastly,  in  Jiga.  1660  and  1668,  there  is  shown  the  vertical 
shaft  0,  which  cairies  at  its  upper  end  a  large  horizontal  cast-iron  wheel  a,  not  seen 
in  this  view,  because  it  is  sunk  within  the  upper  surface  of  the  turning  homstone,  like 
the  clamp  d,f,  in  fig.  1662.  At  the  lower  end  of  the  shaft  q,  there  is  the  bevel  wheel 
a",  which  receives  motion  firam  the  wheel  i^,fig.  1660. 

The  shaft,  p,  always  revolves  with  the  water-wheel ;  but  transmits  its  motion  to 
tJie  shaft  p'  only  whan  the  latter  is  thrown  into  gear  with  the  coapling-box  j/,  by 
means  of  its  forked  lever.  Then  the  bevel  wheal  p"  tnrns  round  with  the  shaft  p', 
and  ooasnuuiicatea  its  rotation  to  the  bevel  wheel  o",  which  transmits  it  to  the  shaft  Q, 
and  to  the  large  cast-iron  wheel,  which  is  sunk  into  the  upper  sur&ce  of  the  revolving 
homstone. 

The  shaft  o  is  supported  and  centred  by  a  simple  and  solid  ac^justment ;  at  its  lower 
part,  it  rests  in  a  step  B,  which  is  supported  upon  a  cast-iron  aJrch,  o',  seen  in  profile 
iafig.  1660  ;  its  base  is  solidly  fixed  t^  four  stioog  bolts.  Four  set-screws  above  b, 
fig.  1660,  serve  to  set  the  shaft  a  truly  perpendicular:  thus  supported,  and  held 
securely  at  its  lower  end,  in  the  step  at  tt,fig».  1650  and  1668,  it  is  embraced  near  the 
upper  end  by  a  brass  bush  or  collar,  composed  of  two  pieces,  which  may  be  drawn 
closer  together  by  means  of  a  screw.  This  collar  is  set  into  the  summit  of  a  great 
truncated  cone  of  cast-iron,  which  rises  within  the  tub  through  two-thirds  of  the 
thickness  of  the  homstone  bed  ;  having  its  base  firmly  fixed  by  bolts  to  the  bottom  of 
the  tub,  and  having  a  brass  collet  to  secure  its  top.  The  iron  cone  is  cased  in  wood. 
When  all  these  pieces  are  wall  acMusted  and  properly  screwed  ap,  the  shaft  o  revolves 
without  the  least  vacillation,  and  carries  round  with  it  the  large  iron  wheel  si,  cast 
in  one  piece,  and  which  consists  of  an  outer  rim,  three  aims  or  radii,  and  a  stn>og 
centml  nave,  made  &8t  by  a  key  to  the  top  of  the  shaft  o,  and  resting  upon  a  shoulder 
nicely  turned  to  reoeive  it. 

Upon    each  of  the   three  \iSi 

arms,  there  are  adjusted, 
with  bolts,  three  upright 
substantial  bars  of  oak, 
which  destend  vertically 
through  the  body  of  the 
revolving  mill  to  within  a 
small  distance  of  the  bed- 
stone; and  upon  each  of 
the  three  arcs  of  that  wheel- 
ring,  comprised  between  its 
three  strong  arms,  there 
are  a^usted,  in  like  man- 
ner, five  sinular  uprights, 
which  fit  into  hollows  cut 
in  the  perijAery  of  the 
moving  stone.  They  ought 
to  be  cut  to  a  level  at  tbeir  lower  part,  to  suit  the  slope  of  the  bottom  of  the  tub  o, 
figa.  1650  and  1668,  so  as  to  glide  past  it  prettjy  closely,  without  touching. 

The  speed  of  this  large  mill  is  ei^  revolutions  in  the  minute.  The  taming  hocn- 
Rtone  describes  a  mean  circumference  of  141^  inches  (its  diameter  being  46  inches), 
and  of  course  moves  through  about  100  feet  per  second.  The  tub,  o,  is  52  inches  wide 
at  bottom,  66  at  the  sur&ce  of  the  sleepec  block  (which  is  16  inches  thick),  and  64  at 
top,  inside  measure.  It  sometimes  happens  that  the  millstone  throws  the  pasty  mix- 
ture out  of  the  vessel,  though  its  top  is  6  inches  under  the  lip  of  the  tub  o  ;  an  incon- 
venience which  can  be  obviated  onqr  by  nuJdng  the  pap  a  Uttle  thicker ;  that  is,  by 
allowing  only  from  26  to  80  per  cent,  cf  water;  then  Its  density  becomes  nearly  equal 
to  2'00,  while  that  of  the  miUstonee  themselves  is  only  2*7 ;  whonee,  supposing  them 
to  weigh  only  2  ewts.,  tJiere  would  leasin  an  «£bctive  wei^t  of  less  toaa  \  cwt.  for 
pressing  upon  the  bottom' and  grinding  the  graanlar  particles.  This  weight  ajnears 
to  be  somewhat  too  small  to  do  much  woA  in  a  short  time  ;  and  therefore  it  would  be 
better  to  increase  the  quantity  of  water,  and  put  covers  of  some  convenient  form  over 
the  tubs.  It  is  estimated  that  this  mill  wiU  grind  nearly  6  cwts.  of  hard  kaolin  or 
felspar  gravel,  in  24  hours,  into  a  proper  pap. 
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SromnrABB. 

It  is  with  great  difficulty  that  any  satis&ctoty  disbneticm  can  be  made  between  the 
diffirent  kin£  of  ware ;  thay  slide  by  nice  degrees  into  one  another.  Stoneware  of 
the  ordinary  kind,  such  as  we  see  in  jars,  drain-pipes,  and  the  yariety  of  chemical 
ntensils  which  are  made  in  the  Lambeth  potteries,  is  conatitnted  of  theplastic  cUy, 
tmited  in  varions  proportions  with  some  felspathic  mineral,  sands  of  difnrent  kinds, 
and  in  some  cases  with  cement — stone  or  chalk;  these  miztnres  being  snljectod  to  a 
heat  which  is  snfScient  to  produce  a  partial  fiuion  of  the  mass — Uiis  condition  of 
semi-fusion  being  the  distinguishing  character  of  stoneware.  The  finer  Tarieties  of 
stoneware  are  made  from  well-selected  days,  which,  when  burnt,  will  not  have  much 
colour.  These  are  united  with  some  fluxing  material,  by  which  that  condition  of 
semi-ftasion  is  obtained  which  is  necessary  to  3ie  production  of  stoneware.  Theglaze 
of  stoneware  was  always  a  salt  glaze ;  it  has,  however,  recently  been  the  practice  to 
glaze  with  a  mixture  of  Cornish  stone,  flint,  &c.,  as  for  earthenware. 

EutTBENWABB. 

This  ware  is  exemplified  in  the  Majolica  ware,  the  Fayence  of  the  French,  the 
Dutch  or  Delft  ware,  and  by  Uie  common  varieties  of  pottery  which  are  at  present  in 
general  use  in  this  country.  All  the  varieties  of  earthenware — and  they  are  many — 
consist  of  clay  bodies,  coated  with  an  easily-fusible  glaze,  containing  lead  or  borax. 
In  Delft  and  Hajolica  ware  the  surface  is  coated  with  an  opaque  white  glaze  or 
enamel  containing  binoxide  of  tin. 

Poole  clay,  Devonshire  clay,  Cornish  clay,  and  many  of  the  days  from  the  Coal- 
measures,  and  other  geologic^  formations,  enter  into  the  composition  of  earthenware. 
These  are  combined  with  certain  proportions  of  ground  flint,  Forons  vessels  for 
cooling  water  and  wine,  now  made  extensively  in  many  parts  of  tHs  country,  an 
similar  to  the  ancient  Spanish  cooling  vessels. 

The  Spanish  alcaraesaa,  or  cooling  vessels,  are  made  porous,  to  favour  the  exudation 
of  water  through  them,  and  maintain  a  constantly  moist  evaporating  surface.  Laateyrie 
says,  that  granular  sea  salt  is  an  ingredient  of  the  paste  of  the  Spanish  alcarazzas ; 
whidi  being  expelled  partly  by  the  heat  of  the  baking,  and  partly  by  the  subsequent 
watery  percolation,  leaves  the  body  very  open.  The  biscuit  shoiUd  be  charged  with 
a  considerable  portion  of  sand,  and  very  moderately  fired. 

With  what  has  been  already  said  in  reference  to  the  modes  of  manufacture,  added 
to  the  remarks  on  printing,  glazing,  &c.,  which  are  to  follow,  the  general  principles 
which  obtain  in  the  manufacture  of  pottery,  will,  we  think,  be  snffidently  nnderstood. 

Paanaia,  PAoniMo,  &c. 

There  are  two  distinct  methods  of  printing  in  use  for  china  and  earthenware ;  one  is 
transferred  on  the  bisque,  and  is  the  method  by  which  the  ordinary  printed  ware  is 
produced,  and  the  other  is  transferred  on  the  glaze.  The  first  is  called  '  press- 
printing,'  and  the  latter  'bat-printing.'  The  engraving  is  executed  upon  copper 
plates,  and  for  press-printing  is  cut  very  deep  to  enable  it  to  hold  a  suffldency  of 
colour  to  give  a  firm  and  full  transfer  to  the  ware.  The  printer's  shop  is  furnished 
with  a  brisk  stove,  having  an  iron  plate  on  the  top  immediately  over  the  fin,  for  the 
convenience  of  warming  the  colour  while  being  worked,  also  a  roller-press  and  tubs. 
The  printer  has  two  female  assistants, called  'transferers,'  and  also  a  girl  called  a 
'  entur.'  He  copper-plate  is  charged  with  colour  mixed  with  thick  M>iled  oil  by 
means  of  a  knife  and  '  dabber,'  while  hdd  on  the  hot  stove-plate  for  the  purpose  of 
keeping  the  colour  fluid ;  and  the  engraved  portion  bdng  fllled,  the  superfinons  colour 
is  scraped  off  the  snr&ce  of  the  copper  by  the  knife,  which  is  farther  cleaned  by  being 
rubbed  with  a  boss  made  of  leatlier.  A  thick  firm  oil  is  required  to  keep  the  difierent 
parts  of  the  design  from  flowing  into  a  mass  or  becoming  conflised  while  under  the 
pressure  of  the  rubber,  in  the  process  of  transferring.  A  sheet  of  paper  of  the  neces- 
sary size  and  ol  a  peculiarly  thin  texture,  called  '  pottery  tissue,  after  being  satu- 
rated with  a  thin  solntion  of  soap-and-water,  is  placed  upon  the  copper-plate,  and 
being  put  nnder  the  action  of  the  press,  the  paper  is  caref&lly  drawn  off  again  (the 
engraving  being  placed  on  the  stove),  bring^g  wiUi  it  the  colour  by  which  tiie  plate 
was  charged,  constituting  the  pattern.  Tlus  impression  is  given  to  the  '  cutter,'  who 
cuts  away  the  sr^erfluons  paper  about  it ;  and  if  the  pattern  consists  of  a  border  and 
a  centre  the  border  is  separated  from  the  centre,  as  being  more  convenient  to  fit  to  the 
ware  when  divided.  It  is  then  laid  by  a  transferer  upon  the  wan  and  rubbed  first 
with  a  small  piece  of  soaped  flannd  to  fix  it,  and  afterwards  with  a  nibber  formed  of 
rolled  flannel.    This  rubber  is  applied  to  the  impression  very  forcibly,  the  friction 
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candng  the  ooloor  to  adhcM  flmlyto  the  bisque  surfiice,  by  which  it  is  paitially 
imbibed ;  it  is  tiien  immetaed  in  a  tab  of  water,  and  the  paper  washed  entirely  away 
with  a  sponge,  the  colonr,  ttom  its  adhesion  to  the  ware,  and  being  mixed  with  cil, 
Temsining  onaf&cted.  It  is  now  necessary,  prior  to  '  glazing,'  to  get  rid  of  this  oil, 
which  is  done  by  snbmitting  the  ware  to  heat  in  what  are  called  ■  hardening  kilns,' 
snfBcient  to  destroy  it  and  leaTe  the  oolour  pnie.  This  is  a  necessaiy  process,  as  the 
glaze,  being  mizea  with  water,  would  be  rejected  by  the  print,  while  the  oil  remained 
in  the  ooloor. 

The  printing  nnder  the  earthenware-f^aze  is  generally  performed  by  means  of  cobalt, 
and  has  difitont  shades  of  bine  according  to  the  qnantity  of  oolonring-matter 
employed.  After  having  subjected  this  oside  to  the  processes  requisite  for  its  pnrifi- 
catiOD,  it  is  mixed  with  a  certain  quantity  of  ground  flints  and  snlphate  of  baryta, 
proportioned  to  the  dilution  of  the  shade.  These  materials  are  fritted  and  ground ; 
bat  before  they  are  used,  they  most  be  mixed  with  a  flux  consisting  of  equal  parts  by 
weight  of  flint-glass  and  ground  flints,  which  serres  to  fix  the  colour  upon  the  biscuit, 
so  nist  the  immersion  in  the  glase-liqnor  may  not  displace  the  lines  printed  on,  as 
also  to  aid  in  fluxing  the  cobalt. 

The  'bat-printing'  is  done  upon  the  glaze,  and  the  engraTings  are  for  this  style 
exceedingly  fine,  and  no  greater  depth  is  required  than  for  atdinary  book  engravings. 
The  impression  is  not  submitted  to  the  heat  necessary  for  that  in  we  bisque,  and  &e 
medinm  of  conveying  it  to  the  ware  is  also  much  purer.  The  copper-plate  is  first 
charged  with  linseed  oil,  and  cleaned  off  by  hand,  so  that  the  engraved  portion  only 
retains  it  A  preparation  of  g^ue  being  run  upon  flat  dishes  about  a  quarter  of  an  inch 
thick,  is  cut  to  the  size  required  fbr  the  subject,  and  then  pressed  upon  it,  and  being 
immediately  removed,  draws  on  its  surface  the  oil  with  which  the  engraving  was 
fllled.  The  glue  is  then  pressed  upon  the  ware,  with  the  died  part  next  the  glaze, 
and  being  again  removed,  the  design  remains ;  though,  being  in  a  pnie  ml,  scarcely 
perceptible.  Colonr  flnely-groand  is  then  dusted  upon  it  with  cotton  wool,  and  a 
sufficiency  adhering  to  the  oil  leaves  the  impression  perfect,  and  ready  to  be  fired  in 
the  enamel-kilns. 

The  following  are  Uie  processes  usually  practised  in  Staffordshire  for  printing  under 
the  t^aze : — 

TEe  cobalt,  or  whatever  colour  is  employed,  should  be  ground  open  a  ponhyry 
slab,  with  a  varnish  prepared  as  follows : — ^A  {nnt  of  linseed  oil  is  to  be  boiud  to 
the  consistence  of  thick  honey,  along  with  1  oances  of  rosin,  half  a  pound  of  tar, 
and  half  a  pint  of  oil  of  amber.  This  is  very  tenacions,  and  can  be  used  only 
when  liquefied  by  heat;  which  the  printer  efiects  by  spreading  it  upon  a  hot  cast- 
iron  plate. 

The  printing  plates  are  made  of  copper,  engraved  with  pretty  deep  lines  in  the 
common  way.  The  printer,  with  a  leaUiem  muller,  spreads  upon  the  engraved  plate, 
previously  heated,  his  colonr,  mixed  up  with  the  above  oil  varnish,  and  removes  what 
is  superfiuous  with  a  pallet  knife ;  then  cleans  the  plate  with  a  dossil  filled  with  bran 
ta^ng,  and  wiping  as  if  he  were  removing  dust  from  it  This  operation  being 
finished,  he  takes  the  paper  intended  to  receive  the  impression,  soaks  it  with  soap- 
water,  and  lays  it  moist  upon  the  copper-plate.  The  soap  makes  the  paper  part  more 
readily  from  the  copper,  and  the  thick  ink  part  more  readily  from  the  biscnit.  The 
copper-plate  is  now  passed  through  the  engraver's  cylinder  press,  the  proof-leaf  is 
lifted  off  and  handed  to  the  women,  who  cat  it  into  detached  pieces,  which  they  apply 
to  the  surface  of  the  biscuit.  The  paper  best  fitted  for  this  purpose  is  made  entirely  of 
linen  rags ;  it  is  very  thin,  of  a  yellow  colour,  and  unsized,  like  tissue  blotting-paper. 

The  earthenware  biscuit  never  receives  any  preparation  before  being  imprinted,  the 
oil  of  tJie  colonr  being  of  such  a  nature  as  to  fix  the  figures  firmly.  The  printed 
paper  is  pressed  and  rubbed  on  with  a  roll  of  flannel,  alrant  an  inch  and  a  half  in 
diameter,  and  12  or  16  inches  long,  bound  round  with  twine,  like  a  roll  of  tobacco. 
This  is  used  as  a  burnisher,  one  end  of  it  being  rested  against  the  shoulder,  and  the 
other  end  being  rubbed  upon  the  paper ;  by  which  means  it  transfers  all  the  engraved 
traces  to  the  biscuit  The  piece  of  biscuit  is  laid  aside  for  a  little,  in  order  that  the 
colour  may  take  fast  hold ;  it  is  then  plunged  into  water,  and  the  paper  is  washed 
aw^  with  a  sponge. 

When  the  paper  is  detached,  the  piece  of  ware  is  dipped  into  a  caustic  alkaline  lye 
to  saponify  the  oil,  after  which  it  is  immersed  in  the  glaze-liqnor,  vrith  which  the 
printed  figures  readily  adhere.  This  process,  which  is  easy  to  execute,  and  very 
economical,  is  much  preferable  to  the  old  plan  of  passing  the  biscuit  into  the  muffle 
after  it  had  been  panted,  for  the  purpose  of  fixing  and  volatilising  the  oils.  When 
the  paper  impression  is  applied  to  pieces  of  porcelain,  they  are  heated  before  being 
dipped  in  the  water,  because,  being  already  semi-vitrified,  the  paper  sticks  more 
dosely  to  them  than  to  the  biscuit,  and  can  be  removed  only  by  a  hard  brush. 
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The  impreacion  aboTs  the  glan  is  done  by  qvita  a  difbrant  prooeu,  trhich  diipeiiMs 
irith  the  DM  of  the  pren.  A  quuti^  of  fine  detn  glue  ii  netted  ud  pooied  hot  upon 
s  Urge  flat  dish,  so  as  to  fom  a  layer  about  a  qoartar  ol  an  inch  thick,  and  of  the 
consistsDoe  of  jelly.  'Whea  cold  it  is  dirided  into  cakes  of  the  size  of  the  eoppsr-plates 
it  is  intended  to  cover. 

The  operative  (a  woman)  rubs  the  en|;TaTed  oopper-^ate  gently  over  irith  linseed 
oil  boiled  thick,  immediately  after  irhioh  she  appltes  the  cake  of  glue,  vhich  she 
presses  down  with  a  silk  dossil  filled  with  bran.  Tha  cake  lidm  up  all  the  oil  out  of 
the  engiaved  lines ;  it  is  then  cautiously  lifted  c^  and  tranafeired  to  Uie  surface  of 
the  c^ied  waie  iHiich  it  is  intended  to  print.  The  glne<aks  being  removed,  the 
enamel  surface  mast  be  rubbed  with  a  little  cotton,  iriiereby  the  metallic  colours  are 
attadied  only  on  the  lines  charged  with  oil :  the  jneoe  is  then  heated  under  the  muffle, 
!nie  same  cake  of  gine  may  serve  for  several  impressions. 

Onumeittt  and  Oolominff. — Oommon  earthenware  is  coloured  by  means  of  two  kinds 
of  appaiatus:  the  one  oailed  the  blowing-pot,  the  other  the  waiming-pot.  The 
ornaments  made  in  relief  in  France  are  msds  hollow  (intaglio)  in  England,  by  menns 
at  a  mould  engraved  in  relief,  which  is  passed  over  the  article.  The  impression  which 
it  produces  is  filled  with  a  thick  day-paste,  which  the  workman  throws  on  with  the 
blowing-pot.  This  is  a  vessel  like  a  tea-pot,  having  a  spont,  but  it  is  hermetically 
sealed  at  top  with  a  clay  plug,  after  bung  filled  with  the  pastgr  liquor.  The  wodcman 
by  blowing  in  at  the  spout,  causes  the  liquor  to  fly  out  through  a  quill  pipe  which  goes 
down  through  the  clay  pipe  into  the  liquor.  The  jet  is  msde  to  play  upon  the  piece 
^ile  it  is  being  turned  upon  the  lathe ;  so  that  the  hollows  previously  made  in  it  by 
tiie  mould  or  stamp  are  filled  with  a  paste  of  a  colour  different  from  that  of  the  body. 
When  the  piece  haa  acquired  sufficient  finuiess  to  bear  working,  the  excess  of  the 
paste  is  removed  by  an  instrument  called  a  tmmatan,  tUl  the  ornamental  figure 
produced  by  the  stamp  be  laid  bare ;  in  which  case  merely  the  colour  appears  at  the 
Ixittom  of  the  impressioo.  By  passing  in  this  manner  several  layers  of  clay-liquor  of 
difihrent  colours  over  each  otteer  with  tJ»  blowing-pot,  net-work  and  decoratiozu  of 
different  colours  and  shades  are  very  rapidly  produced. 

The  serpentine  or  snake  pots,  established  on  the  same  principle,  are  made  of  tin  plate 
in  three  compartments,  each  oontaininf;  a  diffarent  colour.  These  open  at  the  top  of 
the  vessel  in  a  common  orifice,  terminated  by  small  qoill  tubes.  On  inclining  the 
vessel,  the  three  colours  flow  out  at  once  in  the  same  proportion  at  the  one  orifice,  and 
are  let  fall  upon  the  piece  while  it  is  beiitt  slowly  turned  \ipon  the  lathe,  whereby 
curious  serpent-like  ornaments  may  be  reacUly  obtained.  The  clay-liquor  ought  to 
be  in  keeping  with  the  stoneware-paste.  The  blues  succeed  best  when  the  ornaments 
are  made  with  the  finer  pottery  mixtures  given  above. 

White  and  yellow  figures  upon  dark-coloured  grounds  are  a  good  deal"  employed. 
To  produce  yellow  impressions  upon  brown  stoneware,  ochre  is  ground  up  with  a 
smaU  quantity  of  antimony.  The  flux  consists  of  flint  glass  and  flints  in  equal  weights. 
The  composition  for  white  designs  is  made  by  grinding  silsz  up  with  tlist  flux,  and 
printing  it  on  as  for  blue  eoloun,  iq>on  brown  or  other  coloured  stoneware^  which 
shows  MEf  the  light  hues. 

Metallic  Ltutra  appUtd  to  Stoiumart. — The  metallic  lustre  being  ai^ed  only  to  the 
outer  sur&ce  of  vessels,  can  have  no  bad  effect  on  health,  whatever  substances  be 
employed  for  the  purpose ;  and  as  the  glaae  intended  to  receive  it  is  sufficiently  fusible, 
from  Uie  quantity  of  lead  it  contains,  there  is  no  need  of  adding  a  flux  to  the  metallio 
coating.  The  glaze  is  in  this  ease  composed  of  60  parts  of  litharge^  86  ot  felspar,  and 
16  of  flints. 

The  silver  and  platina  lustres  are  usually  laid  upon  a  white  ground,  while  those  of 
gold  and  copper,  on  account  of  their  tranqiarency,  succeed  only  upon  a  coloured 
ground.  The  dark-coloured  earthaawan  is,  however,  prafemble,  as  it  shows  off  the 
colours  to  most  advantage ;  and  thus  the  shades  may  be  varied  by  varying  the  eoloun 
of  the  ornamental  figures  applied  by  the  blowing-pot. 

The  gold  and  platina  lustre  is  almoat  always  applied  to  a  paste  body  made  on 
purpose,  and  coated  with  the  above-described  lead-glaze.  This  paste  is  brown,  and 
consists  of  4  parts  of  day,  4  parts  of  flints,  an  equal  quantity  of  kaolin  (china-clay), 
and  6  parts  of  felspar.  To  make  brown  figures  in  relief  upon  a  body  of  white  paste, 
a  liquor  is  mixed  up  •wiih  this  paste,  which  ou^t  to  weigh  26  ounces  per  pint,  in 
order  to  unite  well  with  the  other  pasts,  and  not  to  exfoliate  after  it  is  baked. 

Pr^paratiim  of  Oeld  Lugfn. — Dissolve  first  in  the  cold,  and  then  with  heat,  4S  grains 
of  fine  gold  in  888  grains  of  aqua  regia,  composed  of  1  ounce  oi  nitric  acid  and  3 
ounces  of  muriatic  acid ;  add  to  that  solution  4 J  grains  of  grain  tin,  bit  by  bit;  and 
then  pour  some  of  that  compound  solution  into  20  grains  of  balsam  of  sulphur  diluted 
with  10  grains  of  oil  of  turpentine.  The  balsam  of  sulphur  is  prepared  by  heatiiK 
a  pint  of  linseed  oil  and  2  ounces  of  flowers  of  sulphur,  stirring  uism  continually  tiu 
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the  miztnre  begins  to  bcnl ;  it  is  then  cooled,  by  eetting  the  ressel  in  cold  mter; 
after  which  it  is  stirred  afresh,  and  strained  through  linen.  The  above  ingredients, 
after  bang  well  mixed,  are  to  be  allowed  to  settle  for  a  few  minntes ;  then  the  re* 
nuundffir  of  the  solntion  of  gold  is  to  be  pomed  in,  and  the  whole  is  to  be  triturated  till 
the  mass  has  assumed  such  a  oonsisteDoe  that  the  pestle  will  stand  upright  in  it ; 
lastly,  there  must  be  added  to  the  mixture  80  grains  of  oil  of  turpentine,  which  being 
gronuid  in,  the  gold  lustre  is  ready  to  be  applied.  If  the  Instre  is  too  light  or  pale, 
more  gold  must  be  added,  and  if  it  have  not  s  snfBciently  riolet  or  purple  tint,  more 
tin  must  be  used. 

Flaiina  luttre. — Of  this  there  are  two  kinds :  one  rimilar  to  polished  steel,  aitother 
lightOT  and  cf  a  silTer-whito  hue.  To  give  earthenware  the  stMl  colour  with  platina, 
tUa  metal  must  be  dissolved  in  a^na  regis  composed  of  2  parts  of  muriatic  add  snd 
1  part  of  nitric.  The  solution  being  cooled,  and  poured  into  a  capsule,  there  must 
be  added  to  it,  drop  by  drop,  with  continual  stirring  with  a  glass  rod,  a  ipirU  of  tar, 
composed  of  equal  parts  of  tar  and  sulphur  boiled  in  linseed  oil  and  filtered.  If  the 
platina-solution  be  too  strong,  more  spirit  of  tar  must  be  added  to  it ;  but  if  too  weak, 
it  must  be  ooneentrated  by  boiling.  Thus  being  brought  to  the  proper  pitch,  the 
miztnre  may  be  spread  over  the  piece^  which  being  pat  into  the  mnffle,  will  take  the 
aspect  of  steel. 

The  pnparatioii  of  platinum,  by  mehns  of  which  the  silver  lustre  is  given  to  earthen- 
ware, &  prepared  as  follows : — After  having  dissolved  to  saturation  the  metal  in  aqua 
regia,  eompoaed  of  equal  parts  of  nitric  and  muriatic  acid,  the  solution  is  to  be  poured 
into  a  quantity  of  boiling  water.  At  the  same  time,  a  capsule,  containing  solution  of 
sal-ammoniac,  is  placed  upon  a  sand-bath,  and  the  platinum-solution  being  poured  into 
it,  the  metal  will  fall  down  in  the  form  of  a  yellow  precipitate,  which  is  to  be 
washed  with  cold  water  till  it  is  perfectly  edulcorated,  then  dried,  and  put  np  for  ose. 

This  metallic  lustre  is  applied  very  smoothly  by  means  of  a  flat  camel's-hsir  brush. 
It  is  then  to  be  passed  through  the  mnffle-ldm  ;  but  it  requires  a  second  application 
of  the  platinum  to  have  a  sufficient  body  d  lustre.  The  articles  sometimee  eome 
black  out  of  the  kiln,  but  they  get  their  lustre  by  being  rubbed  with  cotton. 

Dead  silver  on  porcelain  is  much  more  easily  afbcted  by  ftiliginons  vapours  than 
burnished.  It  may,  however,  by  the  following  process,  be  completely  protected. 
The  silver  must  be  dissolved  in  very  dilute  acid,  and  slowly  precipitated ;  and  the 
metallic  precipitate  well  washed.  The  silver  is  then  laid  (in  wavy  lines?)  upon  the 
porcelain  before  being  coloured  (or  if  coloured,  the  colour  must  not  be  any  prepara- 
tion of  gold)  in  a  pasty  state  and  left  for  24  hours,  at  the  expiration  of  which  time  the 
gold  is  to  be  laid  on  and  the  article  placed  in  a  moderate  heat.  The  layer  of  gold 
roust  be  very  thin,  .and  laid  on  with  a  bmah  over  the  silver  before  firing  it ;  when,  by 
the  aid  of  a  flux  and  a  cherry-red  heat,  the  two  metals  are  fixed  on  the  porcelain. 

An  iron  luttrt  is  obtained  by  dissolving  a  bit  of  sted  or  iron  in  moriatio  add,  mix- 
ing the  solution  with  the  ^irit  of  tar,  and  ap{dying  it  to  the  sur&ce  of  the  ware. 

Avmturint  fflate. — Mix  a  certain  quantity  of  silver-leaf  with  the  above-described 
soft  glaze,  and  grind  the  mixture  along  wiUi  some  honey  and  boiling  water,  till  the 
metal  assume  the  appearance  of  fine  paitidea  of  sand.  The  glaze  being  naturally  of  a 
yellowish  hue,  givw  a  golden  tint  to  the  small  fragments  of  silver  disseminated 
through  it.    If  ofybdena  may  also  be  applied  to  vrodnce  the  arenturine  aspect 

The  granttt-Hke  gold  luttre  is  produoed  by  Uliowing  lightly  with  a  brush  a  few 
drops  of  oil  of  turpentine  upon  the  goods  already  covered  with  the  preparation  for 
gold  lustre.  These  cause  it  to  sepaiato  and  appear  in  particles  resembling  the  surfkce 
of  granite.  When  marbling  is  to  be  given  to  ewthenware,  the  lustres  of  gold,  platinum, 
and  iron  are  used  at  once,  which,  blending  in  the  fusion,  form  veins  like  those  oT  marble. 

Of  late  years  a  beautiM  Instre  has  been  given  to  poroelain  by  a  process  patented 
in  1867  by  Messrs.  Qillet  and  Brianchon,  of  Paris,  and  largely  used  at  the  worb  of 
VTorcestcr  and  Bellsek.  The  effect  is  obtained  by  using  nitrate  of  bismuth  as  a  fiux 
to  the  metatllc  oxides  which  give  colour,  and  by  employing  dl  of  lavender  as  a 
rehide.    (Spec  Patent,  No.  1896,  July  8,  1867.} 

Pottery  and  wart  of  the  Wtdgvnod  type. — This  is  a  kind  of  semi-vitrified  ware, 
called  aiy  bodiet,  '«^ich  is  not  susceptible  of  receiving  a  superficial  g^aze.  This 
pottery  is  composed  in  two  ways :  the  first  is  with  barvtic  earths,  which  act  as  flaxes 
upon  Uie  days,  and  form  enamels :  thus  the  Wedgwx>ody<up<r-tMire  is  made. 

Th»  white  vitrifying  pastes,  fit  for  recerring  aU  sorts  of  metallic  colours,  are  com- 
-posed  of  47  parts  of  sulphate  of  baryta,  16  of  felspar,  26  of  Cevonshiie  clay,  6  of 
snlphate  of  lime,  16  of  flints,  and  10  of  sulphate  af  stnmtia.  This  composition  is 
capable  of  recdving  the  tints  of  the  metallic  oxides  and  of  the  ochreous  metellic  earths, 
Mangaaese  produces  the  dark  purple  colour ;  gold,  predpitated  by  tin,  a  rose  colour ; 
antimony,  orange  ;  cobalt,  diffirent  shades  of  blue ;  copper  is  employed  for  the  browns 
and  the  dead-lmf  greens ;  nickd  gives,  with  potash,  greenish  colours. 
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One  per  oent  of  oxide  of  cobalt  is  added ;  but  one  half,  or  eren  one  quarter,  of  a 
per  cent,  ironld  be  sufficient  to  produce  the  fine  Wedgwood  blue,  when  the  nickel 
and  manganese  constitute  3  per  cent.,  as  well  as  the  carbonate  of  iron.  For  the 
blacks  of  this  kind,  some  English  manufacturers  mix  black  oxide  of  manganese  with 
the  black  oxide  of  iron,  or  with  ochre.  Nickel  and  tunber  afibrd  a  fine  brown. 
Carbonate  of  iron,  mixed  with  bole  or  ttrra  di  Sitnna,  ffiTes  a  beautiful  tint  to  the 
paste ;  as  also  manganese  with  cobalt,  or  cobalt  with  nickel.  Antimony  produces  a 
very  fine  colour  when  combined  with  the  carbonate  of  iron  in  the  proportion  of  2  per 
cent.,  along  with  the  ingredients  necessary  to  form  the  aboye^escrioed  vitriiying  paste. 

The  foUowing  is  another  vitrifying  paste,  of  a  mnch  softer  nature  than  Uie  preced- 
ing:— Felspar,  30  parts;  sulphate  of  lime,  23;  silex,  17;  potter's  clay,  15;  kaolin 
of  C<»nwall  (china-clay),  16;  sulphate  of  baryta,  10. 

These  vitrifying  pastes  are  very  plastic,  and  may  be  worked  with  as  much  facility 
as  English  pipe-olay.  The  round  ware  is  usually  turned  upon  the  lathe.  It  may, 
however,  be  moulded,  as  the  oval  pieces  always  are.  The  more  delicate  ornaments 
are  cast  in  hollow  moulds  of  baked  day,  by  women  and  children,  and  applied  with 
remarkable  dexterity  upon  the  turned  and  moulded  articles.  The  coloured  pastes 
have  such  an  afBnity  for  each  other,  that  the  detached  ornaments  may  be  applied  not 
only  with  a  litUe  gum-water  upon  the  convex  and  concave  forms,  but  they  may  b* 
made  to  adhere  without  expenendng  the  least  cracking  or  chinks.  The  coloured 
pastes  receive  only  one  fire,  unless  ttie  inner  surface  is  to  be  glazed ;  but  a  gloss  is 
given  to  the  outer  sur&ce.  The  enamel  for  the  interior  of  the  black  Wedgwood 
ware  is  composed  of  6  parts  of  red  lead,  1  of  silex,  and  2  ounces  of  manganese,  when 
the  miztoie  is  made  in  pounds'  weight. 

The  operation  called  tmtaritu  consists  in  giving  an  external  lustre  to  the  unglazed 
semi-viteified  ware.  The  articies  do  not  in  this  way  receive  any  immeraon,  nor  even 
the  aid  of  the  brush  or  pencil  of  the  artist ;  but  they  require  a  second  fire.  The 
saggers  are  coated  with  the  salt-glaze  already  described.  These  esses,  or  saggers, 
communicate  by  reverberation  the  lustre  so  remarkable  on  the  sur&ce  of  the  English 
stoneware,  which  one  might  suppose  to  be  the  result  of  the  g^aze-tnb,  or  of  the  brash. 
Occasionally  also  a  very  fusible  oompositaon  is  thrown  upon  the  inner  surface  of  the 
jnnffle,  and  5  or  6  pieces  called  refractoriet  are  set  in  the  middle  of  it,  coated  with  the 
same  oompodtion.  The  intensity  of  the  heat  converts  the  finx  into  vapour ;  a  part  of 
this  is  condensed  upon  the  sur&oes  of  the  contiguous  articles,  so  as  to  gire  them  the 
desired  brilliancy. 

liiamd-coU»iT$  for  painting  on  porceiatn  are  metallic  oxides  incorporated  with  a 
fusible  flux.  Qold,  precipitated  by  tan,  furnishes  the  crimson,  rose,  and  purple ;  oxides 
of  iron  and  chrome  produce  reds;  the  same  oxides  yield  black  and  brown,  also 
obtained  from  manganese  and  cobalt ;  orange  is  from  oxides  of  uranium,  chromium, 
antimony,  and  iron ;  greens  from  oxides  of  clirominm  and  copper ;  blue  from  oxides  of 
cobalt  and  zina  The  fluxes  are  borax,  ^t,  oxides  of  lead,  &c.  Thejr  are  worked 
in  essential  oils  and  turpentine,  and  a  very  great  disadvantage  under  which  the  artist 
labours,  is  that  the  tints  upon  the  palette  are  in  most  cases  different  from  those  they 
assume  when  they  have  undergone  the  necessary  heat,  which  not  only  brings  out  the 
true  colour,  but  also,  by  portislly  softening  the  glaze  and  the  flux,  causes  the  colour 
to  become  fixed  to  the  ware.  This  disadvantage  will  be  immediately  apparent  in  the 
case  where  a  peculiar  delicacy  of  tint  is  requind,  as  in  flesh-tones,  for  instance.  But 
tbe  difSculty  does  not  end  here,  for  as  a  definite  heat  can  alone  give  to  a  colour  a  per- 
fect hue,  and  as  the  colour  is  continually  varying  with  the  difbrent  stages  of  graduated 
heat,  another  risk  is  incurred ;  that  resulting  from  the  liability  of  its  receiving  the 
heat  in  a  greater  or  less  degree  than  is  at^ially  required,  termed  '  over-fired  and 
'short-fired.'  As  an  instance  of  its  consequence,  we  dte  rose-colour  or  crimson, 
which  when  used  by  the  painter  is  a  dirty  violet  or  drab ;  during  the  process  of  firing 
it  gradually  varies  with  the  increase  of  heat  from  a  brown  to  a  dull  reddish  hue,  and 
from  that  progressively  to  its  proper  tint.  But  if  by  want  of  judgment  or  inattention 
of  the  fireman  the  heat  is  allowed  to  exceed  that  point,  the  beauty  and  briUiancy  of 
the  colour  are  destroyed  beyond  remedy,  and  it  becomes  a  dull  purple.  On  the  other 
hand,  should  the  fire  be  too  slack,  the  colour  is  presented  in  one  of  its  intermediate 
stages,  as  already  described,  but  in  this  case  extra  heat  will  restore  it.  Nor  must  we 
forget  to  allude  to  casualties  of  cracking  and  breaking  in  the  kilns  by  the  heat  being 
increased  or  withdrawn  too  suddenly,  a  risk  to  which  the  larger  articles  are  peculiarly 
liable.  These  vicissitudes  render  enamel-painting  in  its  higher  branches  a  most  un- 
satiafactoiy  and  disheartening  study,  and  enhance  the  value  of  those  productions  which 
ore  really  successful  and  meritorious. 

In  enamelling,  ground-laying  is  the  first  pocess,  in  openiting  on  all  designs  to 
which  it  is  appli^;  it  is  extremely  simple,  requiring  principally  lightness  and 
delicacy  of  hand.    A  coat  of  boiled  oil  adapted  to  the  purpose  being  laid  upoa  the 
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WM  with  s  pencil,  and  afterwaids  levelled,  or  as  it  is  teohnieally  termed  '  bossed,' 
until  the  sni&oe  is  perfectly  nniform ;  as  the  deposit  of  more  oil  on  one  part  than 
another  vonld  canse  a  proportionata  increase  of  colour  to  adhere,  and  consequently  pro- 
duce a  variation  ct  tint  This  being  done,  the  colour,  iriiich  is  in  a  state  of  fine  ponder, 
is  dusted  on  the  oiled  surface  with  cotton-vool ;  a  sufficient  quantity  readily  attaches 
itself,  and  the  snparflnity  is  cleared  off  by  the  same  medium.  If  it  be  requisite  to 
preserve  a  panel  ornament  or  any  object  -wliite  upon  the  ground,  an  additional  pro- 
cess is  necessary,  called  'stencilling.'  The  stencil  (generally  a  mixture  of  reee-puli, 
sugar,  and  water)  is  laid  on  in  the  form  desired  with  a  pencU,  so  as  entirely  to  protect 
the  sni&ce  of  the  ware  from  the  oil,  and  the  process  of  '  grounding,'  as  previously 
described,  ensues.  It  is  dien  dried  in  an  oven  to  harden  the  oil  and  colour,  and 
immersed  in  water,  which  penetrates  to  the  stencil,  and,  softening  the  sugar,  is  then 
aasily  washed  o^  carrying  with  it  any  portion  of  colour  or  oil  that  may  be  upon 
it,  and  leaving  the  ware  parlbctly  dean.  It  is  sometimes  necessary,  where  great 
depth  of  colour  is  required,  to  repeat  these  colours  several  times.  The  '  ground- 
layers '  do  generally,  and  should  always,  work  with  a  bandage  over  the  mouth  to 
avoid  inhaling  the  colonr-dnst,  much  of  which  is  highly  deleterious.  '  Bossing '  is 
the  term  given  to  the  process  by  which  the  level  surfaces  of  various  colours  so 
extensively  introduced  upon  decorated  porcelain  are  efibcted.  The  '  boas '  is  made 
of  soft  leather. 

_  The  process  of  gilding  is  as  follows: — ^The  gold  (which  is  spared' with  quick- 
silver and  flux)  when  ready  for  use  appears  a  black  dust;  it  is  used  with  tur- 
pentine and  oils  similar  to  the  enamel-colours,  and  like  them  worked  with  the  ordinaiy 
oamels'-hair  pencil.  It  flows  very  freely,  and  is  equally  adapted  for  producing  broad 
massive  bands  and  grounds,  or  the  finest  details  of  the  most  elaborate  design. 

To  obviate  the  difficulty  and  expense  of  drawing  the  pattern  on  every  piece  of  a 
service,  when  it  is  at  all  intricate,  a  '  pounce '  is  used,  and  the  outline  dusted  through 
with  charcoal, — a  method  which  also  secures  nmfcnnity  of  size  and  shape.  Women 
are  precluded  tttaa  woridng  at  this  Iwanch  of  the  business,  though  fimm  its  simplicity 
and  lightness  it  would  appear  so  well  adapted  for  them.  Firing  restores  the  gold  to 
its  proper  tbt,  which  first  assumes  the  character  of  '  dead  gold : '  its  after  brilliancy 
being  the  result  of  another  process,  termed  '  burnishing.' 

QuuriMg. — A  good  enamel  is  an  essential  element  en  fine  pottery  and  porcelain ;  it 
should  experience  the  same  dilatation  and  contraction  by  heat  and  cold  as  the  biscuit 
which  it  covers.  The  English  enamels  contain  nothing  prejudicial  to  health,  as  many 
of  the  foreign  glazes  do ;  no  more  lead  being  added  to  the  former  tiian  is  absolutely 
necessary  to  convert  the  siliceous  and  aluminous  matters  with  which  it  is  mixed  into  a 
perfectly  neutral  glass. 

'  Three  kinds  of  glazes  are  used  in  Staffordshire :  one  for  the  common  pipe-day  oc 
cream-coloured  ware ;  another  for  the  finer  pipe-day  ware  to  receive  impnasion% 
called  printing  body  ;  a  third  for  the  ware  which  is  to  be  ornamented  by  painting  with 
thepencil. 

llie  glase  Of  the  first  or  common  ware  is  composed  of  63  parts  of  white  lead,  IS  of 
Cornish  stone,  36  of  ground  fiints,  and  4  of  flint-glass ;  or  of  40  of  white  lead,  86  of 
Cornish  stone,  12  of  flints,  and  4  of  flint-  or  crystu-glass.  These  compositioDs  are  not 
fritted ;  but  are  employed  after  bang  simply  triturated  with  water  into  a  thin  paste. 

The  fdlowing  is  Uie  composition  of  a  mue  intended  to  cover  all  kinds  of  figures 
printed  in  metaUic  colours :  26  parts  of  white  felspar  are  fritted  with  6  parts  of  soda, 
2  of  nitre,  and  1  of  borax ;  to  20  pounds  of  this  frit,  26  parts  of  felspcu:,  20  of  white 
lead,  6  of  ground  flints,  4  of  chalk,  1  of  oxide  of  tin,  and  a  small  quantity  of  oxide  of 
cobalt,  to  take  off  the  brown  cast,  and  give  a  fiunt  azure  tint,  are  added. 

The  following  redpe  may  also  be  used :— Frit  together  20  parts  of  flint-glass,  6  of 
flints,  2  of  nitre,  and  1  of  borax ;  add  to  12  parts  of  that  fiit,  40  parts  of  white  lead, 
36  of  felspar,  8  of  flints,  and  6  of  flint-glass ;  then  grind  the  whole  together  into  an 
uniform  cream-consistenced  paste. 

As  to  the  ware  which  is  to  be  painted,  it  is  covered  with  a  glaze  composed  of  18 
parts  of  the  printing-colour  frit,  to  which  are  added  60  parts  of  red  lead,  40  of 
white  lead,  and  12  of  flint ;  the  whole  having  been  ground  together. 

The  above  compositions  produce  a  very  hud  glaze,  which  cannot  be  scratched  by 
the  knife,  is  not  acted  upon  by  vegetable  adds,  and  does  no  injury  to  potable  or 
edible  artides  kept  in  the  vessels  covered  with  it.  It  preserves  for  an  indefinite  time 
the  glassy  lustre,  and  is  not  subject  to  crack  and  exfoliate,  like  most  of  the  Conti- 
nental stoneware  made  ftrom  common  pipeclay. 

In  order  that  the  saggers  in  whidi  the  articles  are  baked,  after  receiving  the  glaie^ 
may  not  absorb  some  of  the  vitrifying  matter,  they  are  themsdves  coated,  as  above 
mentioned,  with  a  glaze  composed  «  18  parts  <^  common  salt  and  80  parte  of  potash, 
simply  dissolved  in  water,  and  bmshed  over  them. 
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OUut-JcUm.—'BiM  i»  nsnally  nnaller  than  the  biMalt-kilD,  and  oontidBi  no  man  tha« 
40  or  46  bungs  or  colnmna,  each  composed  of  16  or  17  saggers.  Those  of  the  firat 
bmig  rest  qdod  ronnd  tiles,  and  are  Trell  luted  together  \riu  a  findy-grooiid  flre-elay 
of  (mlvmodetate  oohesion ;  those  of  the  second  bung  are  suppottad  iy  an  additional 
tile.  The  lover  saggers  contain  the  cream-eolonred  aitieles,  in  vhioh  the  glaie  is 
softer  than  that  vhich  covers  the  blue-printed  irare ;  this  being  always  placed  in  the 
interrals  between  the  furnaces,  and  in  the  uppermost  saggars  of  the  oolomns.  The 
bottom  of  the  kiln,  where  the  glazed  ware  is  not  baked,  is> occupied  by  printed 
biMnit-waie. 

^lometrie  balls  d  red  clay,  coated  with  a  very  fusible  Isod-anamel,  are  employed 
In  the  English  potteries  to  ascertain  the  tranpetature  of  the  glan-ldlna.  This  enamel 
is  so  rioh,  and  the  clay  upon  which  it  is  sprrad  is  so  fine-grained  and  compact,  that 
even  when  exposed  for  three  hours  to  the  briskest  flame,  it  does  not  lose  its  lustre. 
The  colour  of  the  ola^  alone  changes,  whereby  the  workman  is  enabled  to  judge  at 
the  degree  of  heat  within  the  kiln.  At  first  the  balls  have  a  pale  red  appearance ; 
but  they  become  browner  with  the  increase  of  the  temperature.  The  balls,  when  of  a 
sHgfatly  dark-red  eolonr,  indicate  the  degree  of  haUng  for  the  hard  glaxe  of  pipe-olay 
ware ;  but  if  they  become  daric  brown,  the  glase  will  be  much  too  hard,  being  that 
suited  for  troiwtons-ware ;  lastly,  when  they  acquire  an  almost  black  hue^  they  show  a 
degree  of  heat  suited  to  the  formation  of  a  glaze  upon  porcelain. 

The  fflaetr  pcovides  himself  at  each  ronnd  with  a  stock  of  theae  ball  wateiet,  reserved 
ttom  the  preceding  baking,  to  serve  as  objects  (rf  comparison ;  and  he  never  slackens 
the  firing  till  he  nas  obtained  the  same  depth  of  shade,  or  even  somewhat  more ;  for 
it  may  be  remarked,  that  the  more  rounds  a  glaae-kiln  has  made,  the  browner  the 
balls  are  apt  to  become.  A  new  kiln  bakes  a  round  of  enamel-ware  sooner  than  an 
old  one;  as  also  with  less  tael,  and  at  a  lower  temperature.  The  watch-balls  of  these 
first  rounds  have  generally  not  so  deep  a  colour  as  if  they  were  tried  in  a  ftamaee 
three  or  four  months  old.  Alter  this  period,  cracks  begin  to  appear  in  the  furnaces ; 
the  horisontal  fines  get  partially  obstructed,  the  joinings  of  the  brickwork  become 
loose ;  in  consequence  of  which  there  is  a  loss  of  heat  and  waste  of  fuel ;  the  baking 
of  the  glaze  t^es  a  longer  time,  and  the  pyrometric  balls  assume  a  different  shade 
from  what  they  liad  on  bang  takisn  out  of  the  new  kiln,  so  that  the  first  watdies  are 
of  no  compaiablo  use  after  two  months.  The  baking  of  enamel  is  commenced  at  a 
low  temperature,  and  the  heat  is  progreesivelj  inerMsed ;  when  it  reaches  the  melt- 
ing-point of  the  gjaie,  it  must  be  nuuntained  steadily,  and  the  furnace-mouths  be  care- 
Iblly  looked  after,  lest  the  heat  should  be  suAred  to  falL  The  firing  is  continued  14 
homis,  and  then  padually  lowered  by  dig^t  additions  of  fuel ;  after  yrbMi  the  kiln  is 
allowed  £rom  6  to  6  hours  to  cool. 

Muffle$. — The  paintdngs  and  the  printed  figures  applied  to  the  glaze  of  earthen- 
ware and  poreelain  are  baked  in  muffles  of  a  peculiar  form.    Fig.  1669  is  a  lateral 

alevatatm  of  one  of  these  muffles ;  fy. 
1660  is  a  front  view.  The  same  lettezs 
denote  the  same  parta  in  the  two 
fignres. 

a  is  the  ftimaoe ;  b,  the  oblong  muffle, 
made  of  fire-clay,  surmounted  with 
a  dome  pierced  with  three  apertures, 
k,  Jt,k,  for  the  escape  of  the  vaporous 
matters  of  the  colours  and  volatile  oils 
with  which  they  are  ground  up;  ois 
the  chimney;  d,  d,  feedholes,  by  which 
the  fuel  is  introduced;  «,  the  fire- 
grate; /,  the  ash-pit;  channels  are 
loft  in  the  bottom  of  the  furnace  to 
facilitate  the  passage  of  the  flame  beneath  the  muffle ;  ^  is  a  lateral  hole,  which 
makes  a  communication  across  the  furnace  in  the  mufBe,  enabling  the  kiln-man  to 
ascertain  what  is  passing  within ;  k,  k,  are  the  lateral  chinks  for  observing  the  pro- 
grees  of  the  firing  or  flame ;  iis  an  opening  scooped  out  in  the  front  of  the  chimney  to 
modify  its  draught 

The  articles  which  are  printed  or  painted  upon  the  glaze  are  placed  in  the  muffle 
without  saggers,  upon  tripods,  or  moveable  supports  furnished  with  feet  The  muffle 
being  charged,  its  mouth  is  closed  with  a  fire-tile  well  luted  round  its  edges.  The  fuel 
is  then  kindled  in  the  fireplaces  d,  d,  and  the  door  of  the  furnace  is  closed  with  bricks, 
in  which  a  small  opening  is  left  for  taking  out  samples,  and  for  examining  the  iatarior 
of  the  muffle.  These  sample  or  trial-pieces,  attached  to  a  strong  iron  wire,  show  the 
progrees  of  the  baking  operation.^  The  front  of  the  fireplaoes  is  covered  with  a  sheet* 
iron  plate,  which  slides  to  one  side,  and  may  be  shut  whenever  the  Idln  is  diaigad. 
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Soon  after  tke  flie  i«  lighted,  the  flame,  frhich  oonuaanieates  laterally  tram  one 
Aircaoa  to  another,  envelopes  the  muffle  on  all  sidee,  and  thence  rises  up  the  chimney. 
A  patent  was  obtained  by  Mr.  W.  Bidgway  for  the  following  construction  of  oven, 
in  vrnich  the  flames  fiom  the  fireplaces  are  conveyed  by  parallel  flues,  both  hori- 
aontal  and  vertical,  so  as  to  reverberate  the  whole  of  tae  flame  and  heat  upon 
the  goods  after  its  ascension  from  the  flues.  His  oven  is  built  square  instead 
of  round,  a  fire-proof  partition-wall  being  built  across  the  middle  of  it,  dividing 
it  into  two  chambers,  which  are  covered  in  by  two  parallel  arches.  The  fire- 
places are  built  in  the  two.  sidee  of  the  oven  opposite  to  the  partition- wall :  from 
which  fireplaces  narrow  flues  rise  in  the  inner  &ce  of  the  wall,  and  distribute  the 
flame  in  a  sheet  equally  over  the  whole  of  its  surface.  The  other  portion  of  the  heat 
is  conveyed  by  many  parallel  or  diverging  horizontal  flues,  under  and  across  the  floor 
or  hearth  of  the  oven,  to  the  middle  or  partition-wall ;  over  the  surface  of  which  the 
flame  which  ascends  from  the  numerous  flues  in  immediate  contact  with  the  wall  is 
equally  distributed.  This  sheet  of  ascending  flame  strikes  the  shoulder  of  the  arch, 
and  is  reverberated  firom  the  saggers  beneath,  till  it  meets  the  flame  reverberated  from 
the  oinxisite  side  of  the  arch,  a^  both  escape  at  the  top  of  the  oven.  The  same  con- 
struction is  also  applied  to  theopposite  chamber,  lajigf.  1661  and  1662,  arepresents 
the  square  walls  or  body  of  the  oven;  b,  the  partition-wall;  e,  the  fireplaces  or 
furnaces,  with  their  iron  bailers ;  d,  the  mouths  of  the  furnaces  for  introducing  the 
fhel ;  /,  the  ash-pits ;  ff,  the  horizontal  flues  under  the  hearth  of  the  oven ;  h,  the 
vertini  flues ;  i,  the  vent*  in  the  top  of  the  arches ;  and  k,  the  ectraocea  to  the 
chambers  of  the  ovens. 
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Before  this  article  is  concluded  it  is  necessary  that  we  should  notice  the  attempts 
which  have  been  made,  with  various  degrees  of  success,  to  employ  porcelain  as 
•  means  for  multiplying  the  productions  of  high  art  in  a  cheap  form.  Under  the 
varions  terms  of  Statuary  Porcelain,  Parian,  Carrara,  &&,  are  produced  numerous 
works  of  art,  many  of  which  are  distinguished  by  their  beauty.  As  the  most  direct 
method  of  illustrating  the  process  of  making  these  figures,  let  us  suppose  the  object 
nnder  view  to  be  a  figure  or  group,  and  this  we  will  assume  to  be  2  feet  high  in  the 
model.  The  clay,  which  is  of  the  most  perfect  character,  is  mixed  with  fiint,  as  in 
the  case  of  mani^acturing  the  finest  stoneware  china,  and  it  is  used  in  a  semi-liquid 
state  about  the  consistency  of  cream :  this  is  poured  into  the  moulds  forming  the 
various  parts  of  the  subject  (sometimes  as  many  as  fifty) :  the  shrinking  that  occurs 
before  these  casts  can  be  taken  out  of  the  moiUd,  whidti  is  caused  by  ^e  absorbent 
nature  of  the  plaster  of  which  the  mould  is  composed,  is  equal  to  a  reduction  of  one 
indi  and  a  half  in  the  height.  The  moulds  are  made  of  plaster  of  Paris,  which, 
when  properly  prepared,  has  the  property  of  absorbing  water  so  effectually  that  the 
moisture  is  extracted  £com  the  my,  and  the  ware  is  enabled  to  leave  Uie  monid, 
or  '  deliver '  with  care  and  rapidity.  Prior  to  use,  the  plaster  (gypsum)  is  put  into 
long  troughs,  having  a  fire  running  underneath  them,  by  whi^  means  the  water 
is  drawn  o£^  and  it  remains  in  a  state  of  soft  powder :  and  if  its  own  proportion 
of  water  be  again  added  to  it,  it  will  immediately  set  into  a  firm  compact  body,  which 
is  the  case  when  it  is  mixed  to  form  the  mould.  These  casts  are  then  put  together 
by  the  '  figure-maker,'  the  seams  (consequent  upon  the  marks  caused  by  the  sub- 
divisions of  the  moulds)  are  then  carefully  removed,  and  the  whole  worked  upon  to 
restore  the  cast  to  the  same  degree  of  finish  as  the  original  model.  The  work  is  then 
thnronghly  dried  to  be  in  a  flt  state  for  firing,  as  if  put  in  the  oven  while  damp  the 
sqdden  contraction  consequent  upon  the  great  degree  of  heat  instantaneously  applied, 
Wo«ld  be  veiy  liable  to  causa  it  to  crack ;  in  the  orocess  it  again  suffers  a  further  loss 
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of  one  inch  and  a  half  by  evaporation,  and  it  is  now  but  I  foot  9  inehes.  Again  in 
the  '  firing '  of  the  Usqne-oven,  its  most  severe  ordeal,  it  is  diminished  8  inches,  and 
is  then  bnt  18  inches  high,  being  6  inches  or  one-fonrth  less  than  the  original.  Now, 
as  the  contraction  shonld  equally  aSfect  every  portion  of  the  details  of  the  work,  in 
order  to  realise  a  faithfal  copy,  and  as  added  to  this  contingency  are  the  risks  in  the 
oven  of  being 'over-fired' by  which  it  wonid  be  melted  into  a  mass,  and  of  being 
'short-fired,'  by  which  its  snrfoce  wonld  be  imperfect,  it  is  readily  evident  that 
a  series  of  difficulties  present  themselves  which  require  considerable  pracUcal 
experience  successfblly  to  meet  Indeed,  the  difBcnlties  which  surround  the  manu- 
fMsture  of  Parian  prevent  its  being  rendered  to  the  public  at  such  a  price  as  those 
wonld  desire  who  wish  to  secure  the  introduction,  amongst  the  people,  of  all 
examples  which  are  calculated  to  refine  their  tastes.  A  biscuit-china  is,  by  a  some- 
what similar  process,  employed  in  several  of  the  porcelain-manofactories  on  the  Con- 
tinent for  the  prodnction  of  statnettes,  busks,  &c.,  but  in  colour  and  character  they  are 
ail  inferior  to  the  English  Parian.  See  Bbicks  ;  Ci.&t  ;  Tilbs. 
Our  Exportaiiont  of  earthenware  and  chinaware  have  been  as  follow : — 


I8«e 
£1,685,864 


18«7 
£1,666,061 


ISIS 
£1,682,721 


18«» 
£1,827,798 


1870 

£1,716,153 


isn 
£1,781.188 


1873 
£1,936,187 


1873 
£2,018,872 


1874 
£1,712,653 


VOmnUB  BABTTXQra.    See  Ezflosivb  Aoxnts. 

VO WBB,  COSbOnA.    See  EzPLOsrvn  Aoehts. 

WUMOVnTJLTBM  is  any  matter  separated  in  minute  particles  from  a  fluid  holding 
matter  in  solution,  which  subsides  to  the  bottom  of  the  vessel  in  a  pnlreruleat  form. 

WMMOXmtJLTM,  MMD.    Red  oxide  of  mercury. 

VBBOZPITATBt  WHVIIMm    An  ammoniacal  chloride  of  mercury. 

VBBSS,  RTSKAnxO.  Though  the  explanation  of  the  principles  of  this  power- 
ful machine  belongs  to  a  work  upon  mechanical  engineering  rather  than  to  one  upon 
manufutuies,  yet  as  it  is  often  referred  to  in  this  work,  a  brief  description  of  it  can- 
not be  unacceptable  to  many  of  our  readers. 


16C3 


1664  , 


The  framing  consists  of  two  stout  cast-iron  plates,  a,  b,  which  are  strengthened  by 
projecting  ribs,  not  seen  in  the  section,^.  1668.  The  top  or  crown-plate  b,  and  the 
base-plate  a,  a,  are  bound  most  firmly  together  by  1  cylinders  of  the  best  wrought 
iron,  c,  c,  which  pass  up  through  holes  near  the  ends  of  the  said  plates,  and  are  fast 
wedged  in  them.  The  flat  pieces  e,  «,  are  screwed  to  the  ends  of  the  crown  and  base- 
plates, so  as  to  bind  the  columns  laterally.  /,  is  the  hollow  cylinder  of  the  press, 
which,  as  well  as  the  ram  g,  is  made  of  cast  iron.  The  npper  part  of  the  cavity  of 
the  cylinder  is  cast  narrow,  bnt  is  truly  and  smoothly  lonnded  at  the  boring-mill,  so 
as  to  fit  pretty  closely  round  a  well-turned  ram  or  piston ;  the  under  part  of  it  is  left 
somewhat  wider  in  the  casting.  A  stout  cup  of  leather,  perforated  in  the  middle,  is 
put  upon  the  ram,  and  serves  as  a  valve  to  render  the  neck  of  the  oylinder  perfectly 
water-tight  by  filling  up  the  spacebetween  it  and  the  nun ;  and  since  the  mouth  Of 
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&e  cap  IB  turned  downvards,  the  greatar  the  preEEure  of  'water  upwards,  theinoT* 
forcibly  are  the  edges  of  iJie  laaUier  valre  pressed  against  the  insides  of  the  cylinder, 
and  ike  tighter  does  the  joint  become.    This  was  Bramah's  beautifnl  invention. 

Upon  the  top  of  the  ram,  the  press-plate,  or  table,  stren^enod  with  projecting 
ridges,  rests,  which  is  commonly  called  the  '  follower,'  because  it  follows  the  ram  closely 
in  its  descent.  This  plate  has  a  half-ronnd 
hole  at  each  of  its  four  comers,  corresponding 
to  the  shape  of  the  four  iron  columns  along 
which  it  glides  in  its  np-and-down  motions  of 
compression  and  relaxation. 

It,  k,  Jigt.  1668  and  1664,  is  the  fiaming  of  a 
force-pump  with  a  narrow  barrel ;  i  is  the  well 
for  containing  water  to  supply  the  pump.  To 
spare  room  in  the  engravnig,  the  pump  is  set 
close  to  the  press,  but  it  may  be  removed  to 
any  convenient  distance,  by  lengthening  the 
water-pipe  «,  which  connects  the  dischai|;e  of 
the  force-pump  with  the  inside  of  the  cyhnder 
of  the  press.  Fig.  1665  is  a  section  of  the 
pnmp  and  its  valves.  The  pump  m,  is  of 
bronze  ;  the  suction-pipe  ft,  has  a  conical  valve 
with  a  long  tail ;  the  solid  piston  or  plunger 
p,  is  smaller  than  the  barrel  in  which  it  plays, 
and  passes  at  its  top  through  a  stufBng-boz  q ; 
r  is  the  pressure-valve,  «  is  the  safety-valve,  which  in  fig.  1601  is  seen  to  be  loaded 
with  a  weighted  lever ;  t  is  the  discharge-valve,  for  letting  the  water  escape  from 
the  cylinder,  beneath  the  ram,  back  into  the  well.  See  the  winding  passages  in  fig. 
1666.  «  is  the  tube  which  conveys  the  water  from  the  pump  into  the  press-cylinder. 
In  fig.  1664,  two  centres  of  motion  for  the  pump-lever  are  shown.  By  shifung  the 
bolt  into  the  centre  nearest  the  pump-rod,  the  mechanical  advantage  of  the  workman 
may  be  doubled.  Two  pumps  are  generally  mounted  in  one  fhune  for  one  hydraulic 
press :  the  larger  to  give  a  rapid  motion  to  the  nun  at  the  beginning,  when  the  resist- 
ance is  small ;  the  smaller  to  give  a  slower  but  more  powerful  impulsion,  when  the 
resistance  is  much  increased.  A  pressure  of  600  tons  may  be  obtained  from  a  well- 
made  hydraulic  press  with  a  ten-mch  ram,  and  a  two  and  a  one  inch  set  of  pumps. 
See  Watbb  Fbsssitbb  Machhix. 

raXKCM'»  asaTA&i  or  Ftince  Bupert^s  metal,  is  a  brass  containing  about  25 
per  cent,  of  zinc 

PXZJITZVO.  (Imprimarie,  typograpMe,  Fr. ;  Buehdrueierhaut,  Ger.)  The  art 
of  taking  impressions  from  types  and  engravings  in  relief. 

HiSTUBT. — The  art  itself  is  of  comparatively  modem  origin,  only  400  year*  having 
elapsed  since  the  first  book,  properly  so  called,  issued  from  the  _pre8S ;  but  we  cannot 
doubt  that  its  principle  was  known  to  the  ancients.  It  has  certainly  been  practised  in 
the  East  &om  a  very  early  period,  and  in  a  manner  similar  to  our  own  first  attempts. 
That  a  rude  kind  of  printbg  was  known  to  the  Babylonians  is  evident  from  the 
nndecayed  bricks  of  that  dty  which  have  been  found  stamped  with  various  cuneiform 
and  hieroglyphic  characters ;  but  as  the  stamp  itself  was  in  one  piece  or  block,  it 
was  inapplicable  to  the  propagation  of  knowledge,  from  its  cost  and  tediousness  of 
production.  ' 

The  Chinese  are  the  only  people  who  have  continued  this  primitive  mode  of  print- 
ing to  the  present  time.  Their  earliest  attempts  are  stated  in  their  chronicles  to  have 
been  made  about  50  years  before  the  Christian  era ;  but  it  was  not  till  the  reign  of 
the  Emperor  Ming-tsong  (927-934  A.D.)  that  any  great  advance  was  made  in  print- 
ing large  numbers  of  comparatively  cheap  books.  The  name  of  the  Chinese  Cazton 
was  Tong-tao.  He  obtained  permission  of  the  Emperor  in  932  to  print  and  circu- 
late copies  of  the  'Classical  Works,'  as  they  are  called,  by  taking  impressions 
from  stone  plates,  the  letters  cut  into  them,  so  that  the  impression  on  the  paper  was 
black  and  the  letters  themselves  left  white.  This  is  still  the  case  in  all  Chinese 
litho^phic  printing.  Tong-tao,  however,  subsequently  obtained  the  Emperor's 
sanction  to  cut  in  wood  and  jnrint  an  edition  of  the  nine  '  King,'  or  classical  books, 
for  the  use  of  the  Imperial  College  in  Peking.  This  was  completed  in  052 ;  and, 
although  intended  only  for  the  pupils  of  the  college,  it  was  made  purchasable  by 
any  person  in  the  empire.  The  process  pursued  in  the  printing  of  this  work  is  pre- 
cisely the  same  as  at  the  present  day,  the  following  being  the  moditt  operandi : — 

The  work  intended  to  be  printed  is  handed  to  a  caligraphist,  who  wntes  the  sepa- 
rate pages  on  fine  tracing-paper ;  these  are  given  to  the  engraver,  who  glues  them 
face  downwards  upon  a  thin  plate  of  hard  wood,  called  U,  resembling  that  ci-the  peai- 
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tree,  and  lie  cuts  aw&y  vith  a  sharp  instrament  all  those  parte  of  the  wood  on  yrUA 
nothing  is  traced,  leaving  the  transcribed  diaracters  in  rdief  and  ready  fat  printing^. 
The  Chinese  printer  then,  having  no  notion  of  the  printing  press,  makes  use  of  two 
fine  brushes,  both  held  in  the  right  hand,  one  of  vhich  concfflns  ink,  the  other  dry. 
With  the  former  he  blackens  the  letters ;  the  latter  he  passes  gently  orer  the  paper 
vhich  has  been  laid  on  them.  By  this  means  an  expert  workman  can  take  a  large 
number  of  impressions  in  one  day.  As  the  Chinese  paper  is  thin  and  transparent,  it 
is  printed  on  one  side  only,  two  pages  side  by  side,  and  the  sheet  has  a  Mack  line 
down  the  middle,  as  a  guide  to  the  binder,  who  folds  it  double,  and  fastens  the  open 
leaves  together.  Various  attempts  hare  been  made  in  the  Celestial  Empire  to  sub- 
stitute moveable  types  for  the  wooden  blocks,  bnt  they  have  always  tenninated  in  a 
return  to  the  old  method. 

The  ancient  Romans  made  use  of  metal-stamps,  with  characters  engraved  in  relief, 
to  mark  their  articles  of  trade  and  commerce ;  and  Ciceio,  in  his  ■  De  Katutft  Deortun,' 
has  a  passage  from  which  Toland  imagines  the  modems  have  taken  the  hint  of  print- 
ing. CScero  orders  the  tvpee  to  be  made  of  metal,  and  c^ls  them  forma  literamm, 
the  very  words  used  by  the  first  printers  to  express  them.  In  Tiigil's  timi,  too, 
brands,  with  letters,  were  used  for  Aiarking  cattle,  &c.,  with  the  owner's  name. 
lAudseer  (Leeturu  on  the  Art  of  Engraving,  8vo.  1807)  observes, '  Had  the  modem 
art  of  mining  paper  been  known  to  the  andents,  we  had  probably  never  heard  the 
names  of  Faust  and  Uniguena ;  for  with  the  same  kind  of  stamps  which  the  BonanB 
used  for  their  pottery  and  packages,  books  might  also  have  been  printed ;  and  the  sam« 
engraving  which  adorned  the  shields  and  peterss  of  the  more  remote  ages,  with  the 
addition  of  paper,  mi^ht  have  spread  the  rays  of  Greek  and  £tmrian  inteBSgenee 
over  the  world  of  antiquity.  Of  the  truth  of  this  assertion  I  have  the  satiilMtioB 
to  lajr  before  you  the  most  decided  prooft,  by  exhibiting  engraved  Latin  insoriptiaM, 
both  in  cameo  and  intaglio,  from  the  collection  of  Mr.  l)once,  with  impressions  takm 
bom  them  at  tb.  Savage's  letter-press  but  yesterday  [ISOiS].  One  of  them  b  an 
inta^o  stamp,  with  which  a  Boman  oculist  was  used  to  mark  his  medicines ;  the 

other,  vriiich  is  of  metal,  and  in  eameo, 
*'W is   simply  the  proper  name  of  the 


[■•^^'•^'•""^•■■^■^'""■■"■»-      tradesman  by  vniom  it  has  probably 
.i-^  t  7    A     ■       A    ^^   I        ^^""^  '>'^'    '  ^[>*=<"]  Valsginl  Mauri.' 
1       W  ^^    1^  ^t    f|    I  I     Pig.  1687  is  a  fecsimile  of  the  latter 
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stamp. 
Bookt  htfart  the  Invention  of  lYint- 

htg. — The  value  of  books  and  the 

esteem  in  which  they  were  held  before 
^H,^,—,^^—-^^,^,^,,^/     the  invention  of  printing,  were  such, 

that  notaries  were  employed  to  make 
the  conveyance  with  as  much  care  and  attention  as  if  estates  were  to  be  trans- 
ferred. It  was  then  thought  the  worthy  occupation  of  a  life  either  to  copy  or 
collect  an  amount  of  reading  which  modem  improvements  now  present  to  va  for  a 
few  shillings.  Galen  tells  us  that  Ptolemy  Philadelphus  gave  the  Athenians  16 
talents,  yrMi  exemption  firom  all  tribute,  and  a  great  convoy  of  provisions,  for  the 
autographs  and  onginals  Of  the  tragedies  of  .Kschylus,  Sophocles,  and  Euripides. 
'  Pisistiatus  is  said  to  have  been  tiie  first  among  the  earliest  of  the  Greeks  w^o  pro- 
jected an  immense  collection  of  the  works  of  the  leaned,  and  is  supposed  to  have 
been  the  collector  of  the  scattered  works  which  passed  under  the  name  of  Homer.' — 
I/bradi,  OuriotUiet  of  Liitratvre. 

Among  the  Bomans  the  bulk  or  goodness  of  a  man's  library  was  the  distinguiahing 
mark  of  his  excellence  or  wisdom.  Hiddleton  {I^fe  tf  OiMfo),  speaking  of  CScero 
himself,  says :  '  Nor  was  he  less  eager  in  maUng  a  collection  of  Greek  books,  and 
forming  a  library,  by  the  same  opporttinity  of  Atticns's  help.  This  was  Atticns's  Own 
passion ;  who,  having  free  access  to  all  the  Athenian  libraries,  was  employing  his  slaves 
in  copying  the  works  of  their  best  writers,  not  only  for  his  own  use,  bnt  for  sale  also, 
and  the  common  profit  both  of  the  slave  and  the  master.' 

The  passion  for  the  enjoyment  of  books  has  in  all  ages  led  their  lovers  to  cover 
them  with  the  most  costly  and  ornamental  bindings.  The  ancients  commonly 
adorned  them  with  pendent  ornaments  of  variously-coloured  cloth,  and  the  coTeTB 
were  stained  with  scarlet  or  purple  colour:  'Hirsutus  sparsis  nt  videare  comis' 
{Ovid),  and  '  Purpureo  fblgens  habitu,  radiantibus  uncis '  (Sfartial).  The  tmai  were 
rollers  of  wood  or  ivory,  round  which  the  books  were  rolled  to  prevent  injury  to 
their  fronts.  Ovid  and  vntmllus  call  them  oomua,  from  the  similarity  of  their  ends  to 
horns.  Epistles  differed  tram  books  in  this :  the  leaves  weie  folded  together,  and 
tied  round  with  linen  tape,  and  sealed  with  ereta  Asiatica,  while  books  were  '  bound '  aa 
ahoTe.    If,  however,  there  were  more  epistles  than  one,  'or  if  one  epistle  was  to  faa 
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preserved  in  the  libriiy,  it  was  enclosed  and  turned  zoand,  and  not  Mded :  henee  thh 
word  volmmm'  {Artt  of  the  Grteki  and  Scmuau).  '  Video  ^od  agu :  tuts  quoqoe 
epirtob*  vis  referam  in  vdnmins '  (Oicetv). 

The  aidma  respecting  books  in  the  'Close  Bolls'  of  the  Middle  Ages  are 
interesting,  not  ealr  as  illnstrating  the  literary  taste  of  the  age,  but  prindpally 
becanse  they  generally  contain  some  drcomstance  whidi  diows  the  soatdl^  and  valns 
of  the  article.  It  was  not  'antil  a  period  considerably  snbaeqnent  to  the  inrention  of 
printing  that  the  cost  and  rarity  of  books  oeaaed  to  obsbvet  the  adrancement  «f 
learning  and  the  diflbaion  of  knowledge. 

Sloek  Booka. — ^Incredible  difflcnlties  were  encovnteiad  I17  tboM  who  undertook 
first  to  lay  open  the  stores  of  ancient  leeming,  from  the  searcity  of  MSS. ;  for  the 
literary  treaanree  of  antiqnity  had  sofftned  from  the  nuUce  of  men  as  wall  as  from  the 
hand  of  time.  The  time  had  now  come,  howerar,  when  the  world's  inheritanoe  of 
the  knowledge  of  Greece  and  Home  was  to  be  seenred  from  any  Auther  destractioB. 
The  art  of  printing  books  ttom.  engraved  blocks  of  wood  waa  no  donbt  invented  in 
Holland;  and,  ^art  from  the  great  interest  created  by  the  object  for  which  the 
block  books  were  designed,  namely,  the  pn>pagataon  of  the  Sciiptnres  (being,  as  it 
were,  the  foremnner  u  the  Beformation),  they  are  extremely  valuable  as  exUbiting 
the  first  attempts  at  engraving  on  wood  in  the  form  of  books,  many  of  them  having 
preceded  the  art  of  printing  by  moveable  tTpee.— &)<A«6y'«  *  Mock  Sookt.' 

But  that  ppnts  without  text,  or  letter-press  as  it  is  termed,  were  in  common  nse  at 
a  period  considerably  anterior  to  that  of  the  block  books  there  is  abundant  evidence. 
It  is  related  b^  Fallon,  {TMU  Hiatoriqm  a  Pratique  de  la  Oramm  at  Sou,)  that 
the  heroic  acbons  of  Alexander  the  Great  were  engraved  on  wood  by  the  two  Onnio, 
Alexander  Alberic  and  his  sister  Isabella,  and  impressions  printed  horn  the  blocks 
as  early  as  128fi ;  and  his  statement  has  been  supported  bv  OtUey,  ("Early  Hist,  of 
Engraving  upon  Oopper  and  Wood,  &c' 2  vols.  4to.  181 S,)  and  Singer,  ('Hist,  of  Playing 
Oards,  &e.,'  London,  4to.  1816).  But  Jackson,  ('  Hist,  of  Wood  Engraving,')  takes  some 
trouble  to  prove  that  FapiUon  was  excessively  credulous,  if  not  deranged.  Towards 
the  end  of  the  fourteenth  centnry,  too,  playing  cards  were  engraved  and  printed  for  the 
amusement  of  Charles  VI.  King  of  f^nce,  who  reigned  from  1880  to  1421.  The 
print  of  St.  Christopher  carrying  the  infiint  Saviour  <m  his  bade  across  the  sea,  in  the 
collection  of  Earl  Spencer,  bears  an  inscription  and  the  date  1423  at  the  bottom  of 
the  same  block  ;  but  one  in  the  possession  of  'Mx.  J.  A.  Or.  Weigel  of  Leipsic  is  sumoeed 
to  be  the  work  of  even  an  earlier  artist.'  These  arcnmstances,  together  with  the  fact 
tiiat  the  Government  of  Venice  published  a  decree,  dated  October  11 , 1 441 ,  wherein  the 
art  and  mystery  of  making  'pUying  cards  and  ctdonred  figures  printed '  are  stated 
to  have  &llen  into  decay  in  c<«sequenee  of  the  great  quantity  which  had  been  made 
out  of  that  state,  and  which  were  now  prohibited  under  pain  of  forfeiture  and  flne^* 
all  prove  that  the  knowledge  and  practice  of  printing,  althon^  not  applied  to  the 
spread  of  knowledge  and  the  multiplication  of  books,  had  yet  an  existence  in  Europe 
long  before  the  time  to  which  it  is  usually  attributed. 

When  the  substructure  had  been  completed,  the  work  was  pursued  with  the  utmost 
eagerness.  Great  numbers  of  books  were  produced,  evidently  in  the  Chinese  maniMr 
above  described ;  for  the  diversity  of  the  characters  firand  in  block  books  has  been  a 
never-ending  pnnle  to  those  who  have  endeavoured  to  ascertain  the  jmnter  by  eora- 
pariaon  of  the  formation  of  the  letters  used.  The  workmanship  of  many  of  these 
picture-books  was  of  a  coarse  deecription,  without  shadowing  or  'croas-hatcbing,* 
tastdessly  daubed  over  with  broad  colours,  especially  those  printed  for  eiieohition 
amongst  the  poorer  classes.  Those  best  known  of  this  class  were  called  BiiUa 
I^tuperum,  poor  men's  books,  or  rather  books  for  poor  preadwrs,  and  consisted  of  a 
series  of  rude  engravings,  each  occupying  a  page,  but  divided  into  oompartments 
containing  pictorial  illustrations  of  the  most  remarkable  incidents  mentioned  in  the 
Books  of  Moses,  the  Gospels,  and  the  Apocalypse. 

Inoention  of  MbveMe  Tupes. — Ovienbety. — ^About  the  year  1488,  while  the  leaned 
Italians  were  eagerly  deciphering  their  reoentiy-discovered  1C88.,  and  sloiHy 
drcnlating  them  from  hand  to  hand,  it  fell  to  the  lot  of  a  few  obscure  Oermaas  to 
perfect  the  greatest  discovery  recorded  in  the  annals  of  mankind.  The  notion  of 
printing  by  moveable  types,  and  thereby  saving  the  esdless  labour  of  cutting  new 
blocks  of  letters  for  every  page,  was  reserved  for  John  Gutenbei^  of  Hayeooe. 
Bom  in  that  city  about  the  beginning  of  the  centnry,  he  aettied  at  Stoasborg  about 
1424,  and  commenced  printing  in  tiie  house  of  one  Srilsehen.  But  having  bem 
engaged  in  a  lawsuit  connected  with  Dritzehen'a  fomily,  and  exhausted  his  means, 
he  returned  to  Hayence,  where  he  resumed  h\b  typographic  employment  in  partnership 
with  a  wealthy  goldsmith,  named  John  Fust  or  Faust.    After  many  exptamenta  with 

'  A  copT  of  Mr,  Welgel'i  print  may  be  geen  in  Sotheby't '  Block  Books,'  voL  ii.  p.  UI, 
*  XUs  mnat  IM  regained  as  tbe  earUsat  aotbentlo  doGument  ropectbiK  FiiaUsg. 
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Ua  presses  and'  nunreable  tjrpes,  Ontenberg  sncceedad  in  pTintin^  an  edition  of  the 
Vnl^&te,  the  Maysnoe  or  Mszann  Bible,  ao  called  from  a  copy  hanng  been  dieeorered 
in  ^e  libraiy  of  Cardinal  Macarin  in  Paris.  The  'woik  vas  done  between  the  years 
1450  and  1466,  and  was  printed  on  vellam ;  but  there  are  seveml  paper  copies  in 
England,  France,  and  Germany.  The  partnership  between  Qutanbeq;  and  Fnst 
haring  been  dissolved,  and  the  former  bieing  unable  to  repay  part  of  the  ca|RtaI 
advanced  by  the  wealthy  goldsmith,  the  whole  of  the  printing  apparatus  fell  into  the 
liands  of  Fast,  who  'printed  off  a  considerable  number  of  oo^es  of  the  Bible,  to 
imitate  those  which  were  commonly  sold  as  HSS. ;  and  he  undertook  the  sale  of  them 
at  Paris.  It  was  his  interest  to  conceal  this  discovery,  and  to  pass  off  his  printed 
copies  for  MSS.  But,  enabled  to  sell  his  Bibles  at  sixty  crowns,  while  the  other 
scribes  demanded  Are  hundred,  this  raised  nniversal  astonishment;  and  still  more 
when  he  prodneed  oojnes  as  fiut  as  they  were  wanted,  and  even  lowered  his  price. 
.The  nnifQrmil7  of  the  copies  increased  the  wonder.  Informations  were  given  in  to 
the  magistrates  against  him  as  a  magician ;  and  in  searching  his  lodgings  a  great 
number  of  copies  were  found.  The  red  ink, — and  Fust's  red  ink  is  pecnliarly 
brilliant, — which  embellished  his  copies,  was  said  to  be  his  blood;  and  it  was 
aolemnly  adjudged  that  he  was  in  league  with  the  infemals.  Fust  at  length  was 
obliged,  to  save  himself  from  a  bonfire,  to  reveal  his  art  to  the  Parliament  of  Paris, 
who  discharged  him  £rom  all  prosecution  in  consideration  of  the  wonderful  in- 
mention.' — Ifliraeli,  Citrianliea  of  IMaratitri. 

This  Bible  was  printed  with  large  cut  metal  types ;  but  in  1467  a  magnificent 
edition  of  the  'Psalter'  appeared,  printed  by  Fust  and  his  assistant  and  son-in-law, 
f  eter  ScheeffiBr,  who  had  been  taken  into  putnership.  In  this  bonk  the  new  inven- 
tion was  announced  to  the  world  in  'a  boasting  colophon,' though  certainly  not 
unreasonably  bold.  Another  edition  of  the  'Psalter,'  one  of  an  ecclesiastioil 
book,  Dnrand's  account  of  I4tnrgioal  Offices,'  one  of  the  Constitutions  of  Pope 
Clement  V.,  and  one  of  a  popular  treatise  on  general  science,  called  the  Catholicon,* 
-filled  np  the  interval  till  1462,  when  the  second  Mayence  Bible  proceeded  from  the 
same  printers.  This,  in  the  opinion  of  some,  is  the  earliest  book  in  wluch  eatt  metal 
^ypeswere  employed;  those  of  the  Hazarin  Bible  having  been  ciUi  by  the  hand. 
But  this  is  a  contzoverted  point.  In  146S  Fnst  and  Sdio^r  published  an  edition 
'  of  Cicero's  '  Offices,'  the  first  tribute  of  the  new  art  to  polite  literature. — Haliam, 
Ekrope  during  the  Middle  Aget,  vol.  iii.  p.  470. 

After  the  lapse  of  a  few  ^ears  the  pupils  and  workmen  of  Fust  and  Schc^r, 
^persed  into  various  countries  by  the  sacking  of  JUayence,  under  the  Archbishop 
Adolphns,  the  invention  was  thereby  publicly  xniade  known,  and  the  art  spread  over 
all  ports  of  Enrope.  Before  the  year  1600,  printing  presses  had  been  set  up  in  220 
places,  and  a  multitude  of  editions  of  the  dassicu  writen  given  to  the  wxirld. 
Santander  (JHetioHnttirt  SiiliograpHiqae  choiti  du  gumtiime  ^Me,  &c.,  Bruxelles, 
'  1806,  3  vols.),  in  his  interesting  and  masterly  woric,  gives  at  the  end  of  his  first 
volume  a  chronological  table  of.  200  places  where  the  art  was  practised  during  the 
I6th  cento^,  with  the  names  of  the  printers  and  of  the  first  productions  of  their 
'presses.  We  cannot  afibrd  room  for  this  list ;  but  must  be  content  to  state  that  from 
Hayence  the  art  was  transplanted  to  Haarlem  and  Strasbuig ;  from  Haarlem  to  Rome, 
■  in  1466,  by  Sweynheym  and  POnnartz,  who  were  the  first  to  make  use  of  Soman  t^;^ ; 
to  Paris  in  1469 ;  to  England  in  1474 ;  and  to  Spain  in  1476 ;  and  spread  so  rapidly 
that,  between  the  years  1469  and  1476,  most  towns  in  Gtarmany,  Italy,  and  the 
Hetheriands  had  made  successful  attempte  in  the  production  of  printed  oopiee  of  the 
most  valued  authors  of  the  time. 

Printmg  in  Engltmd. — Until  about  the  period  of  the  Restoration,  William  Oazton 
was  universally  acknowledged  to  have  intxoduced  the  art  of  printing  into  this  countiy. 
in  or  abont  the  year  1471.  But,  in  1664,  a  Hr.  Richard  Atkyns,  in  a  work  called 
'The  Original  uid  Growth  of  Printing,'  &e.,  brought  before  the  notice  of  the 
'corions  a'Uttle  book,  printed  at  Oxford,  bearing  the  date  1468,  three  years  before  the 
period  usually  asngned  to  the  labours  of  Caxton.  This  work  took  liteiarv  men  by 
surprise,  and  gave  rise  to  the  most  violent  discussions.  It  is  related  by  Aucyns  that 
a  Dutehman  of.  the  name '  of  Frederic  Corsellis  was  induced  to  desert  his  employers 
'in  the  Low  Countries,  and  that  one  Ri(^aj(d  Tumour,  an  agent  of  King  Henry  VI., 
.  assisted  by  William  Caxton,  who  -was  well  known  in  Holland  as  a  merchant,  and 
therefore  likely  to  dirow  the  jealous  possessors  of  Uie  new  art  off  their  guard, 
'brought  him  to  England,  where  at  Oxford  he  -was  set  to  work  by  Archbishop 
.  Bonichier,  ten  years  before  the  date  of  C^ton's  first  book.*    But  the  silence  of  Caxton 

■  •  BstionsLDiTlnonmi  Offlcjarnm '  of  'William  Dorand,  11C9. 
'     ■'  <  OatboUcon  Janoeiuii,'  1460,  in  the  Elng-a  Libnry. 

*  Tjw  title  of  tttb  TOlnme  of  OonellU  la,  ■  Expoiicio  Sonoti  Jeronlmi  In  Slmbolam  Apoataloram  ad 
Fapam  LaunnUam,'  and  at  the  end,  *XxpUclt  Exposldo,  ftc  Impmsa  Oxooii,  st  flaita  Anno 
Domini  jtccCCLXViii.,  xvii  flle  DccantaSn," 
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OB  »  sutjeet  in  '\>faieh  he  todc  the  utmost  intereet,  and  in  vhieh  it  is  stated  on  this 
ooeasion  be  was  an  important  actor,-  is  a  strong  argument  against  the  authenticity  of 
the  story.  Indeed,  M.  Santander  (vol.  i.  p.  3*^8)  does  not  for  a  moment  entertain  the 
]>retension8  of  Corsellis,  and  agrees  irith  Br.  Conyers  Hiddleton  in  considering  that 
the  date  HfCCCCLXVUI.  ought  to  have  been  MCCCCLXXyill.,  an  X  having  been  hj 
accident  omitted  by  the  compositor : — '  Voili  ce  que  Bichard  Atkyns  imagina,  et  let 
moyens  dont  il  se  serrit,  en  1664,  pour  soutenir  eontie  le  corps  des  bbraires  de 
Londres,  ^ne  I'imprimerie  itait  un  droit  de  la  conronne  en  Angteterre.  Mais  le 
doctenr  Middleton,  dans  sa  "  Dissertation  sur  I'Orinne  de 
llmprimerie  en  Angletarre,"  imprimie  i  Cambridge,  en  jggg 

1734,  in  4*,  a  piovi  dimonstratiTement,  que  I'impression 
d'Ozford,  de  "  I'Ezpoeitio  S.  Jeronimi  in  Simbolum  Apo- 
stolomm,"  est  de  I'm  1478,  le  compositenrayant  omis  un 
X  dans  la  date  de  la  sonscription  (faute  typographique 
dont  nous  avons  plosieurs  exemples  dans  les  impressions 
dn  XV*  siide).'  Amongst  other  examples  of  blunders 
of  this  description,  the  learned  Doctor  observes : — '  But 
whilst  I  am  now  writing,  an  nnazpeeted  instance  has 
&llen  into  my  hands,  to  the  support  of  my  opinion  ;  an 
"  Inanguiation  Speech  of  the  Woodwardian  Professor, 
](r.  Hason,"  just  fresh  from  the  press,  with  its  date 
given  ten  years  earlier  than  it  should  have  been,  by 
the  omission  of  an  X,  vis.  MDOCXXTV.  ;  and  the  very 
blunder  ezempliied  in  the  last  piece  printed  at  Cam* 
bridge,  which  I  suppose  to  have  happened  in  the  first 

from  Oxford.'  ^^  -j-    ^  ^- 

Whether,  however,  Caxton  was  or  not  the  first  English      a*  M|p  V^  Q  ^^^ 

been  executed  with  merely  wooden  ones.    During  a  long 


printer,  it  is  quite  certain  that  he  was  the  first  who  made  S    ^     SK   J^'^ 

use  of  cast  metal  types,  the  worlu  of  Corsellis  having  ^^^^  tli)l\  ^ 

been  executed  with  merely  wooden  ones.    During  a  long  T?f  ^p  ^^^Sf  »^ 

residence  abroad  he  had  acquired. a  practical  knowledge  ot  K  Ji\  \t            Jg 

theatt;  andonhiaretunito£nglandinl471,Betupapre8S  &^Br     ^   S^  fi 


at  Westminster  Abbey,  in  an  old  chapel' a^joimng  that  ■^    ^    ^   S^  ^ 

edifice;  and  was  for  many  years  en^iaged  in  translating  and  Ui^  ^    ^^  ^ 

printing  books  on  a  variety  of  sulgects.    His  first  work  is  ([^  S     Sr.  ^^ftf 

*Le  Becueil  des  Histoires  d»  Ttojes'  of  Baonl  le  Fevre,  ^  ^  v^  M**  S 

dumlain  to  the  Duchess  of  Burgundy ;  but '  The  Dictes  *^    S  ^&  ^L_  S 

ana  Sayinges  of  the  Fhilosonhers'  is  the  earliest  book  -^  ^^  ,St    ^kZ 

known  to  have  issued  from  his  press  with  the  date  and  g^  ^s  CD    ^  ^J} 

place  of  printing ;  and  we  have  no  proof  at  all  that  his  j^p^  ^f     C  ^t    ^ 

-sixearlier  worlu*  were  printed  in  this  country.    Indeed,  ^K  xa^  S*^J^ 

it  is  stated  in  the  Liie  of  Caxton,  in  Ames's  'Typ.  S   jj-    -^  ^TSl 

Antiquities,'  p.  xcv,  that  the  French  and  English  editions  ^    ^  ^Bca 

of  the  •  Histories  of  Troy'  are  justly  'admitted  to  have  IJ*    3    *"^K  %1^ 

been  printed  abroad.'  ^feS  ^  B^O 

The  types  used  in  Caxton's  works,  as  well  as  in  those  «.3»^^  ^5    4i)    n> 

.of  most  of  the  early  printers,  were  the  Ghithic  or  blaclt-  w    f>^  fi  ^3   ^^ 

letter  chs^ters,  said  to  have  been  invented  by  Ulpbilas,  ^  t^  v/Sf'^  ^' 


first  bishop  of  the  Moeso-Goths.    A  facsimile  of  Caxton's  CC^  C   "^  2j  jT* 
•types  is  here  annexed,^.  1668,  showing  the  formation  of  4^    2    ST^JO/Sr 
lus  letters;  and  proving  to  our  mind  that,  as  compared  ^v   **    ^T  ^^^ 
•with  the  specimens  we  have  seen  of  the  characters  used  ^y  fQ   «j  <0   «^ 
,bv  the  Oxford  printer  Corsellis,  they  have  an  undotibted  ^g  ^rf  ^? 
uaim  to  the  greater  antiquity.  %  ^^  *i        >5    S. 
Caxton  is  said  to. have  printed  64  books;  and  was  A^^^^  »ri-l*^  ^f 
followed  by  his  pupils  or  assistants,   Theodore  Rood,  flL       \    j^  ^i,  ■  - 
John  Lettou,  William  Madiilinia,  and  Wvnkyn  de  Worde,  H^       M  ^C^  O 
all  foreigners,  and  Thomas  Hunt,  an  ^iglishman.     All  ^^ 
these  pioneers  of  the  art  worthily  maintained  the  honour 
of   their  master's  name ;   and  Wynkyn    de  Worde   is 
especially  remarkable  for  bis  improvements  and  typo- 
graphical excellence,  and  as  having  been  the  first  printer  in  England  who  introduced 
the  Soman  letter.    He  printed  410  works. 

*  nrom  which  dronnwtanoe  an  sanmblage  of  prlnten  la  to  tUa  dsy  colled  n '  chapel.' 

*  Tli.  1. '  tiO  Becneil  dee  Hlstolne  de  Troycs ; '  2. '  Propoeltlo  clarhehnl  onitorta  Muglitr!  Johannls 
■Snndl,'  &o. ;  a.  *  Recayell  of  the  Histories  of  I'roye ' ;  4.     ■  The  Game  and  Flayof  the  Cheeae;' 

>,  The  ismo ;  and  6.  *  A  Soke  ol  the  hoole  Lft  ot  Jaaoq.' 
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71m  spirit  and  taste  of  titt  pstrons  of  the  first  printats  an  ebown  in  the  duiactw 
of  their  earliest  warics,  religions  books  and  romances  constituting  the  greater  part  of 
the  piodvetionB  of  the  father  of  English  printing.  Bnt  the  art^  althongh  at  first  conn- 
tooanced  by  the  clergy,  was  soon  looked  npon  with  extreme  jealonsy  by  the  Chnich. 
Efforts  were  made  towards  the  publication  of  the  Word  of  God ;  but  for  the  fint  60  at 
70  years  all  copies  of  the  Scriptures  were  printed  in  the  Latin  or  some  other  language^ 
not  understood  by  the  generality  of  the  peojple.  A  new  era  had,  however,  arrived. 
The  doctrines  of  the  Seformation  had  proclaimed  the  Bible  as  man's  best  guide  and 
teacher,  and  the  people  yearned  to  possess  Bibles.  Wickli&'s  translation  was  never 
printed.  The  part  of  the  Sacred  Writings  in  the  English  language  first  produced  by 
the  printing  press  was  the  Kew  Testament,  translated  by  WilSam  Tindal,  assisted  by 
Miles  Coverdale,  afterwards  Bishi^  of  Exeter  :  it  was  printed  at  Antwerp,  in  1526  ; 
but  as  it  gave  offence  to  Wolsey  and  Uie  Chnrch,  the  whole  impression  was  bought  up 
and  burnt  The  first  complete  English  Bible  printed  by  authority  was  Tudan 
version,  revised  and  compared  with  the  original  by  Coveidale,  and  afterwards  exam' 
ined  by  Cranmer,  who  wrote  a  pre&ce  for  it.  Of  this  edition,  hence  called  '  Craa- 
mer's  Bible,'  600  copies  were  printed  by  Grafton  and  Whitchurch,  to  whom  Henry 
\  VIII.,  in  letters  patent,  dated  November  13,  1689,  granted  the  sole  right  of  printing 
the  BiUe  for  five  years.  It  was  ordered  by  royal  jToclamation  to  be  set  up  in  all 
churches  throughout  the  kingdom,  under  a  penalty  of  40«.  a  month  in  every  case  of 
neglect.  So  great  was  the  demand  for  copies  of  the  Scriptures  in  the  16th  oentnry, 
that  we  have  in  existence  326  editions  odt  the  English  Bfl>le,  or  parts  of  the  Bible, 
printed  between  1626  and  1600. 

The  progreai  of  the  art  in  the  first  century  of  its  existsnoe  was  rsraarkable ;  but  the 
esriiest  EngUsh  printers  did  not  attempt  wiist  the  Ccmtinental  ones  were  doing  for  the 
ancient  dassics.  '  Down  to  1610,  no  Greek  book  had  appeared  &om  an  English  press; 
Oxford  had  only  printed  a  part  of  Cicero's  Epistles ;  Cambridge  no  andent  writer 
what«va.  Only  three  or  four  old  Eotnan  writers  had  been  reprinted,  at  that  period, 
tiiroughout  England.  But  a  great  deal  was  done  for  public  instruction  by  the  course 
which  our  early  printers  took ;  for,  as  one  of  them  says :  "  Divers  famous  clerks  and 
learned  men  translated  and  made  many  noble  works  into  our  EngUsh  tongue,  whereby 
there  was  much  more  plenty  and  abundance  of  Englid  used  than  there  was  in  times 
past."  The  English  nobility  were,  probably,  far  more  than  the  fint  half-centuiy  of 
English  printing,  the  great  encouragers  of  our  press  '.—they  required  translations  and 
abridgments  of  the  classics,  versions  of  flench  and  Italian  romances,  old  chroniclsB, 
and  helps  to  devout  eseidses.  Caxton  and  his  succeseors  abundantly  supplied  these 
wants,  and  the  impulse  to  most  of  their  exertions  was  given  by  the  growing  demand 
for  Uteraiy  amusement  on  the  part  of  the  great.  Caxton,  speaking  of  his  "  Soke 
En^doa,'!  says :  "  This  present  bcnk  is  not  for  a  rude  nplandish  man  to  labour  therein, 
nor  read  it ;  but  only  for  a  clerk  and  a  noble  gentleman,  that  feeleth  and  nnder* 
standeth  in  feats  of  arms,  in  love,  and  in  noble  diivalry."  Bnt  a  great  change  waa 
working  in  Europe ;  the  "  rude  uplandish  man,"  if  he  gave  promise  of  talent,  was 
sent  to  school.  The  priests  strove  with  the  laity  for  the  ^ucation  of  the  pe(^e ;  and 
not  only  in  Protestant  but  in  Catholic  countries  were  schools  and  universities  every> 
where  founded.  Here,  again,  was  a  new  source  of  employment  for  the  press— 
A,  B,  Cs,  or  Absies,  Primers,  Catechisms,  Grammars,  Dictionaries,  were  multiplied  in 
every  direction.  Books  became,  also,  during  this  period,  the  tools  of  professional 
men.  These  were  not  many  works  of  medicine,  bnt  a  great  many  of  law.  The  people^ 
too,  required  instruction  in  the  ordinances  they  were  called  upon  to  obey ;  and  thus 
the  Statutes,  mostly  written  in  French,  were  translated  and  abridged  by  Bastell,  onv 
first  law-printer. 

'  After  all  this  rush  of  the  pre^  of  England  towards  the  diffusion  of  sxisting  Imow- 
ledge,  it  began  to  assist  in  the  production  of  new  works,  but  in  very  different  directions. 
Huch  of  the  poet^  of  the  sixteenth  century,  which  our  press  spread  around,  will  last 
for  ever :  its  controversial  divinity  has,  in  great  part,  perished.  Each,  however,  was 
a  natural  supply,  arising  out  of  the  demand  of  the  people ;  as  much  as  the  chronicles, 
and  romances,  and  grammars  were  a  natural  supply ;  and  as  the  almanacks,  and 
mysteries,  and  ballads,  lAich  the  people  then  had,  were  a  natural  supply.  lUcen 
altogether,  the  activity  of  the  press  of  England,  during  the  first  period  of  our  enquiry, 
was  very  remarkable.  Ames  and  Herbert  have  recorded  the  names  of  860  printors  in 
England  and  Scotland,  or  of  foreign  printers  engaged  in  producing  books  for  England, 
that  fiourished  between  1471  and  1600.  The  same  authors  have  recorded  the  tiUes  of 
nearly  10,000  distinct  works  printed  amongst  us  during  the  same  period.  Many  of 
these  works,  however,  were  only  single  sheets,  but  on  the  other  hand,  there  an, 
doubtless,  many  not  here  registered.  Dividing  the  total  number  of  books  printed 
during  these  130  vears,  we  find  that  the  average  number  of  distinct  works  produced 
each  year  was  76. — Pauty  Magatint^ 
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The  flnt  book  in  yrbidi  Qteek  types  oeenr  is  Cieero'a  '  Offices,'  printed  in  tlie  yeia 
1465,  in  vfaich  the  characters  are  so  imperfect  tiist  the  words  are  with  diffieiilty 
deciphered ;  bnt  the  flrst  work  printed  wholly  with  Greek  types  is  a  Greek  Grammar, 
written  by  the  learned  Gonstantine  Ijascaris,  printed  in  Milan  by  Dionysins  FaraTi- 
sinus,  in  1476,  in  4to.  It  went  through  sereral  editions  in  Italy,  France,  and  Switzer- 
land. One  of  them,  that  of  Aldus,  printed  in  Venice  in  1496,  is  the  first  Aldine  book 
printed  -with  a  date.  One  of  the  must  elegant  specimens  of  ancient  Greek  typography, 
Tslued  not  only  for  its  beauty,  bnt  also  for  its  rarity  and  the  accuracy  of  its  text,  is 
(be  'Argonautica,  Flor.  ap  Joota,  1500,'  4to.  editio  princepi. 

It  was  not  onosnal  for  the  early  printers  of  Greek,  as  well  as  of  other  works,  to 
endeavour  to  imitate  the  characters  of  the  HSS.  of  the  age.  In  this  they  were  more 
or  less  successful.  An  exceedingly  beantiAil  spedmen  of  tjiis  kind  of  printing  is  the 
eiUtio  prmeept  of  Isocrstes :  '  Orat  i  Demetno  Ohalcondyla,  Gr.  Mediol.  ap.  Henr. 
Germanus  et  Sebastianns  ex  Pontremula,'  1498,  folio.  The  text  of  this  edition  is  said 
to  be  remarkably  aceniate.  Fabrieios  considers  it  more  so  than  that  of  the  Aldine 
edition  of  I61S. 

The  first  Greek  book  printed  in  Bome  was  the  works  of  Pindar :  '  Findari  Opera 
Or.  enm  Scholiis  Callieggi.'  Borne,  1616,  4to.  This  is  also  remarkable  as  the  first 
edition  with  tjie  Schoha.  Hie  first  Greek  work  printed  at  Cambridge  was  Plato's 
■  Henexenus,  sive  Fonebris  Oiatio,  Exhortatio  ad  Patriam  amandam  atque  defendatn. 
Cantab.'  Greek  types  were  not  introduced  into  Scotland  till  after  the  middle  of  the 
16th  centniy.  In  a  4to.  volume  printed  in  BdinbuTgh  in  1663,  entitled,  '  The  Confuta- 
tion of  the  Abbote  of  Crosragnel's  Masse,'  there  is  an  Epistle  by  the  Printer  to  the 
Beader,  apologising  for  his  want  of  Greek  characters,  which  he  was  obliged  to  sai^ly 
by  manuscript. 

The  flrst  work  tmnted  with  Boman  l^pes  was  Cicero's  'E^stobe  Familiaree,'  by 
Sweynhqrm  and  PannartE,  at  Bome,  in  1467.  Italic  type  was  invented  l^  Aldus 
Manutaus,  about  1600. 

Italy  has  the  hononr  also  of  having  printed  the  flrst  Hebrew  Bible,  at  Soncino,  a 
small  dty  in  the  Duchy  of  Milan,  in  1488,  under  the  superintendence  of  two  Jewish 
labbins,  named  Joshua  and  Moses.  The  edition  of  Brescia,  of  1494,  was  used  by 
Luther  in  making  his  Gtarman  translation.  But  Hebrew  types  were  not  introdnced 
into  England  fbr  many  years  irftOT  this  period ;  for  we  find  that  in  1624,  Dr.  Bobeit 
Wakefidd,  chaplain  to  Henry  VIII.,  complains,  in  his  '  Oratio  de  Leudibus,'  ftc.,  that 
he  was  obliged  to  omit  his  whole  third  part,  as  the  printer  (Wynkyn  de  Worde)  had 
no  Hebrew  types.  Towards  the  end  of  the  16th  centtuy,  various  woAs  were  printed 
in  Syriae,  Arabic,  Persian,  Armenian,  and  Coptic  or  modem  Egyptian  types ;  some  to 
gratify  tiie  curiosity  of  the  learned,  and  others  for  the  Utuigic  uses  of  the  Christians 
ui  the  Levant. 

In  the  16th  century  the  broils  consequent  on  the  Bsformation,  although  that  event 
stimulated  religious  enquiry,  did  much  to  impede  the  progress  of  the  art  in  England. 
But  the  civil  wars  and  the  gloomy  religious  spirit  which  succeeded  till  the  pedantry 
and  verbal  criticism  of  the  reign  at  James  I.,  and  which  prevailed  to  the  Bestoration, 
interrupted  still  more  the  production  of  works  calculated  to  cultivate  the  under- 
standing. Indeed,  we  cannot  but  regard  this  period  as  the  least  favourable  to  the 
diflusion  of  knowledge  of  any  period  in  the  history  of  our  litetatnro.  In  the  British 
Museum  is  a  collection  of  controversial  and  quibbling  tracts  amonnting  to  the 
enormous  number  of  80,000,*  while  the  impressions  of  new  books  printed  during 
these  stormy  times  were  very  few.  Dr.  Johnson  has  well  remarked  that  the  nation, 
from  1623  to  1664,  was  satisfied  with  two  editions  of  Shakspeare's  Plays,  which,  pro- 
bably, together  did  not  amount  to  a  thousand  copies.  Bnt  during  this  period  we 
must  not  forget  the  present  Authorised  Version  of  the  Bible,  traislated  by  the  forty- 
seven  distinguished  scholars  a}:^inted  by  James  L,  and  printed  in  1611,  which  is 
allowed  by  competent  judges  to  be  one  of  singular  merit,  and  indeed  the  most  perfect 
ever  produced.  An  nnfiivouiable  effect  was  also  produced  on  our  national  literature, 
and  on  the  progress  of  the  press,  by  the  licentiousness  introduced  by  the  literary 
parasites  and  courtezans  of  the  Bestortttion.  Under  such  a  state  of  mental  depres- 
sion, Milton  could  obtain  only  162.  for  the  MS.  of  his  immortal  '  Paradise  Lost,  and 
an  Act  <tf  Parliament  was  actually  in  force  enacting  that  only  twenty  printers  should 
practise  their  art  in  the  whole  kingdom!  Burton,  who  lived  near  this  time,  has 
drawn  a  miserable  picture  of  the  abject  condition  of  literary  men  when  they  had  such 
patrons  to  rely  upon : — '  Bhetoric  only  serves  them  to  curse  their,  bad  fortunes ;  and 
many  of  them,  for  want  of  means,  are  driven  to  hard  shifts.  From  grasshoppers  they 
torn  humble-bees  and  wasps,  plain  parasites,  and  make  the  Muses  mules,  to  satiajjjr 
their  hunger-starved  panncbes  and  get  a  meal's  meat.' 

t  DomUnaoa's  OoUeolloa.' 
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.  In  addition  to  theM  impediments,  the  Orown  endeanroaied,  in  the  teign  of  Charles 
IL,  to  deetTOT  tlie  activity  of  the  press ;  'and  in  this  it  had  the  example  not  only  of 
all  former  reigns  (in  which  nothing  had  been  legally  published  without  a  license),  but 
of  the  Long  Parliament  itself,  which  had  laid  severe  restrictions  upon  the  printing  of 
"  ssandalous  and  unlicensed  papers."  At  one  time,  indeed,  it  was  orderad  that  no 
Tainting  should  be  carried  on  anywhere  but  in  the  City  of  Ixadon  and  the  two 
TTniTersities ;  and  all  London  printers  were  to  enter  into  a  bond  of  SOOl.  not  to  print 
anything  against  the  QoTemment,  or  without  the  name  of  the  author  (or  at  least  of 
the  licenser)  on  the  title-page,  in  addition  to  their  own.' — EeeMtm't  Eng.  AntiquUUt, 
p.  32iS. 

It  lias  been  ascertained,  by  counting,  that  the  iiAole  namber  of  books  printed 
daring  the  fourteen  years  from  1666  to  1680,  was  3,650  ;  of  which  247  were  diTinity, 
420  law,  and  168  phytic,  so  that  two-fifths  of  the  whole  were  professional  books; 
807  were  school-boaks,  and  263  on  subjects  of  geography  and  navigation,  induding 
maps.  Taking  the  average  of  these  fourteen  years,  the  total  nnmb^  of  works  pro- 
duced yearly  was  268 ;  bat  deducting  the  reprints,  pamplilets,  single  sermons,  and 
maps,  we  may  fairly  assume  that  the  yearly  average  of  new  books  was  much  nnder 
100.  Of  the  number  of  copies  constituting  an  edition  we  have  no  record ;  we  appre- 
hend it  must  have  been  sioall,  fbr  the  price  of  a  book,  so  far  as  we  can  ascertain  it, 
was  considerable. 

The  period  fimn  the  accession  of  Oeorge  TTI.  to  the  dose  of  the  18th  century  is 
marked  by  the  rapid  increase  of  the  demand  for  popular  literature,  rather  than  by 
aiqr  prominent  features  of  originality  in  literary  production.  Periodical  literature 
si^ead  on  ever^  side ;  newspapers,  magazines,  reviews,  were  mnltiplied ;  and  the  old 
system  cf  selling  books  by  bawkers  was  extended  to  the  rural  districts  and  smiUl 
provincial  towns.  Of  the  number-books  thus  produced,  the  quality  was  indifferent^ 
with  a  few  exceptions ;  and  the  cost  of  these  works  was  considerable.  The  principle, 
however,  was  then  first  developed,  of  extending  the  market,  by  coming  into  it  at 
regular  intervals  with  fractions  of  a  book,  so  that  the  humblest  customer  might  lay 
by  each  week  in  a  ssvings'-bank  of  knowledge.  This  was  an  important  step,  which 
has  produced  great  effects,  but  which  is  even  now  capable  of  a  much  more  universal 
application  than  it  has  ever  yet  received.  Smollett's  '  History  of  England '  was  one  of 
the  most  suocxssful  number-books ;  it  sold  to  the  extent  of  20,000  copies. 

We  may  exhibit  the  rapid  growth  of  the  publication  of  new  books,  by  examining 
the  catalogues  of  the  latter  part  of  the  eighteenth  century,  passing  over  the  earlier 
years  of  the  reign  of  George  UL  In  the  'Modem  Catalogue  of  Books,'  from  1792 
to  the  end  of  1802,  eleven  years,  we  find  that  4,096  new  works  were  published,  exclu- 
sive of  reprints  not  sltwed  in  price,  and  also  exclusive  of  pamphlets :  deducting 
one-fifth  lor  reprints,  we  have  an  average  of  372  new  books  per  year.  This  is  a 
prodigioos  stride  beyond  the  average  of  93  per  year  of  the  previous  period.  But 
we  are  not  sure  that  our  literature  was  in  a  more  healthy  condition.  From  some 
cause  or  other,  the  selling  price  of  books  had  increased,  in  most  cases  60  per  cent, 
in  others,  100  per  cent  The  2s.  Sd.  duodedmo  had  become  is. ;  the  Us.  octavo, 
10s.  M, ;  and  the  12«.  quarto,  1/.  1(.  It  would  appear  from  this  that  the  exclusive 
market  was  principally  sought  for  new  books ;  that  the  publishers  of  novelties  did 
not  rely  upon  the  increasing  number  of  readers;  and  that  the  periodical  works 
constituted  the  prindpal  supply  of  the  many.  The  aggregate  increase  of  the  com- 
merce in  books  must,  however,  have  become  enormous,  when  compared  with  the 
previous  fifty  years ;  and  the  ttSect  was  highly  beneficial  to  the  literary  character. 
The  age  of  patronage  was  gone. 

Acrardin^  to  the  Census  of  1 86 1,  upwards  of  26,000  persons  are  employed  in  printing 
and  11,000  in  bookbinding. 

Printmg  in  8cotUmd.—¥nu\,\rxg  was  introdnoed  into  Scotland,  and  begun  in  Edin- 
buixh,  about  30  years  after  Caxton  had  brought  it  into  England.  Hr,  Watson,  in  his 
'  History  of  Printing,'  says  that  the  art  was  introduced  into  Scotland  from  the  Low 
Countries  by  the  priests  who  fled  thither  fh>m  the  persecutions  at  home.  Be  this  as 
it  may,  we  find  James  IV.  granting  a  patent  in  1607  to  Walter  Chapman,  a  merchant 
of  Edinburgh,  and  Andrew  Hollu,  a  workman,  to  establish  a  press  in  that  city. 
According  to  bibliographen,  the  moet  ancient  specimen  of  printing  in  Scotland  extant 
is  a  collection,  entiued  the  *  Porteus  of  Nobleness,'  Edinburgh.  In  1609,  a  '  Breviary 
of  the  Church  of  Aberdeen '  was  printed  at  Edinbureh ;  and  a  second  part  in  the 
following  year.  Very  few  works,  nowever,  appear  to  have  issued  from  the  Scottish 
press  for  the  next  30  years;  but  from  1641,  the  date  from  which  we  find  James  V. 
granting  licenses  to  print,  the  art  has  been  pursued  with  success  in  the  metropolis. 
At  present,  and  from  the  beginning  of  the  present  century,  it  is  perhaps  the  most 
distinguished  craft  in  the  dty,  being  condacted  in  all  its  departments  of  typo-foonding, 
printing,  publishing,  and,  we  may  odd,  paper-making  at  the  mills  in  the  vidnity. 
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Mom}.— FrinliB^  «ai  not  known  in  Iieland  till  abont  tbe  year  1551,  when  a  IxxA 
in  black  letter  was  issued  from  a  press  in  Dublin ;  but  till  the  year  1700  rery  little 
printing  was  executed  in  Ireland,  and  eren  sinoe  that  period  the  countiy  has  acquired 
Uttle  celebrity  in  this  department  of-  the  arts,  although  possessing  some  respectable 
printing  establishments. 

America. — The  art  of  printing  has  readily  taken  root  and  flourished  among  the 
civilised  inhabitants  of  Kortb  America.  The  first  printing  press  established  in  the 
American  colonies  was  one  set  up  at  Cambridge,  in  llassatmusetts,  in  the  year  M88, 
the  era  of  the  foundation  of  Harrard  College  of  that  place.  It  was  only  established 
by  the  exertions  and  joint  contribntiong  of  different  individ^ls  in  Europe  and  'America; 
(uod  there  is  no  doubt  that  the  mechanism  and  types  were  imported  from  England. 
The  first  work  which  issued  £rom  this  press  was  the  '  Freeman's  Gall,'  and  the  second 
the  'Almanac  for  New  England,'  both  in  1639 ;  the  first  book  printed  was  the  New 
England  version  of  the  Psalms,  an  octavo  volume  of  300  pages.  In  1676  books  becan 
to  be  printed  at  Boston;  in  1686  printing  became  known  in  Philadelphia;  and  in 
1693  in  New  York,  In  the  year  17C0  there  were  only  four  printing  presses  in  the 
Colonies.  Since  that  period,  and  espedally  since  the  revolution,  which  removed 
everything  like  a  censorship  of  the  press,  the  practice  of  the  art  has  undergone 
enormous  expansion.  Among  the  occupations  enumerated  in  the  Censns  of  1850  were 
14,740  printers  and  8,414  bookbinders.  In  their  style  of  typography  and  bookmaking 
the  Americans  are  still  inferior  to  the  English,  sacrifidng  beauty  and  durability  to 
economy  and  despatch. — Chtmberi't  Information. 

■  France. — ^Xhe  activity  of  the  French  press  has  very  greatly  increased  since  the  time 
of  the  first  Napoleon.  Count  Baru,  in  1827  (Abfions  StatuiipuM  nr  la  Libraire), 
estimated  the  number  of  printed  sheets  (ejcclusive  of  newspapers)  produced  by  tbe 
French  press  in  1816,  at  66,8fi2,88S;  and  it  appears  that  in  1836  the  number  of 
printed  sheets  (exclusive  of  newspapers)  had  increased  to  118,867,000  ;  so  that  it  may 
now  be  &irly  estimated  at  from  130,000,000  to  140,000,000  of  sheets.  The  quality  ^ 
many  of  the  works  which  have  issued  from  the  French  press  is  also  very  superior, 
such  as  tbe  'Biographie  Universelle,' the  '  Art  de  verifier  les  Dates,' and  'Bayle's 
Dictionary ; '  and  it  is  doubted  whether  such  books  could  have  been  published  in  any 
other  country, 

Germany. — The  Qerman  printing  press  is  always  in  a  state  of  the  greatest  activity; 
and  the  trade  in  books  is  very  much  facilitated  by  the  book-fairs  of  I^ipzic,  tbe  Easter 
fair  especially  being  frequented  by  aU  the  booksellers  of  Germany,  besides  those  of 
France,  Switserland,  Denmark,  Livonia,  &c.,  in  order  to  settie  their  mutual  concerns 
and  form  new  connections.  In  1814  began  a  literary  delnge,  which  still  continues  to 
increase.  For  the  5,000  woriu  which  then  suiBced  for  the  annual  demand,  we  have 
now  fh>m  6,000  to  8,000.  Private  libraries  are  diminishing,  and  the  public  ones  are 
daily  increasing. 

In  Austria  ue  printing  press  has  made  rapid  strides  of  late  yean.  The  Imperial 
Printing-office  in  Vienna,  under  the  able  management  of  H,  Aner,  has  become. an 
establishment  of  the  highest  interest.  At  the  Exhibition  of  1851,  he  presented  to 
the  notice  of  the  public  a  coUecticm  of  the  Lord's  Prayer,  printed  with  Soman  type 
in  608  languages  and  dialects,  the  second  section  of  which  contained  206  languages 
and  dialects,  printed  in  the  characters  proper  to  the  language  of  the  respective  nation. 
He  has  ooUeOed  together  the  following  founts,  many  of  which  are,  however,  to  be 
found  in  the  British  type-foundries : — 


Eteroglyjililo 

Hletatio 

DemoUo 

BtUopto  sod  Amhaiio 

Himjailtla 

Hbnyarttlo  (onuunen- 

ted) 
OabyUo,  iLmerican  In- 

■inipt.  Tonaiio  imd 

Ttaoggs 
Andant  Hebrew 
Samaritan 
Hebrew 

BaKbl  or  HabUnlo 
Ocmuui  Hebrew 
OetmaaBasobl 
Hebrew,  Spanbh-Le- 

vantlne 
Aiamaio 
Obakke 
FalmTilo 
Bitrangelo 


Onflo 

AiatiIo,NAeU 
Kamttanlo 
Phenldan 
Phenlrinn  (omsmen- 

ted 
Fnnlo 
Kninldian 
Etmrlan 
Andent  Italian 
Bnnlo 
Ootlila 
Oeltio 

Oeltie  (new  ahape) 
Anglo-Saxon 
Asdent  Greek 
aieek 
Ooptlo 
Oyrlffio 
Oyrinio  (dlibrentlT 

Bbaped) 
Bnailan,  Senian,  Wal- 

laftihw 


OlagoUUo 

Albanian  (dlffsrently 
Bbaped) 

Lydan 

Armenian 

Georgian 

Georgian  (ecolnlait. 
letten) 

PeraepoUtan  Onnelform 
letten 

FehlTl 

Zend 

Cabool 

Pagnan 

Oldeit  Indian  Signs 

Weatem  Grotto  In- 
■oription 

A^ka  Infloriptlon 

Imctlptlon  of  Gnnrat 

DToaat;  of  Qnpta  (Al- 
lahabad) 

BengaU 


Abom 

Tibetan 

Faaepa 

XntUa  (ten  jean  after 

Obrlst} 
SsTanagarl  (Sanscrit 

No.  I) 
Devaaagari  (Sanaorlt 

No.  2) 
Kaahmerlan 

Aamn  Inscription 

Uahiatta 

Orlm 

Gnjeratee 

Kaytt-NagatI 


Bandschln-Uola 

Multan 

Blndhas 

Nerbudda 

Klitna 

TeUnga 
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Xtmato 

Vew  F«U  (Ho.  I) 

Blwy» 

Xknral 

SUmeae 

Batta 

Vftla7>ltm 

Kambogo  (with  joint 

TUgiil* 

CIngileae 

aadwltlioat) 

UongoltM 

Ualdiviiui 

Laoa 

Javaueaa 

Binuese 

OliiQese 

yinnan 

Btajan 

CoKanio 

Xew  P«U  (No.  1} 

Bngii 

Formouu 

JMmuum 

5(0.1) 


(Xatakuu 


Japanese  (Eatakona 

Mo.  3) 
Japanew  (nrokana) 
Tachiioklsiaa 


Buuia. — Th«  art  vaa  not  introduced  into  Bnasia  till  the  year  15^,  when  it  vu 
made  known  by  aBasaian  meichaBt,  who  conveyed  thither  the  materials  of  a  printing- 
office,  with  wtuch  many  neat  editions  were  printed.  But  as  the  Bussians  are  a  very 
supentitioo*  nation,  and  a^t  to  raise  scruples  without  any  foundation,  some  of  them, 
apprehending  that  printing  might  make  some  confusion  or  change  in  their  j«ligion, 
hired  men  to  destroy  the  types  and  presses.  Ko  attempt  was  made  to  repair  this 
ii^uty  or  to  discover  the  perpetrators  of  this  fact.  However,  since  that  tune  they 
have  admitted  tJie  press  into  Moscow  and  St.  Petersbui^g,  where  until  recently  it  made 
but  slow  pro^raes. 

Tur/t»v. — The  total  number  of  books  printed  in  Constantinople  during  the  yean 
1871  and  1873  were  169,  of  which  39  were  on  theology  and  legislation,  38  on  moral 
Uteratnre  and  poetry,  28  on  history  and  biography,  26  on  various  sciences,  and  38  on 
linouistic  subjects.  The  Tiukish  Imperial  Printing-office  showed  the  greatest  activity 
in  Its  publications,  having  turned  out  from  its  presses  in  the  year  1871  alone  46,000 
volumes  for  commercial  and  general  purjposes,  and  71,000  volumes  destined  for  th» 
use  of  schools,  and  in  1871  60,880  of  the  former  description  and  45,000  of  the  latter. 
— JitvaiU  £braU. 

Peoidiarmti  o/Earlg  Printed  Booli*, — The  following  are  the  points  peculiar  to  the 
productions  of  ue  first  printers : — 

1.  Their  forms  were  generally  eithsr  large  or  small  fcdio,  or  at  least  quarto;  the 
lesser  sises  were  not  in  use. 

3.  The  leaves  were  without  running  title,  direction  word,  number  of  pages,  or  divi- 
sions into  paragraphs. 

3.  The  character  itself  was  a  mda  old  gothic,  mixed  with  secretary,  designed  on 
purpose  to  imitate  the  handwriting  of  those  times ;  the  words  were  printed  so  dose  to 
one  another  that  it  was  difficult  and  tedioas  to  be  read,  even  by  those  who  were  used 
to  manuscripts  and  to  this  method,  and  often  led  the  inattentive  reader  into  mistakes. 

4.  Their  orthography  was  varions  and  often  arbitrary,  disregarding  method. 

5.  They  had  very  frequent  abbreviations,  which  in  tima  grew  so  numerous  and 
difficult  to  be  nnderstood,  that  it  became  necessary  to  write  a  book  to  teadi  the  mode 
(^  reading  them. 

6.  Their  periods  were  distinguished  by  no  other  points  than  double  or  single  ones, 
that  is,  the  colon  and  full  point.;  but  a  little  after  they  introduced  an  oblique  stroke, 
thus  /,  which  answered  the  pnrpose  of  our  comma. 

7.  They  used  no  capital  letters  to  begin  a  sentence,  at  tot  proper  namet  of  men  or 
places. 

8.  They  left  blank  spaces  for  titles  and  initial  letters  or  other  ornaments,  in  order 
to  have  them  supplied  by  the  illuminators,  whose  art,  tjiongh  in  vogue  before  and 
ftfter  that  time,  did  not  long  survive  the  improvements  made  by  the  printers  in  this 
branch  of  their  art.  These  ornaments  were  exquisitdy  fine,  and  curiously  variegated 
with  the  most  beautiful  colours,  and  even  with  gold  and  silver;  the  margins  likewise 
were  frequently  charged  with  every  variety  of  figures  of  saints,  birds,  beasts,  monsters, 
fiowers,  &c.,  which  had  sometimes  a  relation  to  the  contents  of  the  page,  though  often 
none  at  all.  These  embellishments  were  costly,  but  fer  those  who  could  not  afibrd  a 
great  price,  there  were  inferior  ornaments,  which  could  be  done  at  a  much  cheaper  rate. 

9.  The  name  of  the  printer,  his  place  of  residence,  &o.  &c,  were  wholly  omitted,  or 
put  at  the  end  of  the  book,  not  without  some  pious  ejaculation  or  dozolcgy. 

10.  The  date  was  likewise  omitted  or  involved  in  some  circumstantial  period,  or  else 
printed  either  at  full  length,  or  by  numerical  letters,  and  sometimes  partly  one  way 
and  partly  the  other,  thus,  one  thousand  COCO  and  Izziii.,  &c.,  but  always  at  the  end 
of  the  book, 

1 1.  There  was  no  variety  of  characters,  no  intermixture  of  Boman  and  Italic,  these 
being  of  hiter  invention,  but  their  pages  were  continued  in  a  Qothic  letter  of  the  same 
size  throughout. 

12.  They  printed  but  a  few  copies  at  once,  for  200  or  300  was  then  esteemed  a  laiffe 
impression,  but  upon  encouragement  £rom  the  learned,  they  increased  their  numbers  m 
proportion. 

Stwtpapers,  ^c— The  period  of  t^e  English  Bevolotion  will  be  ever  memorable  in 
the  literary  hishnv  of  this  country  for  the  establishment  in  great  part  of  periodical 
literature.    But  loiglish  newspapers,  properly  so  called,  date  from  the  first  year  of 


Digitized  by 


Google 


PEINTING 


699 


the  Long  Farliament,  the  oldett  that  has  been  diieoTered  bdiig  a  qnarto  pamphlet  of 
•  few  leave*,  entitled  'The  Cioinal  Oceuiences,  or  Daily  Proceeding!  of  both  houiie* 
in  this  groat  and  happy  Failiament,  from  the  Sid  November,  1640,  to  the  8rd  ai 
Kovembw,  1641.  London :  printed  for  William  Cooke,  and  are  to  be  sold  at  his  ihop 
atFumivarelnn  Gate,  in  Holbom,  1641.'  (1^.1669.)  H<»e  than  100  papers  with 
different  titles  appear  to  have  been  published  from  this  time  to  the  death  of  the  king, 
and  npwards  of  ^  ftom  that  date  to  the  Bestoration.  These  were  at  first  published 
weekly ;  but,  as  the  interest  increased,  twice  or  thrioe  a  week ;  and  even,  it  would 
seem,  daily,  at  least  for  a  time.  Sooh  were  the  '  French  Intelligences,'  the  '  Dutch 
Spy,'  the  'Scots  Dove,'  tee.;  bnt  'Herenries'  of  all  sorts  were  the  favourite  title. 
Thns  they  had  '  Hercurius  Acheronticns,' '  Merourius  Democritos,' '  Anlicus,' '  Britan- 
aions,' '  Laughing  Mercury,'  and  '  Merourius  Mastiz,'  which  last  fiithfully  lashed  all 
the  rest.  The  great  newspaper  editors  of  the  day  were  Marchmont  Needham  on  the 
Presbyterian,  and  Sir  John  Birkenhead  on  the  Royalist  side.  These  were  followed  by 
Sir  Soger  l'£strange,  who  has  also  been  ranked  amongst  the  patriarchs  of  the  news- 
paper press.  Pamphlets  were  also  issued  in  prodigious  numbers  during  those  troubled 
times ;  the  average  being  calculated  at  four  or  five  new  ones  every  day. — EcelMion'* 
EngUik  JntmtUiM. 

1669 


In  1709,  one  daily  paper,  fifteen  papers,  three  times  a  week,  and  one  twice  a  week, 
were  published  in  Uie  metropolis.  In  1724  there  were  three  daily,  six  weekly,  and 
ten  thiee-time*-a-weak  papers,  in  London;  and  provincial  newspapers  had  bein 
established  in  various  places.  The  reign  of  Queen  Anne  also  witnessed  a  new  and 
most  successful  species  of  literature — the  issue  of  the  '  Ouardian,'  '  Spectator,' 
and  other  such  literary  Sheets,  published  at  short  intervals.  The  strofig  (;ood  sense 
of  Cave,  the  printer,  originated  (he  '  Gentloman's  Magaidne,'  which  completely 
established  the  p^oiple  that  the  patronage  of  men  of  letters  is  best,  confided  to  the 
people,  and  not  to  the  great  and  fashionable.  This  publication  soon  had  rivals  to 
contend  with  in  the  '  Monthly,'  '  European,'  '  London,'  and  '  Critical ; '  but  it  has 
survived  them  all;  and  a  complete  set  of  'The  Oentleman'  is  highly  prized  at  the 
present  day,  and  is  extremely  amusing  and  valuable. 

The  first  newspaper  published  in  Scotland  was  the  '  Caledonian  Mercury,'  in  1660, 
under  the  title  <^  'Mercnrins  Caledonins ;'  but  its  publication  was  soon  alter  inter- 
rupted.    In  1750  a  newspaper  was,  for  the  first  time,  attempted  in  Glasgow. 

The  increase  of  newspapers  in  America  has  been  much  more  rapid  than  in  this 
oonntiy ;  in  consequence  partly,  no  doubt,  of  the  greiter  increase  of  population  in 
the  Union,  bnt  more  probably  of  their  freedom  from  taxation,  and  of  the  violence  of 
party  contests.  According  to  a  return  published  some  few  years  back,  the  aggre- 
gate diculation  of  papers  and  other  publications  was  about  6,000,000;  and  the 
entire  number  of  copies  printed  annually  in  the  United  States  amounted  to  about 
422,600,000  annually. 

Tbid  flnt  newipuier  published  in  the  West  Indies  is  said  to  baw  been  the 
'  Barhadoei  Meicnry,^    It  was  established  in  1 733,  acd  died  in  1852. 
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'  FucTicB  OF  Fjumnra. — ^The  vodcmen  pnncipftlly  employed  in  printiDg  aie  of 
two  kinds :  eompotitort,  who  ut  up  the  types  into  lines  and  pages  according  to  the 
MS.  or  oopt/  furnished  by  the  author ;  and  pn$«nm,  who  apply  ink  to  the  suiface  of 
the  form  of  types,  and  take  off  the  impreosions  upon  paper. 

Componiion. — The  mode  of  proceecuDg  described  hereafter  is  that  which  is  pursued 
in  most  of  the  extensire  estaolishments  in  London : — The  first  thing  to  be  donO) 
when  the  sizes  of  page,  type,  and  paper,  are  determined  on,  is  to  look  orer  the  MS.) 
and  see  that  it  is  coirectly  paged.  It  ia  then  handed  to  a  cUeker,  or  foreman  of  a 
eompatnonthip,  or  certain  number  of  compositors,  each  of  i^om  has  a  talcing  of  oopy^ 
or  conTenient  portion  of  MS.,  given  to  him,  to  be  set  np  in  type. 

Typa. — ^Altaongh  most  of  the  early  printers  were  tj^ie-fonnders  themselres,  it  does 
not  appear  in  any  prologue  or  cdophon  to  the  books  printed  by  Oa:(ton  that  he  lays 
claim  to  the  title  of  type-founder.  It  wonld  appear  that  he  obtained  his  tyjie,  which 
is  precisely  of  the  same  character  aa  that  of  John  Brito  of  Bruges,  from  that  city,  or 
from  the  same  founders  who  supplied  or  manufactured  it  for  John  Valdener  of  Utrecht. 
But  as  the  art  extended  the  wwkmanship  became  inferior ;  *  so  that  while  the  prodno- 
tioos  of  the  first  printers  were  executed  in  a  very  superior  style,  and  the  embellish- 
ments showed  a  great  proficiency  both  in  design  and  engraving,  the  productions  of 
their  competitors  had  all  Uie  crudeness  and  imperfection  of  a  new  invention ;  and  in 
the  17th  century  it  had  retrograded  to  a  very  low  state.  At  the  commencement  of  the 
18th  century,  Caslon  made  great  improvements  in  types;  as  also,  BaskerviUe  of 
Birmingham,  in  1 750,  both  in  types  and  printing:  which  were  subsequently  carried  on 
by  Besley,  Bnlmer,  Clowes,  Corrall,  Davison,  McCreery,  Spottiswoode,  Whittingham, 
and  a  few  others  in  London;  by  the  Foulis,  in  Olasgow;  the  Ballantynes,  in  Edin- 
burgh ;  by  Bodoni  at  Parma ;  by  Didot  in  Faiis ; '  and  by  Brockhaus  in  Leipzio. 

Printers'  types  (from  -rhtai,  tupo$,  literally  a  blow,  hence  the  mark  left  by  a  blow,)  are 
of  great  variety  in  size,  amounting  to  forty  or  fifty :  the  smallest  is  called  friUiont,  but 
is  seldom  used;  Diamond  is  a  size  larger,  and  Pearl  larger  still,  which  latter  type  is 
used  for  printing  the  smallest  Bibles  and  Prayer-books. 

The  following  is  a  view  of  the  compaiatiTe  sizes  used  in  printing  books : — 

Diamond   •      •      •      To  tki  ut  or  piUUH  11  U  wkaowlWfM  «•  •«■  Iki  lUfanutlM.    Xi  W  Utm  JsiUf  NHuk«<  tku 

Pearl    ....  TttUuutortdntlasttlaidauwMiedinawttheBataiutloa.  ItlMliMoJiuar 

Buby    ....  TiitlMsrtatprlntlosUlstetaiovMgedWBOwetlieBelinruUaii.   ItiiuIiMU 

Nonpareil      .    •  To  tbe  art  of  prinUng  It  ta  aoknowledged  we  owe  the  Betormatlon.  Ithia 

Minion     .    .    .  To  the  art  of  printing  it  is  acknowledged  we  owe  the  Beformatioa. 

fireriei    '.    .    .  To  the  art  of  pciating  it  is  acknowledged  we  owe  the  Beformatio 

Bonrgeds     .    .  To  the  art  of  printing  it  is  acknowledged  we  owe  the  Befw 

Long  Primer .   .  To  the  art  of  printing  it  ia  acknowledged  we  owe  the  B 

SmaU  Pies  .  .  To  the  art  of  printing  it  is  acknowledged  we  owe 

Pica   ....  To  the  art  of  printiiig  it  is  acknowledged  we 

Eng^  ...  To  the  art  of  printing  it  is  acknowled 

QreatPrimer  .  To  thc  Bxt  of  printing  It  Is  Eck 

The  larger  sizes,  used  for  printing  bills  pasted  in  the  streets,  or  broadsides,  are  usually 
'Called  J>oubU  Pica,  ZVoo-^iim  Pica,  Deo-Une  Englith,  Five-lim  Pica,  Ten4ine  Pica,  and 
so  en.  A  complete  assortment  of  printing  types  of  one  size  is  called  a/ount,  and  th» 
fount  may  be  regulated  to  any  weighL  l^T^'^ounders  have  a  scale,  or  bill,  as  it  is 
called,  of  the  proportional  quantity  of  each  letter  required  for  a  fount.  The  letter  «, 
as  will  be  seen  firom  the  bill  on  the  following  page^  is  nsed  vaote,  and  the  letter  « lecst 
frequently  than  others. 

In  setting  up  indexes  and  similar  matter,  the  oapitals  mentioned  wonld  be  con- 
ndorably  deficient.  This  would  also  be  the  case  with  French  and  Italian  works^ 
irtiere  accented  letters  are  used  in  great  numbers. 

The  type  itself -ia  a  thin  mebdlio  bar,  an  iiu^  in  length  (see^.  1G70),  whiehnpze^ 
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BenU  the  l«tte;  m:  a  is  the  face,  b  the  bodt/,  and  e  the  niekt  or  notches.  Whatever 
size  of  type  is  used,  each  letter  must  he  perfectly  true  in  its  angles,  otherwise  the 
form  could  never  be  locked  up.  Besides  letters,  Uiere  are  types  for 
commas,  periods,  ^ notadon^marks,  semicolons,  aad  all  other  duusc- 
ters  used  in  prinbog. 

I^pe-mebQ  is  an  alloy  of  lead  and  antimony,  the  usual  propor- 
tions being  one  part  of  antimony  to  three  of  lead  ;  but  a  superior 
and  harder  kind  is  sometimes  made  by  allojnng  two  parts  of 
lead  with  one  of  antimony  and  one  of  tin.  Both  of  these  alloys 
take  a  sharp  impression  fiom  the  mould  or  matrix,  owing  to  their 
expansion  on  smidification,  and  they  are  hard  enough  to  stEUid  the 
work  of  the  press,  without  being  brittle  or  liable  to  fracture. 
Boman  and  Italic  types  are  the  letters  most  commonly  used  in  print- 
ing books  in  Europe  and  America,  and  these  have  undergone  every  change  in  form 
tlutt  fancy  or  tasie  could  suggest :  fat-faced,  or  those  which  print  bl^ck ;  skeleton, 
or  those  which  print  with  a  fine,  uniform  line ;  antique,  or  those  with  an  almost  uni- 
form thickness,  but  strong  and  heavy ;  darendon,  a  mo(Ufication  of  antique ;  expanded, 
or  letters  widened  horizontally ;  BZiiemr  and  compretted,  or  tall  thin  letters ;  Baaker- 
vUle,  a  good,  round,  bold  &ce ;  Italic,  inclining  to  the  left,  as  well  as  to  the  right ;  and 
all  the  varieties  of  church-text,  German-text,  Gothic,  and  Elitabethan ;  old  cut  and  old 
etyle;  tcripi,  &c.  The  scale  of  sizes  given  on  p.  642,  boia  Savage,  shows  the  varia- 
tions in  the  depth  of  the  type  cast  by  the  different  founders. 
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In  Moxod's  time,  in  1683,  it  will  be  seen  that  there  were  only  ten  l^pes  with  epecific 
names,  whereas,  we  hare  now  twenty-one. 

The  materials  from  which  types  and  stereotjpe-plates  are  cast  are  technically  called 
metal,  and  oonmat  of  certain  proportions  of  lead,  tin,  and  antimony,  melted  together. 
Until  recently,  types  were  always  cast  in  little  moulds  held  in  the  hands,  the  melted 
metal  being  poured  in  from  a  small  ladle ;  but  now  they  are  thrown  off  with  great 
rapidity  by  machinery.  The  type-casting  machine  consists  of  a  mould,  constructed  so 
as,  by  means  of  a  crank,  to  open  for  the  purpose  of  letting  the  tjpe  drop  ont,  and  then 
to  shut  together  again  very  closely  and  exactly ;  the  opening  and  shotting  being  per- 
formed every  time  the  crank  is  turned  once  round.  Each  time  the  crank  revolTes,  and 
is  brought  np  to  the  furnace-month  (a  small  orifice  not  much  larger  than  a  pin-hole), 
and  takes  a  supply  of  metal.  This  metal  is  driven  by  a  force-pump  in  a  reserroir, 
worked  by  the  crank,  into  the  mould,  and  the  type  is  formed.  The  types  are  then 
rubbed  smooth  upon  stones ;  tetiip,ot  arranged  in  rows,  for  inspection  by  the  dreatr, 
who  careftilly  examines  them,  and  rejects  those  which  are  bad,  giving  the  perfect  ones 
the  finishing  touch.  The  most  complete  process  is,  perhaps,  that  of  Messrs.  Johnson 
and  Atkinson.  A  double  line  of  grooves  is  placed  side  by  side.  At  one  end  is  a 
reservoir  of  molten  lead,  to  which  uie  mould  is  brought ;  a  jet  of  metal  is  thrown  into 
the  mould,  which  then  opens,  and  deposits  the  type  on  a  travelling  apparatus  in  the 
groove.  As  the  groove  fills,  it  is  impelled  along,  and  in  its  progress,  the  shanks  are 
taken  off  At  the  end,  the  position  of  the  type  is  reversed  by  the  machinery  into  the 
returning  groove,  in  which  it  is  mbbed,  dressed,  has  the  bottoms  planed,  and  the  nicks 
cut  On  arriving  at  the  exit  end  of  the  groove,  it  is  received  into  a  type-founder's 
stick,  which  has  to  be  removed  as  it  is  filled,  and  the  type  is  then  ready  for  packing. 
The  great  advantage  in  type-machines  consists  in  the  increased  &cility  of  piodnctioo. 
One  machine  and  one  man  in  ten  hours  will  produce  30,000  brevier  types  (or  60  Iks.), 
the  size  used  for  this  work,  while  by  hand-labour  only  fi,000  (or  10  lbs.,)  could  be 
cast  in  the  same  time. 

Hessrs.  HillSr  and  Bichards,  of  Edinburgh  and  London,  employ  not  less  than  mghty 
steam  type-casting  machines,  equalling  in  production  the  labour  of  480  men. 

Niimbtr  oflAna  oftht  d^ertiU-Hted  IJrpe*  contained  in  One  FooL 
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The  beaaty  of  type  depends  upon  the  delicacy  with  which  the  matrix,  or  mother- 
^pe,  is  formed.  This  mould  is  a  short  thick  bar  of  copper,  with  the  form  of  the  letter 
intended  to  be  produced  stamped  on  one  side  of  it  (^Jig.  1671).  The  letter  of  the 
matrix  is  stamped  in  by  means  of  a  punch,  a  small  piece  of  steel,  a  letter  cut  upon 
one  end,  and  the  other  end  a  flat  head  to  receive  the  blow  of  a  hammer  (Jig.  1 672). 

The  length  of  the  body  of  a  ^pe  is  called  its  height  to  paper ;  and  this,  unfortunately, 
is  not  uniform,  there  being  a  London  and  a  Scotdi  height,  the  former  not  so  high  as 
the  latter. 
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In  the  last  century,  a  foimt  of  type  weighing  600  lbs.  was  considered  a  good  weight ; 
bvt  now,  80  much  has  printing  increased,  it  is  not  an  unoommon  thing  in  the  principal 

1671  1672 


NJiiiiiiiiiV 


hooses  in  London  to  keep  a  finint  of  20,000  or  SO^OOO  lbs.  in  commcHi  oia.  The  fol- 
lowing are  the  names  of  the  tjpe*  in  l^lisb,  Dntch,  French,  German,  and  Italian ; 
bnt  some  of  the  Cterman  names  yaiy  in  different  parts  of  Germany : — 

1.  Diamond,  the  smallest. 

2.  Pearl.    {Fr.  Ia  Farisienne  or  SUanoise ;  Ger.  Ferle ;  Ilal.  Occhio  di  Moaea.) 
8.  Ruby. 

4.  Nonpareil.    (Dutch,  Nonpareil;  Fr,  La  Nonpareille;  Oer.  Nonpaieille;  Ital. 
Nompariglia.) 
6.  Emerald. 

6.  Minion.    CJFr.  La  Hignonne ;  Cftr.  Colonel ;  Ital.  Hignona.) 

7.  Brevier.  (ZHricA,  Brerier ;  Fr.  Le  Petit  Texte ;  Ger.  Petit,  or  Jnngfer ;  Ital, 
Piccolo  Testo.) 

8.  Bourgeois.  (Ihitoh,  Bourgeois ;  Dr.  La  Gaillarde ;  Oer.  Bourgeois ;  Ital.  Ga- 
gliarda.) 

9.  Long  Primer.  (Ihiteh,  Garmond ;  Fr.  Le  Petit  Bomain ;  Ger.  Carpus,  or  Qar- 
mond ;  Ital.  Garamone.) 

10.  Small  Pica.  (Dutch,  Bessendiaan ;  Fr.  La  Philosophie;  Ger.  Brevier,  or 
Bheinlander ;  Hal.  PiloeoSa.) 

11.  Pica.     (DtOeh,  Hediaan;  Fr.  Le  Cic&o ;  Ger.  Cicero ;  Ital.  Lettnra.) 

12.  English.    (Dutch,  Augns^ ;  Fr.  Le  Saint-Augustin ;  Ger.  Hittd ;  Ital.  £»lvio.) 

13.  Great  Primer.    (Dutch,  Text;  Fr.  Le  Gros  Komain ;  Ger.  Tertia ;  Hal.  Testo.) 

14.  Puagon.  (Dutch,  Paragon;  Fy,  Le  Petit  Paraogon;  Ger,  Paragon;  Sal. 
Paragone.) 

16.  Double  Pica.  (Dutch,  Dnbbelde  Dessendiaan ;  Fr.  Le  Gros  Parangon ;  Ger. 
Text,  or  Secnnda ;  Sal.  Due  Linee  Filosofla.) 

16.  Two-line  I^ca.  (Dutch,  Dubbelde  Mediaan ;  Fr.  Les  Deux  Points  do  Oiciro, 
La  Palestine ;  Ger.  Doppelcicero.) 

17.  Two-line  English.  ^IHt^M,  Dnbbelde  Angustyn;  Fr.  Le  Petit  Canoi);  Ger. 
Doppelmittel ;  SaL  Canoncina)  . 

18.  Two-line  Great  Primer.  (Dutch,  Kanon ;  Fr.  Les  Deux  Points  de  Gros 
Bomain ;  Ger.  Eleine  Canon ;  IttU.  Cfrosso  Testo.) 

19.  Two-line  Double  Pica.  (Dutch,  Groote  Kanon ;  Fr.  Le  Trism^ste  ;  Ger.  Grobe 
Canon.) 

20.  Tra&lgar. 

21.  Canon.  (Dutch,  Parys  Bomeyn;  Fr,  Le  Gros  Canon;  Ger.  Kleine  Uissal; 
Sal.  Canone.) 

In  1457  cast  types  were  invented  by  Peter  SchoeSer ;  in  1800,  the  lever,  or  Ameri- 
can mould,  was  introduced  ;  in  1823,  Henri  Didot's  polymatype,  still  successfUly  used 
in  France,  was  worked  in  London  by  Fouchfe,  but  &iled  through  the  opposition  of  the 
associated  type-founders;  in  1853,  Mr.  Johnson  patented  bis  muihine  for  casting  type 
mechanically  without  variation  of  body ;  and  in  the  year  following,  he  perfected  his 
process  for  making  bard  metal  type  by  substituting  tin  for  lead,  entirely  or  partially, 
ID  the  ordinary  oomponnda. 

The  types  are  arranged,  each  sort  by  itself,  in  two  catea, — an  upper  and  a  lower, — in 
little  ceUs  or  boxei.  The  upper  case,  having  ninety-eight  boxes,  contains  the  capital 
and  small  capital  letters,  figmes,  accents,  and  other  types  not  used  so  frequently  as  the 
smaller  letters ;  and  in  the  lower  case,  having  fifty-four  boxes,  are  disposed  the  small 
letters,  tc^ther  with  the  points,  spaoes,  quadrats,  &c.  The  boxes  in  the  eases  are 
arrant^  in  the  best  possible  manner  for  facilitating  the  work  of  the  compositor,  and 
enabling  him  to  pick  up  the  types  rapidly, — the  letters  most  frequency  used  being 
placed  nearest  to  ois  band. 

In  tetting  up,  or  comjpoiing,  the  compositor  stands  opposite  to  his  cases ;  and,  having 
received  directions  respec^g  the  sise  of  the  type,  the  width  of  the  page,  the  author's 
wishes  as  to  punctufttioD,  cajritals,  italics,  &&,  places  his  copy  or  MS.  before  him,  on 
a  spare  part  of  the  upper  case,  and  holds  in  his  left  hand  a  small  instzument  called 
a  counting  ttiek,  nmally  made  of  iron,  with  a  moveable  slide,  capable,  by  means  of  a 
screw,  of  being  a^'usted  to  the  different  widths  required  in  miscellaneous  printing,  as 
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Man  in  tlia  illuitnticHi  (fy.  167S).  With  the  right  hand  he  pdcs  op  the  tTpea,  and 
anangee  them  one  br  one  in  his  compoeing  stick.  He  does  not  look  at  the  face,  bat 
only  glaneei  at  the  nick  (fig.  1670,  c),  and  take*  it  for  granted  that  if  it  come  from  the 

167S 


right  box  it  mnit  be  the  right  letter.  He  tecnrea  each  letter  vith  the  thnmb  of 
the  left  hand,  as  the  trjrpes  aie  placed  side  by  side  in  line  from  left  to  right;  and, 
when  he  comes  to  the  end  of  his  line,  and  finds  that  he  has  a  syllable  or  word 
which  will  not  fill  ont  the  measure,  he  has  to  perform  a  task  iriiidt  requires  con- 
siderable care  and  taste.  This  is  caHei  jutt^ioation.  The  first  and  last  letters  must 
be  at  the  extremities  of  the  line ;  and  there  must  not  be  wide  spaces  between  some 
words  and  crowding  in  oChers,  but  the  distances  between  them  mnst  be  made  as 
nearly  as  possible  uniform  by  changing  the  tpaoet  (or  short  blank  imet,  not  so  high 
as  the  letters,  and  therefore  jiving  no  impression),  and  thns  getting  «•  or  driving  out 
pan  or  the  whole  of  a  word.  The  first  line  being  thus  jnatifibd,  the  compositor  proceeds 
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1674 


with  the  setting-up  of  the  next,  and  so  on  vith  a  sufficient  nombsr  of  linos  to  fill  his 
(Uek,  and  then  lifts  the  ian^iil,  or  mass  of  types,  out  of  the  stick,  and  places  them 
upon  a  gallof,  or  oblong  tray  of  wood  or  metal,  having  an  edge  to  the  left  side  and 
top  half  an  inch  in  height  This  operation  of  filling  and  emptying  the  stick  is 
repeated  till  the  galley  is  sufficiently  fall,  or  the  taking  of  copy  is  finished ;  when  the 
mailar.  as  it  is  then  oilled,  is  taken  away  by  the  clidcer, 
who  divides  it  into  the  required  lengths  of  pages,  placing 
head-lines,  signatures,  &c.,  and  binding  t£em  round 
tightly^  with  cord.  The  clicker  then  lays  doun  the  pages 
in  their  proper  positions  on  the  impoting  sUme, — a  &t, 
smooth  slab  of  stone,  or,  better,  of  iron.  The  cAom,  a 
frame  of  iron,  divided  into  compartments  like  the  sashes 
of  a  window,  is  put  round  the  pages,  and  the  form  dnued 
thus :  a  eeUyt  furniture,  consisting  of  slips  of  wood  or  metal, 
about  half  an  inch  in  height,  and  of  varioas  thicknesses, 
is  placed,  some  at  the  head,  called  head-tticlu,  some 
between  the  pages,  called  ffutteri,  and  others  at  the  sides 
and  feet,  called  tidt-  and  foot-sticks.  The  side-  and  foot- 
sticks  are  larger  at  one  end  than  at  the  other,,  so  that 
small  wedges  of  wood,  or  quoins,  may  be.  driven  tightly 
between  them  and  the  sides  of  the  chase,  locking  up  the 
typea  so  firmly,  that  the  form,  as  the  mass  is  c^led  {fig. 
1674),  may  be  carried  from  place  to  place  with  perfecti  safety.  A  form  of  eight 
pages  of  Uiis  Dictionary  contains  between  40,000  and  50,000  separate  letters  and 
spaces. 

The  sizes  of  books  are  reclconed  by  the  number  of  leaves  into  which  a  sheet  of 
paper  is  folded.  Thus  the  largest  rize  is  broadtitU,  or  the  whole  size  of  the  sheet ; 
folio,  or  half  the  sheet ;  quarto,  or  a  sheet  folded  into  four  leaves ;  octavo,  or  the  sheet 
folded  into  eight  leaves ;  duodecimo,  or  the  sheet  folded  into  twelve  leaves ;  and  so  on. 
In  imposing,  the  pages  are  of  course  laid  down  in  positions  the  reverse  of  those  they 
will  take  when  printed.  The  following  Tables  show  the  mode  of  imposing  some  of 
the  moet  common  sizes. 

When  the  process  of  imposing  is  completed,  the  form  is  carried  to  a  press,  and  an 
impression  is  taken,  called  ^a^st  proof.  This  proof,  with  the  MS.,  is  handed  to  the 
corrector  of  the  press,  or  reader,  and  a  reading  boy  reads  the  copy  to  him  while  he 
examines  the  proof  and  marks  the  necessary  corrections  and  errors  of  the  com^itor. 
In  correcting  a  proof-sheet  a  set  of  symbols  are  used  for  the  purpose  of  calling  the 
attention  of  the  compositor  to  the  several  kinds  of  errors,  and  to  direct  him  how  they 
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are  to  be  amended.  Theae  marlca  are  best  shown  by  the  following  spedmen  of  a 
corrected  proof  from  Brande's  'Dictionary,'  the  explanation  of  mch  mark  being 
giyen  in  the  left-hand  column  : — 
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t.  WiMn  •  word  to  ««  ta  diumd^from  mjU Jjj- 
tm  to  owltala.  dnw  thtte  Una  under  It,  and  wrlta 
etqM.  in  m  niKrgin. 

].  Whenthntlaawniiilltttar.dnTtluiiaitlutnA 
that  lettar,  md  make  tlw  tifftX  one  opporfte  In  tee 
margin. 

a.  A  letter  tuned  mride  down. 

4.  Ite  ntatitiition  of  a  oomniaftT  iaoiber  folatiOr  tn 
•  letter  pot  u>  bx  mMake. 

A.  The  Ineertlon  of  a  hy^ien. 

6.  To  diav  the  letters  of  a  word  deaetocether. 

7.  To  take-awar  a  npaitnoBi  letter  or  word  ttWMnU 
(track  Oroogh  tt.  and  a  lonnd  top  d  made  opvoaue.  Mine 
the  OGOtnetion  of  deboAir,  to  expanse. 

5.  Where  a  word  hae  to  he  ikangad  to  Balie  draw  aline 
under  it,and write  AaLin  the  mngini  andwhaieaword 
haa  to  u  ehaagcd  ftom  Itallo  to  Boanan,  write  iSoei. 
oppoalte. 

>.  Whan  woidi  ne  to  he  tnuupoeed  three  wan  of  mark- 
ing them  axe  ihowni  bat  they  are  not  nanaUrnnmbeted 
cxeept  BHn  than  three  wotda  have  thdr  Older  ehasged. 

lA.  The  traaipneltlnn  of  letten  in  a  word. 
lU  To  ohange  one  word  fbr  another. 
II.  Tba  tnhitltntlon  of  a  period  or  a  eolonlbr  U7  other 
point.   niienftomaiTloendrelethaaetwopolntawltha 

II.  The  mhetitatlon  of  a  capital  Sir  a  imall  letter. 

14.  The  Iniertion  of  a  word,  or  a  letter. 

U.  When  a  paragraph  oommenoei  where  it  to  not  in- 
tended, oonneos  the  matter  by  a  line,  and  write  In  the 
margin  oppoalte  nm  on. 

16.  Whereafpaceoraqtudratitandiap  end 
draw  a  Una  onder  it,  and  make  a  itrong 
line  in  the  margin. 

17.  When  a  letter  ofadUhrentdse  from  that  Qied,  or  of 
a  diihreat  Ihce,  apeears  in  a  word,  diaw  a  line  either 
through  it  or  under  It,  and  write  oppodteH/.,  fbr  'wrong 
ftnmt. 

18.  The  mariu  ftir  a  paragraph,  when  iti  comaeace- 
ment  haa  been  omitted. 

19.  When  one  or  more  words  have  been  stmckoot,  and 
Itto  sabsequeDtly deolded  that  ther  shall  remein.mske 
dots  under  them,  and  write  the  word 


1  atet  In  the  margin. 

20.  The  mark  fbr  a  space  where  it  has  been  omitted  be- 
tween two  words. 

SI.  To  change  a  word  f^om  small  letten  to  small  capi- 
tals make  twoUnea  under  the  word,  and  write  sin.  oops, 
opposite.  TodiangeawordfromBnalleapltau  tosniall 
lettcra  make  one  line  under  the  word,  sad  write  In  the 
maigin  lo.  on.  for 'lowercase' 

3S.  The  mark  fbr  the  apostrophe  i  and  also  the  marks 
fbr  turned  commas,  which  dfdgnste  extracts. 

S3.  The  manner  ofmarking  an  omission,  or  an  Insertion, 
when  it  to  too  lone  to  be  written  In  the  side  margin. 
When  thto  oceura  it  may  be  written  either  at  the  top  cr 
the  bottom  of  the  page. 

St.  Harks  when  lines  or  words  are  not  straight. 

The  snhjoined  specimen,  whssi  coxreoted,  would  be  ea 
fbllows :. 

ANTIQUITY,  like  every  other  quality 
that  attracts  the  notice  of  maoUnd,  has  un- 
doubtedly TOtaries  that  reverence  it,  not  from 
reason,  bnt  from  prejudice.  Some  seem  to 
admire  indiscriminately  vhateTer  has  been 
long  preserred,  -without  considering  that 
time  has  sometimes  co-operated  -with  chance : 
all  perhaps  are  more  filing  to  honour  past 
.  than  present  excellence ;  and  the  mind  con- 
templates genius  throogh  the  shades  of  age, 
as  the  eye  surreys  the  sun  through  artificial 
opacity.  The  great  contention  of  criticism 
is  to  find  the  faults  of  the  modeni8,'and  the 
beauties  of  the  ancients.  While  an  author 
is  yet  living,  we  estimate  his  powers'by  his 
worst  performances ;  and  when  be  is  dead, 
we  rate  them  by  his  best. 

To  works,  however,  of  which  the  excel- 
lence is  notabsolute  and  definite,  but  gradual 
and  comparative ;  to  works,  not  raised  uprai 
principles  demonstrative  and  scientific,  but 
appealing  wholly  to  obse  Yation  and  ezperi 
en<^  no  other  test  can  be  applied  than  t.tiwoth 
of  duration  and  continuance  of  esteem. 
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Vfbm  the  leader  has  read  his  proof,  it  is  handed  to  the  oompontor,  irho  unlocks 
the  form,  and  makes  the  corrections  in  the  tjpes,  by  liftins  out  the  viong  letters  hj 
means  of  a  sharp  awl  or  iodim,  and  putting  in  right  ones  in  their  places.  The  form 
is  then  locked  up  again,  taken  to  the  press,  and  another  proof  is  puUed.  This  is 
termed  tit  nviae,  and  is  sent  to  the  reader,  with  his  first  proof,  that  ne  may  see  that 
all  the  corrections  hare  been  properly  made,  put  queries  against  donbtfU  matters  for 
the  author's  consideration,  and  send  it,  thenceforth  called  a  cUanproqf,  with  the  MS., 
to  the  author.  When  the  author  retnms  his  proof  and  revise,  and  is  satisfied  that 
the  sheet  is  correct,  the  form,  after  having  been  finally  read  with  care  for  press,  is 
taken  to  the  press  or  machine  to  have  the  requisite  number  of  impressions  strnck  ofi; 
Before  this  is  done,  however,  care  is  taken  that  the  matter  at  the  beginning  of  the 
sheet  connects  with  that  at  the  end  of  the  preceding,  that  the  pages  are  cornet,  and 
that  the  '  signatures'  are  in  order.  The  signatures  are  generally  small  capital  letters, 
placed  at  the  foot  of  the  first  page  of  each  sheet,  commencing  with  b,  and  omitting 
the  J,  T,  and  w.  They  are  said  to  have  been  first  used  by  Jolm  Koelhof,  at  Cologne, 
in  1472;  hut  they  exist  in  an  edition  of  'Terence,'  printed  by  Antonio  Zorat,  at 
Milan,  in  1470.  There  is  a  Venetian  edition  of 'Saldi  Lectura  super  Codic,' &c, 
printed  by  John  de  Ciolonia  and  Ja  Hanthen  de  Gberretzem,  in  1474,  in  which  it  is 
evident  that  these  printers  bad  only  just  become  acquainted  with  the  use  of  signatures, 
as  these  marks  were  not  introduced  till  one-half  of  the  work  had  been  printed.  The 
fallowing  Tables  show  the  signatures  and  folios  of  any  given  number  of  sheets  in  Svo, 
12mo,  and  ISmo. 

The  pa|>er  used  in  printing  is  always  damped  before  being  sent  to  the  press,  wet 
paper  takmg  the  ink  considerably  better  than  dry.  The  warehouseman  delivers  the 
proper  quantity  of  paper  to  the  wetter,  which  is  wetted  thus : — The  quire  of  paper 
IS  opened,  its  back  lm>ken,  and  divided  into  three,  four,  or  five  portions,  or  dipi, 
drawn  through  a  trough  of  clean  water  and  laid  on  a  board,  dip  after  dip,  till  a  con- 
venient heap  is  made.  This  is  put  into  a  screw  press,  a  little  pressure  applied,  and 
the  next  day  the  whole  is  turned  and  slightly  pressed  again,  so  that  fresh  surfaces  of 
the  paper  coming  into  contact,  the  moisture  is  equally  diffused  thronghout  the  heap. 
The  paper  used  in  printing  is  of  three  kinds :  imperfect  paper,  consisting  of  20  quires 
of  24  sheets,  or  480  sheets  to  the  ream ;  perfmt  papar  (Uiat  most  generally  used)  con- 
sisting of  21 1  qnires,  or  616  sheets;  aadnawi paper,  consisting  of  20  quires  of  25  sheets 
each  to  the  ream,  or  600  sheets.  The  stamped  iheete  of  newspaper  (generally  called 
ttampt,  and  the  plain  paper  bUmlce)  are  always  received  and  deliveored  by  the  nett 
number  without  allowing  for  spoilage  in  the  press-work ;  but  in  book-work  it  is  the 
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practice  to  allow  16  sheets  in  each  ream  for  '  tympan-aheet '  and  ipoiled  sheets.  The 
following  Table  shows  the  qnanti^  of  perfect  and  imperfect  paper  required  foe  one 
sheet  of  1 6  pages  of  a  work  lake  '  l/re's  Dictionary,'  f^om  1 2  to  1 1;,000  copies :— 


Total  number  of 

Qnantitf  reQnind  of 

For  printing  1  sheet 

copiea  tbe  paper 
wiUnuike 

iwr/(c(  paper 

imperftetfW 

ofl6pagM 

neou   quire*   dieets 

leanu   qnlras   abeets 

coplea 

0           0         15 

0           0         16 

12 

16 

0           1           4 

0          I          4 

26 

28 

0          2          6 

0          2          6 

60 

64 

0          3          7 

0          3          7 

76 

79 

0          4          8 

0          4          8 

100 

104 

0          6          9 

0           6           9 

126 

129 

0          6        12 

0          6        12 

160 

166 

0          7        13 

0          7        13 

176 

181 

0          8        14 

0          8        14 

200 

206 

0        10        18 

0        10        18 

260 

268 

0        12        22 

0        12        22 

800 

810 

0        16          0 

0        16          0 

360 

860 

0        16          3 

0        16          8 

876 

387 

0        17          4 

0        17          4 

400 

412 

0        19          6 

0        19          6 

460 

462 

1          0          0 

1           1         12 

600 

616 

1          4          6 

1          6        18 

600 

618 

1          8        14 

1        10          2 

700 

722 

1         10        18 

1        12          6 

760 

774 

1         13          0 

1         14        10 

800 

826 

1        17         4 

1        18        17 

900 

928 

2          0          0 

2          3          0 

1,000 

1,032 

2        10        18 

2        13        18 

1,260 

1,290 

3          0          0 

3          4        12 

1,500 

1,648 

3        18         18 

3        16          6 

1,750 

1,806 

4          0          0 

4          6          0 

2,000 

2,064 

6          0          0 

6          0          0 

3,000 

3,096 

8          0          0 

8        12          0 

4,000 

4,128 

10          0          0 

10        16          0 

6,000 

6,160 

12          0          0 

12        18          0 

6,000 

6,192 

14          0          0 

16          1          0 

7.000 

7,224 

16          0          0 

17         4          0 

8,000 

8,266 

18          0          0 

19          7          0 

9,000 

9,288 

20          U          0 

21        10          0 

10,000 

10,820 

JPrest'taork. — The  pressman  fint  lays  the  inner  form  on  the  press,  and  prints  one 
copy,  which  is  called  a  press  revise;  this  ha  takes  to  the  person  appointed  to  revise 
it,  and  while  that  is  being  done  proceeds  to  secnre  the  form  on  the  table  of  the  press 
by  means  of  quoins ;  to  place  his  tympan-sheet ;  to  fix  the  points  which  make  small 
holes  in  the  paper  that  enable  him  to  cause  the  pages  to  fall  precisely  on  the  back  of 
each  other  when  the  second  side  of  the  paper  is  printed,  and  to  prodnce  an  even  and 
uniform  impression  in  all  the  pages.  He  then  cnts  his  frisket,  which  preserves  the 
margin  of  tbe  paper  clean,  and,  when  the  revise  is  corrected,  proceeds  to  ink  the 
surface  of  tbe  types  by  means  of  rollers.  When  the  whole  impression  of  one  side  of 
the  paper  is  pnnted,  he  lifts  the  form  off  the  press,  washes  tbe  ink  off  the  face  of  the 

rwith  lye,  and  rinses  it  with  water.    He  then  pnjceeds  in  a  similar  manner  with 
rater  form,  which  completes  the  sheet.  This  process  is  continued  sheet  after  sheet 
till  the  work  is  complete. 

When  the  sheet  is  printed  the  compositor  lays  it  up,  distributes  the  type,  and 
proceeds,  sheet  after  sheet,  till  the  body  of  the  work  is  finished ;  then  the  title, 
dedication,  preface,  introduction,  contents,  index,  and  any  other  prefatory  matter  'm  pro- 
ceeded with,  these  being  always  printed  the  last  This  distribution  of  the  types,  or 
putting  back  the  letters  into  Uie  several  compartments  of  the  case  where  they  belong, 
IB  performed  with  the  greatest  rapidity.  The  compositor  wets  the  whole  page  or 
tana,  and  takes  up  a  number  of  lines  on  his  composing  rule.  This  wetting  causes  the 
types  to  adhere  slightly  together,  and  renders  tbe  manipulation  easy.  He  then 
takes  up  a  few  words  between  his  right-hand  finger  and  thumb,  and  by  a  dexterous 
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motion  be  throVB  oS  the  several  letters  into  their  varioos  boxes.  Cistribation  is 
performed  four  times  faster  than  composition. 

After  the  sheets  have  been  printed  on  both  sides,  the  warehouseman  takes  them 
sway,  and  hangs  them  np  on  poles  to  dry,  var^-ing  the  number  of  sheets  hung  up 
togetjier  from  five  or  six  to  ten  or  eleven,  according  to  the  heat  of  the  room,  or  the 
prossure  of  business.  When  dry  the  sheets  are  taken  down  from  the  poles,  carefully 
knocked  up  and  put  away  in  the  warehouse  in  piles ;  and  when  the  book  is  nearly 
finished  from  ten  to  fourteen  consecative  sheets  are  laid  upon  the  gathering-board 
in  order,  and  collected  sheet  by  sheet  by  b<^  who  deposit  each  gathering  in  a 
heap  at  the  end  of  the  table,  so  constructed  that  when  a  boy  has  deposited  his 
gathering  he  has  only  to  turn  himself  and  begin  again.  These  gatherings  are  then 
carefully  collated,  to  ascertain  that  the  different  sheets  are  correct  and  in  order,  and 
folded  np  the  middle.  When  the  work  is  finished  the  gatherings  are  put  together,  or 
«t  boolei,  one  of  each,  which  forms  a  copy  of  the  work,  and  pressed.  The  work  is  now 
oomideted,  and  awaits  the  order  of  me  bookseller,  &c.,  to  deliver  the  copies  to  the 
bookbinder. 

Printing  in  Coltmri. — In  many  of  the  old  printed  books,  the  initial  letters,  and 
occasionally  other  parts,  were  printed  in  zed.  This  was  done  by  two  workings  at 
press,  and  was  an  imitation  of  the  earlier  fashion  of  illuminating  HSS.  The  practice 
18  still  followed  in  some  almanacs,  the  saints'  days  and  holidays  being  'red-letter  days.' 
Some  inganions  contrivances  have  been  devised  for  working  in  various  colours ;  and 
a  few  years  since  a  curious  book  was  written  and  published  on  the  subject  by 
ISi.  Savage.  Still  more  recently,  printing  in  gold  and  other  metals  has  been  practised. 
This  is  done  by  printing  with  a  sort  of  size,  and  afterwards  apjMng  the  metal-leat 
But  the  specimens  of  printing  in  colours  produced  by  Hr.  Eronheim  are  really 
beautiful  as  works  of  art.  The  oapj  picture  is  made  in  colonrs,  and  the  blocks  for 
printing^  each  colour  and  shade  are  cut  in  relief  on  '  surface  metal '  plates,  consisting 
of  perfectly  smooth  plates  of  type-metal.  These  plates  are  then  printed  by  the 
ordinary  method,  great  care,  however,  being  taken  that  each  colour  falls  in  its  right 
place. 

Tlie  following  is  the  mode  of  printing  two  or  more  '  rainbow  tints '  at  the  same 
time : — Take  the  cut,  ink  it  well  and  rather  full,  with  black  ink,  and  get  a  perfect 
impression  on  paper  not  very  damp ;  then  lay  the  face  of  the  printed  paper  carefully 
on  the  surface  of  the  block  prepared  for  engraving  the  whites  on  the  tinted  ground, 
and  give  it  a  good  soft  pull.  This  will  transfer  to  the  tint  block  a  &C8imile  of  the 
wood-engraving  itself.  This  block  is  then  handed  over  to  the  engraver,  who  cuts 
oat  the  whites  for  the  clouds,  shadows,  water,  &&,  according  to  his  taste,  and  with  a 
view  to  effect  The  tint-block  is  printed  first,  and  then  the  black  block  is  put  to 
press,  and  the  pressman  must  be  carafulin  distributing  his  different  inks  to  make  them 
rade  away  and  blend  at  the  given  points.  This  is  an  easy  matter  after  a  little  practice. 

Laim  affecting  the  Preu. — As  to  the  laws  relating  to  the  press,  see  38  Oeo.  lU.  c.  79, 
amended  by  61  Oeo.  IXL  c.  66,  and  2  &  3  Vict  c.  12.  There  is  no  censorship  over 
the  press ;  which  is,  however,  amenable  to  the  remedy  of  an  injured  par^,  or  to  the 
correction  of  criminal  justice  {Wharton's  Law  Lex.  2nd  ed.  I860). — K.  J.  C. 

VBIvrara  WLOOXS— ll&acTXO.  Two  patents  taken  out  by  Mr.  H.  G. 
Collins  are  likely  to  prove  of  essential  service  to  the  publishing  world.  Sy  the  one 
he  is  enabled  to  take  on  vulcanised  caoutchouc,  prepared  wiui  an  equally  elastic 
surface,  an  impression  in  transfer  &om  any  steel-  or  copper-plate,  wood-block, 
stereotype,  lithographic-Stone,  or,  in  &ct,  irom  an  original  drawing,  if  done  in 
transfer-ink  or  transfer-paper,  and  increase  or  reduce  the  same  to  any  required  size. 
This  is  effected  by  expanding  the  india-rubber  in  one  case,  after  it  has  received  the 
impression ;  and  in  the  other,  before  the  impression  is  made.  In  the  first  instance, 
the  impression  is  enlarged  as  the  elastic  material  expands  ;  in  the  other  it  is  reduced 
by  allowing  the  already  expanded  india-rubber  to  contract  in  its  frame :  then  laying 
the  expanded  or  contracted  copy  down  upon  stone,  and  treating  it  after  the  usual 
manner  of  lithography.  This  presents  a  vast  field  for  adapting  the  plates  of  any  work 
of  acknowledged  merit  which  may  have  cost  some  hundreds  or  thousands  of  ponnds, 
and  years  to  produce,  to  the  wants  of  the  public  in  these  days  of  cheap  and  well- 
illustnted  literature,  by  bringing  out  the  same  works  in  a  i^aduced  size,  which,  but 
for  this  plan,  no  publisher  would  think  of  attempting.  Many  plates  also,  such  as 
portraits,  public  buildings,  or  landscapes,  may  be  eidarged  and  issued  sei»rately. 
This  last  application  is  particularly  suitable  for  maps,  as  any  one,  from  the  size  of  a 
school  atlas,  may  be  taken  and  made  to  serve  for  large  wall-maps  without  the  cost 
of  engraving  the  same.  The  rapidity  with  which  this  alteration  of  size  can  be  ac- 
complished is  not  among  the  least  of  its  recommendations ;  for  an  engraving  that 
would  take  several  months  in  the  ordinary  mode  may  be  completed  in  from  two  to 
three  days.    Two  remarkable  instances  of  the  excellent  reductions  obtainable  by  this 
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process  are  given  in  the  square  16mo.  editions  of  Moore's  '  Melodies'  and  Hacaiday's 
'  Lays  of  Ancient  Borne,'  published  by  Messm.  Longman  &  Co. 

This  patent  offers  the  same  fiicilities  to  a  vast  nomber  of  the  manofactares  of  the 
country,  each  as  the  lace  trade,  cotton  printers,  damask  and  moreen  honsee,  potteries, 
paper-hangings ;  in  fact,  to  all  or  every  one  who  employ  art  or  deiigit  in  their  ealliiu:. 
It  will  be  weU  to  observe  that  the  size  can  not  only  be  enlarged  or  diminished,  as  toe 
case  may  be,  but  the  pattern  can  be  altered  in  form  ;  thus  a  areolar  design  can  be 
made  into  an  oval,  if  required.  Mr.  Collins,  by  his  second  patent,  is  enabled,  after 
these  impressions  are  once  upon  the  stone,  to  make  them  into  electro-blocks,  thus 
redudng  also  the  cost  of  printing  engraved  plates,  which  is  effected  in  the  follow- 
ing manner: — The  impression  being  placed  on  the  litho^phic-stone  or  the  cine- 
plate — either  one  or  uie  other  can  be  employed — acid  is  applied  to  abrase  to  a 
certain  extent  the  stone  or  metal  over  the  unprotected  portions;  when  this  is 
sufficiently  deep  a  mould  is  taken  in  wax,  the  surface  of  which  being  prepared  is 
subjected  to  the  electrotype  process,  and  thus  a  copper-block  is  obtained.     See 

PROTOZtNCOOBAFBT. 

ntnmartt  zmc  {Encn  cFimprimerie,  Fr. ;  Bttchdnickerfarbg,  Oer.)  After 
Mviewing  the  different  prescriptions  given  by  Moxon,  Breton,  Fapillon,  Lewis,  those 
in  Nicholson's  and  the  Messrs.  Aikins'  Dictionaries,  in  Bees's  CyclopiBdia,  and  in  the 
French  Printer's  Manual,  Mr.  Savage '  says,  that  the  EncyclopaiUa  Britannica  is  the 
only  work,  to  his  knowledge,  which  has  g^yen  a  recipe  by  which  a  printing  ink  might 
be  made  that  could  be  used,  though  it  would  be  of  inferior  quality,  as  at^nowledged 
by  the  editor :  for  it  specifies  neither  the  qualities  of  the  materials,  nor  their  due  pro- 
portions. The  fine  black  ink  made  by  Mr,  Savage  has,  he  informs  us,  been  pronounced 
by  some  of  our  first  printers  to  be  unrivalled,  and  has  procured  for  him  the  large 
medal  from  the  Society  for  the  Encouragement  of  Arts. 

1.  lAntted-oU. — ^Mr.  Savage  says  that  the  linseed-oil,  however  long  boiled,  unless  set 
fire  to,  cannot  be  brought  into  a  proper  state  for  forming  printing  ink ;  and  that  the 
fiame  may  be  most  readily  extinguished  by  the  application  of  a  pretlr  tight  tin  cover 
to  the  top  of  the  boiler,  which  should  never  be  more  than  half  folL  The  French 
prefer  nut-oil  to  linseed ;  but  if  the  latter  be  old,  it  is  fully  as  good,  and  much  cheaper, 
in  this  country  at  least 

2.  Black  rotin  is  an  important  article  in  the  composition  of  good  ink ;  as  by  melting 
it  in  the  oil,  when  that  ingredient  is  sufficiently  boiled  and  burnt,  the  two  combine, 
and  form  a  compound  approximating  to  a  natural  balsam,  like  that  of  Canada. 

3.  Soap.— This  is  a  most  important  ingredient  in  printer's  ink,  which  is  not  even 
mentioned  in  any  of  the  recipes  prior  to  that  in  the  Eneyclopadia  Britannica.  Par 
want  of  soap,  ink  accumulates  upon  the  face  of  the  types,  so  as  completely  to  dog 
them  up  after  comparatively  few  impressions  have  been  taken ;  it  will  not  wash  off 
without  alkaline  lyes,  and  it  skins  over  very  soon  in  the  pot  Yellow  rosin-soap  is 
the  best  for  black  inks ;  for  those  of  light  and  delicate  shades,  white  cuid-soap  is  pre- 
ferable. Too  much  soap  is  apt  to  render  the  impression  irregular,  and  to  prevent  the 
ink  from  drying  quickly.  The  proper  proportion  has  been  hit  when  die  ink  works 
clean,  without  clogging  the  surface  of  the  types. 

4.  Lamp-biack. — The  vegetable  lamp-black  sold  in  firkins  takes  by  far  the  most 
varnish,  and  answers  for  making  the  best  ink.    See  Black. 

5.  Ivory-black  is  too  heavy  to  be  used  alone  as  a  pigment  for  printing  ink ;  bnt  it 
may  be  added  witli  advantage  by  grinding  a  little  of  it  upon  a  mnller  with  the  lamp- 
black, for  certain  purposes  ;  for  instance,  if  an  engraving  on  wood  is  required  to  be 
printed  so  as  to  produce  the  best  possible  eflect    See  Ivobt-Bi.ack. 

6.  Indigo  alone,  or  with  an  equal  weight  of  Prussian  blue,  added  in  small  propor- 
tion, takes  off  the  brown  tone  of  certain  lamp-black  inks.  Mr.  Savage  recommends 
a  little  Indian  red  to  be  ground  in  with  the  indigo  and  Prussian  blue,  to  give  a  rich 
tone  to  the  black  ink. 

7.  Balsam  ofeopaiiha,  mixed,  by  a  stone  and  a  muUer  with  a  doe  proportion  of  soap 
and  pigment  forms  an  extemporaneous  ink,  which  the  printer  may  employ  very 
advantageously  when  he  wishes  to  execute  a  job  in  a  peculiarly  neat  manner.   - 

After  the  smoke  begins  to  rise  from  the  boib'ng  oil,  a  bit  of  burning  paper  stock  in 
the  deft  end  of  a  long  stick  should  be  applied  to  the  surface,  to  set  it  on  fire,  as  soon 
as  the  vapour  will  bum ;  and  the  fiame  should  bo  allowed  to  continue  (the  pot  being 
meanwhile  removed  from  over  the  fire,  or  the  fire  taken  from  under  the  pot)  till  a 
sample  of  the  varnish,  cooled  upon  a  pallet-knife,  draws  out  the  strings  of  about  half 
an  inch  long  between  the  fingers.  To  6  quarts  of  linseed-oil  thus  treated,  6  pounds 
of  rosin  should  be  gradually  added,  as  soon  as  the  froth  of  the  ebullition  has 
subsided.     'Whenever  the  rosin  is  dissolved,  one  pound  and  three  quarters  of  diy 

■  In  Us  work  on  the  Pnpuation  ol  Printing  Ink ;  8vo.,  London,  1882. 
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blown  MMp,  of  the  tMtt  quality,  cat  into  alicei,  is  to  be  introduced  caatiowly,  for  ita 
water  of  combination  cautee  a  violent  intomeeoence.  Both  the  roein  and  soa^  «honld 
be  well  stirred  with  a  spatola.  The  pot  is  to  be  now  set  npon  the  fire  again,  in  order 
to  complete  the  combinations  of  all  the  constituents. 

^t  next  of  well-ground  indigo  and  Prussian  blue,  each  2}  ounces,  into  an  eardien 
pan,  sufficiently  large  to  hold  all  the  ink,  along  with  4  poqnds  of  the  best  mineral 
ump-black,  and  3|  pounds  of  good  vegetable  lamp-black ;  then  add  the  warm  varnish 
by  MOW  degrees,  carefully  stirring,  to  produce  tlie  perfect  incorporation  of  all  the 
ingredients.  This  mixture  is  nezi  to  he  subjected  to  a  mill,  or  slab  and  muller,  till 
it  oe  levigated  into  a  smooth,  uniform  paste. 

One  pound  of  a  superfine  printing  ink  may  be  made  by  the  following  recipe  of  Hr. 
Savage : — Balsam  of  copaiba,  9  oz. ;  lamp-black,  3  oz. ;  indigo  and  Prussian  blue 
to^^er,  p.  aeq.  l^oz. ;  Indian  ted,  }  oz. ;  turpentine  (yellow^  soap,  djv,  8  oz.  This 
nuxtnie  is  to  be  ground  upon  a  slab,  with  a  muller,  to  an  unpalpabie  smoothness. 
The  pigments  used  for  colouring  printing  inks  are :  carmine,  lakes,  vermilion,  red 
lead,  IMian  red,  Venetian  red,  chrome  yellow,  chrome  red  or  orange,  burnt  terra  di 
Sienna,  gall-stone,  Soman  ochie^  yellow  ochre,  verdigris,  blues  and  yellows  mixed 
for  greens,  indigo,  Prussian  blue,  Antwerp  blue,  umber,  sepia,  &e. 

TCUVTZjrO  XAOBnra.  (T^/pograpkie  Tnieanigue,  'St. ;  Drvckmaichine,  Ger.) 
No  improvement  had  been  introduced  in  these  important  machines,  £rom  the  in- 
vention of  the  art  of  printing,  till  the  year  1798,  a  period  of  nearly  850  years.  In 
Dr.  Dibdin's  interesting  account  of  printing,  in  the  Sibliograpltieal ,  Decamenm,  may 
be  seen  representations  of  the  early  printing  presses,  which  exactly  resemble  the 
wooden  presses  in  use  a  few  years  back. 

For  txie  first  essential  modification  of  the  old  press,  the  world  is  indebted  to  the 
lat^  Earl  Stanhope.  His  press  is  formed  of  iron,  without  any  wood ;  the  table  npon 
wmch  the  form  of  types  is  laid,  as  well  as  the  jiaien  or  surface  which  immediately 
gives  the  impression,  is  of  cast  iron,  made  perfectly  level ;  the  platen  being  large 
enough  to  print  a  whole  sheet  at  one  pull.  The  compression  is  applied  by  a  b«intdral 
combination  of  levers,  which  give  motion  to  the  screw,  canse  the  platen  to  descend 
with  progressively  increasing  force  till  it  reaches  the  type,  when  the  power  approaches 
the  maximnm ;  npon  the  infinite  lever  principle,  the  power  being  applied  to  straighten 
an  obtnae-angle  jointed  lever.  This  press,  however,  like  all  its  flat-faced  predecessors, 
does  not  act  by  a  continuous,  but  a  reciprocating  motion ;  nor  does  it  much  exceed 
the  old  presses  in  productiveness,  since  it  can  turn  off  only  260  impressions  per  hour ; 
but  it  is  capable  of  producing  much  finer  press-work  than  any  steam-  or  hand-machine 
yet  invented,  for  this  reason :  the  best  work  requires  the  best  ink,  which  is  stif^  and 
requires  a  longer  time  in  distributing  over  and  beating  into  the  form  of  types  than 
the  thin,  oily,  and  consequently  browner  ink  required  by  the  rapidly  moving  machine. 
It  is  a  remarkable  fact  that  the  I'enny  ifagasine  was  printed  at  the  l^d-press, 
although  the  editor  assured  his  readers  that  the  cylindrical  form  of  machine  was 
capable  of  printing  the  finest  impressions  from  woodcuts.  The  machine,  however, 
has  the  advantage  of  uniformity  al  colour  in  inking  throughout  a  whole  impression. 
The  iron  platen  of  the  Stanhope  press  was  supposed  at  one  time  to  wear  out  types 
mnch  sooner  than  the  old  wooden  one,  but  experience  does  not  warrant  us  in  support- 
ingtida  statement 

The  first  person  who  publidy  prqeeted  a  self-acting  printing  press  was  Hr. 
William  Nicholson,  the  able  editor  of  the  PMotopJUeal  Journal,  who  obtained  a 
patent  in  1790:  1,  for  imposing  types  upon  a  cybndrical  surface  (see  Jiff.  1676); 
2,  for  applying  the  ink  upon  the  surface  of  the  types,  &&,  by  causing  the  surface 
of  a  cyliniur  smeared  with  the  colouring-matter  to  roll  over  them ;  or  else  causing 
the  types  to  apply  themselves  to  the  cylinder.  For  the  purpose  of  q;>reading  the 
ink  evenly  over  this  cylinder,  he  proposed  to  apply  three  or  more  distributing  rollers 
longitudinally  against  the  inking-cylinder,  so  that  they  might  be  turned  by  the  motion 
of  ue  latter.  8.  *  I  perform,'  he  says,  '  all  my  impretsioTU  by  the  action  of  a  cylinder 
or  cylindrical  sur&ce  ;  that  is,  I  catise  the  paper  to  pass  between  two  cylinders,  one 
of  which  has  the  form  of  types  attached  to  it,  and  forming  part  of  its  sui&ce ;  and 
the  other  is  faced  with  clcth,  and  serves  to  press  the  paper  so  as  to  take  off  an 
impression  of  the  colour  previously  applied ;  or  otherwise  I  cause  the  form  of  types, 
imviously  colonred,  to  pass  in  close  and  successive  contact  with  the  paper  wrapped 
round  a  cylinder  with  woollen.'    See.^«.  1676  and  1676.' 

The  first  operative  printing  machine  was  undoubtedly  contrived  by,  and  constructed 
under  the  direction  of,  M.  Konig,  a  clock-maker  from  Saxony,  who,  so  early  as  the 
year  1804,  was  occnpied  in  improving  printing  presses.    Having  failed  to  interest  the 

■  Tlie  bbwk  parts  in  these  Utile  diagrsnu,  ItTS,  167S,  indlctte  tlie  Inking  apparatni ;  tbe  dlcgontl 
lines,  the  ejrUndcn  upon  whloh  tbe  piqwr  to  be  printed  Is  sppUed ;  tho  perpendicnlar  linos,  the  plates 
or  ^pes;  and  the  arrows  ahow  the  ttaok  porsaed  by  tbe  sheet  o(  paper. 
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KichDlaon's,  for 
ucbed  torpe. 


Hlctaolaon's,  for 
common  tjrjie. 


CoDtiitental  printers  in  his  •news,  he  came  to  London  boob  after  that  period,  and  enb- 
mittod  his  plans  to  Mr.  T.  Bensley  and  Mr.  Q.  WoodftU,  irell-known  printrav,  and 

to  Mr.  B.  Tajlor,  late  one  of  the  editors  of 

^^^^675  the  '  Philoaopfaioal  Ifarauine.' 

fl^^H^^  These  gentlemen  ubided  Mr.  Eonig, 

^^V^^  1676  and  his  assistant  Bauer,  a  German  me- 

^S^  ^^^         ehanjc,  liberal  pecuniary  support.  In  1811, 

jy  /i^^Z  k*  obtained  a  patent  for  a  method  of  work- 

\ — x^_^       _  jtO^  (WS^  ing  a  common  hand-preM  by  steam-power, 

and  8,000  copies  of  signature  H  of  the 
'  New  Annual  Begister '  were  printed  by  it ; 
but,  after  much  expense  and  labour,  he  was 
glad  to  renounce  the  scheme.  He  then 
turned  his  mind  to  the  use  of  a  cylinder 
for  communicating  the  pressure,  instead  of 
a  flat  plate  ;  and  he  finally  succeeded,  sometime  before  November  28,  1814,  in  com- 
pleting his  printing  automaton ;  for  on  that  day  the  editors  of  the  '  Times '  informed 
their  readers  that  they  were  perusing  for  the  first  time  a  newspaper  printed  by  steam- 
impelled  machinery;  it  is  a  day,  ^etefore,  which  will  be  ever  memorable  in  the 
annals  of  typography. 

In  that  machine  the  form  of  type  was  made  to  traverse  horizontally  under  the 
pressure-cylinder,  with  which  the  sheet  of  paper  was  held  in  close  embrace  by  means 
of  a  series  of  endless  tapes.  The  ink  was  placed  in  a  cylindrical  box,  from  which  it 
was  extruded  by  means  of  a  powerful  screw,  depressing  a  well-fitted  piston ;  it  then 
fell  between  two  iron  rollers,  and  was  by  their  rotation  transferred  to  several  other 
subjacent  rollers,  which  had  not  only  a  motion  round  their  axes,  but  an  alternating 
traverse  motion  (endwise).  This  system  of  equalising  rollers  terminated  in  two,  whi<£ 
applied  the  ink  to  the  types.  (See  Jiff.  1677.)  'Hub  plan  of  inking  evidently  involved 
a  rather  complex  mechanism,  was  hence  difficult  to  manage,  and  sometimes  required 
two  hours  to  get  into  good  working  trim. 

In  order  to  obtain  a  great  many  impressions  rapidly  from  the  same  form,  a  paper- 
conducting  cylinder  (one  embnoed  by  the  paper)  was  mounted  upon  each  side  of  the 
inking  apparatus,  the  tana  being  made  to  traverse  under  both  of  them.  This  double- 
action  machine  threw  off  1,100  impressions  per  hour  when  first  finished;  and  by  a 
snbseqaent  improvement,  no  less  than  1,800 


1677 


1678 


XSnlg's  stsgle,  tor  one  side  6f  the  sheet. 


KDnlg^  doable,  for  both  ildeB  of  the  sheet. 


1679 


Mr.  Konig's  next  feat  was  the  construction  of  a  machine  for  printing  both  sides  at 
the  newspaper  at  each  complete  traverse  of  the  forms.  This  resembled  two  single 
machines,  placed  with  their  cylinders  towards  each  other,  at  a  distance  of  two  or  throe 
feet;  the  weet  was  conveyed  from  one  paper-cylinder  to  another,  as  before,  by  means 
of  tapes  ;  the  track  of  the  sheet  exactly  resembled  the  letter  S  laid  horin>ntally,  thus, 
OQ  ;  and  the  riieet  was  turned  over  or  reversed  in  the  course  of  its  passage.  At  the 
first  paper-cylinder  it  received  the  impression  from  the  fint  form,  and  at  the  second 
received  it  fr^>m  the  second  fbrm ;  where^the  machine  could  print  760  sheets  of  book 
letter-press  on  both  sides  in  an  hour.  This  new  register  apparatus  was  erected  for 
Mr.  T.  Bensley,  in  the  year  1816,  being  the  only  machine 
made  by  Mr.  Eonig  for  minting  upon  both  sides.  8eejiff.  1678. 
Messrs.  Donkin  and  380on  had  for  some  years  previous  to 
this  date  been  busily  engaged  with  printing  machines,  and  had 
indeed,  in  1818,  obtained  a  patent  for  an  apparatus,  in  which 
the  types  were  placed  upon  tlie  sides  of  a  revolving  prism  ;  the 
ink  was  applied  by  a  roller,  which  rose  and  fell  with  the  eccen- 
tricities of  the  prismatic  surface,  and  the  sheet  was  wrapped 
upon  another  prism  fashioned  so  as  to  coincide  with  the  eccen- 
tricities of  the  type-prism.  One  such  machine  was  erected  for 
the  University  <rf  Cambridge.  (See />$'.  1679.)  It  was  a  beau- 
Gtcl  specimen  of  ingenious  contrivance  and  good  workmanship.  Though  it  was  found 
to  be  too  complicated  far  common  operaUves,  and  defective  in  the  mechanism  of  the 


Donkin  and  BaoonV, 
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inkiiig  pioceas,  yet  it  eshibitsd  for  the  flnt  time  the  elactie  inldiig-roUeni,  composed 
of  g^ne  combined  iritb  txaade,  which  alone  eonetitate  one  of  the  UnMt  ioTentaoot  of 


In  the  year  1816,  Mr.  Oowper  turned  hii  mind  to  ilie  tnbject  of  printing  machines, 
and  in  co-operation  with  hii  partnor,  Mr.  Applegath,  carried  them  to  an  unlooked-for 
degree  of  perfection.  In  1810,  Kr.  Cowper  obtuned  a  patent  for  enrring  Btareotype- 
plj^ee,  for  the  puipoae  of  flxijig  them  on  a  cylinder.  SeTwal  macbineg  so  mounted, 
capable  of  printing  1,000  sheets  per  hoar  upon  both  sides,  are  at  woA  at  the  present 
day.  (See  J^.  1S80  and  1681.^  In  these  machines,  Hr.  Cowper  places  two  paper- 
cyunders  sido  by  side,  and  agunst  each  of  them  a  cylinder  for  holding  the  plates ; 
each  of  these  four  cylinders  is  abont  two  feet  in  diameter.  Upon  the  sur&ce  of  the 
stereotype-plate  cylinder,  four  or  Atc  inking-rollers  of  about  three  inches  in  diameter 
ate  pi  mid ;  they  are  kept  in  their  position  l^a  fram*  at  each  end  of  the  said  cylinder, 
and  the  axles  <i  the  rollers  rest  in  vertical  slots  of  the  frame,  whereby  having  perfect 
freedom  of  motion,  they  act  by  their  gravity  alone,  and  require  no  ac^'ustment. 


1680  _  ^,*^  1881 


Oowpei'B  ilngle,  for  onrred  BtareotTpe.  Covper's  doable,  for  both  iMes  of  the  sheet. 

The  frame  whioh  supports  the  inking-rollers,  called  the  waving-frame,  is  attached 
by  hinge*  to  the  general  framework  of  the  machine ;  the  edge  of  the  stereotype-plate 
cylinder  i*  iitdeuted,  and  rubs  against  the  waving-frame,  causing  it  to  vibrate  to 
and  fro,  and  consequently  to  carry  the  inking-rollers  with  it,  so  as  to  give  them  an 
unceasing  traverse  movement.  These  rollers  distribute  the  ink  over  three-fourths 
of  the  surface  of  the  cylinder,  the  other  quarter  being  occupied  by  the  curved 
stereotype-plates.  The  ink  is  contained  in  a  trough,  which  stands  parallel  to  the  said 
cylinder,  and  is  formed  by  a  metal  roller  revolving  against  the  edge  of  a  plate  of 
iron ;  in  its  revolution  it  gets  covered  with  a  thin  flhn  of  ink,  which  is  conveyed  to 
the  plate-cylinder  by  a  ustributing  roller  vibrating  between  both.  The  ink  is 
difnued  upon  the  plate-cylinder,  as  before  described  ;  the  plates  in  passing  under  the 
inking  nulers  become  charged  with  the  coloured  varnish  ;  and  as  the  cylinder 
continoes  to  revolve,  the  plates  come  into  contact  with  a  sheet  of  paper  on  the  first 
paper-cylinder,  which  is  then  carried  by  means  of  tapes  to  the  second  paper-cylinder, 
where  it  receives  an  impression  upon  its  opposite  side  firom  the  plates  upon  the  second 
cylinder.    Thus  the  pnnting  of  the  sheet  is  completed. 

In  Older  to  adapt  this  inethod  of  inking  to  a  flat  type-f»m  machine,  it  was  merely 
requisite  to  do  the  same  thing  upon  an  extended  fiat  snrface  or  table,  which  had 
been  performed  upon  an  extended  cylindrical  sor&ce.  Accordingly,  Heesifl.  Cowper 
and  Applegath  constructed  a  machine  for  printing  both  sides  of  Uie  sheet  firom  type, 
including  uie  inking  apparatus,  and  the  mode  of  conveying  the  sheet  tiom  the  one 
paper-cylinder  to  the  other,  by  means  of  drums  and  tapes,  u  is  highly  creditable  to 
the  scientific  judgment  of  these  patentees,  that  in  new-modelling  the  printing  machine, 
they  dispensed  with  forty  wheels,  which  existed  in  Hr.  Konig's  apparatus- when  Mr. 
Bensley  requested  them  to  apply  their  improvements  to  it. 

The  distinctive  advantages  of  these  machines,  and  which  have  not  hitherto  been 
equalled,  are  the  uniform  distribution  of  the  ink,  the  equality  as  well  as  delicacy  wit^ 
which  it  is  lud  upon  the  types,  the  diminution  in  its  expenditure,  amounting  to  one 
half  upon  a  given  quantity  of  letter-press,  and  the  facility  with 
iHuch  the  wh<de  medmnism  is  managed.  The  hand  inking-roUsr 
and  distributing-table,  now  so  common  in  evaiy  printing-offiee  in 
Europe  and  Amnrica,  is  the  invention  of  Mr.  Cowper,  and  was 
spedfted  in  his  patent  The  vast  superiority  of  the  inking  appa- 
ratus in  his  machines  over  the  balls  used  ck  old,  induced  him  to 
apply  it  forthwith  to  the  common  press,  and  most  successfully. 
Seej^.  1682. 

To  construct  a  printing  machine  which  shall  throw  off  two  sides 
at  a  time  with  exact  register,  that  is,  with  the  second  side  placed 
precisely  upon  the  back  of  the  first,  is  a  very  difficult  problem,  which       .^^^^^^ 
was  practically  solved  by  Messrs.  Applegath  and  Cowper.      It  is      oowj?itoHMb 
comparatively  easy  to  m^  a  machine  which  shall  print  the  one      table  sod  roDsr. 
side  of  a  sheet  of  paper  first,  and  then  the  other  side,  by  the  re- 
moval of  one  form,  and  the  introduction  of  another ;  and  thus  far  did  Mr.  Konig  ad- 
vance.   A  correct  register  requires  the  sheet,  after  it  has  recaved  its  first  impreesiou 
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from  one  cylinder,  to  tiavel  lonnd  the  peripheriee  of  the  cylinders  and  dninu,  at  soeh 
a  rate  as  to  meet  the  types  of  the  second  side  at  the  exact  point  which  will  ensure 
this  side  falling  with  geometrical'  nicety  upon  the  back  of  the  first.  For  this  purpose, 
the  cylinders  and  drums  must  revolve  at  the  very  same  speed  as  the  carriage  under- 
neath; hence  the  least  incorrectness  in  tbe  workmanship  will  produce  such  defective 
typography  as  will  not  be  endured  in  book-printing  at  tae  present  day,  though  it  may 
be  tolerated  in  newspapers.  An  equable  distiibation  of  the  ink  is  ot  no  less  import- 
ance to  beautiful  letter-press.    See^«.  1683,  1684. 

1688      *^ 

1684 . 


Applcgath  and  Cowper's  Btnglel 


Applegath  and  Cowper's  double. 


The  machines  represented  in  figt.  1685,  1686,  1687,  are  different  forms  of  those 
which  hare  been  patented  by  Ilessrs.  Applegath  and  Cowper.  That  shown  in  figi. 
1686,  1687,  prints  Doth  sides  of  the  sheet  aturing  its  passage,  and  is  capable  of  throw- 
ing off  nearly  1,000  finished  sheets  per  hour.  The  moistened  quires  of  blank  paper 
being  piled  upon  a  table,  A,  the  boy,  who  stands  on  the  adjoining  platform,  takes  up 
one  sheet  after  another,  and  lays  them  upon  a  feeder  b,  whii^  has  several  linen 
girths  passing  across  its  sur&ce,  and  round  a  pulley  at  each  end  of  the  feeder ;  so 
that  whenever  the  pulleys  begin  to  revolve,  the  motion  of  the  girths  carries  forward 
the  sheet,  and  delivers  it  Dver  tlie  entering  roller  b,  where  it  is  embraced  between  two 

1685 


series  of  endless  tapes,  that  pass  ronnd  a  series  of  tension  rollers.  These  tapes  are  so 
placed  as  to  fall  partly  between,  and  partly  exterior  to,  the  pages  of  the  printing; 
whereby  they  remain  in  close  contact  with  the  sheet  of  paper  on  both  of  its  sides  during 
its  progress  through  the  machine.  The  paper  is  thus  conducted  from  the  first  printing- 
cylinder  F,  to  the  second  cylinder  o,  withont  having  the  tmth  of  its  register  impaired, 
so  that  the  coincidence  of  the  two  pages  is  perfect.  These  two  great  cylinders,  or 
drums,  are  made  of  cast  iron,  turned  pwfectly  true  upon  a  self-acting  lathe ;  they  are 
clothed  in  these  parts,  corresponding  to  the  typcgraphio  impression,  with  fine  woollen 
cloth,  called  blankets  by  the  pressmen,  and  revolve  upon  powerAil  shafts,  which  rest 
in  brass  bearings  of  the  strong  framing  of  the  machine.  These  bearings,  or  plnmmer 
blocks,  are  susceptible  of  any  degree  of  ag^ustment,  by  set  screws.  The  drums,  K 
and  I,  are  made  of  wood ;  they  serve  to  conduct  the  sheet  evenly  from  the  one  printing- 
cylinder  to  the  other. 

One  series  of  tapes  commences  at  the  upper  part  of  the  entering  drum  b,  proceeds 
in  contact  with  the  ri^t-hand  side  and  under  surface  of  the  printing-cylinder  f, 
passes  next  over  the  carrier-drum  H,  and  under  the  carrier-drum  i;  then  en- 
compassing the  left-hand  side  and  under  portion  of  the  printing-drum  o,  it  passes 
in  contact  with  the  small  tension  rollers  a,  b,  e,  d,fig,  1687,  and  finally  arrives  at  the 
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(oIIeF  m,  whieh  may  be  callad  the  eommencament  of  the  one  series  of  endless  tapes.' 
The  other  seriea  may  be  snpposed  to  commence  at  the  roller  h ;  it  has  an  eqnal 
number  of  tapes,  and  corresponds  with  the  former  in  being  placed  upon  the  cylinders 
so  that  the  sheeta  of  paper  may  be  held  secniely  between  them.  This  second  series 
descends  from  the  roller  h,  fig.  1687i  to  the  entering  dmm  s,  where  it  meets  and 
coincides  with  the  first  series  in  such  a  way  that  both  sets  of  tapes  proceed  together 
»7uler  the  printing  cylinder  r,  over  H,  under  i,  and  round  a,  until  they  arrive  at  the 
loUer  i,  fig.  168fi,  where  they  separate,  a%er  having  continaed  in  contact,  except  at  the 


ploceB  where  the  sheets  of  paper  are  held  between  them.  The  tapes  descend  from 
the  roller  i,  to  a  roller  at  i,  and,  after  passing  in  contact  with  rollers  at  I,  m,  n,  tiiey 
finally  arrive  at  the  roller  b,  where  they  were  supposed  to  commence.  Hence  two 
teries  of  tapes  act  invariably  in  contact,  without  the  least  mutual  interference. 

The  vanons  cylinders  and  drums  revolve  very  truly  by  means  of  a  system  of 
toothed  wheels  and  pinions  mounted  at  their  ends.  Two  horizontal  forms  of  types  are 
laid  at  a  certain  distance  apart  upon  the  long  carriage  k,  a^'oining  to  each  of  which 
there  is  a  flat  metallic  plate,  or  inlcing-table,  in  the  same  plane.  The  common 
carriage,  bearing  ita  two  forms  of  type  and  two  inling-tables,  is  moved  backwai'ds 
and  forwards,  from  one  end  of  the  printing  machine  to  the  other,  upon  rollers 
attached  to  the  frame-work,  and  in  its  tnirerse  brings  the  types  into  contact  with  the 
sheet  of  paper  clasped  by  the  tapes  round  the  surfaces  of  the  printing  cylinders.  This 
alternate  movement  of  the  carnage  is  produced  by  a  pinion  working  alternately  into 
the  opposite  sides  of  a  rack  under  the  table.  The  pinion  is  driven  by  the  bevel 
wheels  X. 

The  mechanism  for  supplying  the  ink,  and  distributing  it  over  the  forms,  is  one  of 
the  most  ingenious  and  valuable  inventions  belonging  to  this  incomparable  machine^ 
and  is  so  nicely  adjusted  that  a  single  grain  of  the  pigment  may  sufSce  for  printing 
one  side  of  a  sheet.  Two  similar  sets  of  inking  apparatus  are  provided ;  one  at  each 
end  of  the  msdhine,  adapted  to  ink  its  own  form  of  type.  The  metal  roller  l,  called 
the  ducior  roller,  as  it  draws  out  the  supply  of  ink,  has  a  slow  rotatory  motion  com- 
municated to  it  by  a  catgut  cord,  which  passes  round  a  small  pulley  upon  the  end 
of  the  shaft  of  the  printing  cylinder  a.  A  horizontal  plate  of  metal,  with  a  straight- 
gronnd  edge,  is  adjusted  by  set  screws,  so  as  to  stand  nearly  in  contact  with  the 
ductor  roller.  This  plate  has  an  upright  ledge  behind,  converting  it  into  a  sort 
of  trough  or  magazine,  ready  to  impart  a  coating  of  ink  to  the  roller,  as  it 
revolves  over  the  table.  Another  roller,  covered  with  elastio  composition  (see  tupra), 
called  the  vibrating  roller,  is  made  to  travel  between  the  ductor  roller  and  the 
inking-table ;  the  vibrating  roller,  as  it  rises,  touches  the  ductor  roller  for  an  instant, 
abstracts  a  film  of  ink  from  it,  and  then  descends  to  transfer  it  to  the  table.  There 
are  three  or  foni  small  roUeia  of  distribution,  placed  somewhat  diagonally  across  the 
table  at  x  (included  only  two  inches  £rom  a  parallel  to  the  end  of  the  f^ame),  furnished 
with  long  slender  axles,  resting  in  vertical  slots,  whereby  they  are  left  at  liberty  to 
revolve  and  to  traverse  at  the  same  time ;  by  which  compound  movement  they  are 
enabled  to  efibce  all  ineqoalitgr  in  the  surface  of  the  vaniiab,  or  to  effect  a  perfect 
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dSstribution  of  the  ink  along  the  table.    The  table  thus  evenly  naeued,  being  msda 
to  pass  nnder  the  three  or  four  proper  inlcing-rollen,  n,  fig,  1687i  imparts  to  toem  an 
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vnifani  film  of  iak,  to  be  inimediataly  taaasfamd  by  tham  to  the  types.  Hence  each 
time  that  the  fomiB  make  a  complete  trarene  to  aod  firo,  which  is  requisite  for  the 
piinting  of  every  sheet,  tiny  are  tondied  no  less  thao  dght  times  by  the  inldng- 
Tollen.  Both  the  distributing-  and  inking-rollers  turn  in  slots,  which  permit  them  to 
rise  and  fall  so  as  to  bear  with  their  whole  weight  npon  the  inldng-table  and  the  form, 
whereby  they  never  stand  in  need  of  any  adjustment  by  screws,  but  are  always  ready 
for  work  when  dro{^ied  into  their  respectiTe  places. 

Motion  is  given  to  the  whole  system  of  i^paratas  hj  a  strap  from  a  steam-engine 
going  round  a  polley  placed  at  the  end  of  the  axle  at  the  back  of  the  frame. 

The  operation  of  pnntiog  is  performed  as  follows  (seey!;.  1688) : — 

The  sheets  being  carefoUy  &d,  one  by  one,  upon  the  linen  girths,  at  the  feeder  B, 
the  rollers  c  and  D  are  made  to  move,  by  means  of  a  segment  wheel,  through  a  por- 
tion of  a  revolution.  This  movement  carries  on  the  sheet  of  paper  sufficiently  to 
introduce  it  between  the  two  series  of  endless  tapes  at  the  point  wners  they  meet  each 
other  npon  the  entering  dmm  b.  As  soon  as  the  sheet  is  £urly  embnuxd  between 
the  tapes,  the  rolleis  c  and  d  are  drawn  back,  by  the  operation  of  a  weight,  to  their 
original  position,  so  as  to  be  ready  to  intiodaee  another  sheet  into  the  maohine.  The 
sheet,  advancing  between  the  endless  tapes,  applies  itself  to  the  blanket  upon  the 
piating  cylinder  r,  and  as  it  revolves  meets  the  &st  form  of  trpes,  and  receives  their 
impreasioD ;  after  being  thus  printed  on  one  side,  it  is  carried  over  h  and  under  i,  to 
the  blanket  upon  the  printing  cylinder  o,  where  it  is  placed  in  an  inverted  position ; 
the  priated  side  being  now  in  coatact  with  the  blanket,  and  the  white  side  being  out- 
wards, meets  the  seoond  form  of  types  at  the  poper  instant,  so  as  to  receive  the 
second  impression,  and  get  completely  printed.  The  perfint  sheet,  on  arriving  at  the 
point  t,  where  the  two  series  of  tapes  separate,  is  tossed  out  by  eentriftagal  force  into 
the  hands  of  a  boy. 

The  diagram,  Jig.  1688,  shows  the  1688 

anangonsnt  of  the  tapes,  agreeably  to 
the  preceding  description  ;  the  feeder  b, 
with  the  rollers  o  and  s,  is  seen  to 
have  an  independent  endless  girth. 

The  disgram.  Jig.  1689,  explains  the 
structure  of  a  machine  contrived  by 
Hessrs.  A^plegath  and  Cowper  for 
printing  "th«  Times'  newspaper;  but 
whidi  is  now  superseded  by  Mr.  Apple- 
gath's  Vertiaal  Printing  Madiine.  Hera 
there  are  four  places  to  lay  on  the 
sheets,  and  fonr  to  take  them  off;  consequently,  the  assistance  of  eight  lads  is 
required,    p,  p,  p,  p,  are  the  four  piles  of  paper ;  f,  t,  f.  »,  are  the  four  feeding-boards ; 


B,  X,  X,  ■,  are  the  fonr  entering  drums,  npon  which  the  sheets  are  introduced  between 
tlMtapMi  t,  t,  t,  <,,wh«nee  they  aw  eonductsd  to  the  four  pdnUng  cylinders,  1,  2,  3,  4 ; 
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T  is  the  fona  jof  tTpe ;'  i,  i,  are'  two  inking-tables ;  of  vbich  one  is  pUtoed  at  each'  end 
of  the  form.  The  inking  apparatus  is  similar  to  that  above  described,  vith  the 
addition  of  two  central  inlcing-rollers  b,  which  likewise  receive  their  ink  from  the  ink- 
ing-tables.  The  printing  cylinders  1,  2,  3,  4,  are  made  to  rise  and  fall  about  half  an 
indi ;  the  first  and  third  simultaneously,  as  also  the  second  and  fourth.  The  form  of 
type,  in  passing  from  a  to  b,  prints  ^eets  at  1  and  3 ;  in  returning  &om  B  to  A,  it 
prints  sheets  at  4  and  2 ;  while  the  cylinder  alternately  &lls  to  give  the  impMision, 
and  rises  to  permit  the  form  to  pass  untouched. 

Each  of  the  lines  marked  t,  consists  of  two  endless  tapes,  which  run  in  oontaet 
in  the  parts  shown,  but  separate  at  the  entering  drums  B,  and  at  the  taking-off  parts 
o,  0,  0,  0.  The  return  of  the  tapes  to  the  entering  drum  is  omitted  in  the  diagram,  to 
aroid  confusion  of  the  lines. 

The  sheets  of  paper  being  laid  upon  their  respective  feeding-boards,  with  the  fore 
edges  just  in  contact  with  the  entering  drum,  a  small  roller,  called  the  drop-down 
roller,  &lls  down  at  proper  intervals,  upon  the  edges  of  the  sheets ;  the  drum  and  the 
roller  being  then  removed,  instttntly  carry  on  the  sheet,  between  the  tapes  t,  down>- 
wards.to  the  printing  cylinder,  and  thence  upwards  to  o,  o,  o,  o,  where  the  tapes  are 
parted,  and  the  sheet  iaUs  into  the  hands  of  the  attendant  boy. 

This  invention  fully  answered  the  purpose  of '  The  Times '  nntil  the  immense  demand 
upon  its  powers  rendered  it  necessary  to  provide  a  machine  which  could  umrk  trff'/rom 
12,000  to  16,000  eopiu  of  the  paper  per  hour. 

Mr.  Applegath,  to  whom  the  world  is  indebted  for  the  invention  of  the  printing 
machine  capable  of  doing  this  large  duty,  decided  on  abandoning  the  reciprocating 
motion  of  the  type-form,  and  arranging  Uie  apparatus  so  as  to  render  the  motion  con* 
tinnons.  This  necessarily  involved  circnlar  motion,  and  accordingly  he  resolved  upon 
attaching  the  columns  of  type  to  the  sides  of  a  large  drum  or  cylinder,  placed  with  its 
axis  vertical,  instead  of  tlie  horizontal  frame  which  had  been  hitherto  used.  A  large 
central  drum  is  erected,  capable  of  being  turned  round  its  axis.  Upon  the  sides  of  this 
drum  ore  placed  rertieally  the  columns  of  type. .  These  columns,  strictly  speaking,  form 
the  sides  of  a  polygon,  the  centre  of  which  coincides  with  the  axis  of  the  drum,  but  the 
breadth  of  the  columns  is  so  small  compared  with  the  diameter  of  the  dram,  that 
their  surfaces  depart  very  little  from  the  regular  cylindrical  form.  On  another  part 
of  this  drum  is  fixed  the  inking-table.  The  circumference  of  this, dram  in  'The 
Times' printing  machine  measures  200  inches,  and  it  is  consequentiy  64  inohee  in 
diameter. 

The  general  form  and  arrangement  of  the  machine  are  represented  in  fig,  1690, 
where  D  is  the  great  central  drum  which  carries  the  types  and  inking-tables. 

This  drum  is  surrounded  by  eight  cylinders,  B,  n,  &c.,  also  placed  with  their  axes 
vertical,  upon  which  the  paper  is  canned  by  tapes  in  the  usual  manner.  Each  of  these 
cylinders  is  connected  with  tiip  d^m  by  toothed  wheels,  in  such  a  manner  that  their 
surfaces  respectively^  must  necessarily  inove  at  exactly  the  same  velocity  as  the  sur&ce 
of  the  drum.  And  if  we  imagine  the  drum  thus  in  contact  with  these  eight  cylinders 
to  be  put  in  motion,  and  to  make  a  complete  revolution,  the  type-form  will  be  pressed 
successively  against  each  of  the  eight  cylinders,  and  if  the  typo  were  previously  inked, 
and  each  of  the  eight  cylinders  supplied  with  paper,  eight  sheets  of  paper  would  be 
printed  in  one  revolution  of  the  dirun. 

It  remains,  therefore,  to  explain,  first,  how  the  type  is  eight  times  inked  in  each 
revolution ;  and  secondly,  how  each  of  the  eig^t  cybnders  is  supplied  with  paper  to 
reoeive  their  impression.  i 

Beside  the  eight  paper-cylinders  are  placed  eight  sets  of  inking-tollers ;  near  these 
are  placed  two  ductor  rollers.  These  ductor  rollers  receive  a  coating  of  ink  from 
reservoirs  placed  above  them.  As  the  inking-table  attached  to  the  revolving  drum 
passes  each  of  these  ductor  rollers,  it  receives  from  them  a  coating  of  ink.  It  next 
encounters  the  inking-rollers,  to  which  it  delivers  this  coating.  The  types  next;  by 
the  continued  revolution  of  the  drum,  encounter  these  inking-roUers,  and  receive  from 
them  a  coating  of  ink,  after  which  they  meet  the  paper-cylinders,  upon  which  they  are 
imraessed,  and  the  printing  is  completed. 

llias  in  a  single  revolution  of  the  great  central  drum  tjie  inking-table  receives  a 
supply  eight  times  successively  f^m  the  ductor  rollers,  and  delivers  over  that  supply 
eighfc  times  sneeessively  to  the  inking-rollers,  whichi-in  their- turn,  deliver  it  eight 
times  successively  to  the  faces  of  the  type,  from  which  it  is  conveyed  finally  to  the 
eight  sheets  of  paper  held  upon  the  eight  cylinders  by  the  tapes. 

Let  us  now  explain  bow  the  eight  cylinders  are  supplied  with  paper.  Over  each 
of  them  is  erected  a  sloping  desk,  h,  h,  Sc6.,  upon  which  a  stock  of  Unprinted  paper  is 
deposited.  Beside  this  desk  stands  tjie  '  layer  on,'  who  pushes  forward  the  paper, 
sheet  by  sheet,  towards  the  fingers  of  the  machine. 

These  fingers,  seising  upon  it,  ^t  draw  it  d<nrn  in  a  vertical.  (JiMct^QO  between 
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tepM  in  the  eight  reitical  frames  nntil  its  reitical  edges  ooiieipond  with  the  poiitioir 
of  the  form  of  type  on  the  printing  cylinder.  Arrived  at  this  position  its  rettical 
motion  is  stopped  by  s  self-acting  apparatos  prorided  in  the  machine,  and  it  begins  to 
move  horizontally,  and  it  is  thus  carried  towards  the  printing  cylinder  by  the  tapes. 
As  it  passes  round  this  cylinder  it  is  impressed  upon  the  type,  and  printed.  It  is  then 
carried  back  horizontally  by  similar  tapes  on  the  other  side  of  the  frame,  until  it 
arrives  at  another  desk,  where  the  ■  taker  off'  awaiU  it.  The  fingers  of  the  machine 
are  there  disengaged  from  it,  and  the  'taker  off'  receives  it,  and  disposes  it 
upon  the  desk.  This  movement  goes  on  without  interruption ;  the  moment  that  one 
sheet  descends  from  the  hands  of  the  '  layer  on,'  and  being  carried  vertically  down- 
wards begins  to  move  horizontally,  space  is  left  for  another,  which  he  immediately 
npplieB,  and  in  this  manner  he  delivers  to  the  machine  at  ibe  average  rate  of  two 

1690 


sheets  every  five  seconds ;  and  tlie  same  delivery  taking  place  at  each  of  the  eight 
cylinders,  Uiere.are  1 6  sheets  delivered  and  printed  erery  five  seconds. 

It  is  found  that  by  this  machine  in  ordinary  work  between  10,000  and  11,000  per 
hour  can  be  printed ;  but  with  very  expert  men  to  deliver  the  sheets,  a  still  greater 
speed  can  be  attained.  Indeed,  the  velocity  is  limited,  not  by  any  conditions  affecting 
ths  machine,  but  by  the  power  of  the  men  to  deliver  the  sheets  to  it. 

In  case  of  any  misdelivery,  n  sheet  is  spoiled,  and,  consequently,  the  effective  per< 
formance  of  the  machine  is  imi»ired.  If,  however,  a  still  greater  speed  of  printing 
were  required,  the  same  description  of  machine,  without  changing  its  principle,  would 
be  sufScient  for  the  exigency ;  it  would  be  necessary  that  the  types  should  be  sur- 
rounded with  a  greater  number  of  printing  cylinders. 

It  may  be  right  to  obserN-e  that  these  surrounding  cylinders  and  rollers,  in  the  case 
of '  The  Times  machine,  are  not  uniformly  distributed  round  the  great  central  drum ; 
they  are  so  atranged  as  to  leave  on  onf  sidd  of  that  drum  an  open  space  equal  to  tha 


Digitized  by  VjOOQIC 


662  FBINTIKG  MACHIKE 

iridth  of  the  tTpe-fbcm.  Thk  ii  nieoataaiy  in  ordar  to  gin  aoetw  to  tbe  tTps-ftm  M 
as  to  adjust  it. 

One  of  the  practical  di£9calties  wiaeii  Ur.  Applegath  had  to  eaMranter  in  the 
solution  of  the  problem,  which  he  has  so  snooessrally  effbcted,  arose  from  the  shock 
produced  to  the  machinair  by  lereising  the  motion  of  the  harisoatal  tmat,  which  in 
the  old  machine  eanied  the  type-form  and  faiking-taU^  a  moriag  mass  whieh  weighed 
atonl  This  ficame  had  a  motion  of  88  inches  in  eadi  diieetion,  and  it  was  fimnd  that 
such  a  weight  ooold  not  be  ^ren  thioogh  sneh  a  space  with  safely  at  a  greater  rats 
than  about  46  strokes  per  minute,  which  lunited  its  fmunmiM  prodneug  power  to  6,000 
sheets  per  hour. 

Another  difficulty  in  the  construction  of  this  Tsat  piece  of  macbiaeiy  was,  so  to 
regulate  the  self-acting  meohaniam  that  the  impression  of  thetype^onn  shoald  •i^^T* 
be  made  in  the  centre  of  the  page,  and  so  that  the  space  upon  the  p&per  occupied  by 
the  printed  matter  on  one  side  may  coincide  eacactly  with  that  occupied  by  the  printed 
matter  on  the  other  side. 

The  type-form  fixed  on  the  central  drum  moves  at  the  rate  of  70  indies  per  second, 
and  the  paper  is  moved  in  contact  with  it  of  ooune  at  exactly  the  same  rate.  Now,  if 
by  any  error  in  the  delivery  or  motion  of  a  sheet  of  paper,  it  arrive  at  the  printing 
cylinder  l-70th  part  of  a  second  too  soon  or  too  late,  the  relative  position  of  tho 
columns  will  vary  by  l-70th  part  of  70  inches — that  is  to  say,  by  1  mch.  In  that 
case  the  edge  of  the  printed  matter  on  one  side  would  be  an  inch  nearer  to  the  edge 
of  the  paper  than  on  the  other  nde.  This  is  an  incident  which  rarely  happens,  but 
when  it  does,  a  sheet,  of  conrsa,  is  q)oiled.  The  waste,  however,  from  that  cause  is 
considerably  less  in  the  proasnt  vertical  machine  than  in  the  former  less  powerfol 
horizontal  one. 

The  vertical  position  of  the  inking-rollers  is  more  conducive  to  the  goodness  of  the 
woric— for  tbe  tyn*  and  engraviitt  are  only  touched  on  their  extreme  sorftee — than 
the  horisontal  maMine,  where  the  inking-rollers  act  bv  gravity ;  also  any  dust  shaken 
'  out  of  the  paper,  which  formeriy  was  deposited  upon  tite  inking-ndlers,  now  falls  upon 
the  floor.  With  this  machine  60,000  impressions  have  been  taken  without  stopping 
to  brush  the  form  or  table. 

The  principle  of  this  vertical-cylinder  machine  k  eapaUe  of  afaaoet  nnlimitsd 
extension. 

An  American  machine,  the  invention  of  B.  Hoe  and  CSompany,  of  New  Yoik,  was 
a  fewyears  ago  introduced  to  this  country.  Machines  of  this  description  were  made 
for  '  The  Times,'  and  other  newspaper  offices,  by  Hr.  'Whitwotth  of  luachester.  The 
following  is  Mr.  Hoe's  description  of.  this  machine  :^ 

A  horizontal  cylinder  of  about  4}  feet  in  diameter  is  mounted  on  a  shaft,  with 
appropriate  bearings ;  about  one-fourth  of  the  circumference  of  this  cyHnder  consti- 
tutes ike  bed  of  the  press,  which  is  adapted  to  receive  the  form  at  ijpn  the  remainder 
is  used  as  a  ^Imdrieal  distributing-table.  The  diameter  of  the  cyKnAer  is  less  than 
that  of  the  form  of  types,  in  order  that  the  distributing  portion  of  it  ma^  pass  the 
impression-cylinders  without  tonching.  The  ink  is  oontuned  in  a  fountain  placed 
beneath  the  large  cylinder,  fiom  vriiich  it  is  taken  bv  »  dnctcr  roller,  and  trantfened 
by  a  vibrating  distributing-roUer  to  the  cylindrioal  distributioa-table ;  the  fountain 
roller  recerves  a  slow  and  contiBuons  rotatory  motion,  to  carry  up  the  ink  from  the 
fountain. 

The  large  cylinder  being  pat  in  motion,  the  form  of  tme»  thereon  is,  in  succession, 
carried  to  eight  corresponding  horiiontal  impreesioa-<r|nudai%  arranged  at  proper 
distances  around  it,  whidi  give  the  impression  of  eight  sheets,  introducing  one  at  each 
impression-cylinder.  For  each  impression-cylinder  there  are  two  inked  rollers,  which 
vibrate  on  me  distributing  surface  while  taking  a  supply  of  ink,  and  at  the  proper 
time  pass  over  the  form,  when  they  again  fall  to  the  distributing  surface.  Each  page 
is  locked  up  upon  a  detached  segment  of  the  large  cylinder,  called  by  the  compoeiton 
a  'turtle,'  and  this  constitutes  the  bed  and  cluise.  The  column-niles  run  parallel 
with  the  shafts  of  the  cylinder,  so  as  to  bind  to  types  near  the  top.  These  wedge- 
shaped  column-rules  are  held  down  to  the  bed  or  '  turtle '  by  tongnes,  prcijecting  at 
intervals  along  theu  length,  and  sliding  in  rebated  grooves  cut  cross-wise  in  the  nice 
of  the  bed ;  the  space  in  the  grooves  between  the  column-rules  being  filled  with  sliding 
blocks  of  metal,  aoeoiately  fitted,  the  outer  surface  level  with  the  snriiKce  of  tiie  bed, 
the  ends  next  the  column-rules  being  cut  away  underneath  to  receive  a  prcnection 
on  tbe  sides  of  the  tongnes  and  screws  at  the  end  and  side  of  each  page  to  lock  them 
together,  the  types  are  as  secnre  on  this  cylinder  as  they  can  be  on  the  old  flat  bed. 

In  '  The  Times '  office  there  are  two  of  those  machines,  one  of  thvn  being  a  ten- 
cylinder  machine,  which  is  regularly  employed  to  print  16,600  sheets  an  hour,  and  it 
appears  capable  of  printing  18,000.    It  is  only  by  means  of  these  two  Amerioaa 
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uachiaee,  and  two  of  Applegath's,  all  worliiig  on  the  different  ndea  of  the  paper, 
that  the  enormous  supply  required  every  morning  can  be  pn>du(^ed. 

7%e  Walter  Press  (Jiff.  1691).— In  1862,  the  circulation  of 'The  Times' haTingconeider- 
aUy  increased,  together  with  the  neceBsity  of  issning  quadruple  and  sextuple  sheets, 
caused  the  proprietors  to  increase  the  power  of  the  machines  then  in  use,  and  the 
vhole  has  since  been  completely  superseded  by  various  new  productions.  The  first  of 
these  is  the  Walter  Press,  brotight  to  maturity  in  '  The  TnneB'  Frinting-ofKce,  and 
manuihctured  on  the  premises  in  Frinting-House  Square,  It  is  almost  an  original 
invention ;  its  principal  merits  being  its  simplicity,  compactness,  speed,  and  econ'omy. 
It  is  what  is  called  a  '  perfecting  machine,'  as  it  prints  hotb  sides  al  the  sheet  at  one 
revolution.  The  paper  passing  through  the  machine  in  a  direct  line,  and  with  me- 
chanical predsion,  the  register  will  always  be  perfect;  that  is  to  say,  the  pages  on  one 

1691      • 


side  are  printed  exactly  on  the  back  of  the  pages  on  the  other  side.  The  Walter 
machine  occupies  a  space  of  only  14  feet  by  S  feet,  or  less  than  any  other  machine  yet 
introduced.  The  speed  being  altogether  independent  of  manual  dexterity,  and  regu- 
lated solely  by  mechanical  appliances,  is  capable  of  increase  in  a  Way  that  no  other 
printing  machine  on  any  other  principle  can  possibly  be.  The  exclusive  use  of  stereo- 
type-plates releases  the  type  from  all  wear  and  tear,  so  that  a  fount  of  type,  instead 
Ol  being  renewed  every  two  years,  will  last  at  least  twenty.  The  type  at  present  em- 
ployed in  printing  '  The  Times '  has  been  in  use  about  1 6  years.  Theplates,  after  being 
employed  for  one  day's  impression,  are  melted  down  for  the  next  The  paper  mounted 
on  a  huge  reel,  3  miles  120  yards  in  length,  as  it  comes  from  the  paper-mill,  appears 
to  fly  through  among  the  cylinders  at  the  rate  of  nearly  1 ,000  feet  a  minute,  and  is 
printed  in  less  than  26  minutes  ;  each  reel,  Then  printed,  produces  4,350  newspapers. 
It  is  led  from  the  reel  into  a  series  of  small  cylinders,  where  it  passes  through  a 
trough  of  cold  water,  and  is  then  brought  between  the  first  and  second  of  fonr  cylin- 
ders raised  perpendicularly  above  each  other.  The  top  cylinder  is  encircled  by  stereo- 
type-casts from  four  pages  of  type,  and  the  lowest  of  the  four  cylinders  is  similarly 
surrounded  by  stereotype-plates  of  the  remaining  four  pages  of  the  newspaper.  In 
passing  through  the  first  pair  of  impression-cylinders  it  is  printed  on  one  side.  It  is 
next  reversed,  and  passes  through  the  second  pair  of  cylinders,  where  it  is  printed  on 
the  other  side.  It  then  continues  its  course  onwnids,  passing  between  two  cutting- 
blinders,  placed  in  the  centre  of  the  machine,  which  divide  the  web  of  the  now  printed 
paper  into  its  proper  length,  forming  a  complete  newspaper.  The  sheets  are  then 
rapidly  conducted  by  tapes  into  a  swing  fTame,  which,  as  it  viloates,  delivers  them 
alternately  on  either  side,  and  deposits  them  on  tables  at  which  two  lads  sit  to  receive 
them.  Tne  sole  attendants  necessary  are  those  two  lads  and  an  overlooker,  who  places 
the  stereotype-plates  on  the  machine,  starts  it,  and  attends  to  the  rolls  of  paper  as 
they  are  unwound.  The  delay  in  changing  from  one  reel  to  another  scarcely  exceeds 
one  minute.  The  sheets  are  printed  at  the  rate  of  12,000  copies  per  hour.  The 
machine  is  almost  self-acting,  the  ink  being  pumped  up  into  an  ink-box  from  a  cistern 
in  the  room  below.  An  index  is  fixed  to  each  machine,  whidi  connts  each  sheet  as  it 
is  cnt.  Fonr,  and  sometimes  five,  of  these  machines  are  necessary  for  the  printing  of 
'  The  Times,'  according  to  the  time  required  for  its  publication ;  the  whole  number  being 
printed  in  fiom  one  hour  to  one  hour  and  a  half.  If  fonr  machines  are  required,  four 
stereotype-plates  are  required  from  each  page.  If  five  machines,  five  plates  of  each 
page,  which  would  be  forty  plates  in  the  whole.  Escn  page  is  cast  in  about  twenty 
minutes. 

The  following  table  shows  the  number  of  letters  in  each  of  the  morning  newspsperSi 
taken  during  the  month  of  April  1873 : — 
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MoningToRt 

.    632,886 

Standard 

.    708,428 

Morning  Adyertiaer 
DaUyNews  . 

.    684.715 

DMly  Telegraph    . 

.  1,068,200 

.    704,619 

The  O^ea     . 

.  2,19S,9«8 

Plalm  ifaeUne,  or  He  S^otUtwood*  Prett. — ^The  fintaticeeasfal  application  of  ateam, 
aa  a  motive  power,  to  printing  preaaee  with  a  platen  and  vertical  pressure  was  made 
in  the  ofBce  where  this  book  is  being  printed.  ConTinoed  of  the  superiority  of  the 
impression  made  by  flat  as  compared  with  that  of  cylindrical  pressure,  Mr.  Andrew 
Spottiswoode,  assisted  by  his  chief  engineer,  Hr.  Brown,  succeeded,  after  many  experi- 
ments, in  perfecting  a  machine  which  combines  the  excellence  of  the  hand-press  with 
more  than  four  times  ita  speed,  and  a  uniformity  in  colour  which  can  never  be  attained 
^y  ihking  by  hand.  The  main  point  of  the  invention  is  the  endless  screw  or  drum 
which  takes  the  carriage  and  type  under  the  platen,  and,  aft«r  the  impression  is  taken, 
letoms  it  to  its  origins^  position. 

VaSXTZKa  JUrS  MVacsaBXVO  OASBS.  It  will  be  remembered  that  in 
the  early  days  of  railway  trarelling,  the  ticket  system  then  in  vogue  at  the  various 
stations  was  a  positive  nuisance ;  as  every  ticket  before  it  was  delivered  to  a  passenger 
had  to  be  stamped  and  torn  out  of  a  book, — thus  causing  the  loss  of  eonsiderabls 
time  to  travellers  when  many  passengers  were  congregated.  The  first  to  remedy  this 
was  Mr.  JEdmondson,  who  constructed  an  ingenious  apparatus  for  printing  the  tickets 
with  consecutive  numbers,  and  also  dating  the  same.  This  gave  great  &cilities  for 
checking  the  accounts  of  the  station  clerks ;  but  owing  to  the  imperfect  manner  of 
inking,  consequent  on  the  construction  of  the  apparatus,  the  friction  to  which  the 
tickets  were  exposed,  before  they  were  delivered  up,  in  a  great  manner  obliterated  the 
printing,  and  occairionally  rendered  them  quite  illegible.  By  Messn.  Church  and 
Goddard's  machine  for  printing,  numbering,  cutting,  counting,  and  packing  railway 
tickets,  this  difSculty  is  removed,  and  great  speed  is  attained  in  manufacturing  the 
tickets,  as  the  several  operations  are  simultaneously  performed.  Pasteboard  cut  into 
strips  by  means  of  rollers  is  fed  into  the  machine,  by  being  laid  in  a  trough,  and 
brought  under  the  prongs  of  a  fork  (working  with  an  intermittent  movement),  which 
pushes  the  strips  successively  forward  between  the  first  pair  of  a  series  of  gnide  or 
carrying  rollers.  There  are  four  pairs  of  rollers,  placed  80  aa  to  conduct  tiie  strip 
through  the  machine  in  a  horizontal  line ;  and  an  intermittent  movement  is  given 
them  for  the  purpose  of  carrying  the  strips  forward  a  short  distance  at  intwvals. 
The  standards  «f  the  machine  carry,  at  the  top,  a  block  termed  '  the  platen,'  as  it 
acts  the  part  of  the  press-head  in  the  common  printing  machine, — portions  of  it 
projecting  downwards  between  the  npper  rollers  of  the  first  and  second,  and  second 
and  third  pairs  of  carrying  rollers,  nearly  to  the  horizontal  plane,  in  whidi  the  paste- 
board lies,  so  as  to  sustain  it  at  those  points  while  it  receives  the  preasure  of  the 
printing  types  and  numbering  discs,  hereafter  referred  to.  The  types  to  designate  the 
nature  of  the  ticket,  as  '  Birmingham,  First  Class,'  are  secured  in  a  '  chase,'  upon  a 
metal  plate  or  table,  which  also  carries  the  numbering  discs  for  imprinting  the  figures 
upon  the  cards ;  and  the  table  by  a  cam  action  is  alternately  raised,  to  bring  the  typos 
and  numbering  discs  in  contact  with  the  pasteboard,  and  then  lowered  into  a  suitable 
position,  to  admit  of  an  inking-roller  moving  over  the  types  and  numbering  discs,  and 
applying  ink  thereto.  The  table  likewise  carries  at  one  end  a  knife,  which  acts  in 
coignnmon  with  a  knife-edge,  projecting  downwards  from  the  fixed  head  of  the 
machine,  and  thereby  gives  the  cross-cut  to  the  strips  between  the  third  and  fourth 
pain  of  carrying  roUers, — thus  severing  each  into  a  given  number  of  tickets.  The 
strip  of  pasteboard  which  is  fed  into  the  machine  stops  on  arriving  at  the  second  pair 
of  carrying  rollers ;  and,  on  the  ascent  of  the  printing-table,  the  types  print  on  that 
portion  which  is  between  the  first  and  second  pairs  of  roUers.  The  strip  then  passes 
on  to  the  third  pair  of  rollers,  where  it  stops ;  and,  on  the  table  again  ascending,  the 
numbering  discs  imprint  the  proper  number  upon  the  pasteboard  between  the  second 
and  third  pairs ;  the  t^pe,  in  tiie  meanwhile,  printing  what  is  to  be  the  next  following 
ticket  On  the  next  ascent  of  the  table,  the  strip  has  advanced  to  the  fourth  pair  (^ 
rollers ;  and  the  knives  being  now  brought  into  contact,  the  printed  and  numbered 
portion  of  the  strip  is  severed.  The  now  completed  ticket  is  lastly  delivered  by  the 
fourth  pair  of  rollers  into  a  hollow  gnide  piece,  and  conducted  to  a  box  below,  provided 
with  a  piston,  which,  to  facilitate  the  packing  of  the  tickets  in  the  box,  can  be  adjusted 
to  any  height  to  receive  the  tickets  as  they  &11.  To  avoid  the  necessity  of  having  to 
count  the  tickets  after  they  are  taken  from  the  receiving  box,  a  counting  apparatus, 
connected  with  the  working  parts  of  the  machine,  is  made  to  strike  a  beU  on  the 
completion  of  every  hnndr^  or  more  tickets,  so  as  to  warn  the  attendant  to  remove 
them  from  the  box.  The  inking  apparatus  is  assimilated  in  character  to  self-acting 
inkers  in  ordinary  printing  presses ;  and  the  numbering  discs  are  wwked  in  a  maiUKe 
Teiy  similar  to  those  for  paging  books. 
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A  rimple  antuigement  of  apparatiu  for  printing  and  nnmberiog  cards  baa  been 
introduced  by  HeArs.  Harrild  and  Sons.  The  typoa  are  fixed  in  a  metal  frame,  -which 
also  carries  the  Dombering  discs.  This  frame  is  monnted  on  a  roeldng  shaft,  and  is 
furnished  -with  a  handle,  whereby  it  is  rocked  to  bring  doim  the  ty})es  and  discs  upon 
the  card,  to  produce  the  impression.  When  the  frame  is  raised  again,  the  units  disc 
is  mor^  tarmid  one  figure,  and  the  types  are  inked  by  a  small  roller,  which  takes  its 
supply  of  ink  from  an  inUng-table,  that  forms  the  top  of  the  frame. . 

M.  Baranowski,  of  Fans,  invented  a  machine  for  printing  and  numbering  tickets, 
and  also  indicating  the  number  printed.  The  types  and  numbering  discs  are  carried 
by  a  horizontal  rotating  shaft,  upon  which,  near  each  end  thereof,  is  a  metal  disc ;  and 
upon  the  periphery  of  these  discs  a  metal  frame  is  affixed,  which  carries  the  types  and 
numbering  discs,  and  corresponds  in  curvature  with  the  edge  of  the  discs.  The  types 
for  printing  the  inscriptioii  jipon  the  ticket  are  arranged  at  right  angles  to  the  length 
«f  the  shaft,  which  podtion  admits  of  some  lines  of  the  inscription  being  printed  in 
one  colour,  and  the  remainder  in  another  colour.  In  the  type-frame  a  slot  or  opening 
is  formed  lengthwise  of  the  shaft ;  and  behind  this  opening  are  three  numbering  discs, 
and  tiiree  discs  for  indicating  the  quantity  of  tickets  numbered, — all  standing  in  the 
same  row.  The  nnmbering  discs  are  made  with  raised  figures,  which  project  through 
the  slot,  in  order  to  print  the  number  upon  the  ticket ;  and  on  the  peripheries  of  the 
registering  discs  (which  move  simultaneonriy  with  their  corresponding  nnmbering 
discs),  the  figures  are  engraved.  The  tickets  to  be  printed  and  numbered  are  placed 
in  a  rectangular  box  or  receiver,  having  at  the  bottom  a  fiat  sliding  piece,  whica  has 
a  reciprocating  motion  for  the  purpose  of  pushing  the  lowest  ticket  out  of  "the  box, 
through  an  opening  in  the  firont  side  thereof,  beneath  an  elastic  pressing-roller  of  india- 
mbbOT ;  the  type-frame  (with  the  types  and  figures  properly  inked),  is  at  the  same 
time  brought,  by  the  rotation  of  its  shaft,  into  contact  with  the  ticket  beneath  the 
pressing  roller,  and  as  it  continues  its  motion,  it  causes  the  ticket  to  move  forward 
beneath  the  pressing  roller,  and  to  be  properly  printed  and  numbered.  The  ticket 
then  falls  from  the  machine ;  and  the  type-frame,  carried  on  by  the  revolution  of  the 
shaft,  brings  that  number  on  the  registering  discs  which  corresponds  with  the  number 
printed  on  the  ticket,  under  a  small  opening  in  the  case,  covered  with  glass;  whereby 
the  number  of  tickets  printed  will  be  indicated. 

ntXirTXirO,  WATVXB.    See  Natcsb  Fbektims. 

y&nrvxwa  BOK&SKS.  Elastic  inking-rollers  were  introduced  by  Messrs. 
Donkin  and  Bacon.  They  are  made  of  a  mixture  of  glue  and  treacle,  or  of  glue  and 
honey;  the  American  honey,  it  is  said,  being  preferred.  1  pound  of  good  glue  is 
softened  by  soaking  in  cold  water  for  twelve  hours,  and  then  it  is  united,  by  means  of 
heat,  with  about  two  pounds  of  ordinary  treacle.    See  Pbimtiko. 

Messrs.  Hoe  &  Co.  give  the  following  directions  for  making  and  preserving 
compoeition-roUers :  For  a/linder-preu  roUert,  Cooper's  I7o.  1.  x  glue  is  snfBdent 
for  ordinary  purposes,  and  will  be  found  to  make  as  durable  rollers  as  higher-priced 
glues: — 

Place  the  glue  in  a  bucket  or  pan,  and  cover  it  irith  water ;  let  it  stand  half  an 
hour,  or  until  about  halfpenetrated  with  water  (care  should  be  used  not  to  let  it  soak 
too  long),  then  pour  it  o£^  and  let  it  remain  until  it  is  soft.  Fut  it  in  the  kettle  and 
cook  it  until  it  is  thoroughly  melted.  If  too  thick,  add  a  little  water  until  it  becomes 
of  proper  consistency.  The  molasses  may  then  be  added,  and  well  mixed  with  the 
glue  by  frequent  stirring.  When  properly  prepared,  the  composition  does  not  require 
boiling  more  than  an  hour.  Too  much  boiling  candies  the  molasses,  and  the  roller 
consequently  will  be  found  to  lose  its  suction  much  sooner.  In  proportioning  the 
material,  much  depends  upon  the  weather  and  temperature  of  the  place  in  which  the 
rollers  are  to  be  used.  8  pounds  of  glue  to  1  ^illon  of  sugar-house  molasses,  or 
syrup,  is  a  very  good  proportion  for  summer,  and  4  pounds  of  glue  to  1  gallon  of 
molasses  for  winter  use. 

Hand-press  roUeri  may  be  made  of  Cooper's  No.  1^  (one  and  a  quarter)  glue,  using 
more  molasses,  as  they  are  not  subject  to  so  much  hard  usage  as  cylinder-praa  rolleri, 
and  do  not  require  to  be  as  strong ;  for  the  more  molasses  Uiat  can  be  used  the  better 
is  the  roller.  Before  pouring  a  roller,  the  mould  should  be  perfectly  clean,  and  well 
oiled  with  a  swab,  bat  not  to  excess. 

'  Boilers  should  not  be  washed  immediately  after  use,  but  should  be  put  away  with 
the  ink  on  them,  as  it  protects  the  surface  from  the  action  of  the  air.  When  washed 
and  exposed  to  the  atmosphero  for  any  length  of  time,  they  become  dry  and  skinny. 
They  should  be  washed  about  half  an  hour  before  using  them.  In  cleaning  a  new 
roller,  a  little  oil  rubbed  over  it  will  loosen  the  inlc,  and  it  should  be  scraped  clean 
with  Uie  back  of  a  case-knife.  It  should  be  cleaned  in  this  way  for  about  one  week, 
.when  Ige  may  be  used.    New  rollers  are  often  spoiled  by  washing  them  too  soon  with 
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lye.  Otmphene  nwy  be  mlxtitated  for  oil ;  bnt  owing  to  its  oomboitiUe  natON  H  is 
objeetionabie,  as  aocidenti  may  arise  from  its  use. 

WKtmStn,  •TSnOTTVa.    See  SrsBBorm. 

VSOOV  CVSUT.    See  Alcohol, 

VSOVTUn.  A  gas  obtained  among  the  piodnets  of  the  deoomposition  ot 
amylie  alcohol.    SeeOAS-OoAL.  i 

VKOTSnra.  The  name  given  to  the  rabstance  obtained  by  digesting  albuminous 
matters  in  weak  caustic  potash,  and  precipitating  by  acetic  acid. 

MMVOOm  (irparroi,  first ;  ylyroiuu,  to  form).  A  granite  composed  of  felspar, 
quarts,  and  tale.    This  term  is  nearly  restricted  to  the  Frend  geologists. 

VBOVSTTTBiOr  Light  Sed  Silvsr  Ore.  An  srsenio-sulphide  of  silyer,  resembling 
pjnar^rrite,  but  distinguished  by  its  paler  cochineal-red  colour.  It  is  a  valuable  ore, 
found  m  Snony,  Mezieo,  Chili,  Nevada,  &e.    See  SiLvaB. 

ntOVZVa  MAOanra.  The  figures  show  a  useful  machine  fbr  testing  the 
quality  and  power  of  india-rubber  springs,  designed  by  Mr.  <h»alffi  E^ncer,  of  tha 
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firm  of  Oeo.  Spencer  and  Co.,  and  used  by  them  for  that  purpose.  Fig.  1092  shows 
an  elevation,  partly  in  section,  of  the  machine :  fig.  1693  a  plan  of  the  same,  a  is 
a  strong  cast-iron  frame,  supported  by  two  cast-iron  standards,  b,  B ;  c  is  a  sliding 
piston,  working  in  a  hole  cast  in  the  end  of  frame,  a,  one  end  of  which  impinges 
against  the  short  arm  of  a  strong  cast-iron  lever,  d,  forming  one  of  a  system  of  com- 
pound levers  as  shown,  having  Mcmms  at  t  and  /,  and  provided  ^th  a  Salter's 
balance,  g,  to  register  the  power  exerted  by  the  spring. 

At  the  other  end  of  frame,  a,  a  brass  nnt,  o,  is  placed  in  a  hole  in  the  frame, 
through  which  a  square-threaded  screw,  s,  works  by  means  of  the  handle,  H,  or  by  a 
long  lover  of  wrou^t  iron,  according  to  the  power  of  spring  to  be  tested. 

The  spring  to  be  tested  is  placed  between  the  two  sliding  guide-platea,  ir,  y,  and 
a  wrongtit-iron  bolt  passed  through  the  plates,  k,  h',  and  spring,  i,  and  passing  into 
the  hollow  piston,  c,  for  the  purpose  of  keeping  the  spring  in  correct  position,  and 
receiving  in  its  hollow  head,  m,  the  end  of  the  screw,  s.  The  action  may  be  thus  de- 
scribed : — The  handle,  R,  being  tnmed,  the  screw,  s,  advances  and  pnshes  on  the  plat* 
y(,  by  means  of  the  bolt-head,  x.  The  other  plate,  ir,  rests  against  the  piston,  c,  and 
is  pressed  against  it  by  the  intervening  spring,  z.  The  leverage,  D,  is  so  arranged 
that  1  lb.  on  the  dial  is  equal  to  2  cwts.  on  the  spring,  or,  in  other  words,  is  1  in  224. 
Springs  of  a  force  of  20  tons  can  be  tested  by  this  machine  safely.    See  CAOCTCHOca 

VacVZaiOHBi  OnuWil  or.    See  Meats,  Pbbsekvsd  ;  Pctbefacttov. 

JPHUJiaiAA.  A  thin  woollen  or  mixed  stuff  now  chiefly  used  for  covering 
shoes,  especially  such  as  are  worn  by  old  women. 

TCtmrVS.  A  genns  of  the  Botaceet,  containing  several  species  which  yield  edible 
fruits.  Thevarietiesof  P.  domesMea  are  known  as  plnms,  greengages,  and  damsons.  P. 
eeratut  is  the  cherry ;  P.  Armeniaca  the  npricot ;  and  P.  tjrinota  the  sloe  or  blackthmn. 

TCtiraSZ&W  B&Va.  (Berliner  Btau,  Qer.)  This  is,  in  its  pure  state,  a  feiro- 
eyanide  of  iron  (ferrie-ferrocyanide).  When  organic  matters  abounding  in  nitrogen, 
nch  as  dried  blood,  homsi  hair,  skins,  or  hoofs  of  animals,  are  tdtoxated  along  with 
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potuh  in  k  MxeBgly-ignited  iron  pot,  a  dark  gny  mass  is  bbtalned,  that  afibtds^  to 
\rateT  the  liqnor  originally  called  lixivium  Mmguiitis,  or  blood-lys.  This  solution 
jidds  crystal^  known  in  commarce  as  the  yellow  pnusiate  of  potash.  If  to  this  salt 
solntions  of  any  per-salt  of  iron  be  added,  Prnssian  bine  is  formed.  If  the  iron  in  the 
salt  employed  be  present  as  protoxide,  it  will  aSbxd  a  precipitate,  at  first  pale  blpe, 
iriiich  tarns  dark  bine  in  the  air.  If,  howerer,  the  salt  employed  contains  peroxide 
of  iron  (ferric  salts)  the  precipitate  is  at  once  a  dark  bine.  The  white  cyanide  of  iron 
(the  pmssiate  of  the  pnre  protoxide)  when  exposed  to  the  air  in  a  moist  condition, 
becomes,  as  aboTe  stated,  daA  bine ;  yet  the  new  combination  formed  in  this  case 
throngh  absorption  of  oxygen,  is  essentially  different  from  that  resnlting  from  the 
precipitation  by  the  peroxide  of  iron,  since  it  contains  nn  excess  of  the  peroxide  in 
addition  to  the  nsiial  two  cyanides  of  iron.  It  has  been  therefore  called  batic  Prnssian 
bine,  and,  from  its  dissolring  in  pore  water,  lolvblt  Prussian  bine. 

Both  kinds  of  Pmseian  bine  agree  in  being  ycnd  of  taste  and  smell,  in  attracting 
hvmidity  from  the  air  when  they  are  artificially  dried,  and  being  decomposed  at  a 
heat  abore  848°  Fahr.  The  neutral  or  insohMe  Prussian  bine  is  not  aSscted  by  alcohol; 
the  basic,  wheh  dissolved  in  water,  is  not  precipitated  by  that  liqnid.  Neither  is 
it  acted  upon  by  dilate  acids ;  bnt  they  form  with  concentrated  solphnric  acid  a  white 
pasty  mass,  from  which  they  are  again  reproduced  by  the  action  of  cold  water.  They 
are  decomposed  by  strong  sal{Anne  add  at  a  boibng-heat,  and  by  strong  nitric  acid 
at  common  temperatnres ;  but  they  are  hardly  afbcted  by  the  muriatic.  They 
become  green  with  chlorine,  but  resume  their  bine  colour  when  treated  with  de- 
oxidising reagents.  When  Prussian  blue  is  digested  in  warm  water  along  with  potash, 
soda,  or  lime,  peroxide  of  iron  is  separated,  and  a  fflgooprossiate  of  potash,  soda,  or 
lime  remains  in  solution. 

Z%«  preeipUatioH  of  Pruuian  bltie. — Oreen  solj^te  of  iron  is  eommonly  employed  by 
the  manufacturer,  on  account  of  its  cheapness,  for  mixing  with  solution  of  the  fetro- 
pmssiate,  in  fbnning  Prussian  bine,  though  thepersnlphate,  nitrate,  or  mnriate  of 
iron  would  allbid  a  much  richer  bine  pigment,  miatever  salt  of  iron  be  preferred, 
it  should  be  carefUly  freed  ttom  any  cnpreous  impregnation,  as  this  would  give  the 
pnre  bine  a  dirty  brownish  cast  The  green  snlphate  c^  iron  is  the  most  advantageous 
precipitant,  on  account  of  its  affording  protoxide,  to  convert  into  ferrogranide  any 
^nide  of  potassium  that  may  happen  to  be  present  in  the  nncrystallised  UziTium. 
^e  carbonate  of  potash  in  that  hxlrinm  might  be  saturated  with  sulphuric  add 
before  adding  the  solution  of  sulphate  of  iron ;  but  it  is  more  commonly  done  by 
adding  a  certain  portion  of  alum,  in  which  case  alumina  fidls  along  with  the  Prus- 
sian blue ;  and  though  it  renders  it  somewhat  paler,  yet  it  proportionally  increases  its 
weight ;  whilst  the  acid  of  the  alum  saturates  the  carbonate  of  potash,  and  prevents 
its  throwing  down  iion-oxide,  to  degrade  by  its  brown-red  tint  the  tone  of  the  blue. 
For  every  pound  of  pearlash  used  m  the  caldnation,  from  two  to  three  ponnds  of 
alum  are  employed  in  the  precipitation.  When  a  rich  blue  is  wished  for,  the  free 
alkali  in  the  Prussian  lye  may  be  partly  saturated  with  sulphnric  add,  before  adding 
the  mingled  solutions  of  copperas  and  alum.  One  part  of  the  snlphate  of  iron  is 
generally  allowed  for  15  or  20  parts  of  dried  blood,  and  2  or  8  of  horn-shavings  or 
hoofs.  But  the  proportion  will  depend  very  much  upon  the  manipulations  ;  which, 
if  skilfUly  conducted,  will  produce  more  of  the  cyanides  of  iron,  and  require  more 
copperas  to  neutralise  them.  The  mixed  solutions  of  alum  and  copperas  should  be 
progresdvely  added  to  the  lye  as  long  as  they  produce  any  precipitate.  This  is  not 
at  first  a  fine  blue,  but  a  greenish  grey,  in  conseqnence  of  the  admixtnre  of  some 
white  cyanide  of  iron ;  it  becomes  gradually  blue  by  the  absorption  of  oxygen  from 
the  air,  which  is  favoured  by  agitation  of  the  liqnor.  Whenever  the  colour  seems 
to  be  as  beantiftal  as  it  is  likely  to  become,  the  liqnor  is  to  be  run  off  by  a  spigot  or 
cock  from  the  bottom  of  the  predpitation  vats,  into  flat  cisterns,  to  settle.  The  clear 
supernatant  fluid,  which  is  cniefly  a  solntion  of  snlphate  of  potash,  is  then  drawn  off 
by  a  syphon ;  more  water  is  run  on  with  agitation  to  wash  it,  which  after  settling  is 
again  drawn  off;  and  whenever  the  washings  become  tasteless,  the  sediment  is  thrown 
upon  filter  sieves,  and  exposed  to  dry,  first  in  the  air  of  a  stove,  but  finally  upon 
slabs  of  chalk  or  Paris-plaster.  Bnt  for  several  purposes,  Prussian  blue  may  be  best 
employed  in  the  fresh  pasty  state,  as  it  then  spreads  more  evenly  over  paper  and  other 
•omees. 

A  good  artide  is  known  by  the  following  tests :— It  feels  tidit  in  the  hand,  adheres 
to  the  tongue,  has  a  dark  lively  Uue  colour,  and  gives  a  smooUi  deep  trace ;  it  should 
not  ei&rresce  with  adds,  as  when  adulterated  wiu  chalk ;  nor  become  pasty  with  boil- 
ing water,  as  when  adulterated  with  starch.  The  Paris  blue,  prepaied  without  alum, 
with  a  peroxide  salt  of  iron,  displays,  when  rubbed,  a  coppor-red  lustre,  like  indigo. 
Pmanan  blue,  degraded  in  its  colour  by  an  admixtnre  of  free  oxide  of  iron,  may  be 
improved  by  digestion  in  dilnta  sulphuric  or  moriatie  add,  'Washing  and  drying. 
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,Ito  yeUtira  richoeM  in  the  real  ferropnusiate  «f  iron  ma^  be  estimated  by  the 
quantity  of  potash  or  eoda  vhich  a  given  quantity  of  it  reqnirei  to  destroy  its  blue 
mIow.   . 

Sulphuretted  hydrogen  passed  through  Prussian  blue  diffused  in  water  whitens  it; 
while  prussic  acid  is  elinunated,  sulphur  is  thrown  down,  and  the  sesqnicyanide  of 
iron  is  converted  into  the  single  cyanide.  Iron  and  tin  operate  in  the  same  way. 
When  Prussian  blue  is  made  with  two  atoms  of  fenocyanide  of  potassium  instead  of 
one,  it  becomes  soluble  in  water.  Soluble  Prussian  blue  is  generally  prepared  by 
adding  peichloride  of  iron  to  excess  of  ferrocyanide  of  potassium. 

For  the  mode  of  applying  this  pigment  in  dyeing,  see  CAUoo-FBtHTlMa. 

A  process  for  Prussian  blue,  which  deserves  notice,  as  the  first  in  which  that 
interesting  compound  was  made  to  any .  extent  independently  of  animal-matter, 
was  introduced  by  Hr.  Ijewis  Thompson,  who  received  a  medal  from  the  Society  of 
Arts,  in  1837,  for  this  invention.  He  observed  that  in  the  common  way  of  mammae- 
luring  pmssiate  of  potash,  the  quantity  of  nitrogen  Aimished  by  a  given  weight  of 
nnimal-matter  is  not  large,  and  seldom  exceeds  8  per  cent. ;  and  of  this  small  quantity, 
at  least  one  half  appears  to  be  dissipated  during  the  ignition.  It  occurred  to  him  that 
the  atmosphere  might  be  economically  made  to  supply  the  requisite  nitrogen,  if 
caused  to  act  in  favourable  circumstances  upon  a  mixture  of  carbon  and  potash.  He 
found  the  following  to  answer ; — Take  of  pcarlash  and  coke,  each  2  parts ;  iron  turn- 
ings, 1  part;  ^nd  them  together  into  a  coarse  powder;  place  this  in  an  open 
cmcible,  and  expose  the  whole  for  half  an  hour  to  a  full  red  iieat  in  an  open  fire,  with 
occasional  stirring  of  the  mixture.  Curing  this  process,  little  jets  of  pmrple  fiarae 
will  be  observed  to  rise  from  the  surface  of  the  materials.  Vrhen  these  cease,  the 
crucible  must  be  removed  and  allowed  to  cool.  The  mass. is  to  be  lixiviated;  the 
lixivium,  which  is  a  soltttion  of  ferrocyanide  of  potassium,  with  excess  of  potasli,  is 
to  be  treated  in  the  usual  way,  and  the  block  matter  set  aside  for  a  fresh  operation, 
with  a  fresh  dose  of  pearlash.  Mr.  Thompson  stated  that  one  potmd  of  pearlasb, 
containing  45  per  cent,  of  alkali,  yielded  1,355  grains  of  pnre  Prussian  blue,  or 
ferrocyanide  of  iron,  or  about  3  ounces  avoirdupois. 

Of  late  years  several  improvements  have  been  introduced  into  the  manufacture  of 
Prussian  blue,  relating  chiefly  to  oxidation  of  the  white  precipitate  thrown  down  from 
a  solution  of  green  sulphate  of  iron  and  alum  by  means  of  yellow  pmssiate  of  potash. 
Instead  of  oxidising  this  precipitate  by  exposure  to  the  atmosphere,  recourse  may  be 
had  to  the  oxidising  power  of  chlorine;  thus  nitro-muriatic  acid  (aqua  regia)  may  be 
added  to  the  precipitate.  Perchloride  of  iron  or  perchloride  of  manganese  may  be 
nscd  with  similar  effect. 

Prussian  blue  may  also  be  prepared  firom  the  ammoniacal  liquor  of  gas-works,  or 
from  the  spent  lime  of  gas-purifiers, 

VKVBSZAV  MStOXnt.  A  fine  deep  brown  colour  obtained  by  adding  the  yellow 
pmssiate  of  potash  (fenocyanide  of  potassium)  to  a  solution  of  sulphate  of  copper. 

PSVOaXATS  or  potash.    See  Potash,  PscsaiATB  op. 

PRUS8XO  ACX9>    See  HTDBOCTAmo  AcED. 
.    PSZZAaca&Ajni.    An  ore  of  Wljxqaxxsm,  which  see, 

.  PVBSunra  or  zkojt.   SeelioK. 

9Urr  PASTS*  A  preparation  of  flour  and  butter,  which  is  in  great  demand, 
not  only  at  the  pastry-cooks',  but  in  almost  every  private  iamily.  Take  a  certain 
quantity  of  flonr,  say  half  a  pound,  put  it  upon  a  wooden  board,  make  a  hole  or  de- 
pression in  the  centre,  and  mix  it  with  somewhat  less  than  half  a  pint  of  cold  water, 
so  as  to  moke  a  softish  paste  ;  dry  it  off  from  the  board  by  shaking  a  little  flour  over 
and  under,  as  is  well  known,  but  do  not  'work  it'  more  than  you  can  help.  Take 
now  a  quarter  of  a  pound  of  fresh  butter,  which  should  be  as  hard  tu  pouibU  (and 
therefore  it  should  be  kept  in  as  cold  a  place  as  practicable,  the  ico  closet,  if  pro- 
eurable,  brang  the  best  place),  and  squeeze  out  all  the  water,  or  butter-milk  which  it 
contains,  by  kneading  it  with  one  hand  on  the  board.  This  operation  is  called  in 
French  '  manier  le  beurra.'  Boll  now  the  paste  prepared  as  alrave  into  a  fiat,  thick, 
square  slab,  extending  about  6  or  7  inches ;  lay  the  pat  of  bntter,  treated  as  above,  in 
the  middle  of  the  slab  of  paste,  and  so  wrap  the  buUor  up  into  it  by  folding  the  sides 
of  the  paste  all  round  over  it ;  roll  the  whole  mass  gently  with  the  roUing-pin,  so  as  to 
form  a  thick  sheet,  put  it  upon  a  tin  plate,  or  tray,  cover  it  with  a  linen  doth  wetted 
with  water  as  cold  as  possible,  and  leave  the  whole  at  rest  for  about  a  qoaiter  of  an 
hour  in  a  cold  place.  At  the  end  of  that  time,  roll  the  mass  with  the  rolling-pin  into 
a  sheet  about  15  or  16  inches  long,  and  fold  it  into  three,  one  over  the  other;  roll  it 
out  again  into  a  sheet  as  liefore,  and  again  fold  it  into  three,  one  over  the  other,  as 
before,  and  repeat  this  operation  once  more,  making  three  times  in  alL  Fnt  the 
squaro  mass,  with  a  wet  cloth  upon  it,  in  a  cold  place  for  another  quarter  of  an  hour, 
•a  before,  and  at  the  end  of  tliat  time  roU  it  out  with  the  rolling-pin,  and  fold  it  int^ 
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U>ie«^ OB* over ths otber,  ai  abora ;  anddo tUa  once  mote, makiag Ave  timta !n all, aftar 
which  the  pasta  ia  ready  for  uaa.  Care  must  be  taken,  during  Uie  rolling,  continually 
to  dost  the  board  and  tba  pasta  with  a  little  flour,  to  pniTent  sticking.  The  paste 
may  now  be  placed  in  the  dish,  or  tin,  in  vhicb  it  is  to  be  baked,  taking  care  to  cut 
the  psotruding  edges  with  a  pointed  and  sharp  knife,  so  as  to  leave  the  paste  all  round 
with  a  clean  cut  edge,  for  otherwise  it  will  not  fuff  vp  or  tieell.    The  thick  edges  of 

Eies  and  tarts  are  made  by  cutting  strips  of  the  paste  with  the  knife,  and  carefully 
lying  them  on  all  round,  taking  care  to  leavt  the  tdgti  guite  sharp.  The  prepared 
articles  are  then  pot  in  an  oren,  previously  brought  to  a  good  heat,  and  the  elastic 
vapour  disengaged  from  the  butter  and  water  will  at  once  causa  the  paste  to  swell 
into  parallel  layers  of  great  tenacity,  and  apparently  light,  but  really  very  heavy, 
since  each  of  these  thin  lamina  is  compact  and  distinct:  It  is  essential  to  .the  success 
of  the  operation  that  the  floor  of  the  oven  should  be  hot. 

VUHnoa-STOWB  (Piem-ponee,  Fr. ;  Bimtttin,  Oer.)  is  a  spongy,  vitreons- 
looking  mineral,  consisting  of  fibres  of  a  silky  lustre,  interlaced  with  each  other  in  all 
directions.  It  floats  upon  water,  is  harsh  to  the  touch,  having  in  mass  a  mean 
sp.  gr.  of  0*014 ;  though  brittle,  it  is  hard  enough  to  scratch  glass  and  most  metals. 
Its  colour  is  usually  greyish  white ;  but  it  is  sometimes  bluish,  greenish,  reddish,  or 
brownish.  It  fuses  without  addition  at  the  blowpipe  into  a  white  enamel.'  According 
to  Klaproth,  it  is  composed  of  silica,  77'fi ;  alumina,  17*5 ;  oxide  of  iron,  2 ;  potassa 
and  soda,  3;  in  100  parts.  The  acids  have  hardly  any  action  upon  pumice-stone.  The 
chief  localities  of  pumice  are,  the  Islands  of  Li  pan,  Fonza,  Ischia,  Vulcano,  Andemach, 
upon  the  banks  of  the  Bhine ;  in  Teneriffe,  Iceland,  and  Aurergne,  &o. 

FVMV.    See  HTDKAruc  Machinbbt. 

PmiBacX  M<I»BT«».  A  hard  bluish-grey  limestone,  so  called  from  its  being 
found  in  the  Isle  of  Furbeck,  where  it  occurs  in  the  upper  beds  of  the  formation  of  that 
name.  Like  the  Sussex  marble,  it  is  susceptible  of  a  fine  polish,  and  is  crowded 
with  the  remains  of  a  species  of  freshwater  snail  {Paludina  carmifera),  and  the 
beauty  of  the  marble  is  the  result  of  the  pattern  produced  by  the  sections  of  the 
induded  shells.  These  latter  aro  of  a  much  smaller  species  than  those  which  occur 
in  the  Snasez  ntarble,  and  the  difference  in  the  size  of  the  shells  affords  an  easy  meanv 
of  distinguishing  between  the  two  marbles. 

Many  old  sepulchral  monuments  are  partly  composed  of  Porbeck  marble ;  as  are 
also  the  slender  shafts  and  columns  of  many  of  the  Gothic  cburchea  of  this  country, 
of  which  there  are  examples  in  the  Temple  Church  in  London,  Vrestminster  Abbey, 
Winchester  and  Salisbury  Cathedrals,  &c. 

.  Fine  blocks  of  this  marble  are  still  quarried  in  the  Isle  of  Furbeck,  but,  except  for 
eedenaatical  purposes,  it  is  little  used,  in  consequence  probably  of  its  inferiority  to 
other  marbles  wiu  regard  to  colour. — H.  W.  B. 

WVMniB  or  OAasxvs,  Oold  purple  {Pburpre  it  Cauitu,  Fr. ;  Gotdpurpittr, 
Oer.).    See  Okasma,  Pusplb  of. 

vmtVia  or  ISO&XiiniCA.  a  visdd  fluid,  secreted  by  the  Bueeinum  U^Slus, 
and  some  other  shell-fish.  The  Tynan  dye  of  the  Greeks,  and  Imperial  Purple  of  the 
Bomans,  was  in  all  probability  obtained  fh>m  the  same  source, — ^tue  mollusca  of  the 
Mediterranean  Sea.    Sea  Mmsxiss. 

WmWlM  BTM<  The  purple  dyes  now  obtained  by  mora  or  less  complex 
processes  from  coal-tai?  are  so  incomparably  superior  to  any  others,  both  in  brilliancy 
and  permanence,  that  their  production  has  opened  up  a  new  era  in  dyeing  and  calico- 
printing.    See  AinuKa,  tee. 

■  WXVmtXO  AOZ9  is  an  add  obtained  by  treating  uric  or  Uthic  acid  with  dilute 
nitric  add.    It  has  a  fine  purple  colour.    See  MvBixniB. 

vnxvtnuir  is  the  name  of  a  colouring  prindple,  supposed  by  Bobiquet  and 
Colin  to  exist  in  madder.    See  Masdkb. 

rvWMMM.  A  yellow  colouiing-mattw,  importad  into  Europe  from  India 
and  China.  It  is  said  to  be  formed  fr^im  tlie  urine  of  camels,  elephants,  and 
bnffiiloes,  after  the  animals  have,  eaten  the  fruit  of  the  mangosteen.  Stenhouse, 
however,  believes  it  to  be  s  vegetable  extract  mixed  with  magnesia.  It  is  much 
used  in  the  mann&cturo  of  Indian  yellow,  which  is  employed  in  oil  and  water- 
colour  painting. 

VTRCSBVAOTZOir,  and  Ut  Prevention.  (FSulni$»,  Ger.)  Fntrefhction  is  the 
spontaneous  decompoeil^on  of  albuminoid  or  protein  and  gelatine  compounds,  when 
exposed  to  a  limited  amount  of  air.  It  is  me  decomposition  of  bodies  containing 
nitrogen,  called  by  some  persons  asotised  bodies,  although  they  nro  .produced  only 
by  life,  are  the  pnncipol  means  of  produdng  life,  and  more  fitly  called  toogmt. 

Condiiiont  of  the  Pnventiun  of  Putrefaction.  The  drcumstances  by  which  putre- 
Action  is  counteracted,  are :  1,  the  chemical  change  of  the  azotised  juices;  2,  the 
abstroctioD  of  water;  3,  tho  lowering  of  the  temperature ;  and  4,  the  exdntion  of 
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ozT^ea    The  method*  aotoally  in  hm  may  b*  callad  (altiiig,  imokiag,  irjiag,  n.- 
«lusioii  of  air,  and  parboiling. 

1.  The  chemical  change!  of  the  aeotiiei  jtaeei, — ^The  snbatance  which  in  dead  animal- 
matter  is  fint  attacked  -with  putridity,  and  which  wrres  to  i-nMimnnipatii  it  to  the  solid 
fibrous  parts,  is  ■^1V""H'",  as  it  exists  combined  with  more  or  less  water  in  all  the  animal 
fluids  and  soft  parts.  In  those  vegetables  also  which  patreiy,  it  is  th*  albumen 
probably  which  first  suffers  decomposition ;  and  hence  uiose  plants  which  contain 
most  of  that  proximate  principle  are  most  apt  to  become  putrid,  and  most  resemble  in 
this  respect  animal  substances.  The  albumen  when  dissolred  ia  water,  -rary  readily 
putiafles  in  a  moderately  warm  air;  but  whan  coagulated,  it  seems  as  little  liable  to 
putridity  as  fibrin  itself.  By  this  change  it  throws  off  the  superfloous  water,  becomes 
solid,  and  may  then  be  easily  dried.  Hence  those  means  whKh  by  coagulation  make 
the  ejbnmen  insoluble,  or  form  with  it  a  new  compound,  which  does  not  diseolre  in 
water,  but  which  resists  putrefaction,  are  powerful  antiseptics.  Whenever  the 
albumen  is  coagulated,  the  unoombined  water  may  be  easily  eraporated,  and  the 
residuary  solid  matter  may  be  readily  dried  in  the  air,  so  as  to  be  rendered  nnsni- 
oeptible  of  deconqxisition. 

Some  acids  combine  with  the  albumen,  without  lepaiating  its  solution;  toob 
is  the  effect  of  vinegar,  citric  aoid,  tartaric  acid,  && 

Tannin  combines  with  the  albuminous  and  gelatinous  parts  of  aninuds,  and  forms 
insoluble  compounds^  which  resist  putre&cdon ;  on  vhicn  Hack  the  ait  of  tanning  is 
founded. 

Alcohol,  oil  of  turpentine,  and  some  other  volatile  oils,  likewise  coagulate  albumen, 
and  thereby  protect  it  from  putrescence.  The  most  remarkable  operation  of  this  kind  is 
exhibited  by  wood-vinegar,  chiefly  in  consequence  of  the  crtaiote  contained  in  it, 
according  to  the  discovery  of  Beichenbach.  This  peculiar  substance  has  so  decided 
a  power  of  coagulating  albumen,  that  even  the  minute  portion  of  it  present  in  pyro> 
ligneous  vinegar  assists  in  preserving  animal  parts  &om  putrefaction,  when  they 
are  simply  sofdied  in  it.  Thus,  also,  flesh  is  cured  by  wood-smoke.  Distilled  wood- 
tar  likewise  protects  animal-matter  £rom  change,  by  the  creasote  it  contains.  The 
pyxoligneous  acid  was  said  to  contain  five  per  cent,  of  creasote ;  it  does  not  do  so  now. 

The  metallic  salts  operate  yet  more  effectually  as  antiseptics,  because  they  form  with 
albumen  still  more  intimate  combinationa.  Under  this  head  we  class  the  green  and 
red  sulphates  of  iron,  chloride  of  zinc,  the  acetate  of  lead,  and  oonodve  sublimate ;  the 
latter,  however,  ttom  its  poisonous  qualities,  can  be  employed  o^y  mi  special  occasions. 
Nitrate  of  silvw,  though  equally  noxious  to  life,  is  so  antiseptic  that  a  solution 
containing  only  ijsth  of  the  salt  is  capable  of  preserving  animal-matter  £rom  corruption. 

2.  Abatraetiou  qf  water. — Even  in  those  cases  where  no  separation  of  the  albumen 
takes  place  in  a  coagulated  form,  or  as  a  solid  precipitate,  by  t^  operation  of  a  substance 
Ibraign  to  the  animal  juices,  putrefaction  cannot  go  on,  any  more  than  other  kinds  of 
fermentation,  in  bodies  wholly  or  in  a  great  measure  deprived  of  their  water,  as  the 
albumen  itself  runs  much  more  slowly  into  puttefacticoi,  i^en  less  water  is  eontaiaed, 
in  it ;  and  in  the  desiccated  stats  it  is  as  little  susceptible  of  alteration  as  any  other  dry 
vegetable-  or  animal-matter.  Hence,  the  proper  drying  of  an  animal  substance  becomes 
a  universal  preventive  of  putrescence.  Jn  this  way  friiits,  herbs,  cabbages,  fish,  and 
flesh  may  be  preserved  from  corruptioii.  If  the  air  be  not  cold  and  dry  enou(^  to 
causa  the  evaporation  of  the  fluids  bafoio  putrsaeeaoe  begins,  the  o^nio  substance 
must  be  dried  by  artificial  means,  such  as  by  being  aiqpased  in  thin  slraes  in  properiy- 
constructed  air-stoves.  At  a  temperature  under  1 40°  F^  the  albumen  dries  up  without 
coagulation,  and  may  then  be  redissolved  in  odd  water,  witli  its  valuable  pn^rties 
unaltered.  Here  desiccatioii,  indeed,  can  hardly  ever  be  employed  upon  fiesh. 
Culinary  salt  is  generally  had  recourse  to,  either  alone  or  with  the  aaditico  of 
saltpetre  or  sngar.  These  alkaline  salts  abstract  water  in  their  solution,  and,  conse- 
quently, oonoentiate  the  aqueous  solution  of  the  albumen ;  whence,  by  oonvertiiig  the 
simple  watery  fluid  into  salt  water,  which  is  in  general  less  fiivourablo  to  the  fer- 
mentation of  animal-matter  than  pure  water,  and  by  expelling  the  air,  and  probably  by 
chemical  combinations,  they  counteract  putridity.  On  this  account  salted  meat  may 
be  dried  in  the  air  much  more  speedily  and  safely  than  fresh  meat  The  drying  » 
promoted  by  heating  the  meat  merely  to  such  a  degree  as  to  consolidate  the  albnmeiii 
and  eliminate  the  superfluous  water. 

3.  Dtfect  of  warmth. — As  a  certain  degree  of  beat  is  requirite  for  the  vinow 
fermentation,  so  is  it  for  the  pntiefbctive.  If  in  a  damp  atmoq)here,  or  in  one  saturated 
with  moisture,  if  the  temperature  stand  at  from  70°  to  80°  F.,  the  putrefaction  goea 
on  most  rapidly ;  but  it  proceeds  languidly  at  a  few  degrees  above  fi^ecing,  and  is 
suspended  altogether  at  that  point  The  m-unmoliis  found  in  the  Siberian  ice  are 
proofs  of  the  preservative  influence  of  low  temperature.  In  temperate  t^mates,  ice- 
bouses  serve  uie  purpose  of  keeping  meat  fresh  and  sweet  for  any  iMgth  of  timsr 
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.  4.  Jb$traeti<m  of  oayqai  gat. — kM  the  putrefoetiT*  deeomposition  of  a  body  tel 
commences  -wiCh  the  absorption  of  oxygen  tasai  the  ntmoBphere,  so  it  may  be 
retarded  by  the  ezdneion  of  this  gas.  It  is  not,  however,  enough  to  remove  the 
aerial  oxygen  from  the  surface  of  the  body,  but  we  must  expel  all  the  oxygen  that 
may  be  mffiised  among  the  vessels  and  other  solids,  as  this  portion  sufScee  in  general 
to  excite  putrefaction,  if  other  circumstances  ba  favourable.  The  expulsion  is  most 
readily  accomplished  by  a  boiling  or  lower  heat,  which,  by  expanding  the  air, 
evolves  it  in  a  great  measure.  Millr,  soup,  solution  of  gelatine,  &c.,  may  be  kept 
long  in  a  ftesh  state,  if  they  be  subjected  in  an  air-tight  vessel  every  other  day  to  a 
boiBng  heat  Oxygenation  may  be  prevented  in  several  ways :  by  burning  siUphur 
or  plwspborus  in  the  air  of  the  meat  receiver;  by  filling  this  with  compressed 
carbonic  acid;  or  with  rals,  fats,  syrujps,  &c.,  and  then  sealing  it  hermetically. 
Charcoal-powder  recently  calcined  is  efficacious  in  preserving  meat,  as  it  not  only 
excludes  air  from  the  bodies  surrounded  by  it,  but  intercepts  the  oxygen  by  con- 
densing it,  and  causing  it  to  combine  with  putrefying  substances.  When  batchers' 
meat  is  enclosed  in  a  vessel  filled  with  sulphurous  acid,  it  absorbs  the  gas,  and 
remains  for  a  considerable  time  proof  against  corruption.  The  same  result  is  obtained 
if  the  vessel  be  filled  with  ammoniacal  gas.  At  the  end  of  76  days  such  meat  has 
still  a  fresh  look,  and  may  be  safely  dried  in  the  atmosphere. 

TecvXiar  Aniitmtvo  Proctamt. — Upon  the  preceding  principles  and  experiments 
depend  the  several  processes  employed  for  protecting  substances  from  putrescence  and 
corruption.  Here  we  must  distinguish  between  those  bodies  which  may  be  preserved 
by  any  media  suitable  to  the  purpose,  as  anattHnical  preparations  or  objects  of  natural 
history,  and  those  bodies  which,  being  intended  for  foo^  can  be  cured  only  by  whole- 
some and  agreeable  means. 

Prturvatiou  of  afteimen*  of  amnudi,  ^. — ^Uany  methods  have  been  planned  to 
preserve  animals:  all  of  them  dependent  on  substances  mentioned  nnder  Dis- 
JNFBCTAKTS.  Charles  Waterton  used  corrosive  sublimate  dissolved  in  alcohoL  The 
skin  of  the  animal  being  separated,  is  dipped  into  the  solution  and  dried.  The  inside 
of  the  animal  is  always  removed,  the  bones  scraped  clean  and  dipped,  the  feathers  or 
hairs  touched  by  the  solution,  or  the  whole  immersed  in  it.  Sometimes  alcohol  of 
60  to  70  per  cenk  is  used,  or  alcohol  of  30  per  centw  with  creasota  dissolved  in  it. 
Sulphurous  acid  will  not  suit  when  there  are  colours,  but  suli^ites  of  the  alkalis 
have  been  injected  into  the  veins  and  arteries  with  good  result;  as  also  sulphurous 
acid  and  creasote.  Peron  preserved  fishes  for  specimens  on  shipboard  by  floating 
them  in  an  alcoholic  liquor  Dy  corks,  thus  preventing  them  from  being  pressed.  He 
first  washed  them  in  searwater,  vinegar,  and  camphor  spirits  :  he  corked  the  vessels 
with  tallowed  corks.  Du&esne  wrapped  each  in  a  cloth  with  tow  between  the  speci- 
mens, and  all  in  alcoholic  liquids,  Louis  Yemet  used  arsenic,  1  lb.  in  40  gallons  of 
water.  Sulphate  of  zinc  wasproposed  for  embalming  by  Comte  de  Fontainemoreau, 
sometimes  adding  alcohol,  mxxi  is  preserved  by  Kyan  s  process,  corrosive  sublimate 
being  used  ;  also  by  Bethel's  process,  the  use  of  heavy  oil  of  tar;  and  manures  are 
preserved  by  carbolates  by  MacBougall.  Injection  of  the  arteries  and  veins  by 
chloride  of  zinc,  chloride  of  arsenic,  and  chloride  of  alaminium,  sulphate  of  zinc,  and 
sulphates,  corrosive  sublimate,  &c,  have  all  been  tried,  and  are  more  or  less  satis- 
factory. Peppers  and  spices  of  all  kinds  have  been  used  in  stuffing  and  embalming, 
and  may  all  be  made  to  act  when  care  is  employed  and  abundance  used.  Oirolamo 
Sej^to  dried  bodies  so  hard  that  he  made  a  table  of  214  pieces  of  human  fiesh  from 
dimrent  parts  of  the  body.  He  is  said  also  to  have  made  members  preserve  their 
elasticity  for  an  indefinite  time.  Some  remarkable  specimens  of  this  kind  are  said  to 
exist,  and  have  received  the  honour  of  sanctity.  Waterton  made  skins  preserve  their 
flexibility  for  some  days  by  the  use  of  corrosive  sublimate  and  slow  drying.  Dr.  Ure 
says,  '  for  preserving  animal  bodies  in  an  embalmed  form,  mommy-like,  a  solution  of 
chloride  of  mSrcury  and  wood-vinegar  is  most  efficacious.  As  there  is  danger  in 
manipulating  with  that  mstcurial  salt,  and  as  in  the  present  state  of  our  knowledge  of 
creasote,  we  have  it  in  our  power  to  make  a  suitable  strong  solution  of  this  substance 
in  vinegar  or  spirit  of  wine,  I  am  led  to  suppose  that  it  will  become  the  basis  of  most 
antiwptic  pseparations  for  the  future.' 

CVBQRI  0*  FsoTisioira. 

Ue$h,  #e.— The  ordinary  means  enjoyed  f(»  preserving  bntobws'  meat  are,  drying, 
smoking,  salting,  and  pickling  or  sounng. 

Drying. — The  best  mode  of  operating  is  as  follows : — The  flesh  must  be  cut  into 
slices  from  2  to  6  ounces  in  weight,  immersed  in  boiling  water  for  five  or  six  minutes, 
and  then  laid  on  open  trellis-work  in  a  diying-stove,  at  a  temperature  kept  steadily  about 
122°  F,,  with  a  constant  stream  of  ivarm  dry  air.    That  Uie  boiling  water  may  not 
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dinipate  the  aolnble  snimal-inatten,  rerj  little  of  it  should  be  used,  jnst  enongh  for 
the  meat  to  be  immersed  hj  portions  in  saccession,  whereby  it  will  speedily  become' 
a  rich  soap,  fresh  water  being  added  only  as  eTaporation  t^es  place.  It  is  advan- 
tageous to  add  a  little  salt,  and  some  apices,  especially  coriander-seed,  to  the  water. 
After  the  parboiling  of  the  flesh  has  been  completed,  the  soup  should  be  evaporated 
to  a  gelatinous  consistence,  in  order  to  fit  it  for  forming  a  Tarnish  to  the  meat  after  it 
is  dried,  which  may  be  completely  e£&cted  within  two  days  in  the  oven.  By  this 
process  two-thirds  of  the  weight  is  lost.  The  perfectly  dry  flesh  must  be  plunged, 
piece  by  piece,  in  the  &tty  gelatinous  matter  liquefied  by  a  gentle  heat;  then  placed 
once  more  in  the  stove,  to  £y  the  layer  of  varnish.  This  operation  may  be  repeated 
two  or  three  times,  in  order  to  render  the  coat  sufficiently  uniform  and  thick.  Butchers' 
meat  diied  in  this  way  keeps  for  a  year,  a£fbrds,  when  cooked,  a  dish  similAr  to  that 
at  firesh  meat,  and  is  therefore  much  preferable  to  salted  provisions.  The  diying 
may  be  facilitated,  so  that  larger  lumps  of  flesh  may  be  used,  if  they  be  imbued  with 
some  common  salt  immediately  after  tlie  parboiling  process,  by  stratifying  them  with 
salt,  and  leaving  them  in  a  proper  pickling  tub  for  12  hours  before  they  are  trans- 
ferred to  the  store.    The  first  method,  however,  afifords  the  more  agreeable  article. 

Baron  Gha.  Wetterstedt  enclosed  meat  in  com-  or  potato-flour,  then  dried  it  on  shelves 
at  120°  F.  Oiaefer,  in  1780,  parboiled  and  then  dried.  Some  have  propped  to  hang 
the  substances  rip  and  to  allow  no  air  to  approach  without  passing  it  first  through 
ehloride  of  calcium  to  dry  it.    Milk  was  formerly  preserved  by  drying  to  a  powder. 

Smoking. — This  process  consists  in  exposing  meat  previously  salted,  or  merely 
robbed  over  with  salt,  to  wood-smoke  in  an  apartment  so  distant  from  the  fire  as  not 
to  be  tinduly  heated  by  it,  and  into  which  the  smoke  is  admitted  by  flues  at  the  bottom 
of  the  side  walls.  Here  the  meat  combines  with  the  empyreumatic  acid  of  the  smoke, 
and  gets  dried  at  the  same  time.  The  quality  of  the  wood  has  an  influence  upon  the 
smell  and  taste  of  the  smoke-dried  meat;  smoke  from  beech  wood  and  oak  being 
preferable  to  that  A:om  fir  and  larch.  Smoke  firom  the  twigs  and  berries  of  juniper, 
from  rosemary,  peppermint,  &&,  imparts  somewhat  of  the  aromatic  fiavour  of  theee 
plants.  A.  slow  smoking  with  a  slender  fire  is  preferable  to  a  rapid  and  powerful 
one,  as  it  allows  the  empyrenmatie  principles  time  to  penetrate  into  the  interior  sub- 
stance, without  drying  the  outside  too  much.  To  prevent  soot  tiom  attaching  itself 
to  the  provisions,  they  may  be  wrapped  in  cloth,  or  rubbed  over  with  bran,  which 
may  be  easily  removed  at  the  end  of  the  operation. 

The  process  of  smoking  depends  upon  the  action  of  the  wood-add,  or  the 
craasote  volatilised  with  it,  which  oi>erates  upon  the  flesh.  The  same  change  may  be 
produced  in  a  much  shorter  time  by  immersing  the  meat  for  a  few  hours  in  pyrolig- 
neous  acid,  then  hanging  it  out  in  a  dry  air,  which,  though  moderately  warm,  makes 
it  fit  for  keeping,  without  any  taint  of  putrescence.  After  a  few  days'  exposure,  it 
loses  the  empyreumatic  smeU,  and  then  resembles  thoroughly-smoked  provisions. 
The  meat  dried  in  this  way  is  in  general  somewhat  harder  than  by  the  application  of 
smoke,  and  therefore  softens  less  when  cooked,  a  difference  to  be  ascribed  to  the  more 
sudden  and  concentrated  operation  of  the  wood  vinegar,  which  effects  in  a  few  hours 
what  would  require  smoking  for  several  weeks. 

Salting. — The  meat  should  be  rubbed  well  with  common  salt,  containing  about  one- 
sixteenth  of  saltpetre,  and  one  thirty- second th  of  sugar,  till  every  crevice  has  been 
impregnated  with  it ;  then  sprinkled  over  with  salt,  laid  down  for  24  or  48  hours,  and, 
lastiy,  subjected  to  pressure.  It  must  next  be  sprinkled  anew  with  salt,  packed  into 
proper  vessels,  and  covered  with  the  brine  obtained  in  the  act  of  pressing,  rendered 
stronger  by  boiling  down.  For  household  purposes  it  is  sufficient  to  rub  the  meat 
well  with  good  salt,  to  put  it  into  vessels,  and  load  it  with  heavy  weights,  in  order  to 
squeeze  out  as  much  pickle  as  will  cover  its  surface.  If  this  cannot  be  had,  a  pickle 
must  be  ponred  on  it,  composed  of  4  pounds  of  salt,  1  pound  of  sugar,  and  2  ozs.  of 
saltpetre  dissolved  in  2  gallons  of  water. 

Mr.  Htdi  patented  the  use  of  a  liquid  containing  2  cwts.  of  common  salt  to  the  pro- 
duct of  distillation  of  2  cwts.  of  wood,  adding  sugar,  treacle,  and  saltpetre.  Some 
people  drive  the  salt  in  by  force  of  pressure,  some  by  centrifugal  mption. 

MiUc  has  been  preserved  by  the  use  of  carbonate  of  soda,  preventing  acidity.  Alum- 
has  been  patented,  for  shellfish  especially.    See  Mux,  CoKDBKSsn. 

E.  Matson  injects  the  veins  and  arteries  of  carcases  with  a  solution  containing  10} 
ox.  of  common  sajt  and  3}  of  nitre  in  2}  pints  of  water.  D.  B.  Long  inj.ecU  anti- 
putrescent  and  flavouring  substances,  such  as  salt,  saltpetre,  spices,  and  vinegar.  J. 
Murdoch  injected  chloride  of  aluminium,  a  very  powerful  agent,  common  salt,  and  nitre.' 
Brooman  communicated  a  proposal  to  use,  first,  sulphurous  gas,  and  then  coat  thick 
with  a  substance  keeping  out  the  air.  Chloride  of  lime  has  also  been  used  in- 
chambers  holding  meat,  and  sulphur  has  been  burnt  and  nitrous  gss  has  been  evolved- 
in  similar  placet.. 
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Prtterving  with  vinegar,  sugar,  ^e. — ^Vin^;ar  diuolres  or  cosgolstes  the  albnmen  of 
flesh,  and  thereby  oountenictB  its  pntreseence.  The  meat  should  be  washed,  dried, 
and  then  laid  in  stroDg  vinegar.  Or  it  may  be  boiled  in  the  yinegar,  allowed  to  cool 
in  it,  and  then  set  aside  in  a  cold  cellar,  where  it  will  keep  sound  for  sereial  months. 

Fresh  meat  may  be  Icept  for  some  months  in  water  deprived  of  its  air.  If  we 
ebtew  on  the  bottom  of  a  vessel  a  mixture  of  iron-filings  and  flowers  of  snlphnr,  and 
poor  over  them  some  water  which  has  been  boiled,  so  as  to  expel  its  air,  meat  im- 
mersed in  it  will  keep  a  long  time,  if  the  water  be  covered  with  a  layer  of  oil,  from 
half  an  inch  to  an  inch  thick.  Meat  will  also  keep  fresh  for  a  considerable  period 
when  suiToonded  with  oil,  or  fat  of  any  kind,  so  pnrified  as  not  to  turn  rancid  of  itself 
especially  if  the  meat  be  previously  bculed.    This  woceas  is  called  '  potting.' 

^y«. — These  ought  to  be  taken  new  laid.  The  essential  point  towards  their 
preservation  is  the  exclosion  of  the  atmospheric  oxygen,  as  their  shells  are  porous, 
and  permit  the  external  air  to  pass  inwards,  and  to  excite  putre&ction  in  the  albnmen. 
There  is  also  some  oxygen  always  in  the  air-cell  of  the  eggs,  which  ought  to  be 
expelled  or  rendaied  in<merstive,  iHiich  may  be  done  by  plunging  them  for  S  minutes 
in  water  heated  to  140°  f .  The  eggs  must  then  be  t^n  out,  wiped  dry,  besmeared 
with  some  oil  (not  apt  to  turn  ranad}  or  other  unctuous  matter,  packed  into  a  vessel 
with  their  narrow  ends  uppermost,  and  covered  with  sawdust,  fine  sand,  or  powered 
charcoal.  Eggs  coated  with  gum  arable  and  packed  in  charcoal  will  keep  fresh  for 
a  year,  lime-water,  or  rather  milk  of  lime,  is  an  excellent  vehicle  for  keeping  eggs 
in.  Some  persons  coagulate  the  albnmen  partially,  and  also  ^cpel  the  air  by  boiling 
the  eggs  for  two  minutes,  and  find  the  method  successful.  When  eggs  are  intended 
for  hatching,  they  should  be  kept  in  a  cool  cellar.  £^gs  exposed,  in  the  holes  of 
perforated  shelves,  to  a  constant  cnnent  of  air  lose  about  |  of  a  grain  of  their  weight 
daily,  and  become  concentrated  in  the  albuminous  part,  so  as  to  be  little  liable  to 
putrefy.  £ach  egg  requires  a  hole  in  the  shelf  for  itself.  For  long  sea  voyages,  the 
surest  means  of  preserving  eggs  is  to  dry  np  the  albumen  and  yolk  by  first  triturating 
them  into  a  homogeneous  paste,  then  evaporating  this  in  an  air-stove  or  a  water-bath 
heated  to  126°,  and  putting  up  the  dried  mass  in  vessels  which  maybe  made  air-tight. 
When  used,  it  should  be  dissolved  in  3  ports  of  cold  or  tepid  water. 

The  ezcdlent  process  for  preserving  all  kinds  of  butchers'  meat,  fish,  and  poultry, 
first  contrived  by  M.  Appert  is  described  in  the  article  Meats,  Fbxssbtkd.  That 
article  also  contains  a  dracripti'on  of  the  methods  now  practised  for  the  preservation 
of  Australian  meat,  which  at  uie  present  time  is  largely  imparted  into  this  country. 

VU'l'A'l  VOWMB.  Binoxide  of  tin,  obtained  by  treating  metallic  tin  with 
nitric  add,  when  the  metal  is  converted  into  hydrated  metastannio  add,  and  this 
when  heated  becomes  anhydrous.  In  this  state  it  is  known  as  puiiy  pouder,  and  is 
employed  as  a  polishing  agent ;  it  is  also  used  to  impart  an  opaque  white  colour  to 
enamels  and  dial-plates. 

ynt  AlUfTltlTB.  or  Dari-rtd  Silver-ore.  An  antimonio-sulphide  of  silver,  form- 
ing a  valuable  ore  at  AJidreasberg  in  the  Eartz,  in  Mexico,  and  in  Chile.    See  Silveb. 

VTMnOtmc.  A  genus  of  plants  belonging  to  the  natural  order  CompoiiUe. 
It  contains  the  feverfew  and  the  pellitory  of  Spain. 

WtMXBJMM,  C'°E'K  (0*Hnr).  A  volatile  base  homologons  with  picoline, 
Intidine,  collidine,  and  perroline.  It  was  discovered  by  Anderson  in  bone-oiL  It  is 
also  contained  in  I)or8et  shale,  naphtha,  coal-naphtha,  and  in  crude  chinoline. 

VTWnnS.  A  term  originally  applied  to  yellow  sulphide  of  iron,  because  it 
struck  fire  witJi  steel.  It  is  in  strictness  still  confined  to  this  mineral ;  but  where 
sulphur  exists  in  combination  with  copper,  cobalt,  or  nickel,  these  minerals  also  are 
called  pyrites. 

1.  Iron  Pyritet,  Mundio;  Sehaefelkiet,  Eitenkiee. — ^This  important  mineral  is  dimor- 
phous, crystaHising  both  in  the  cubic  and  rhombic  systems,  the  latter  variety  being 
known  by  the  special  name  of  Mareatiie,  or  wkUe  iron  pyriitt.  Its  composition  is  a 
bisulphide  of  iron,  FeS*,  containing  467  per  cent  of  iron  and  63-3  per  cent,  of  sulphur ; 
but  on  the  large  scale  it  almost  invariably  contains  gold,  from  mere  traces  up  to  a 
workable  quantity  (several  ounces  per  ton),  and  by  intimate  assodation  with  copper 
pyrites,  copper ;  such  varieties  are  known  as  copper  mtmdie,  to  distinguish  them  from 
ordinaiy  pyrites,  or  stiJpW  mundie,  whose  chief  value  is  as  a  source  of  sulphuric 
add. 

Cubical  pyrites  occmrs  in  variously-modified  crystals,  the  usual  forms  being  cubes 
or  pentagonal  dodecahedra,  or  combinations  of  both.  The  finest  spedmens  are  ob- 
tained in  the  iron  mines  of  Elba  and  Tiaversella :  the  colour  is  of  a  brassy-yellow, 
with  a  nearly  black  streak,  and  the  hardness  (6  to  7)  about  that  of  soft  steel ;  sp.  gr. 
4-9  to  S'l.  When  heated  alone,  a  portion  of  the  sulphur  is  volatilised,  leaving  a  mag- 
netic sulphide ;  but  with  the  access  of  air  the  sulphur  is  burnt  to  sulphurous  add,  and 
may  be  completely  expelled,  the  iron  passing  mto  the  state  of  peroxide,  which,  if 
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luffideiitlyfirMfiroBiotbarsalwtaiicMinaylwutiliMdMaiiiionoie.  This  ii  s  xeeent 
a|>plication,  the  material  so  obtained  bung  known  as  purple  on,  or  blue  billy.  Whsn 
exposed  to  moist  air,  pyrites  becomes  rapidly  changed  into  snlphate  of  protoxids  ot 
iron,  which,  by  a  ftiither  absorption  of  ongen,  gives  rise  to  numerous  oomplicatvcl 
minerals,  containing  parozids  of  iron  and  solwiaric  add,  known  as  bosie  persulphates. 
Maicasite  is  much  more  susceptible  to  such  changes  than  the  cubical  form.  'When  tba 
oxidising  action  takes  place  very  slowly,  so  that  the  sulidiates  may  be  remored  as  tbey 
are  produced,  pyrites  may  become  completely  changed  into  hydrated  peroxide  of  iron 
without  change  ct  form.  This  is  commonly  obserred  in  pseudomorphons  crystals  of 
pyrites,  the  resulting  minerals  containing  about  the  same  percentage  of  iron  as  tha 
original :  the  change  takes  place  without  any  great  alteration  of  yolume. 

2.  Magnetie  Lron  Pyritee,  Pyrrhotine. — This  mineral  czTstallisea  in  the  hexagonal 
syctem,  and  occurs  chiefly  in  the  oiystalline  rocks,  in  veins  with  varioos  ores.  Ita 
colour  is  between  broase-yellow  and  oopper-red,  with  a  pinchbeck-brown  tarnish ; 
streak  greyish-black ;  it  is  more  or  less  magnetic.  When  heated  in  an  open  tube  it 
yields  sulphurous  acid  ftimes,  but  no  sublimate ;  before  the  blowpipe  on  ohaicoal  in 
the  reducing  flame  it  Aiaes  to  a  black  strongly-msenetic  globule ;  it  is  soluble  in 
hydrochloric  acid,  evolving  sulphuretted  hydrogen  and  depositing  sulphur.  Aoooiding 
to  0.  Bose,  this  mineral  always  contains  a  larger  proportion  of  sulphur  than  eanesponds 
with  the  simple  sulphide  FeS ;  and  he  adopts  fiv  it  the  formula  6Fe8  -t-  PC'S* ;  eone- 
sponding  with  60'44  iron  and  39'66  sulphur,  which  agrees  very  closely  with  the 
analyses  that  have  been  made  fay  Stromeyer,  H.  Sose,  and  others. 

3.  Ititpiekd;  Anenioal  Iron;  Jntnikkiea. — This  mineral  crystallises  in  the 
rhombic  system,  and  is  also  fbnnd  massive,  granular,  or  columnar,  and  disseminated. 
It  is  brittu,  wiUi  an  uneven  fracture ;  colour,  silver-white,  or  almost  steel-grey,  with 
a  gie^h  OF  yellowish  tamiah ;  speciflc  gravity  6  to  6-2.  When  heated  in  a  dosed 
tabe  It  yields  first  a  red,  then  a  brown  sublimate  of  sulphide  of  arsenic,  and  then 
metallic  arsenic  Some  varieties  contain  silver  or  gold,  in  others  part  of  the  iron  is 
replaced  by  cobalt  or  nickel.  Viewing  it  as  a  double  sulphide  and  arsenide  of  iron, 
its  formula  would  be  FeS*  -t-  FeAs,  which  requires  iron,  83-fi ;  sulphur,  19-9 ;  orsanie, 
46-6.  A  spedmen  analysed  by  Flattna  gave  iron,  84'46 ;  solimur,  20*07 ;  arsenic, 
45-46.  Ifispickel  is  oommon  in  the  mines  of  Frsibeig  in  Saxony,  and  in  the  tin  mines 
of  Bohemia,  Silesia,  and  in  Cornwall.  It  is  of  no  use  as  an  ore  of  iron,  but  it  is 
oocasionally  worked  for  the  silver  it  contains,  and  as  an  ore  of  arsenic. 

4.  LSUi^iU,  at  Leuaopyrite ;  GlamaremUUee ;  Arteueieen,  Mohnme;  contains  iron, 
suitor,  and  aisenic  It  occurs  at  Bsichoistein  in  Silesia,  in  sarpentia*,  and  is  {rin- 
dpally  of  interest  from  having  been  the  first  mineral  from  which  gold  was  extracted 
by  Hattner's  process  of  acting  on  the  burnt  residues  after  the  removal  of  arsenic  with 
chlorine  gas.  (See  CBLOBDiATioir.)  Dana  gives  the  following  analyses  of  Lolingite :— 


Ananio 

Bolidinr 

IiDn 

Nlotel 

Oobalt 

Beidienstein    6S-99 

1-94 

28-06 

•  ■* 

>•■ 

Moffitutun 
Beheerer 

Fossinn            70'09 

1-S3 

27-89 

•  •• 

•  •* 

Schladming      60*41 

6-20 

13-49 

18-37 

e-10 

Hoffmann 

The  name  leueopyrile  is  derived  firom  \tvit6s,  leubu,  white,  and  pyrites ;  it  was  given 
to  the  spedes  by  Shepard  in  1835,  antedating  Haidinger's  LSliiigite  and  Chapman's 
MoMne. 

6.  Copper  Pyriiei,  Chaloopyrite,  Yelloa  Copper  Ore. — The  common  ooppec  cce  of 
ComwalL  It  appears  to  be  a  double  sulphide  of  copper  and  iron ;  its  composition 
being,  sulphur,  34-9 ;  copper,  84-6 ;  iron,  30-6.    See  OopnB.^ 

6.  Tin  Pyritet,  SulpMie  of  Tin ;  Bdl-metal  Ore. — ^This  mineral  is  found  in  many 
of  the  Oomidi  mines.  Its  composition  is — sulphur,  80*0;  tin,  37-2;  ooppar,  297  ; 
iron,  18-1. 

The  production  of  iron  pyrites  in  the  United  Kingdom  in  1872  and  1873  is  shown 
at  top  of  next  page. 

'Lnportt  o/PyrUet  <tf  Iron,  Copper,  or  Sulphur,  m  1874. 
600,831  tons;  value  1,269,986^ 

Iron  pyritas,  or  mondic,  is  a  mineral  which  is  largely  employed  in  the  mann&ctura 
of  copperas  and  of  sulphuric  add.  The  pyrites  ('  brasses ')  of  the  Coal-measures  are 
used  m  the  preparation  of  copperas.  Mr.  Kirwan,  in  his  '  Mineralogy,'  gives  us  the 
following  passage,  which  shows  that  the  changes  which  take  place  in  the  sulphur 
ares(ilfiir&i{  I^ritei^  had  bean  well  studied  by  him : — 

'  Tttiiol  is  fbrmed  in  these  stones  by  exposing  them  a  long  time  to  the  action  of  the 
air  and  moisture,  or  by  torre&etion  in  open  air,  and  subsequent  exposure  to  its  action, 
which  opaiation  in  some  cases  must  be  often  repeated,  according  to  the  proportion  of 
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Production  of  Iron  Pyrites  m  the  United  Kingdom  in  1872  and  1878. 


Oorcwmll         .... 
Deroiuhln     .... 
Daibam  ■nd  Kortliumbeiland 

Torkdiin       .... 
SUflordaUra  .... 
Bbiopablxo      .... 

Angletaa 

OunuTOiuhiTa 
Oumutheuhlre    .       .       . 
Kerionrthahire 
InUod 

Total     .       .       . 

1872 

1878 

Qnaatlty 

Talus 

QoanUty 

YalDe 

tons  owtSi^n. 
3478    18    0 
3,768     S    3 
3,260     0    0 
8,000     0    0 
8,680     0    0 
4,000     0    0 
19     6    0 

887     0    0 

1,286     6    0 

1,814     0    0 

984      0    6 

43,960    10    0 

t,      1.  d. 
M86      $    1 
3,616    11    2 
2,487      0    0 
3,3(0     0    0 
2,662      0    0 
8,000      0    0 
9    18    0 

174      »    0 
664    18    0 
726      0    0 
480      0    0 
28,268      2    6 

1,806     3    0 

2,732      8    0 
2,480      0    0 
3,276      0    0 
8,460      0    0 
8,760      0    0 
64      0    0 

469    16    1 
1,684      0    0 

179  "o    0 
40,063    17    0 

£       $.   d. 
1,867     8    3 

2,881    14  11 
2,000      0    0 
1,600      0    0 
3,600      0    0 
3,000      0    0 
82      0    0 

801    16    6 
767    16    0 

109  "o    0 
22,084      8    0 

66>16      8    3 

89,470    10    9 

68,934      8    0    {  86,484      8    0 

salphnT,  and  the  natnie  of  the  earth ;  the  calcareous  pyrites  are  those  in  which  it  is 
most  easily  formed,  and  they  effloresce  the  soonest.  Oood  pyrites,  properly  treated, 
yield  abont  two-tliirds  of  their  weight  of  TitrioL'    See  Sulfkubio  Acn>. 

In  the  chemical  works  of  Yorkshire  the  'coal  braeut'  are  exposed  in  thin  beds, 
which  are  often  tnmed  over  to  the  action  of  the  air.  The  sulphor  is  converted  by 
the  oxygen  of  the  air  into  snlphnric  acid,  which  combines  with  the  iron,  forming 
sulphate  of  protoxide  of  iron  or  copperas,  which  is  dissolTed  out  and  crystallised. 
The  same  result  may  be  obtained  more  quickly  by  roasting  the  sulphur  ores. 

Roasting  of  Pyrites. — Figs.  1691,  189fi  represent  a  furnace  which  has  been  long 
employed  at  Fahlun  in  Sweden,  and  several  other  parts  of  that  kingdom,  for  roasting 
iron  pyrites  in  order  to  obtain  sulphur.  This  apparatus  was  constructed  by  the  cele- 
brated Qahn.  Fig.  1694  is  a  vertical  section,  in  uie  line  kdno  otfig.  1695,  which  is 
a  plan  of  the  furnace ;  the  top  being  supposed  to  be  taken  off.  In  both  figures  the 
conduit  may  be  imagined  to  be  broken  off  at  s;  its  entire  length  in  a  strai^t  line  is 
43  feet  beyond  the  dotted  line  e  n,  before  the  bend,  which  is  an  extension  of  thia 
conduit.  Upon  the  slope  a i  of  a  hillock  a  be,  lumps,  r,  of  iron  pyrites  are  piled  upon 
the  pieces  of  wood  t,  for  roasting.  A  conduit,  dfe,  forms  the  continuation  of  the 
space  denoted  by  r,  which  is  covered  by  stone  slal«  so  iar  as  /,  and  from  this  point 
to  the  chamber,  h,  it  is  constructed  in  boards.  At  the  beginning  of  this  conduit  there 
is  a  recipient,  g.  The  chamber  h  is  divided  into  five  chambers  by  horizontal  parti- 
tions, which  permit  the  circulation  of  the  vapours  £ram  one  compartment  to  another. 
The  ores  r,  being  distributed  upon  the  billets  of  wood  t't,  whenever  these  are  &irly 
kindled,    they  are  covered  with 


1694 


small  ore,  and  then  with  rammed 
earth,  1 1.  Towards  the  point  m, 
for  the  space  of  a  foot  square,  the 
ores  are  covered  with  moveable 
stone  slabs,  by  means  of  which 
the  fire  may  be  regulated,  by  the 
displacement  of  one  or  more,  as 
may  be  deemed  necessary.  The 
liquid  sulphur  runs  into  the  re- 
cipient g,  whence  it  is  laded  out 
horn  time  to  time.  The  sublimed 
sulphur  passes  into  the  conduit 
/«,  and  the  chamber  h,  ftorn  which  it  is  taken  out,  and  washed  with  water,  to  free 
it  from  sulphuric  acid,  with  which  it  is  somewhat  impregnated;  it  is  afterwards 
distilled  in  east-iron  retorts.  The  residuum  of  the  pyrites  is  turned  to  account  in 
Sweden  for  the  preparation  of  a  common  red  colour,  much  used  as  a  pigment  for 
wooden  buildings. 

Enormous  quantities  of  iron  pyrites  exist  in  Spain,  and  are  now  being  brought  to 
this  country.  The  sulphur  ores  contain  a  small  quantity  of  copper,  wMch  increases 
their  value. 

Xb  the  year  1838  the  King  of  Kaples  granted  a  monopoly  of  Sicilian  sulphur  to 
Jllessrs.  Faix  te  Co.  of  Marseilles ;  this  had  the  effect  of  greatly  increasing  the  price  of 
that  substance,  and  the  immediate  result  was  the  employment  of  iron  pyrites  as  a 
source  of  sulphur  in  the  manu&cture  of  sulphuric  acid.    The  consumption  of  this 
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mineral  materially  incnaaed  from  that  date,  and  toe  many  jean  the  supply  vas  prin- 
cipally derived  &om  the  mines  of  Corotrall  and  firom  those  of  Wicklow  in  Inland. 

About  the  year  18fi3  pyrites  containing  a  small  percenta^  of  coroer  began  to  be 
imported  from  Spain  and  Portugal,  and  considerable  quantities  of  OTOinaiy  l^iites  are 
derived  firom  Korway.  The  increased  importance,  however,  of  this  branch  of  industry 
Trill  be  appreciated  when  it  is  stated  that  the  annual  importation  into  the  United 
Kingdom  of  pyrites  for  the  manufacture  of  sulphuric  add  is  about  450,000  tons,  of 
whiui  at  least  321,600  tons  contain  a  sufficient  amoont  of  copper  to  render  its  treat- 
ment, for  that  metal,  commercially  advantageous. 

The  principal  mines  from  irhich  the  chemical  trade  is  now  supplied  with  cnpreous 
pyrites  are  those  of  Mr.  James  Mason  at  San  Somingos  in  Portugal,  and  those  of  the 
Thiirsis  Sulphur  and  Copper  Company  in  the  south  of  Spun.  The  ores  &om  the»a 
localities  do  not  differ  very  materially  from  each  other ;  and'  the  following  analysis, 
made  by  Mi.  Claudet,  of  a  specimen  from  Mr.  Mason's  mines,  may  be  taken  as  repow- 
senting  an  average  sample : — 

Axttlytit  of  Maion'*  Pyrite*. 

Sulphur 48-80 

Aisenie .  '47 

Iron 43-65 

Copper 3-10 

Zinc .  -35 

Lead -93 

lame -20 

Insoluble  rock '73 

Moisture .  '70 

Oxygen  and  loss 1'07 

Total 100-00 

In  the  matitifltetme  of  snlphuric  acid  this  pyrites  is  burnt  in  kilns  supplied  witJi  & 
limited  amount  of  air ;  the  products  of  combustion  being  thence  conducted  into  leaden 
chambers,  as  in  the  case  of  vitriol  mann&ctured  from  ordinary  brimstone.  The  residue 
or  'bnmt  ore'  was  formerly,  to  a  great  extent,  smelted  for  copper,  and  from  the  laige 
amount  of  oxide  of  iron  present  acted  as  a  valuable  flux  for  more  siliceous  ores. 

Burnt  ore,  resulting  from  the  treatment  of  San  Somingos  pyrites,  may  be  taken  as 
'having  the  following  average  composition : — 

Analyti»  of  Burnt  Ortfnm  tite  San  Somngoi  ilinet. 

Sulphur 3-66 

Arsenic -25 

Iron 58-25 » 83-00  FeK)* 

Copper 4-14 

Zino -87 

Cobalt traces 

Lead 124 

Lime '26 

Insoluble  matter 1-06 

Moisture  .......  8-85 

Oxygen  and  loss 26-93 

Total 100-00 

Silver  18  dwts.  per  ton. 

Soluble  in  water ;  sulphate  of  copper,  4-1 2  per  cent  —  1  '65  of  copper. 

The  cinder,  or  burnt  ore,  which  remains  in  the  pyrites-kilns  of  the  snlpburic-ocid 
makers,  although  sometimes  still  smelted  as  a  flux  for  other  ores,  is  now  generally 
treated  by  a  process  of  wet  extraction,  conducted  in  the  following  way : — 

The  ore  from  which  the  principal  portion  of  sulphur  has  been  removed  by  burning, 
but  which  still  retains  from  3  to  6  per  cent,  of  that  body,  and  a  nearly  equal  amount 
of  copper,  together  with  a  little  silver,  is  flrst  mixed  with  16  per  cent  of  rock-salt, 
and  then  reduced  to  a  state  of  fine  division,  by  being  passed  between  powerful  crushing 
rollers  to  which  proper  sieving  apparatus  is  attached. 

The  ore  thus  ground,  and  ultimately  mixed  with  salt,  is  next  calcined  in  a  reverbe- 
ratorjr  furnace  at  a  low-red  beat  By  this  calcination  sulphur  is  oxidised,  and  the 
resulting  sulphuric  acid,  combining  with  the  sodium  of  the  common  salt  forms  sodium 
sulphate ;  the  copper,  on  the  other  hand,  becomes  converted  into  chloride  by  the  action 
of  Uberated  hydrochloric  acid,  and  a  highly  soluble  salt  of  that  metal  is  the  result 

This  roasting  with  salt  is  sometimes  conducted  in  revolving  mechanical  furnaces, 
somewhat  similar  to  those  employed  for  the  calcination  of  tin  ores  in  Cornwall ;  in 
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other  cas«8  nraffle-fnmaces  are  employed,  whilat  in  many  establishments  open  WTerbo- 
ntoiy  fdmaces,  heated  by  gas,  are  made  nse  of;  Uie  flame  being  first  t^en  beneath 
tbe  tile-bottom  fonning  the  hearth,  and  afterwards  through  the  body  of  the  furnace. 
Whatever  may  be  the  form  of  fomace  adopted,  the  floes  in  connection  therewith  are  in 
oommnnication  with  a  condensing  tower,  packed  with  crennlated  brickwork,  throngh 
which  a  spray  of  water  is  constantly  descending,  which  thus  acquires  a  sufBcient degree 
of  addity'to  render  it  of  value  during  the  sucroeding  operation  of  washing. 

The  add  waters  from  the  condenser  are  also  found  to  contain  traces  of  copper,  which 
is  thus  retained,  and  a  certain  amount  of  loss  of  that  metal  thereby  prevented.  When 
open  furnaces  are  made  use  of,  the  amount  of  copper  recovered  is  exceedingly  small, 
and  of  little  or  no  commercial  value ;  it  is  however  stated  that  when  moffle-fumacefl 
are  employed,  the  quantity  of  that  metal  caught  in  the  condensers  is  much  more  con- 
siderable. It  most,  however,  be  remembered  that  dose  furnaces  consume  a  much 
larger  amount  of  fuel  than  open  ones,  and  that  the  time  required  for  the  operation  is 
when  they  are  employed  much  longer.  It  is  therefore  believed  that  any  advantage  to 
be  derived  ftom  the  recovery  of  a  somewhat  larger  amount  of  volatilised  copper  is,  in 
the  ease  of  the  muffle-furnace,  more  than  counterbalanced  by  the  loss  of  time  expe- 
rienced and  the  increased  expenditure  of  fuel. 

In  the  close  furnace  the  caldnation  of  each  charge  of  the  mixture  «f  ground  burnt 
ore  and  common  salt  ocenpies  twelve  hours.  In  the  open  furnace  heated  by  gas  a 
charge  of  three  tons  is  drawn  every  six  hours.  On  being  withdrawn  from  the  furnace 
the  (Reined  ore,  whilst  still  warm,  is  taken  in  iron  waggons  to  lixiviating  vats. 

These  vary  considerably  in  their  dimensions,  but  a  veiy  convenient  size  is  11  feet 
square  and  3  feet  6  inches  deep.  Each  tank  is  provided  with  a  talse  bottom  of  per- 
forated tiles,  supported  on  bricks  placed  on-edge,  these  are  covered,  to  a  depth  of  five 
inches,  with  sifted  dnders,  which  form  a  filter,  and  on  this  is  placed  the  ore  to  be 
lixiviated.  The  charge  of  a  tank  of  the  dimensions  above  given  is  about  IS  tons. 
Each  charge  of  the  lixiviating  vats  generally  receives  some  eight  or  ten  successive 
washings,  either  with  hot  water,  with  weak  copper-liquors,  or  with  -water  addulated 
by  hydrochloric  acid ;  the  necessaiy  amount  of  the  Utter  is  usually  obtained  from  the 
condensing  towers  attached  to  the  establishment,  but  in  the  case  of  very  refisctory  ores 
this  is  not  always  found  to  be  suffldent. 

The  washing-tanks  require  to  be  placed  at  a  su£Sdent  height  above  the  floor  to  allow 
of  the  copper-liqnors  being  tapped  directly  into  wooden  spouts,  by  which  the^  are 
conveyed  into  a  series  of  tanks  of  similar  dimensions,  where  the  copper  is  predpitated 
in  the  metallic  state,  1^  means  of  sciap-iion.  This  operation  is  fiteuitatedby heating 
the  solutions  by  a  jet  of  steam  conveyed  into  them  through  a  leaden  ppe. 

In  order  to  separate  the  cement-copper  produced  £rom  the  fragments  of  undissolved 
iron  with  which  it  is  mixed,  it  is  placeci  on  a  platform  composed  of  plates  of  perforated 
cast  iron,  which  forms  the  head  of  a  box  or  tank  filled  with  hot  water  to  a  depth  of 
about  four  inches  over  the  surface  of  the  plates.  It  is  here  stirred  briskly  with  nn 
iron  rake,  by  which  the  copper  is  made  to  pass  through  the  holes  in  the  '  gnd,'  whilst 
the  fragments  of  iron,  remaining  on  its  snr&ce,  are  raked  off  into  shallow  baskets,  in 
which  they  are  again  taken  to  ue  predpitating  vats. 

The  predpitated  copper,  which  thus  collects  in  the  washing-box,  is  subsequently 
allowed  to  drain,  and,  after  being  dried  in  a  properly-constructed  stove,  is  either  sold 
to  the  smelters,  or  is  fbsed  and  refined  in  the  establishment  in  which  it  is  produced. 
The  predpitato  thus  obteined  from  Spanish  and  Portuguese  pyrites  usually  contains 
from  75  to  80  per  cent,  of  copper,  and  a  little  over  20  oz.  of  silver  per  ton. 

The  spent  ore,  remaining  in  the  lixiviating  tanks,  is  washed  until  it  retains  only 
0'20  per  cent,  of  copper,  when  it  is  removed  for  the  reception  of  a  fresh  chaige  of 
caldned  ore.  This  substance,  which  is  known  as  'purple  ore,'  or  '  blue  billy,'  meets  with 
a  ready  sale  to  the  various  iron  works,  where  it  is  chiefly  employed  for  the  fetUing  of 
puddling  furnaces,  although  it  is  also  extensively  employed  in  the  blast-fnmacc.  It 
has  the  following  average  composition : — 

Analjftit  <if  Pmph  Orefrvm  Portvgxteae  Pyrita. 

Ferric  oxide 96'00 

Lead,  as  sulphate 0*75 

Copper 0'20 

Sulphur 0*86 

Idme 0*40 

Cobalt,  Arsenic!  Bod  Chlorine trace 

Phosphoms        , trace 

Soda 010 

Intolnble  leaidue 2-11 

Total 99-92 
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AJthaagk  it  has  been  long  known  to  those  engaged  in  oopper  extraction  thatSpaniah 
pyritea  contains  a  notable  qnantitjr  of  silver,  togeSier  with  distinct  traces  of  gold,  no 
sncoeisfdl  attempt  to  render  it  available  had  been  made  np  to  the  year  1870|  when 
Ur.  F.  Clandet  patented  a  process  for  the  separation  of  this  metal  from  ordinaiy  oopper- 
liqnora  by  the  addition  of  a  soluble  iodide. 

The  amonnt  of  silver  contained  in  burnt  ore  seldom  exceeds  18  dwts.  per  ton,  but  as 
the  whole  of  this  is  never  obtained  in  solution,  it  follows,  that  in  order  to  obtain  satis- 
fiMtoiy  commercial  results,  the  process  adopted  should  be  both  economical  and  expe- 
ditions. 

The  tanks  in  which  burnt  ore,  roasted  with  common  salt,  is  lixiviated,  usoally 
receive  &om  eight  to  ten  successive  washings,  and  the  liquors  from  the  first  three  of 
these  contain  nearly  95  per  cent  of  the  total  amount  dissolved ;  the  first  three 
washings  are  therefore  alone  treated  for  the  precious  metals.  For  the  purpose  of 
removing  the  soluble  salts  from  the  roasted  ore,  hot  water  is  first  employed ,  and,  as  a 
large  pr^KNtion  of  the  sodium  chloride  used  remains  undecom^osed,  it  acts  as  a  solvent 
for  the  silver  chloride  produced  during  the  operation  of  fomacing.  The  analysis  of  a 
first  washing  ftom  a  lixiviating  tank  gave  Mr.  Claudet  the  following  results : — 

Asulytii  of  Strong  lAgmri. 

Sp:  Qr.sl'240  ConteotB  per  gaUon 

Sodium  solphate 10-092 

„      chloride 4'474 

Chlorine,  combined  with  metals        ....  4'080 

Oopper 3700 

Tavo 480 

Lead 40 

Iron 32 

Calciam 52 

Silver 306 

Arsenic,  antimony,  bismuth,  &0.,  not  estimated .        .  trara 
Proportion  of  copper  to  silver,  10,000  :  8*2. 

The  several  operations  for  the  reoover7  of  the  silver  are  conducted  in  the  following 
manner,  and,  as  the  first  three  washings  contain  nearly  the  whole  of  that  metal,  these 
are  alone  operated  on : — 

These  liquors  are  first  mn  into  suitable  wooden  cisterns,  each  of  a  capacity  of  about 
2,700  gallons,  where  they  are  allowed  to  settle. 

The  yield  of  silver  per  gallon  of  the  solution  is  now  ascertained  by  taking  a  measured 
quantity,  to  which  are  added  hydrochloric  acid,  potassium  iodide,  and  a  solution  of 
acetate  of  lead.  The  precipitate  thus  farmed  is  thrown  upon  a  filter,  and,  after  being 
dried,  is  fused  with  a  suitable  flux.  Argentiferous  lead  is  thus  obtained  in  the  form 
of  a  button  of  convenient  size,  which  is  passed  to  the  cupel,  and  from  the  wei^t  of  the 
resulting  silver  the  amount  of  that  metal,  in  a  gallon  of  the  copper-liquors,  is  readily 
calculated. 

After  thus  determining  the  amount  of  silver  contained  in  a  gallon  of  the  liquor  to 
be  operated  on,  it  is  drawn  off  into  another  vat,  of  slightly  laiger  capacity  than  the 
settler,  and,  at  the  same  time,  the  exact  amonnt  of  some  soluble  iodide  necessary  to 
precipitate  the  silver  present  (a  solution  of  kelp  being  employed  by  preference)  is  run 
into  It  from  a  graduated  tank,  together  with  a  quantity  of  water  equal  to  about  one- 
•tenth  the  volume  of  the  copper-liquor.  During  the  filling  of  the  second  tank  its 
contents  are  constantly  stirnd,  and,  when  filled,  they  are  allowed  to  settle  during 
48  hours.  The  liquors  are  then  mn  off,  and  the  tank  is  again  filled;  the  pre- 
cipitate which  is  deposited  in  the  bottom  of  these  tanks  is,  about  once  a  fortnight, 
washed  into  a  vessel  prepared  for  its  reception. 

This  predpitato  is  chiefiy  composed  of  a  mixtnre  of  lead  sulphate,  lead  chloride, 
silver  iodide,  and  subsalte  of  copper,  from  which  the  latter  are  removed  by  washing 
with  water  acidulated  by  hydrochloric  acid.  Thus  freed  from  copper,  the  precipitate 
is  decomposed  by  metallic  zinc,  which  reduces  the  silver  iodide  completely,  and  also 
the  lead  chloride.  The  results  of  this  decomposition  are :  1st  A  pracipitate,  rich  in 
silver,  containing  a  valuable  amonnt  of  gold.  2nd.  Zinc  iodide,  which,  after  being 
standardised,  is  employed  in  subsequent  operations  for  the  precipitation  of  silver. 

The  argentiferous  precipitate  finally  obteined,  after  the  decomposition  of  the  iodides 
by  metallic  one,  contains  nearly  60  per  cent  of  lead,  a  trace  of  copper,  and  a 
little  sine ;  the  amount  of  silver  present  varies  from  1,600  to  2,000  oz.  per  ton ;  the 
yield  of  gold  remains  nearly  constent  at  20  oz.  per  ton.  This  process  is  employed  at 
the  Copper  Extraction  Works  of  Messrs.  Mnspratt  Brothers  and  Bentley,  Flint ;  at 
those  of  Messrs.  Morris  &  Co.,  ^tockwith-on-Trent ;  and  at  those  of  the  Widnes  Metal 
Ca,  Widnes.    At  the  latter  establishment  the  results  of  two  years'  regular  working 


Digitized  by 


Google 


PTROMGNEOUS  ACID 


679 


dtomd  that  O'M  oz.  of  silTer  and  3  gn.  of  gold  bad  been  extracted  ^m  each  ton  of 
ore  -woriced ;  leaTing  a  profit  of  nearly  3s.  per  ion  on  the  operation,  after  paying  all 
expenses,  including  loss  of  iodide,  &c. — J.  A.  P. 
wwarraMj  oobaxiT.   See  Ck>BALT. 

WTWMTMM,  OOVraB.     See  Cofpeb. 

WTUXWMB,  HAOnno.    See  Pybitbb. 

mOACBTZO  SvnUT.    See  Acnrc  Acio. 

naoSiAUblO  AOm.  If  ^ic  acid  is  carefuUr  heated  to  abont  100°,  it  is 
totally  deoomposed  into  carbonic  acid  and  pyrogallic  add,  which  sublimes  in  brilliant 
white  plates ;  it  is  easily  soluble  in  ether,  alcohol,  and  water ;  it  reacts  feebly  add,  it 
fdses  at  340°,  and  sublimes  at  400°.  If  a  solution  containing  peiozide  of  iron  be 
a^ded  to  a  solution  of  pyrogallic  acid,  a  black  colour  is  struck,  but  the  iron  is  rapidly 
reduced  to  a  state  of  protoxide,  and  the  liqnor  assumes  a  rich  red  tint. — Kant. 

Dr.  Stenhouse  has  fully  investigated  the  formation  of  gallic  and  of  pyrogallic  add ; 
to  his  papers  on  this  subject  those  interested  are  referred.  Pyrogallic  acid  has  of  late 
years  been  largely  employed  in  Photo<3bafht,  which  see.  It  has  also  been  used  to 
dye  the  hair  a  light  brown.    See  Gau.  Ntrrs. 

PmubZOMaom  AOZB.    See  Acxno  Acn>. 

The  appoistus  represented  in  figi.  1696  and  1697  is  a  eouTeniant  modification  of 
that  exhibited  under  acetic  add,  for  prododng  pyroligneons  acid.    Fiff.  1606  shows 


the  furnace  in  a  horizontal  section  drawn  through  the  middle  of  the  fine  which  leads 
to  the  chimneT.  Fig.  1697  is  a  vertical  section  taken  in  the  dotted  line  x,  x,  of  fig. 
1696.  The  chest  a  is  constructed  with  cast-iron  plates  bolted  together,  and  has  a 
capacity  of  100  cubic  feet.  The  wood  is  introduced  into  it  ttirough  the  opening  b,  in 
the  cover,  for  which  purpose  it  is  cleft  into  billets  of  moderate  length.  The  (£est  is 
heated  tzom  the  subjacent  grate  c,  upon  which  the  fnel  is  laid,  through  the  fire-door,  d. 
The  flame  ascends  spirally  through  the  fines  «  e,  round  the  diest,  which  terminate  in 
the  chimney,/.  An  iron  pipe,  g,  conveys  the  vapours  and  gaseous  products  from  the 
iron  chest  to  the  condenser.  This  consists  of  a  series  of  pipes  laid  zigzag  over  each 
other,  which  rests  upon  a  fiamework  of  wood.  The  condensing  tubes  are  endosed  in 
larger  pipes,  t  i ;  a  stream  of  cold  water  being  caused  to  circulate  in  the  interstitial 
spaces  between  them.  The  water  passes  down  from  a  trough  i,  through  a  conducting 
tube  I,  enters  the  lowest  cylindrical  case  at  m,  fiows  thence  along  the  series  (rf  jackets 
«,«,«,  being  transmitted  firam  the  one  row  to  the  next  above  it,  by  the  junction-tubes 
o,  0,  0,  till  at  p  it  runs  off  in  a  boiling-hot  state.  The  vapours  proceeding  downwards 
in  an  opposite  direction  to  the  cooling  stream  of  water,  get  condensed  into  the  liquid 
state,  and  pass  off  at  q,  through  a  discharge-pipe,  into  the  first  dose  receiver  r,  while 
the  combustible  gases  fiow  off  through  the  tube  s,  which  is  provided  with  a  stopcock 
to  regulate  the  magnitude  of  their  fiame  under  the  chest.    As  soon  as  the  distillation 
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is  foUy  aet  agoing,  the  stopcock  upon  the  gas-mpe  is  opened ;  and  after  it  is  fliiinhed, 
it  mnst  be  Smt  The  fiie  should  be  supplied  with  Aiel  at  first,  bnt  after  some  time 
the  gas  generated  keeps  np  the  distilling  heat.  The  chaicoal  is  allowed  to  cool  dnring 
fi  or  6  hours,  and  is  then  taken  out  through  an  aperture  in  the  back  of  the  chest, 
which  corresponds  to  the  opening  u.  Jiff.  1696,  in  the  brickwork  of  the  fnmace. 
About  60  per  cent  of  charcoal  may  be  obtained  from  1,000  feet  of  fir-wood,  with  a 
consumption  of  as  much  brush-wood  for  fuel, 

A  new  mode  of  distilling  wood  and  producing  this  acid  has  been  introduced  by 
Hr,  W.  H,  Bowers,  of  Manchester.  In  the  rectangular  retort  which  is  used  there  are 
two  leyolvinff  drums,  one  at  each  end.  On  these  drums  are  endless  chains ;  on  these 
chains  there  is  formed  a  flat  surface  by  means  of  bars  laid  across.  A  hopper  supplies 
this  surface  with  the  sawdust  or  other  material  to  be  heated.  The  suriace  is  some- 
what inclined.  A  very  small  engine  is  used  to  set  the  endless  chain  in  motion.  The 
sawdust  is  carried  from  the  upper  end  of  the  retort  to  the  lower,  during  which  time 
it  is  exposed  to  heat  and  becomes  distilled.  At  its  lower  end,  as  it  is  turning  over  the 
drum,  it  falls  in  a  carbonised  state  into  water.  The  rapours  are  carried  away  by 
pipes,  as  in  the  usual  method,  and  the  water-joint  at  the  lower  part  of  the  retort 
prevents  any  escape  in  that  direction,  whilst  the  thickness  of  the  mass  of  sawdust 
passing  into  the  retort  readily  prevents  any  &om  passing  out  there.  It  is  said  that 
one  retort  can  do  the  work  of  five  of  those  made  on  Halliday's  plan  with  the  screw. 
Two  of  them  produce  with  slow  motion  2,600  gallons  of  acid  in  six  days.  The 
motion  may  be  increased  at  will,  and  heat  regulated  accordingly.  There  are  scrapen 
to  prevent  charcoal  clogging  the  bars  forming  the  inclined  plane,  and  the  apparatus 
does  not  require  to  be  stopped  for  any  purpose  of  cleansing.  It  feeds  and  discharges 
continuously,  from  month  to  month. 

Sawdust,  wood-turnings,  small  chips,  spent  dye-wood,  and  tanners'  bark,  peat,  and 
such  like  ligneous  and  carbonaceous  substances,  are  distilled,  and  the  carbon  discharged 
as  shown. 

It  is  believed  also  that  the  distillation  is  effected  more  rapidly,  and  the  gases  more 
directly  removed  by  this  method,  than  by  any  other. 

F^.  1698  is  a  longitudinal  section  taken  through  the  middle  of  the  retort  or 


rectangular  vessel  a,  a,  a  ;  i,  i  are  the  revolving  drums  on  which  the  endless  chain  e, «,  e, 
revolves ;  /,  /  are  cross-bars  or  scrapers ;  g,  g,  are  tubes  to  convey  the  gases,  one  from 
the  lower  and  one  from  the  higher  ppint  of  the  moving  plane ;  A  is  a  hopper  filled 
with  sawdust  and  other  material  to  be  distilled ;  the  supply  is  regulated  by  two 
small  cog-wheels  t,  t  ;^',  the  fij«-place ;  k,  k,  the  fluos ;  m  is  a  cistern  showing  the  level 
of  the  water  and  the  carbon  railing  into  it,  the  lower  part  of  the  retort  dipping 
into  it.    See  Acbtic  Acm  ;  Chbosotb. 

VntOKXTUI.     See  Exflostvb  Aqknts. 

r  a  atOHnMnm,  Native  peroxide  of  manganese.  See  Makqaiibsk. 
_  VTXOmCTBB.  An  instrument  employed  to  measure  temperatures  which  are  too 
high  to  be  determined  by  any  thermometer.  Some  pyrometers  have  been  constructed 
of  bars  of  metal ;  the  rates  of  expansion  of  which  are  known,  and  by  which,  therefore, 
anybigh  degree  of  heat  could  be,  with  some  precision,  determined.  The  pyrometer 
of  We^iwood  was  formerly  much  employed ;  but  it  is  a  very  defective  instrument. 
It  consists  of  two  slightly  convergent  pieces  of  copper,  between  which  a  small  cylinder 
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of  clay  ia  sat;  the  latter  contiacts  by  the  heat,  and  the  conreigence  is  thenfore  in- 
creased. Its  amonnt  being  measured,  the  heat  to  which  the  cylinder  has  been  exposed 
can  be  calcnlated. 

A  good  pyrometer  is  an  instmment  mnch  tranted,  Messrs.  Siemens  Brothers  have 
devised  a  pyrometer  which  essentially  consists  of  a  length  of  fine  platinnm  wire 
doubled  back  npon  itself,  and  coiled  upon  a  cylinder  of  refractoiy  clay.  The  ends  of 
the  coil  are  fastened  to  stout  platinum  wires  of  such  a  length  that  their  farther  extre- 
mities never  reach  a  very  high  temperature,  and  these  in  their  turn  are  connected 
by  copper  wires  with  binding-screws  on  the  ontside  ease  of  the  pyrometer.  The 
copper  wires  are  inclosed  in  a  stout  tube  of  wronght  iron,  about  3*6  centimeters  in 
diameters  and  120  centimeters  long,  which  prqjects  from  the  ftamace  or  other  space 
whose  temperature  is  required,  and  forms  a  handle  and  support  for  the  whole  instru- 
ment. The  port  to  be  inserted  in  the  furnace,  namely,  the  coil  of  platinum  wire,  is 
protected  by  a  case  or  sheath,  wUch  is  fiwtened  by  screws  to  one  end  of  the  iron  tube. 

The  indi^tions  depend  on  the  changes  which  the  electrical  resistance  of  the  platinum 
eml  undeigoes  when  its  temperature  is  altered.     Fig.  1699  will  fully  explain  the 

1699 


whole  arrangement.  In  order  to  avoid  the  errors  which  might  otherwise  arise  from 
the  heating  of  the  leading  wires  connecting  the  pyrometer  with  the  measuring  appa- 
ratus, the  undivided  current  of  the  testing  battery  is  conveyed  by  a  wire,  which  passes 
down  the  stem  of  the  instmment,  and  is  denoted  by  c  in  the  figure,  to  the  beginning 
of  the  pyrometer-coil,  where  it  divides  into  two  parts ;  one  of  which,  after  traversing 
the  coil,  IS  conveyed  up  the  stem  and  back  to  the  battery  by  the  wire  marked  z,  while 
the  other  part  is  conveyed  by  a  predsely  similar  wire,  x',  to  the  standard  against 
which  the  coil  is  to  be  measured.  Thus,  in  the  comparison,  the  resistance-wire  z  acts 
as  an  addition  to  that  of  the  pyrometer-coil,  and  that  of  the  wire  x'  as  an  equal  addi- 
tion to  the  resistance  of  the  standard.  In  the  figure,  o  represents  the  resistance  coils ; 
R  the  platinum-silver  resistance  coils ;  i  the  testing  battery ;  g  the  galvanometer ;  and 
A  the  key. 

A  committee  of  the  British  Association  was  appointed  to  report  on  the  action  of  this 
electrical  pyrometer.  Some  of  their  residts  will  be  found  in  the  '  Keports  of  the  British 
Aasodationfor  1872  and  1878.' 

An  Janutieal  Pgnmettr. — At  the  American  National  Academy  of  Science,  at  Cam- 
bridge, n.S.A.,  an  interesting  paper  has  been  read  by  Br.  A.  H.  Mayer,  of  Hoboken, 
on  an  acoustical  urometer.  He  commenced  by  giving  a  description  of  his  method  of 
measuring  the  snrraces  of  sound-waves.  An  open  organ-pipe,  provided  witha  Konig's 
nodal  capsule,  is  connected  with  a  small  gas-jet  placed  in  front  of  a  revolving  cubical 
mirror.  Alongside  of  this  jet  is  placed  another  of  Konig's  capsules,  also  fnmished 
with  a  gas-jet,  and  attached  to  a  heavy  rubber  tubing,  some  meters  in  length ;  to  the 
other  end  of  this  tube  one  of  Helmholtz's  resonators  is  attached  by  means  of  its  beak. 
The  resonator  and  organ-pipe  must  both  be  of  the  same  note.  On  sounding  the  organ- 
pipe  the  gas-jet  attached  to  its  capsule  is  alternately  increased  and  diminished,  and 
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this  flame,  irben  vievad  in  the  reTolTing  minor,  a^jeors  to  consist  of  a  aeriaa  of  ser- 
rations ;  while,  if  viemd  when  the  pipe  is  not  sooading,  it  aj^ears  as  a  oontinnoafl 
band.  If  now  the  resonator  be  bronp^ht  close  to  the  mouth  of  the  pipe,  the  flame 
attached  to  it  Is  alio  agitated,  and  it  is  rery  easy  to  malce  the  serrations  of  one  flame 
correspond  with  those  of  the  other  by  slight  chanoea  in  the  adjostmoit.  If  the  reso- 
nator be  removed  gradnally  from  b^re  the  mouu  of  the  pipe,  it  will  be  seen  that  the 
serration*  no  longer  coincide,  but,  at  a  certain  point,  the  eleTations  of  one  flame  coin- 
cide with  the  depressions  of  the  other.  On  removing  the  resonator  still  fluther,  the 
crests  again  combine,  and  on  removing  it  stall  farther  the^  again  separata.  On 
measurement  it  is  found  that  when  the  flames  are  in  opposition,  the  distance  of  the 
resonator  Ihim  its  flrst  position  near  the  organ-pipe  is  just  half  a  wave-length ;  and 
when  they  again  coinoM,  the  distance  is  a  whole  wave-Ioigth.  This  same  object  may 
be  aecompliwed  in  another  way,  namely,  by  increasing  taa  length  of  the  tnbe  con- 
necting the  resonator  with  its  capsule.  The  reaonatcn  remaining  stationaiy  at  the 
month  of  the  pipe,  the  increased  length  of  tube  which  it  is  necessary  to  add  to  make  a 
trough  correspond  with  a  crest  is  equal  to  half  a  wave-length.  He  increases  the 
lengui  of  the  tnte  by  means  of  two  glass  tnbes,  one  of  which  slides  air-tig^t  into  the 
other.  If,  instead  m  increasing  the  length  of  the  tnbe,  the  air  is  rarefied  by  heating  in 
the  tnbe,  the  same  object  is  accomplished — the  same  number  of  waves  pass  in  a  given 
time  through  the  tube ;  but  if  the  air  is  heated,  each  wave  is  increased  in  length,  and 
consequently  part  of  the  waves  are  driven,  as  it  were,  out  of  the  tube.  Thenfcre,  if 
the  tube  is  made  of  iron,  jJatinum,  or  other  suitable  material,  and  placed  in  a  ftamace, 
we  shall  see,  as  the  tube  is  gradually  heated,  the  crest  of  the  flame  correRmnding  to  the 
resonator  gradually  passing  away  from  the  crest  of  the  other  flame,  ana  flnally  corre- 
sponding with  the  second  crest,  and  then  with  the  third,  and  so  on.  By  counting  the 
number  of  wavfs  thus  driven  out,  and  knowing  the  length  cf  tiie  tnbe,  it  is  easy  to 
calculate  the  length  of  the  waves  remaining  in  the  tnbe,  and  from  these  lengths  the 
increased  tempeMtnre. 

VTBOVSi  or  Bohemian  Garnet.  From  the  mountains  on  the  south  side  of  Bohemia, 
imbedded  in  trap  tn&.    It  occurs  also  at  Zoblits,  in  Saxony,  in  serpentine. 

VTBOVSOBITS.  The  generic  name  of  any  chemical  preparation  which  inflames 
spontaneous^  on  exposure  to  the  air.  The  sul^de  of  potassium  is  a  good  example 
(tt  this  when  it  is  prepared  with  lamp-black,  in  the  place  of  charcoal. 

Vntoracnurr.  (Feia  tCart^ce,  Th. ;  Feuenoerke,  Get.)  The  compomtion  of 
luminous  devices  with  ezplomve  combustibles  is  a  modem  art  resulting  from  the  dis- 
covery of  gunpowder.  The  finest  inventions  of  this  kind  are  due  to  the  celebrated 
Rn«ieri,  &ther  and  son,  who  executed  in  Bome  and  Paris,  and  the  principal  capitals 
of  Borape,  the  most  beautiftil  and  brilliant  fire-woAs  that  were  ever  seen.  The  fol- 
lowing description  of  some  of  their  processes  will  probably  prove  interesting : — 
.  The  three  prime  materials  of  this  art  are,  nitre,  sulphur,  and  charcoal,  with  filings 
of  iron,  steel,  copper,  and  zinc,  and  resin,  camphor,  lycopodium,  &c,  Oimpowderis  used 
either  in  ^rain,  nalf-cmshed,  or  finely  ^und,  for  m£brent  purposes.  The  longer 
the  iron-filings,  the  brighter  red  and  iriiite  sparks  they  give ;  those  being  preferrad 
which  are  made  with  a  veiy  coarse  file,  and  quite  free  from  rust  Steel-fibngs  and 
cast-iron  borings  contain  carbon,  and  affiird  a  more  brilliant  fire,  with  wavy  radiations. 
Copper-filings  give  a  greenish  tint  to  flame;  those  of  zinc  a  fine  blue  colour;  the 
sulpuuret  of  antimony  givee  a  lass  greenish  blue  than  zinc,  but  with  much  smoke ; 
amber  afibids  a  yellow  fire,  as  well  as  colophony,  and  common  salt ;  but  the  last  most 
be  vsr^  dr^r.  Lamp-black  produces  a  very  red  colour  with  gunpowder,  and  a  pink 
with  nitre  m  excess. 

Qolden  shoWen  are  formed  with  lamp-black  and  nitre ;  yellow  micaceous  sand  is  also 
employed  for  the  same  purpose.  All  the  copper  salts  tinge  the  flame  green ;  those 
of  strontia  a  red  colonr ;  and  baryta  and  its  salts  also  impart  a  peculiar  green. 
Lycopodium  bnms  with  a  rose  colonr  and  a  magnificent  fiame ;  but  it  is  prindpally 
em^oyed  in  theatres  to  represent  lightniqg,  or  to  diarge  the  tordi  of  a  Fury. 

Fire-works  are  divided  into  three  classes :  1,  those  to  be  set  oS  upon  the  gronnd ; 
2,  those  which  are  shot  up  into  the  air ;  and  8,  those  which  act  upon  or  undec  water. 

Composition  iatjeta  of  fin:  gunpowder,  16  parts;  charcoal,  3  parts. 

Briluant  revolmng-iohed  ;  for  a  tnbe  less  than  j  of  an  inch  :  gunpowder,  1 6 ;  steel- 
filings,  3.    When  more  than  } :  gunpowder,  16 ;  filings,  4. 

Ckiittte  or  jatmine  fire;  wnen  less  than  }  of  an  inch :  gunpowder,  16 ;  nitre,  8 ; 
charcoal  (fine),  3 ;  sulphur,  3 ;  pounded  cast-iron  borings  (small),  10.  When  wider 
than  I :  gunpowder,  16  ;  nitre,  12 ;  charcoal,  3  ;  sulphur,  3  j  coarse  borings,  12. 

AfixedbrtUiant;  less  than  i  in  diameter:  gunpowder,  IS ;  steel-filings^  4;  or  gun- 
powder, 16,  and  finely-pounded  borinj^  6. 

FUced  tun*  are  composed  of  a  certain  number  of  jets  of  flie  distzibotsd  drealarly, 
like  the  spokes  of  a  wneel.    All  the  fusees  take  fire  at  once  through  channels  efauged 
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irith  qtuck  matches.     Gloriet  are  laige  suns  with  sereral  iovb  of  fTisses.    Want  ara 
portions  of  a  sun,  l>eing  sectors  of  a  circle.    FatU  d^oia  is  a  fan  -with  only  three  jets. 

The  Mosaie  represents  a  sni&ce  covered  with  diamond-shaped  compartments, 
formed  hj  two  senes  of  parallel  lines  crossing  each  other.  This  effect  is  produced  by 
placing  at  each  point  of  intersection,  four  jets  of  fire,  which  run  into  the  adjoining 
ones.  The  intervals  between  the  jets  must  be  associated  with  the  discharge  of  others, 
BO  as  to  keep  up  a  succession  of  fire  in  the  spaces. 

Catcttdei  imitate  sheets  or  jets  of  water.  The  Chinese  fire  is  best  adapted  to  such 
deooratioDS. 

PUeed  ttart.  The  bottom  of  a  ncket  is  to  be  stuffed  with  day,  the  -meant  space 
is  to  be  filled  with  the  following  composition,  and  the  mouth  covered  with  pasteboard, 
which  must  be  pierced  into  the  preparation,  with  five  holes,  for  the  escape  of  the 
luminous  rays,  -miich  represent  a  star: — 

Ordbtti; 
Nitre         ....        16 
Sulphur    ....  4 

Ounpowder-meal       .        .  4 

Antimony         ...  2 

Lanwa  are  long  rockets  of  small  diameter,  made  with  cartridge-paper.  Those 
which  bum  quickest  should  be  the  longest    They  are  composed  as  follows : — 

WkUt  Umeet:  nitre,  16 ;  sulphur,  8  ;  gunpowder,  4  parts. 

Rtmth-whita  lancet :  nitre,  16 ;  sulphur,  8  ;  antimony,  4  parts. 

Bhie  lances :  nitre,  16 ;  antimony,  8  parts. 

Teilow  lances:  nitre,  16  ;  sulphur,  8;  gunpowder,  16  ;  amber,  8  parts. 

Tellomer  Unices:  nitre,  16;  sulphur,  4;  gunpowder,  16;  colophoDy,  3;  amber,  4 
ports. 

Greenish  lanees:  nitre,  16 ;  sulphur,  6 ;  antimony,  6 ;  verdigris,  6  parts. 

JPink  lanees :  nitre,  16 ;  gunpowder,  8 ;  lamp-black,  1. 

Oorcbuie  is  represented  hj  imbuing  soft  ropes  with  a  mixture  of  nitre,  2 ;  sulphur, 
16 ;  antimony,  1 ;  resin  of  juniper,  1  part. 

The  Bengal  flames  consist  of  nitre,  7 ;  sulphur,  2 ;  antimony,  1.  This  mixture  is 
pressed  strongly  into  earthen  porringers,  with  some  bits  of  quick-match  strewed  over 
the  sur&ce. 

Bemlving  suns  are  wheels  upon  whose  drcnmference  rockets  of  different  s^les  are 
fixed,  and  which  communicate  by  oonduite,  so  that  one  is  lighted  up  in  succession 
after  another.  The  composition  of  their  common  fire  is,  for  sizes  below  j  of  an  inch  : 
gunpowder-meal,  6 ;  charcoal,  not  too  fine,  8.  For  larges  sizes :  gunpowder,  20 ; 
chansoel,  not  too  fine,  4.  For  Jieiy  radiaiions:  gnnpoiraer,  16;  yellow  micaceous 
sand,  2  or  3.    For  mixed  radialiont:  gunpowder,  16 ;  pitcoal,  1 ;  yellow  sand,  1  or  2. 

The  wavinff  or  double  Caiheriae  viHeels,  are  two  suns  turning  upon  the  same  axis  in 
opposite  direotions.  The  ftuwes  are  fixed  obliquely  and  not  tangentially  to  their 
peripheries.  The  wheel-spokes  are  charged  with  a  great  liumber  of  fusees ;  two  of 
the  four  wings  revolve  in  one  direction,  and  the  other  two  in  the  opposite ;  but  always 
in  a  vertical  plane. 

The  girandoles,  caprices,  spirais,  and  some  others  havo  on  the  contrary  a  horizontal 
rotation.  The  fire-worker  may  diversify  their  effects  greatly  by  the  arrangement  and 
colour  of  the  jets  of  fiome.  Let  us  take  for  an  example  the  gloie  qf  UqhL  Imagine 
a  large  sphere  turning  freely  upon  its  axis,  along  with  a  hollow  hemiq>bere,  which 
revolves  also  upon  a  vertical  axis  passing  through  its  under  pole.  If  the  two  pieces  be 
covered  with  coloured  lances  or  cordage,  a  fixed  luminous  globe  will  be  formed,  but 
if  horizontal  fusees  be  added  upon  the  hemisphere,  and  vertical  fiisees  upon  the 
SfAere,  the  first  will  have  a  relative  horizontal  movement,  the  second  a  vertical 
movement,  which,  being  combined  with  the  first,  will  cause  it  to  describe  a  spedes  of 
curve,  whose  effect  will  be  an  agreeable  contrast  with  the  regular  movement  of  the 
hamiqihere.  Upon  the  sur&ce  of  a  revolving  sun,  smaller  suns  might  be  placed,  to 
revolve  like  statellites  round  their  primaries. 

Ruggieri  exhibited  a  luminous  ser^t  pursuing  with  a  rapid  winding  pace  a  but- 
terfly which  fiew  continually  before  it.  This  extraordinary  effect  was  produced  in 
the  following  way : — Upon  the  summits  of  an  octagon  he  fixed  eight  equal  wheels 
turning  freely  upon  their  axles,  in  the  vertical  pluie  of  the  octagon.  An  endless 
chain  passed  round  their  circumference,  going  from  the  interior  to  the  exterior,  cover- 
ing the  outside  semi-drcumference  of  the  first,  the  inside  of  the  second,  and  so  in 
succession ;  whence  arose  the  appearance  of  a  great  festooned  circular  line.  The 
chain,  like  that  of  a  watdi,  earned  upon  a  portion  of  its  length,  a  sort  of  scales 
pierced  with  holes  for  receiving  coloured  lances,  in  order  to  represent  a  fiery  serpent. 
At  a  little  distance  there  was  a  bntterfly  constructed  with  white  lances.    The  piece 
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was  kindled  commonly  by  other  fire-'worlu,  which  seemed  to  end  in  their  play,  by  pro- 
jecting the  serpent  from  the  bosom  of  the  flames.  The  motion  was  oommnnic^efll  to 
the  chain  by  one  of  the  wheels,  which  received  it  like  a  clock  from  the  action  of  a 
weight.  This  remarkably  curious  mechanism  was  called  by  the  artists  a  talamander. 
The  rockets  which  rite  into  the  air  with  a  prodigious  velocity  are  among  the  most 
common,  but  not  least  interesting,  flre-works.  YHien  employed  profusely  thOT  form 
those  rich  volleys  of  fire  which  are  the  crowning  ornaments  of  a  public  fAte.  The  car- 
tridge is  similar  to  that  of  other  jet«,  except  in  regard  to  its  length,  and  the  neces- 
sity of  pasting  it  strongly,  and  planing  it  well ;  but  it  is  chai;ged  in  a  different  manner. 
As  the  sky-rockets  must  fly  off  with  rapidity,  their  composition  should  be  such  as  to 
kindle  instantly  throughout  their  length,  and  extricate  a  vast  volume  of  elastic  fluids. 
To  effect  this  purpose,  a  small  cylin<uic  space  is  left  vacant  round  the  axis ;  that  is, 
the  central  line  is  tubular.  The  fire-workers  call  this  space  '  the  sonl  of  the  rocket' 
(tAme  de  lafiule).  On  account  of  its  somewhat  conical  &rm,  hollow  rods,  adjustable 
to  different  sizes  of  broaches  or  skewers,  are  required  in  packing  the  charge ;  which 
must  be  done  while  the  cartridge  is  sustained  by  its  outside  mould,  or  copper  cylinder. 
The  composition  of  sky-iockete  is  as  follows: — 


Vbentheborais  .      .      . 

2  of  an  inch ; 

itol; 

1|. 

Nitre    .... 

Charcoal 

Sulphur 

16 
7 

4 

16 
8 

4 

16 
2 
4 

SrUliaut  Fire. 

Nitre    .... 

Charcoal 

Sulphnr 

Kne  steel-filings   . 

16 
6 

4 
3 

16 

7 

4 
4 

16 
8 
4 
5 

ChtneMlire. 

Nitre    .... 

CharcflAl 

Sulphur 

Fine  borings  of  cast  iron 

16 
4 
3 
3  coarser 

16 
6 
3 

4 

16 
6 

4 
6 

The  cartridge  being  charged  as  above  described,  the  pot  must  be  a^usted  to  it,  with 
ihe  garniture ;  that  is,  the  serpents,  the  crackers,  the  stars,  the  showers  of  fire,  jcc 
The  pot  is  a  tube  of  pasteboard  wider  than  the  body  of  tjie  rocket,  and  about  one- 
thiid  of  its  length.  After  being  strangled  at  the  bottom  like  the  mouth  of  a  phial,  it 
is  attached  to  the  end  of  the  fusee  by  means  of  twine  and  paste.  These  are  afterwards 
covered  with  paper.  The  garniture  is  introduced  by  the  neck,  and  a  paper  plug  is 
laid  over  it.  The  whole  is  enclosed  within  a  tube  of  pasteboard  terminating  in  a 
cone,  which  is  firmly  pasted  to  the  pot.  The  quick-match  is  now  finally  inserted  into 
the  soul  of  the  rocket  The  rod  attached  to  the  end  of  the  sky-rockets,  to  direct  their 
flight,  is  made  of  willow  or  any  other  light  wood.  M.  Buggieri  replaced  the  rod  by 
conical  wings,  containing  explosive  materials,  and  thereby  made  them  fly  farther  and 
straighter. 

The  gamUurei  of  the  sky-rocket  pots  ore  the  following : — 

Stare  are  small,  round,  or  cubic  solids,  made  with  one  of  the  following  compo- 
sitions, and  soaked  in  spirits.  White  itare:  nitre,  16;  sulphur,  8;  gunpowder,  8. 
Others  more  vivid  consist  of  nitre,  16 ;  sulphur,  7 ;  gunpowder,  4. 

Stan  for  gotdeit  ehouxn :  nitre,  16 ;  sulphur,  10 ;  charcoal,  4 ;  gunpowder,  16 ; 
lamp-black,  2.  Others  yellower  are  made  with  nitre,  16 ;  sidphnr,  8 ;  charcoal,  2 ; 
lamp-black,  2 ;  gunpowder,  8. 

Tke  eerpmte  are  sm&U  fusees  made  with  one  or  two  cards ;  their  bore  being  lees 
than  half  an  inch.  The  lardona  are  a  little  larger,  and  have  three  cards.  The  retiUee 
are  smaller.  Their  composition  is,  nitre,  16;  charcoal,  not  too  fine,  2  ;  gunpowder, 
4 ;  sulphur,  4  ;  fine  steel-filings,  6. 

The  petardt  are  cartridges  filled  with  gunpowder  and  strangled. 

The  eaxons  are  cartridges  clayed  at  each  end,  chai^d  with  the  brilliant  burning 
fire,  and  perforated  with  one  or  two  holes  at  the  extremity  of  the  same  diameter. 

The  cracker  is  a  round  or  square  box  of  pasteboard,  filled  with  granulated  gun- 
powder, and  hooped  all  round  with  twine. 

Soman  candlee  are  fusees  which  throw  out  very  bright  stars  in  soeeeasion.    With 
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die  composition  (u  nnder^  imbned  with  sfiriU  and  gam-'wat«r,  small  cylindilc  masse* 
are  made,  pieiced  with  a  nole  in  Qu&t  centre^  These  bodies,  when  Undled  and  pio- 
jected  into  the  air,  fonn  the  stars.  Then  is  flist  pat  into  the  cartridge  a  charge  of 
fine  gunpowder  of  the  sixe  of  the  star;  above  this  charge  a  star  is  placed;  then  a 
charge  of  composition  for  the  Soman  candles. 

The  Stan,  when  lets  than  }  of  an  inch,  consist  of  nitre,  16 ;  sulphur,  7 ;  gunpowder, 
5.    When  larger,  o^  nitre,  16 ;  sulphur,  8 ;  gunpowder,  8. 

Soman  candUi,  nitre,  16 ;  charcoal,  6 ;  snlpaur,  3.  When  above  }  of  an  inch, 
nitre,  16;  charcoal,  8;  sulphur,  6. 

The  girandea,  or  bosquets,  are  those  beautiful  pieces  which  usually  conclude  a  fire- 
work exhibition ;  when  a  multitude  of  jets  seem  to  enblazon  the  sky  in  every  direo- 
tlon,  and  then  fall  in  golden  showers.  This  effect  is  produced  by  distributing  a 
number  of  cases  open  at  top,  each  oontuning  140  sky-rockets,  oommnnicating  with 
one  another  by  quick-match  strings  plaaied  among  them.  The  several  oases  com- 
municate with  each  other  by  eonduUi,  whereby  they  take  fire  mmnltaneously,  and 
produce  a  volcanic  display. 

The  wattr  fire-tBorkt  are  prepared  lilra  the  rest ;  but  they  must  be  floated  either  by 
wooden  bowls,  or  by  discs  and  nollow  cartridges  fitted  to  them. 

Blve  fire  for  lanoei  td&j  be  made  with  nitre,  16 ;  antimony,  8 ;  veiyfine  anc-filings, 
4.  Chinese  paste  for  the  stars  of  BcHnan  candles,  bombs,  &c. : — iSulphur,  16  ;  nitre,  4; 
gunpowder-meal,  12 ;  camphor,  1 ;  linseed  oil,  1 ;  the  miztore  being  moistened  with 
spirits. 

The/w  Grigtoii  of  Buggieri,  the  son :— -Nitre,  4 ;  sulphur,  2 ;  naphtha,  1 

The  rtA-firt  composition  is  made  by  mixing  40  parts  of  nitrate  of  strontia,  IS  of 
flowers  of  sidphur,  5  of  chlorate  of  potash,  and  4  of  sulphuret  of  antimony. 

Grtenfirt  may  be  made  by  using  nitrate  of  baryta,  instead  of  nitrate  of  strontia. 
Chloride  of  thallium  also  imparts  a  fine  green  colour  to  pyrotechnic  mixtures. 

White  fire  is  produced  by  igniting  a  mixture  of  48  parts  of  nitre,  13J  sulphur,  7^ 
sulphuret  of  antimony ;  or,  24  nitre,  7  sulphur,  2  realgar ;  or,  75  nitre,  24  sulphur, 
1  charcoal ;  or,  finally,  100  of  gunpowder-meal,  and  25  of  cast-iron  fine  borings. 

The  blue-fire  composition  is,  4  parts  of  gunpowder-meal,  2  of  nitre,  sulphur  and 
zinc,  each  3  parts, 

Ficrate  of  ammonia  is  now  used  for  the  production  of  very  brilliant  coloured  flames. 

Pro£  Church  has  published  the  following  very  interesting  process  for  the  pro- 
duction of  coloured  flames : — Bibulous  paper  is  soaked  for  ten  mfnutes  in  a  mixture 
of  4  parts,  by  measure,  of  oil  of  vitriol  with  S  parts  of  strong  fuming  nitric  add,  and 
when  washed  out  thoroughly  with  warm  distilled  water,  is  dried  at  a  gentle  heat. 
The  gun-paper  thus  prepared  is  then  saturated  with  chlorate  of  stronUum,  with  chlorate 
of  buium,  or  with  nitrate  of  potassium,  by  immersion  in  a  warm  solution  of  these 
salts ;  a  solution  of  chlorate  of  copper  also  may  be  used.  If,  after  complete  drying, 
a  small  pellet  of  any  of  these  papers  be  made,  lighted  at  one  point  at  a  flame,  and 
then  thrown  into  the  air,  a  flash  of  intensely-coloured  light  is  produced,  while  the 
combustion  is  so  perfect  that  there  is  no  perceptible  ash.  The  barium  salt  gives 
a  beautiful  green  light,  the  strontium  salt  a  crimson,  the  potasdnm  salt  a  violet,  and 
the  copper  salt  a  fine  blue.  The  chlorate  may  be  prepared  sufficiently  pure  for  these 
experiments  by  mixing  warm  solutions  of  the  chlorides  of  barium,  strontium,  or 
copper,  witii  an  equivalent  quantity  of  a  warm  solution  of  chlorate  of  potassium. 
The  dear  liquid  is  to  be  poured  off  the  precipitated  chloride  of  potassium,  and 
employed  for  the  saturation  of  different  portions  of  the  gun-papra.  The  foregoing 
makes  an  admirable  lecture-experiment,  for  illustrating  the  oolonis  imparted  to  flame 
by  barium,  strontium,  and  other  salts. 

VTWmii  U'KMIMM.  A  substance  detected  in  pyrozyUc  spirit  by  Hr.  Scanlan. 
He  UxoB  describes  this  oomponnd : — 

If  potash-water  be  added  to  raw  wood-spirit  (pj/roHgnecnu),  as  long  as  it  throws 
down  anything,  a  precipitate  is  produced,  which  is  pi/roxanthiae,  mixed  with  tariy 
matter.  The  precipitate  is  to  be  collected  on  a  fllter-cloth,  and  submitted  to 
a  strong  pressure  between  folds  of  blotting-paper ;  it  is  next  to  be  washed  with  cold 
alcohol,  spec.  giav.  0-840,  in  order  to  f^  it  from  any  adhering  tarry  matter ;  when 
the  i^ntixyline  is  left  nearly  pure.  If  it  be  dissolved  in  boiling  aloihol,  or  hot  oil 
of  turpentine,  it  crystallises  regularly  on  cooling,  in  bright  square  prisms,  of  a  fine 
yellow  colour,  that  look  opaque  to  the  naked  eye,  but  when  examined  under  the  micro- 
scope, have  the  transparency  and  colour  of  ferroprussiate  of  potash.  Its  turpentine- 
solution  affords  crystals  of  a  splendid  orange-red  colour,  having  the  appearance  of 
minute  plates,  whose  form  is  not  discernible  by  the  naked  eye,  but  when  examined 
by  the  microscope,  they  are  seen  to  be  thin  right  rectangular  prisms.  The  orange- 
red  colour  is  only  the  effect  of  aggregation;  for  when  ground  to  powder,  these 
crystals  become  yeUow;  and  nnder  tiie  microscope,  the  diSrence  in  colour  between 
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the  two  is  rety  slight.  lu  mettug-prant  ia  SIS'*  Fahr.  °  It  snblimes  at  SOO"  in  free 
ui;  heated  in  a  eiraa  tabe  in  a  bath  of  mereniy,  it  amita  vapour  at  400°;  it  tiien  begins 
to  decompose,  and  is  totally  decomposed  at  fiOO°.  Snlphnrio  add  deoompoaas  it, 
produeing  a  beantiftal  blue  oolour,  'which  passes  into  crmson,  as  the  acid  attracts 
water  finm  the  atmosphare,  and  it  totally  disappeais  on  plentiful  dilution  with  water, 
leaving  eszbon  of  a  duty  brown  colour.  Its  alcoholic  or  turpentinewwlntion  imparts 
a  permanent  yellow  dye  to  vegstsble-  or  animal-  matter. 

Pyiozantiune  consists,  according  to  the  uialysis  of  Drs.  Apjohn  and  Greg(»y,  of 
carbon,  76-276 ;  hydrogen,  S'609 ;  oxvgen,  19-116,  in  100  parts. 

raMHEVUCO  SVXiuT.  Syns.  P^vligntimi  tpirit,  PyroUanaau*  tthtr,  Wbod-tpirit, 
Wood-napMa,  MetAj/lie  tUcokol,  Hydratt  of  metkyU,  Hydrated  oaidt  qf  mttt^. 
CH*0'-CH'0,HO  (0S<0).  Density  of  stnmgwst  wood-spirit  at  88°,  0-8179. 
Density  at  68°,  0-798.  Density  of  vapour,  1-12-4  volumes.  Boiling-point,  1 60°  Fahr. 

Wood-spirit  was  first  recognised  as  a  distinct  substsnoa  by  Ta^or,  in  1812.  Its 
true  nature,  however,  was  unknown  nntil  the  appsaranoe  of  the  important  research  of 
KM.  Dumas  and  Feligot,  in  1836. 

Fyrozylie  spirit  is  obtained  &om  the  liquid  products  of  the  distillation  of  wood  by 
taking  advantage  of  its  sapoior  volatility.  The  erode  wood-vineear,  if  distilled  per 
m,  yiuds  up  to  a  certain  point  highly  impure  and  weak  spirit  Jf  is,  however,  free 
from  ammonia  and  alkaloids.  If,  on  the  other  hand,  the  vinegar  is  first  neutralised 
by  lime  or  soda  previous  to  the  distillation  of  the  spirit,  it  is  rendered  more  free  from 
acetate  of  methjle  and  some  other  impurities,  but  it  then  contains  alkaloids  and 
ammonia.  At  tunes  the  quantity  of  the  latter  snbstanee  present  is  so  large  that  the 
spirit  smokes  strongly  m  the  a{^iroach  of  a  rod  dipped  in  bydroeUotie  or  acetic  acid. 
In  order  to  apply  tMs  test,  it  is  obvious  that  the  hydrochlorie  add  must  be  diluted  until 
it  does  not  fume  by  itself.  By  repeated  rectificatioiis  over  lime  or  chalk,  rejecting 
the  latter  portions,  the  wood-spirit  may  be  obtained  colourless,  and  of  a  suength 
vaiying  f^m  80  to  90  per  cent,  of  pure  spirit,  the  spedfic  gravity  being  firora  0-870 
to  0-830. 

Inasmuch  as  wood-spirit  boils  at  a  temperature  &r  less  than  the  p<unt  of  ebullition 
of  the  impurities  ordinarily  found  in  it,  it  may  always  be  greatly  improved  in  solvent 
power,  appearance,  and  odour,  by  mere  rectification  on  the  water-bath  or  in  a  recti- 
fying-stilL  But,  nevertheless,  a  certain  quantity  of  the  more  volatile  impurities 
dways  accompany  the  methylic  alcohol,  being  carried  over  with  its  vapour.  Among 
the  foreign  bodies  may  be  mentioned  die  hydrocarbons  of  the  benxole  series.  These 
may  be  entirely  removed  by  mixing  the  crude  spirit  with  three  or  four  tames  its 
volnme  of  water ;  the  hydrocarbons  are  thus  rendered  insoluble  and  rise  to  the  surface 
of  the  fluid.  By  means  of  a  separator  the  lower  layer  may  be  removed,  and  after  two 
or  three  rectifications,  at  as  low  a  temperature  as  poasible,  the  spirit  may  be  procured 
quite  elean. 

To  obtain  woodmpirit  quite  pore  it  is  genetally  reoommended  to  mix  it  with 
chloride  of  caldum,  and  again  rectity  on  a  steam-  or  water-bath.  By  operating  in 
this  manner,  the  methylic  alcohol  combines  inth  the  chloride  of  calcium,  forming  a 
compound  not  decomposable  at  the  temperature  of  the  water-bath.  The  impozities 
present  therefore  distil  away,  leaving  in  the  still  a  compound  of  pure  methylie  alcohol 
with  chloride  of  calrinm  But  this  latter  compound  possesses  little  stability,  and 
may  be  decomposed  by  the  mne  addition  of  water,  iriiidi  liberates  the  spirit.  It  is 
then  to  be  distilled  away  from  the  salt,  and  after  one  or  two  rectifications  ovw  quidc- 
lime  will  be  quite  pure. 

It  is  hi^y  important  that  wood-s|nrit  should  be  of  consideiable  purity  if  required 
for  the  purpose  of  dissolving  the  gums.  It  is  true,  that  so  &r  as  its  use  for  dissMving 
shellac  is  concerned,  there  is  no  need  for  extreme  purity,  as  shellae  will  dissolve 
in  most  specimens  of  wood-spirit  But  it  is  not  in  this  case  the  mare  solvent  power 
that  is  required ;  for  if  a  suntion  of  shsllac  in  impure  wood-spirit  be  employed  by 
hatters,  the  vapour  evolved  is  so  irritating  to  the  eyes  Uiat  the  workmen  are  unable  to 
proceed.  If  tiie  spirit  has  the  property  of  Aiming  on  the  approach  of  a  rod  dipped 
in  acetic  or  hydrochlorio  adds,  it  may  be  taken  for  granted  that  it  will  be  incapable 
of  dissolving  gum-sandaraeh.  This  arises  fhnn  the  fact  that  such  spirit  has  been 
distilled  from  an  alkaline  base,  such  as  lime  or  soda,  and  contains  alkaloids,  ammonia, 
and  various  other  impurities  which  destroy  its  solvent  power.  The  alkaline  reaction 
may  be  destroyed  ami  the  spirit  rendered  fit  for  use  by  adding  2  or  8  per  oent  of 
sulphuric  add  and  then  distilling.  The  alkaloids  and  many  otiiar  impurities  will 
then  be  retained,  and  the  spirit  may  either  be  used  at  once  or  still  Airther  purified 
by  dilution  with  water  and  subsequent  rectification.  It  is  possible  to  combine  the 
two  processes  at  one  operation,  by  diluting  the  spirit,  with  four  times  its  bulk  ci  water, 
and  adding  just  enough  oil  of  vitriol  to  the  diluted  liquid  to  give  it  a  faint  add 
reaction  to  litmus-paper.  It  is  absolutely  essential  to  the  success  of  this  process 
that  the  mixture  of  spirit,  water,  and  add  be  pnfecUy  well  mixed. 
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A  wood-spirit  which  refoses  to  diasolTS  undaiach  may  often  be  rendered  a  good 
■olvent  by  adding  from  6  to  7  per  cent,  of  acetone.    See  Acnom. 

When  woodapirit  is  reqnir«d  in  a  state  of  extreme  parity  for  the  pnrpoee  of 
reseaioh,  it  may  be  obtained  by  distilling  oxalate  of  methyla  with  water.  Oxalate  of 
methyle,  or  methyle  oxalic  ether  may  be  prepared  by  distilling  equal  parts  of 
snlphoric  acid,  oxalic  acid,  and  wood-spirit  The  distillate  when  evaporated  very 
gently  yields  crystals  of  the  compound  m  question.  As  it  does  not  volstiliBe  below 
322°  F.,  the  retort  containing  the  materials  for  its  preparation  requires  to  be  pretty 
strongly  heated  to  faring  the  ether  orer.  It  may  be  purified  by  sublimation  ficom 
oxide  «( lead. 

Pore  methylic  alcohol  is  a  oolontlees  transparent  liquid,  neutral,  very  inflammable, 
burning  with  a  blue  flame  like  oommon  alcbhoL  It  has  a  very  nauseous  flaroor, 
and  is  fiery  in  the  month.  It  dissolves  in  any  proportion  in  water,  alcohol,  or 
ether,  and  is  a  good  solvent  for  fatty  bodies  and  certain  resins.  It  is  miseible  with 
essential  <uls. 

Wood-spirit  may  be  detected  even  when  greatly  diluted  with  alo(Aol,  by  the  brown 
colour  which  it  assumes  in  presence  of  solid  caustic  potash.  Kren  when  alcohol  con- 
tains only  2  per  oenL  of  wood-spirit,  it  aoqnires  a  yellow  tint  in  ten  minutes  on 
addition  it  powdered  caostia  potash.    In  half  an  hour  the  colour  becomes  brown. 

According  to  Hr.  Maurice  Soanlan,  wood-spirit  may  be  distin^shed  ttom  acetone 
(with  which  it  appears  to  have  sometimes  been  confounded  in  medicine),  by  the 
action  of  a  saturated  solution  of  chl(Hnde  of  calcium,  which  readily  mixes  with  the 
foimer,  but  separates  immediately  &om  the  latter. 

Wood-spirit  is  but  seldom  employed  now  in  the  arts,  as  it  is  genorally  cheaper  and 
more  convenient  to  use  th»  mixture  of  90  parts  of  spirit  (rf  wine  with  10  parts  of 

Snrifled  wood-spirit,  which  is  now  permitted  by  Gkivemment  to  be  employed  i^  of 
u^  under  the  title  of  'methylated  spirit.' 

The  following  table  contains  the  percentages  of  pure  wood-spirit  of  the  specific 
gravity  0-8186  in  various  mixtures;  the  temperature  at  which  the  experiments 
must  be  made  to  cotrespond  with  the  above  table  being  60°  F. — 


Speoiflo 

Bnliplilt 

OrerExolw 

Bpectflo 

Bealiplrlt 

Orar  or  under 

grsTlty 

par  cent. 

proof 

grsTlty 

percent. 

proof 

•8136 

lOO^OO 

•9082 

6860 

13-10 

•8216 

9800 

64-10 

•9060 

67-66 

11^40 

•8266 

96-1 1 

61-10 

•9070 

66-66 

9^30 

■8320 

04^34 

6800 

•9116 

66-00 

MO 

•8884 

92-22 

6660 

•9164 

68-80 

4-20 

■8418 

9090 

63<60 

•9184 

61-78 

2-10 

•8470 

89-30 

49-70 

* 

Underproof 

,     -8614 

87-72 

47-40 

•9218 

60-24 

0-60 

•8664 

86-20 

44^60 

•9242 

68-82 

2-60 

•8696 

84^76 

42-20 

•9266 

67-78 

4-00 

•8643 

83^S3 

89^90 

-9296 

66-18 

7*00 

•8674 

8200 

87-10 

-9344 

68-70 

1100 

•8712 

80^64 

86-00 

•9386 

51-64 

16-30 

•8742 

79^86 

82-70 

•9414 

60^00 

17-80 

•8784 

78^13 

80^00 

■9448 

47-62 

20-80 

•8820 

77-00 

37-90 

•9484 

46-00 

26-10 

•8842 

7676 

260O 

-9618 

43-48 

28-80 

•8876 

7468 

24-80 

■8540 

41-66 

31-90 

•8918 

7868 

2230 

•9664 

40-00 

34-20 

•8980 

7346 

20^60 

•9684 

38-46 

86-60 

•8960 

7148 

1880 

•9600 

87-11 

88-10 

•8984 

70^42 

16-80 

•9620 

36-71 

40-60 

•9908 

69-44 

1630 

According  to  M.  Deville,  the  above  table  is  not  absolutely  correct,  the  spirit  used  by 
Dr.  Vre  not  having  been  entirely  Iree  fh>m  water.   H.  DeviUe's  numbers  are  as  follow: 

Feroentage  «( 
flogrsTitr  WDod-i^t 

0-8070 100 

0-8871 90 

0-8619 80 

0-8878 70 
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Peraentan  of 
SpedOo  gmitf  wood-«piiit 

0-9072 60 

0-9232 60 

0-9429 40 

0-9676 30 

0-9709 20 

0-9761 10 

0-9867 6 

Wood-spirit  unites  with  chloride  of  calcium  vith  such  energy  that  the  liquid  enters 
into  ebullition.  The  product  of  the  union  is  Bu£Bcientl^  stable  to  endure  a  heat 
considerably  above  the  boiling-point  of  imter,  without  ginng  off  the  aledioL  Water, 
howeyer,  destroys  the  compound,  and  enables  the  spirit  to  be  distilled  away  on  the 
water^bath. 

Hetbylic  alcohol,  treated  with  solution  of  bleaching  powder,  yields  chloroform,  but 
the  resulting  product  is  not  so  fine  as  that  prepared  ttom  toe  yinic  alcohol.  In 
&ct,  methylic  alcohol  is  seldom  or  neyer  found  in  commerce  of  such  purity  as  to 
enable  good  chloroform  to  be  prepared  by  the  action  of  chloride  of  lime.  Horeoyer, 
it  should  be  mentioned  that  so  acrid  and  pungent  are  the  products  of  the  action  of 
chlorine  on  tiie  bodies  accompanying  crude  wood-spirit,  that  great  danger  would  be 
incurred  in  using  s  chloroform  containing  eyen  minute  traces  of  them.  The  following 
equation  represents  ibe  action  of  the  chlorine  of  the  bleaching  powder  on  wood-spirit : — 

CH*0>  +  4C1»C^C1*  +  2H0  +  HCL    (OB*0-t-«OlBOHai>-t-a:>0<<-BOL) 

Wood-jpiiit.  OUorotam.  C.  Qt.  W. 


I  is  one  of  the  names  pyen  to  gun-cotton.    See  Gok-coiton. 

U    Magnetic  pyrites.    See  Ptbitsi). 
VmOXk      CH^y  (O^M**).      A  yolatile  organic  base,   discovered  in  coal- 
naphtha  by  Rungi.   It  has  been  chiefly  studied  b}  Dr.  Anderson.   Its  vapour  possesses 
the  singular  property  of  dyeing  fir- wood,  moistened  with  hydrochloric  acid,  a  deep  red. 


Q 

^VAJnraTt  THa.  A  kind  of  file.  It  is  especially  used  for  scraping  line-platea 
for  the  process  dienominated  anastatic  printing. 

QOASVATSOW  is  the  alloying  of  one  part  of  gold,  that  is  to  be  refined, 
muL  three  parts  of  silver,  so  that  the  gold  shall  constitute  one  quarter  of  the  whole, 
and  thereby  have  its  particles  so  tax  separated  as  to  be  able  to  protect  the  other  metals 
originally  associated  with  it,  such  as  silver,  coi>per,  lead,  tin,  palladium,  &c,  ttom  the 
action  of  the  nitric  or  sulphuric  acid  employed  in  the  parting  process.    See  RininHo. 

QVAXTX.  Silex;  pure  silica  in  toe  insoluble  state.  Quarts  includes,  as 
sub-species:  Sock-orystal,  Sou-quarte,  Ametijf^,  Prate  or  Chrytopnue,  and  several 
varieties  of  chalcedony,  as  Caft-ege,  Ptatma,  Chrysoprate,  Om/x,  Bardonyx,  ^c. 
Lustre  of  quartz,  vitreous,  inclining  sometimes  to  resinous;  colours,  very  various; 
firactnre  eonchoidial ;  hardness,  7 ;  specific  gravity,  2-69.    See  Siuca. 

QOAMXA  is  the  wood  of  t^e  root  of  the  Quaitia  exeeUa,  a  tree  iriiich  grows  in 
Snnnam,  the  East  Indies,  &c.  It  affords  to  water  an  intensely  bitter  decoction,  which 
is  occasionally  used  in  medicine^  and  was  formerly  substituted  by  some  brewers  for 
hops,  but  is  now  prohibited  under  severe  penalties.  It  affords  a  safe  and  efficacious 
fly-water,  or  poison  for  flies. 

^UBBM'S  KarAXi.  An  alloy  formed  of  2  parta  of  tin  and  I  part  each  of  lead, 
antimony,  and  bismuth. 

QVaavs  "WAMM,    See  PomtBT. 

^raaw  W009.    See  Bbazu.  Wood. 

QIWMM'S  TSKKOWa    Turbith's  mineral ;  the  yellow  subsulpoate  of  mercury. 

QimUJITKOir  is  the  bark  of  the  Qitereut  nigra,  or  yellow  oak,  a  tree  wluch 
grows  in  North  America.  The  colouring  principle  of  this  yellow  dye-stuff  has  been 
called  QaercUron,  by  its  discoverer,  CbevreuL  If  forms  small  pale  yellow  spangles, 
like  those  of  Aurvm  muiivum ;  has  a  faint  add  reaction,  is  pretty  soluble  in  alcohol, 
hardly  in  ether,  and  little  in  water.  Solution  of  alum  developes  from  it,  by  degrees, 
a  beatttifbl  yellow  dye.    See  Oauoo-Pbimtimo. 

QVIOUiata.    Caustic  lime.    See  Ldib. 
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Q^oa»ZXiVBR.     Imported  in   1874,   2,088,4*7  lbs.;  Talne  ^841,208.    See 

IfBBCUBT. 

QVHA.    See  Fsatebbs. 

^UlMAJim  is  <uie  of  the  alkaloids  obtained  from  the  cinchona  barks,  and  is 
found  in  most  of  them.  The  quantity,  howeTcr,  varies  with  the  quality  of  the  bark ; 
Cineluma  Caliiaya,  or  yeUoa  bark,  wUch  is  the  most  prized,  containing  quinine,  irith 
bnt  little^  if  any,  jiunidiiie,  while  some  of  the  Loxa  barks  contain  quinuiine,  and  some 
einchoniiu,  sod  little  or  no  quinine ;  soch  are  the  H.O.  Crown  barks. 

Qninidine  was  discorsred  in  1833  by  MM.  Henry  and  Delandre.  It  has  the  same 
composition  as  quinine^  (y*S.*'NH)*  (0"H"JiH»'),  but  is  nerertheless  a  distinct 
alkaloid. 

It  is  obtained  from  the  badu  containing  it  in  the  same  manner  as  quinine  from  the 
quinine-yielding  barks ;  and  owing  to  the  employment  of  the  inferior  barks  in  the 
manu&ctnre  of  this  latter  alkaloVd  or  its  sulphate,  some  quinidine  is  always  present 
in  it,  bnt  from  the  greater  solubility  of  the  salts  of  quinidine,  they  principally  remain 
in  the  mother-liquors,  from  which  the  sulphate  of  quinine  has  crystallised. 

QVnmra.  This  alkaloid  is  found,  together  with  four  other  alkaloids,  in  the 
cinchona  barks,  of  which  there  are  numerous  varieties,  some  containing  principally 
^tntiM,  as  the  Calitat/a  or  yellow  bark,  which  is  the  most  valuable  of  all  the  barks 
on  that  account;  others  containing  principaUy  quimiKne  and  cinehonine,  with  but 
little  quinine. 

Quinine  is  the  principal  of  these  alkaloids,  and  is  now  manufactured  on  a  very 
large  scale  for  medicinal  purposes,  it  being  a  valuable  tonic  and  febrifuge. 

It  was  usually  prepared  from  the  C.  Calisat/a,  but,  owing  to  the  scarcity  and  high 
price  of  this  bark,  several  of  the  inferior  barks  have  been  employed  in  its  manu- 
mcture,  and  on  that  account  the  quinine  of  commerce  frequently  contains  some  of  the 
other  alkaloids.  The  sulphate  is  the  only  salt  of  quinine  which  is  manufactured  for 
commercial  purposes,  and  is  generally  known,  though  improperly,  as  '  Disulphate  of 
quinine.' 

The  following  i*  the  process  most  generally  followed  in  the  mann&ctnre  of  this 
salt: — The  coarsely-powdered  bark  is  digested  with  hot  dilute  sulphuric  or  hydro- 
chloric acid  for  one  or  two  hours;  the  liquor  is  strained  o£^  and  the  bark  treated 
with  a  fresh  portion  of  still  more  ^ate  acid  for  the  same  time.  This  process  may  be 
repeated  a  third  time,  but  the  liquor  then  obtained,  containing  so  little  quinine,  is 
used  for  a  fresh  portion  of  baric.  The  liquors  frnm  the  first  and  second  digestions  are 
strained  and  mixed,  and  are  then  mixed  with  lime,  magnesia,  or  carbonate  of  soda, 
until  the  liquid  acquires  a  slight  alkaline  reaction,  which  may  be  known  by  its 
turning  red  litmns-paper  blue.  Owing  to  the  solubility  of  quinine,  to  a  certain 
extent,  in  milk  of  lime  and  chloride  of  calcium,  carbonate  of  soda  is  the  best  to  be 
used  for  this  purpose.  A  precipitate  is  forAed,  which  is  separated  from  the  super- 
natant liquid  by  straining  through  a  cloth.  TUs  dark-coloured  mass,  which  contains 
the  alkaloids,  colouring-matter,  some  lime,  and  some  sulphate  of  lime, — these  latter,  of 
course,  only  when  both  lime  and  sulphuric  add  have  been  used  in  the  process, — ^is 
treated  with  boiling  ordinary  alcohol,  which  dissolves  the  alkaloids  ana  colouring- 
matter.  This  solution  is  filtered,  and  the  greater  part  of  the  alcohol  removed  by 
distillation,  when  a  brown  viscid  mass  remains ;  this  is  treated  with  dilute  sulphuric 
acid,  till  the  solution  remains  slightly  acid ;  this  solution  is  then  digested  with  animal- 
chaicoal,  filtered,  evaporated,  and  allowed  to  cool,  when  the  sulphate  of  quinine 
crystallises  out,  together  with  some  sulphate  of  quinidine  or  cinehonine,  according  to 
the  barks  which  have  been  employed ;  but,  owing  to  the  greater  solubility  of  t^ese 
latter  salts  than  the  sulphate  of  quinine,  they  principally  remain  in  the  mother- 
liquors.  When  pure  animal-charcoal  has  not  been  used,  the  sulphate  of  quinine  is 
likely  to  be  contaminated  with  some  sulphate  of  lime,  formed  by  the  action  of  the 
Biilphnric  acid  on  the  lime  in  the  animal-charcoal;  and  in  this  process  also  some 
quinine  is  likely  to  be  precipitated  by  the  lime  and  lost  in  the  animal-charcoal. 

In  order  to  separate  the  sulphate  of  quinine  thus  obtained  from  the  sulphates  of 
quinidine  and  cinehonine,  advantage  is  taken  of  the  greater  solubility  of  the  two 
latter  salts,  as  above  mentioned,  and  by  several  crratallisations  the  sulphate  of  quinine 
may  be  obtaiued  nearly  free  from  these  salts.  The  quantity  of  sulphate  of  quinine 
obtained  from  each  ponnd  of  bark  of  course  varies  with  the  bark  used.  Some  of  the 
best  Calitaya  bark  will  yield  half  an  ounce  of  the  sulphate  from  every  pound  of  bark, 
while  many  other  barks  which  are  used  in  the  manu&ctnre  of  sulphate  of  quinine 
do  not  yield  a  quarter  of  an  ounce, 

A  process  has  been  patented  by  Hr.  £dward  Herring  for  the  manufacture  of 
sulphate  of  quinine  without  the  use  of  alcohol,  and  it  yields  the  article  known  as 
'hospitalsolphate  of  qmmne'  at  the  first  crystallisation  and  without  the  use  of  animal- 
charcoaL    The  following  is  the  outline  of  the  process : — 

Tot.  m.  Y  Y 
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The  powdered  bark  is  boiled  in  solution  of  caustic  allcali  (soda  piefeired),  which 
remOTes  the  useless  eztiactire,  gummy  matters,  and  colouring-matter.  After  being 
well  boiled,  the  bark  is  washed  and  pressed.  This  process  of  boiling  with  aUcal^ 
&c.,  may  be  repeated,  if  neeeeeary,  and  the  bark,  after  being  well  washed  and  pressed, 
having  become  decolonrised,  is  boiled  with  dilute  sulphuric  acid,  being  kept  con- 
stantly stirred  whilst  boiling.  Afier  the  separation  of  the  liquid,  the  bnk  is  boiled 
with  a  second  portion  of  dilute  acid,  and  sometimes  with  a  third ;  but  the  liquid  from 
the  last  boiling  is  kept  to  be  used  for  a  fresh  portion  of  bark.  The  first  and  second 
portions  are  mixed,  strained,  and  treated  with  soda,  which  precipitates  the  alkalmds ; 
the  precipitate  is  washed  and  pressed,  and  then  digested  with  dilute  snlphurio  add, 
which  dissolves  the  alkaloids ;  this  solution  is  evaporated  and  allowed  to  cool,  when 
the  sulphate  of  quinine  crvstalliaes  oat,  accompanied  with  some  salphates  of  qoinidine 
and  dnchonine,  if  the  bark  employed  contained  these  latter  aUcaldias  ii^  any  quantity. 
The  sulphate  of  quinine  thus  obtained  is  dried,  and  fimns  the  unbleached  or  hospital 
quinine.  'When  the  sulphate  of  quinine  is  required  quite  pore,  this  is  treated  with 
pure  animal-chaicoal,  and  subjected  to  two  or  three  further  crystallisations. 

It  will  be  seen  that  the  prindpal  points  in  this  process  are  the  extraction  of  the 
colouring-matter  by  the  caustic  alkali  and  the  use  of  pure  animal-charcoal  in 
producing  the  perfectly  white  sulphate,  which  prevente  completely  the  admixture  of 
sulphate  of  lime  with  the  sulphate  of  quinine. 

This  process  yields  firem  80  to  90  per  cent,  of  the  quinine  contained  in  the  bark 
employed ;  and  to  obtain  the  remaimng  10  or  20  per  cent,  the  blood-red  solutions 
formed  by  boiling  the  bark  with  the  cadstic  alkali  ai-e  treated  with  dilute  hydrochloric 
acid  in  excess,  which  retains  in  solution  any  alkaloids  that  are  present.  This  solution 
is  strained  and  mixed  with  lime.  The  precipitate  thus  formed  is  colleAed,  pressed, 
dried,  and  powdered. 

It  is  then  digested  with  baieol,  or  any  solvent  which  is  not  a  solvent  of  lime.  These 
various  tinctures  or  preparations  are  well  agitated  with  dilnte  sulphuric  acid,  which 
extracts  the  quinine,  &c. ;  when  allowed  to  setUe,  the  benzol,  oil  of  turpentine,  or  lard, 
whichever  has  been  used,  rises  to  the  snrfitce.  The  acid  liquid  is  then  syphoned  off 
and  evaporated,  and  the  sulphate  of  quinine  obtained  from  it  is  purified  by  two  or 
three  crystallisations,  when  it  yields  •  mlt  equal  to  that  obtained  by  the  first  process, 
viz.  the  unbleached  or  hos^tsl  sulphate  of  quinine. 

The  sulphate  of  quinine  of  commecce  is  the  neutral  sulphate,  and  has  the  following 
composition:— 20"H"N«0«,2HSO*  +  14  aq.  (aaMS>«H»*4rao«  +  MPO). 

When  pure  it  occurs  as  white  spangles,  or  slender  needles,  which  are  slightly  flexible, 
and  possees  a  pearly  lustre  and  an  intensely  bitter  taste.  It  effloresces  in  the  air,  and 
loses  about  12  atoms  of  water  {Baup).  It  requires  for  solution,  740  parts  of  cold 
water  and  30  parts  of  boiling  water,  60  pvts  of  alcohol  at  ordinary  temperatures,  and 
much  less  of  boiling  alcohol. 

Its  solution  in  acidulated  water  turns  the  plane  of  polarisation  strongly  to  the  left, 
and  presents  a  blue  tint,  which  is  due  to  a  peculiar  refraction  of  the  rays  of  light  on 
the  first  surface  of  the  solution,  and  is  termed  fiuoreiemce  by  Professor  Stokes,  who, 
as  well  as  Sir  John  Herschel,  has  examined  the  cause  of  it,  the  latter  referring  it 
to  epipolic  dispersion. 

Heated  to  212°  F.,  sulphate  of  quinine  becomes  luminous,  which  is  augmented  by 
friction,  and  the  rubbed  body  is  found  to  be  charged  with  a  vitreous  electricity, 
sensible  to  the  electroscope.  It  fbses  easily,  and  in  that  state  resemblee  fused  wax ; 
at  a  higher  temperature  it  assumes  a  red  colour,  and  at  length  becomes  charred. 
When  a  solution  of  quinine  is  treated  with  chlorine  and  ammonia,  it  yields  a  bright 
green  solution,  very  characteristic  of  quinine. 

Besides  the  neutral  sulphate,  there  exists  an  add  sulphate,  or  btttUphaie,  of  the 
following  composition:— C*H««1T«0«,2HS0«  +  16H0.  (0"H"»»0«,H*0*  +  aSHt). 

It  is  formed  by  dissolving  the  neutral  sulphate  in  dilute  sulphuric  add,  evaporating 
and  crystallising.  It  crystallises  in  rectangular  prisms,  or  silky  needles.  It  is  much 
more  soluble  in  water  than  the  neutral  sulphate,  requiring  only  1 1  parts  of  water  at 
ordinary  temperatures  to  dissolve  it.    The  solution  reddens  blue  litmus-paper. 

It  fuses  in  its  water  of  dystallisation,  and  at  212°  F.  loses  24-6  per  cent  of  water 
(lAebig  and  Baup).  With  sulphate  of  sesquioxide  of  iron,  it  forms  a  double  salt, 
which  crystallises  in  octahedra  resembling  those  of  alum. 

Jdulteration  oftutphate  ofgyinine. — Owingto  the  high  price  of  sulphate  of  quinine, 
it  is  often  adulterated  with  various  substances,  as  alkaline  and  earthy  salts,  botacie 
add,  sugar,  starch,  manite,  margaric  acid,  salicine,  snlphates  of  cinchonine  and 
qninidine ;  the  two  latter  substances  will  be  found  in  most  of  the  commerdal  sulphate 
of  quinine,  and  are  not  looked  upon  as  fraudulent  mixtures  when  present  only  in 
small  quantities,  arising  then  from  the  imperfect  purification  of  the  sulphate  of 
quinine.    Sometimes,  however,  sulphate  of  cinchonine  is  present  in  large  quantities, 
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and  this  is  efibcted  by  MsklyBtiTriiig  the  solntioii  fiom  which  the  sulphate  of  qninine 
is  dystallisiiig,  vhen,  althongh  under  other  cirenmstanoes  the  sulphate  of  cinuionine 
would  remain  in  solution,  it  will  b^  this  agitation  be  deposited  in  a  pulverulent  form, 
together  with  the  sulphate  of  quinine.  No  doubt  this  ttani  had  been  practised  to  a 
considerable  extent.    See  Cikchona  Bask. 


That  part  of  the  keel,  and  stem  stem-post  of  a  ship  which  is  cnt  for 
the  plank  of  the  bottom  to  fit  into. 

BABSXT  {Lepiu  punictUui).  This  well-known  little  animal  is  not  only  employed 
largely  as  food,  but  it  fbmishes  to  manu&ctnres  useful  articles  in  its  skin.  The 
quantify  used  in  this  country  and  on  the  Continent  is  enormous. 

jf^'^mr.m.  ji  nutatturffieal  tool.  The  stirring-tool  used  in  the  process  of  pud- 
dling iron.    See  Ibok. 

MAMSXJMO.    The  working  of  iron  in  a  pnddling-fomace  with  the  rabble. 

BAOS.  An  inclined  plane  on  which  the  ore  and  slime  are  washed  and  separated. 
Backing  is  the  process  of  separating  the  heavy  metallic  ores  from  the  earthy  matter 
with  which  they  are  mixed. 

SABZCAXi  or  SABZOXBt  OHSmOAX.  In  modem  chemistry,  a  group  of 
elements  which  is  common  to  a  series  of  allied  compounds.  See  Watts's  '  Dictionary 
of  Chemistry.' 

K&SZOAXa,  A&OOBOIi.  Hydrocarbons,  such  as  methyl  and  ethyl,- which 
may  be  supposed  to  exist  in  the  alcohols.  Thus  ordinary  ethyl-alcohoi,  C*H*0* 
(CVO),  may  be  regarded  as  a  compound  of  the  radical  ethyl,  C*E*  (C^B*),  with 
the  group  of  elements  HO'  (hydroxyl  BO). 

BAWAaXXJi  VTABB.  .A.  name  sometimes  applied  to  Majolica  ware.  This 
pottery  was  made  in  the  city  of  Urbino,  and  it  has  been  said  that  the  designs  for  many 
of  the  pieces  were  'furnished  by  the  scholars  of  Ita&elle  f^m  the  original  drawings 
of  their  great  master,'  and  hence  the  name.    See  Majolica. 

BAa<  Any  hard  coarse-grained  rock,  whether  sedimentary  or  eruptive,  is  pro- 
vindally  called  '  rag ' ;  hence  such  stones  as  Kentish  rag,  Bowley  rag,  &c. 

BAOS.  The  fragments  and  shreds  of  linen,  cotton,  or  woollen  fabrics.  Linen  and 
cotton  rags  are  collected  from  all  quarters  for  the  pnrpose  of  making  paper-pulp. 
The  quantity  imported  annually  is  seldom  less  than  11,000  tons.  Woollen  rags  of 
every  kind  are  worked  up  into  mungo  and  thoddy.  (See  these  terms.)  Coarse  cloths  and 
druggets  are  made  of  them ;  and  the  fine  dost  of  woollen  rags  is  used  in  preparing  the 
beautiful  flock-papers  with  which  our  rooms  are  decorated.  They  are  also  used 
largely  for  manure.  The  lands  for  cultivating  the  early  broccoli  which  are  brought  to 
the  Xiondon  market  from  the  western  part  of  Cornwall  are  dressed  with  woollen  rags 
in  preference  to  any  other  manure.    See  Pafbb. 

The  following  abstract  of  information  included  in  Beports  respecting  the  Export 
Dutf  on  Bags  m  foreign  countries  will  be  of  interest  in  connection  with  our  paper- 
manufactories  : — 


Auttria,  rags  and  paper-pulp  exported  in  1872  in  ZoU.  cent- 
ners of  110-25  Ibe.    . 

Denmark,  in  1872 lbs. 

Italy,  rags  of  vegetable  substanees       .  .         kilos. 

„    of  other  substances      ....  „ 

Portuffol,  rags  for  making  paper,  1871         •        .  » 

woollen  rags „ 

Sutsia, pouds  of  86  lbs. 

Spain,  1873 kilos. 

Sunteerland cwts. 

Ottoman  En^re dees 


26,734 

2,046.680 

12,637,000 

1,183,000 

14,341 

7,802 

658,018 

155,403 

2,987 

2,652,992 


Tains 


18,713 


Bonbles 
668,018 


A  variety  of  hone-slate  need  for  sharpening  steel  instruments 
upon.    The  Norway  rag-stone  is  well  known. 

BAO-'WOO&.    The  wool  obtained  hy  tearing  up  in  a  machine  constructed  for  the 
pnrpose.    VT ooUen  mgs,  called  also  Shoddt. 
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The  m&nn&ettiie  of  iron  and  iteel  nuls  has,  with  the  eztaninon  of  our 
nHyny  syiitam,  incnased  in  a  rema^abla  manner.  This  ia,  howaver,  lather  a  rabjeot 
for  a  treatise  on  mechanical  engineering,  than  for  a  Dictionary  of  Hannfactiire*. 

Bails  are  made  by  passing  ban  of  iron,  when  red  hot,  through  rolleia  with  indenta- 
tions or  grooves  in  their  peripheries,  corresponding  with  the  intended  shape  of  the  rails ; 
the  rails  thus  formed  present  the  same  snr&ce  to  the  bearing  of  the  wheels,  and  their 
depths  being  regulated  according  to  the  distance  from  the  pcSnt  of  bearing,  they  also 
present  the  strongest  form  of  section  with  the  least  material. 

Malleable  iron  rails  were  formerly  always  employed.  An  objection  has  been  urged 
against  these  rails  on  the  ground  that  the  weight  oa  the  iraeels  rolling  on  them 
expanded  their  upper  surface,  and  caused  it  to  separate  in  thin  laminip.  Li  many  of 
OUT  large  stations  rails  may  be  frequently  seen  in  this  state ;  layer  after  layer  breaking 
off,  but  this  may  be  regarded  rather  as  an  example  of  defective  manu&cture  than  any- 
thing else.  It  18  true.  Professor  Tyndall  has  referred  to  those*  laminating  rails,  as 
examples  in  proof  of  his  hypothesis,  that  lamination  is  always  due  to,  and  is  always 
produced  by,  mechanical  pressure  upon  a  body  which  has  freedom  to  move  laterally. 
Careful  examination,  howaver,  shows  that  wnanerer  lamination  of  the  rail  becomes 
evident,  it  can  be  traced  to  the  imperfect  welding  together  of  the  bars  of  which  the 
rail  is  formed. 

The  weight  of  railway  ban  varies  according  to  section  and  length.  There  are  some 
of  40  pounds  per  yard,  and  some  of  80  pounds,  almost  every  railway  company  em- 
ploying ban  of  different  weight.  Bedde  flat  rails,  which  are  oocasionallystiU  used, 
we  have  bridge  rails  employed,  which  have  the  form  of  a  reversed  U.  These  have 
sometimes  parallel  sides,  or,  as  in  dovetail  rails,  the  sides  are  contracted.  The  D -rails 
are  more  easily  manu&ctured  than  the  X-rails,  the  difficulty  of  filing  the  flanges  not 
being  so  great  as  in  the  latter  raiL 

F^.  1700  represents  the  old  rail,  and  Jig.  1701  Hr.  W.  H.  Barlow's  patent  rail, 
which  is  made  to  form  its  own  continuous  bearing.  In  section  this  rail  somewhat 
resembles  an  inverted  V,  with  its  ends  considerably  turned  outwards.  This  portion 
forms  the  surface  by  which  the  rail  bean  upon  the  ballasting,  the  apex  of  the  A  being 
formed  with  flanges  in  the   ordinary  form  of  rails:   and   the  rail,  therefore,  beds 

1700  1701 


throughout  on  the  ballast.  Bails  of  Vignole's  section  are  now  extensively  employed. 
Steel  rails,  especially  those  made  from  Bessemer  steel,  are  becoming  very  generally 
used.  The^  are  found  to  wear  ve^  much  longer  than  the  iron  rail,  and  are  specially 
nseM  at  points,  crossings,  and  stations  when  the  wear  is  exceptionally  heavy. 

»HT»fW  are  grapes  allowed  to  ripen  and  dry  upon  the  vine.  The  best  come 
from  the  south  of  Europe,  as  from  Boqneviare  in  Provence,  Calabria,  Spain,  and 
Portugal.  Fine  raisins  an  also  imported  from  Smyrna,  Damascus,  and  Egypt.  Sweet 
fleshy  grapes  are  selected  for  maturing  into  raisins,  and  such  as  grow  upon  the 
simny  slopes  of  hills  sheltered  from  the  nortJi  winds.  The  bundles  an  pruned,  and 
the  vine  is  stripped  of  its  leaves,  when  the  fruit  has  become  ripe;  the  sun  then 
beaming  fuU  upon  the  gnpes  completes  their  saccharification,  and  expels  the 
snperflnons  water.  These  are  muKotds  or  blooms.  The  raisins  called  Uxiiu  are 
plucked,  cleansed,  and  dipped  for  a  few  seconds  in  a  boiling  lye  of  wood-ashes 
and  quicklime,  at  12°  or  13°  of  Beaumj.  The  wrinkled  friiit  is  lastly  drained, 
dried,  and  exposed  in  the  sun  upon  hurdles  of  basket-work  daring  14  or  16  days. 

The  finest  raisins  an  those  of  the  sun,  so  called;  being  the  plumpest  bunches, 
which  are  left  to  ripen  fully  upon  the  vine,  after  their  stalks  have  been  half  cut 
through. 

Valentia  raiiiru  axe  prepared  by  steeping  them  in  boiling  water,  to  which  a  lye  of 
vine  stems  has  been  added. 

Corinthian  raimu  or  eurrant*  are  obtidned  from  a  remarkably  small  variety  of 
grape  called  the  Hack  Corinth.  They  are  now  grown  in  Zante,  Cephalonia,  and 
Fatras. 
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r*  u»  nming.    A  rein  cutting  indifferently  thiongh  all  the  stiata ; 
under  dome  dicomstances  they  are  known  as  gath  veins  and  Mp  veint. 

BJlUE,  HTSBAraxo.  Originally  invented  by  Montgolfier,  in  Fiance,  and 
patented  by  him  in  1797' 

This  machine,  which  ia  self-acting,  is  composed  of  an  aii-vessel  and  3  valves,  2  for 
the  water  and  1  for  keeping  np  the  supply  cl  air.  Upon  pressing  down  the  valve  in 
the  conducting  tube,  wnich  opens  downwards,  the  water  escapes  from  it,  until  this 
momentum  is  sufScient  to  overeome  the  weight,  when  the  valve  immediately  rises 
and  closes  the  aperture.  The  water,  having  then  no  other  onUet  than  the  inner 
valve,  rushes  through  it  by  its  general  force,  compressing  the  air  in  the  air-vessel 
nntil  equilibrium  tuee  place,  when  the  air  reacts  by  its  expansive  force,  dosing  the 
inner  valve,  which  retains  the  water  above  it,  and  driving  it  up  the  ascending  tube. 
By  this  reaction  the  water  is  forced  back  along  the  conducting-pipe,  producing  a 
partial  vacuum  beneath  the  outer  valve,  which  immediately  falls  by  its  own  weight. 
The  water  thus  escapes  nntil  it  has  acquired  sufficient  force  to  dose  this,  when  the 
action  proceeds  as  before.  It  is  best  adapted  for  raising  moderate  quantities  of  water, 
as  for  household  or  farming  purposes. 

BAIIIWM.  /a  mining,  an  instrument  used  for  compressing  the  powder  in  the 
hole  for  blasting.  In  engineering,  the  tool  used  for  ramming  earth,  day,  or  loam,  in 
making  dams  and  the  like. 

KAn-saas.  {Bmasiea  eampettrit  oleifera.)  Summer  Rape,  Wild  Navew,  or 
Colza.  This  and  the  winter  rape  (B.  Napue)  are  the  only  sorts  cultivated  to  any 
extent  in  Britain  for  the  maniJacture  of  oil,  and  growers  generally  agree  that  the 
former  of  these  is  to  be  preferred  from  its  yielding  a  greater  quanti^  of  seed,  in  the 
proportion  of  965  to  700.    {Ltaetan.)    See  Colza. 

BAVB-saaS  OXb    See  Oils. 

XJLBPB  Aira  nxaS.  File-making  is  a  manufacture  which  is  still  in  a  great 
measure  confined  to  Sheffield.  It  is  remarkable  that  hitherto  no  machine  has  been 
constructed  capable  of  producing  files  which  equal  those  cut  by  the  human  hand. 
Machine-made  files  have  not  the  'bite'  which  hand-cut  files  have  :  this  is  accounted 
for  by  the  peculiar  facilities  of  the  human  wrist  to  accommodate  itself  to  the  particular 
angle  suitable  to  produce  the  proper  '  cut.'  Small  files  are  made  out  of  the  best  cast 
BtMl ;  those  of  a  larger  size  from  ordinary  steel ;  flat  files  are  forged  on  an  ordinary 
study ;  other  forms  on  bolsters,  with  the  indentatnre  corresponding  to  the  shape 
required  being  thereon  impressed :  a  chisel  wider  than  the  blank  to  be  cut  is  used  us 
the  only  instrument  to  form  the  teeth ;  it  is  moved  by  the  hand  with  the  greatest 
nicety.  After  cutting,  and  previous  to  hardening,  the  file  is  immersed  in  some  iidhesive 
substance,  such  as  ale-grounds,  in  which  salt  has  been  dissolved ;  this  protects  the 
teeth  from  the  direct  action  of  the  fire ;  it  is  then  immersed  perpendicularly  in  water ; 
deaned,  and  finished. 

The  manufacture  of  laspe  and  files  does  not  belong  to  this  work.  Those  interested 
in  it  will  find  an  elaborate  description  of  all  the  varieties  of  files,  and  of  their  manu- 
facture, in  '  Turning  and  Mechanical  Manipulation,'  by  Holtzapffel ;  and  in  *  Manu- 
factures in  Metal,'  vol.  i.,  Iron  and  Sieel,  revised  by  Mr.  Bobert  Hunt. 

XABVf  MBOBABZOAX,  is  the  name  given  by  the  French  to  an  important 
machine  much  used  for  mashing  beet-roots.    See  SuoAS. 

BATAVZA  is  the  generic  name,  in  Fiance,  of  Ugueurs  compounded  with  alcohol, 
sugar,  and  die  odoriferous  or  flavouring  prindples  of  vegetables.  Bruised  cherries  with 
their  stones  are  infused  in  spirit  of  wine  to  make  the  ratafia  of  Qrenoble  de  Teyasere, 
OHie  liquor  being  boiled  and  filtered,  is  flavoured  when  cold  with  roirit  of  noyeau, 
made  by  distillug  water  off  the  bruised  bitter  kernels  of  apricots,  and  mixing  it  with 
alcohol.    Syrup  at  bay  laurel  and  galango  are  also  added.    See  LionxuBS. 

BATTAirS.  The  stems  of  the  Oalamut  rotang,  of  C.  rudentum,  and  various 
species  of  palms.  They  are  used  for  caning  chairs,  as  a  substitute  for  whalebone,  for 
walking-stidcs,  and  many  other  purposes. 

BAIOU>  The  manu&cture  of  razors  differs  £K>m  the  manufficture  of  tha  finer 
varieties  of  cutting  instruments,  only  in  the  degree  of  care  which  is  required  to  pro- 
duce a  peifect  instrument. 

Two  workmen  are  always  engaged  in  razor-making.  The  rod  of  sted  of  which 
they  are  made  is  about  half  an  inch  in  breadth,  and  of  sufficient  thickness  to  form  the 
hast.  The  stake  upon  which  they  are  forged  is  rounded  on  both  sides  of  the  tops, 
which  is  instrumental  in  thinning  the  edge,  and  much  facilitates  the  operation  of 
grinding.  The  blades  are  then  hardened  and  tempered  in  the  oidinaiy  way,  witii  the 
exception  that  they  are  placed  on  their  back  on  an  iron  plate,  and  the  moment  they 
assume  a  straw  colour  of  a  deep  shade  they  are  removed. 

The  grinding  follows,  on  a  stone  revolving  in  water ;  then  glazing  on  a  wooden  disc. 
The  fine  polish  is  given  by  a  wooden  wheel,  having  its  circumference  covered  with 
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bnff  leather,  which  is  corared  with  crocns.  The  ornamentation  of  the  blade  hy  etching 
with  acid  and  gilding,  if  such  be  required,  ie  the  last  ptocesa.  See  '  ICanti&etims  ia 
Metal,'  as  revised  by  Hr.  Bobert  Hunt ;  and  '  Mechanical  Manipnlation,'  by  HoltEa{>ffeL 

XAXOB-BOn.  In  the  mann&cturing  of  the  mzor,  for  the  first  process  of 
setting,  the  Chamley-Forest  stone  is  used,  bat  the  principal  part  of  the  setting  is 
accomplished  almost  inTariably  on  the  German  hone.  Varions  kinds  of  hones  are, 
hovBTer,  sold  nndar  this  name,  and  they  are  of  course  of  Tarions  qualities.  Sea  Hoxas. 

B>ASOB-SXSOV«  '  Perhaps  for  the  razor-stn^  a  fine  smooth  surface  of  calf- 
sUs,  with  the  grained  or  hair  side  outwards,  is  best.  It  should  be  pasted  or  glued 
down  fiat  oa  a  slip  of  wood,  and  for  the  dressing  almost  any  extremely  fine  powder 
may  be  used — such  as  iigipalpably  fine  emwy,  eroena,  natural  and  artificial  specular 
iron,  black  lead,  or  the  chucoal  of  wheat^stiaw;  .  .  .  comlnnations  of  these  and 
other  fine  powders,  mixed  with  a  little  grease  and  wax,  have  been  with  more  or  less 
mystery  apjdied  to  the  razor-strop.  The  choice  appears  nearly  immaterial,  provided 
the  powdon  are  exceedin^y  fine,  and  they  are  but  sparingljr  used. 

'  One  side  of  the  strop  is  generally  chaigsd  with  oompoBition ;  on  the  other  side  the 
leather  is  left  in  the  natural  state,  and  the  flnishiag  stroke  is  in  general  given  on  the 
{d^  side'  {HoltMfiffi^,  The  raior-stn^  teqoiires  to  be  kept  reiy  dean,  and  it 
should  be  very  spanngly  used. 

W<tTi«ift»,  Btd  nUpUde  of  artanio.  (Ariehia  rouge  tulfuri,  Fr. ;  Bathe* 
SeJm^felaneittk,  Ger.)  This  ore  occurs  in  crystalline  rocks,  under  the  form  of  veins, 
as  also  in  volcanic  districts ;  for  example,  at  the  Solfatsra  near  Naples ;  or  sublimed 
in  the  shape  of  stalactites,  in  the  rents  and  craters  of  Etna,  Vesuvius,  and  other 
volcanoes.  Specific  gravity  varies  itam  3-3  to  3-6.  It  has  a  fine  scarlet  colour  in  mass, 
but  orange-red  in  powder,  whereby  it  is  distinguishable  from  cinnabar.  It  is  soft, 
sectile,  readily  scratched  by  the  nail;  its  fracbore  is  vitreous  and  conehmdaL  It 
volatilises  easily  before  the  blowpipe,  emitting  the  gariic  smell  of  arsenic  alcxig  with 
that  of  sulphurous  acid.    It  consists  of  70  parts  of  arsenic  and  30  parts  of  sulphur. 

Nearly  all  the  commercial  realgar  is  an  artificial  product,  prepared  by  submitting 
arsenical  pyrites  to  distillation,  or  by  heating  arsenious  add  and  sulphur  in  due 
proportions.  It  is  an  energetic  poison,  mora  so  than  the  native  realgar,  nom  the  fact 
of  its  containing  free  arsenious  acid.  The  principal  use  of  realgar  is  for  fireworks. 
White  Indian  fin,  <^ten  used  as  a  signal-light,  contains  7  parts  sulphur,  2  parts 
realgar,  and  24  parts  nitre.  See  ABSEEncandPrBOTECHinc. 
VA&ra.    See  Ikfobts  and  Espobts. 


Glass  in  the  process  of  working  will  often 
acquire  a  peculiar  (macity.  This  appears  to  depend  on  a  physical  change,  since  by  a 
eareftally-constmcted  process  a  kind  of  crystallisation  may  be  set  up,  producing  this 

Soroellanons  appearance.    Bteumur  endeavoured  to  introduce  a  material  of  this 
escription  in  tJia  place  of  pottery :  hence  the  name. 

UOnnEO&TXOir  is  a  second  distillation  of  alcoholic  liquors,  to  free  them 
fVom  whatever  impurities  may  hare  passed  over  in  the  first.  See  Alcohol  and 
DismxATiox. 

See  AinuMB  Bed  and  Kosaniunb. 
An  earthy  ore  of  iron,  used  as  a  drawing  material. 
One  of  the  ores  aS  iron,  having  an  earthy  texture.     It  is  found 
more  or  less  mixed  with  earthy  matter,  and  is  used  for  marking  sheep  in  soma  of  the 
western  counties.    A  fine  variety  occurs  not  &r  ftom  Botberam  in  Yorkshire,  and 
at  Wastwater  in  Cumberland.    See  Ibon. 

See  Obdcaba  Cbocos. 

Native  anhydrous  oxide  of  iron.  See  HsMATm ;  Ibon. 
Kintum  or  aatumine  rtd.  A  pigment  formed  by  exposing  Utharge 
to  the  action  of  the  air  at  a  temperature  of  about  S60°,  by  which  it  absorbs  oxygen. 
Seeldus. 

was  KIQVOBf  when  prepared  by  the  dyer  or  printer,  is  a  liquid  compound  of 
acetate  of  alumina,  having  m  it  a  little  sulphate  of  unmina  and  potash ;  and  is  pre- 
pared by  dissolving  8  pounds  of  alum  in  boiling  water,  and  adding  to  this  a  solution 
of  6  pounds  of  acetate  of  lead,  and  stirring  me  whole  wall  together.  Sidphate  of 
lead  is  formed  and  deposited  as  a  heavy  mass  at  the  bottom  <4  the  liquid.  Tne  clear 
supernatant  liquid  is  red  liquor. 

Bed  liquor  of  c<mim«rce  is  a  crude  aoetata  of  alumina,  prepared  from  pyroligneous 
acid.    See  Cauco-Fbditiko. 

MMB  ^***w-    A  geological  tenn,  designating  the  upper  members  of  the  New  Bed 
Sandstone  formation. 
un  OOXU.    An  earthy  oxide  of  iron.    See  laoir. 

Un  <HKVUmT<  A  pigment  of  a  deep  scarlet  colour,  prepared  by  burning 
tfie  yellow  native  orpiment,  a  trisulphide  of  arsenic    See  AasBinc. 
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A  name  given  by  Biooke  and  Miller  to  the  vUnotu  copper  of 
FhiUips,  flora,  the  dnmrnstance  that  some  fine  varieties  have  been  found  in  the  minee 
near  Bedmth,  althoogh  much  finer  are  produced  bvthe  St.  Juet mines.  It  is  the 
cAafeMtM  of  Qmf^  and  Lettsom,  euivrt  tu^ri  of  Haiiy,  and  the  KupfergUaui  of 
Haidinger  and  Nanmann.    Bedrothite  is  a  (Ssnlpbide  of  copper.    See  Coffbb. 

Kan  UMMBMBM  VTOOS.  A  hud  and  heavy  vooJ,  which  is  imported  from 
Calcutta  in  logs.    It  is  much  used  as  a  dye-wood,  and  occasionally  for  turning. 

MB-SBMtT.    When  iron  is  brittle  at  a  red  heat,  it  is  said  to  be  red^hort. 

9MO!UaXKO  AMMHTUt  The  agents  used  to  separate  the  metal  in  the  smelting 
proceaes.    See  Hvpaixubot. 

SHBUOTIOV.  When  the  metal  is  separated  &om  the  substances — sulphur, 
oxygen,  arsenic,  jcc. — ^with  which  it  is  combined,  it  is  said  to  be  reduced ;  reduction  is 
the  process  employed. 

xas  WOS.  A  wood  used  by  dyers,  which  is  obtained  from  the  Siberian  buck- 
thorn, Shamaut  erylkroxyUn. 

WWMTt  is  the  weU-kbowa  implement  of  the  weaver,  made  of  parallel  slips  of 
metal  or  reeds,  called  dents.  A  tooiough  knowledge  of  the  adaptation  of  yam  of  a 
proper  degree  of  fineness  to  any  given  measure  of  reed,  constitutes  one  of  the 
principal  objects  of  the  maniifixrtarer  of  cloth;  as  upon  this  depends  entirely  the 
appearance,  and  in  a  great  degree  the  durability,  of  the  cloth  when  finished.  The 
art  of  performing  this  properly  is  known  by  the  names  of  eteamimng,  HUing,  or 
tUying,  which  are  used  indiscriminately,  and  mean  exactly  the  same  thing.  The 
reed  consists  of  two  parallel  ]^ece8  of  wood,  set  a  few  inches  apart,  and  they  are  of 
anjr  given  length,  as  a  yard,  a  yard  and  a  quarter,  &c.  The  division  of  Uie  yard 
being  into  halves,  quarters,  eighths,  and  sixteenths :  the  breadth  of  a  web  is  generally 
expressed  by  a  vulgar  fraction,  as  ^  ^  f,  | ;  and  the  subdivision  by  the  eighubs  or  six- 
teenths, or  naiU,  as  they  are  osually  caUed,  as  {,  |,  y,  &c.,  or  ^  ^,  ^,  &c.  In  Scot- 
land, the  splits  of  cane  which  pass  between  the  longitudinal  pieces  or  ribs  of  the  reed 
are  expressed  by  hundreds,  porters,  and  splits,  the  porter  is  20  splits,  or  }th  of  a 
hundred. 

In  Lancashire  and  Cheshire  a  di£tont  mode  is  adopted,  both  as  to  the  measure 
and  divisions  of  the  reed.  The  Manchester  and  Bolton  reeds  are  counted  by  the 
number  of  splits,  or,  as  they  are  there  called,  dents,  contained  in  24|  inches  oif  the 
reed.  These  dents,  instead  of  bein^  arranged  in  hundreds,  porters,  and  splits,  as  in 
Scotland,  are  calculated  by  what  is  there  termed  harta  or  bean,  each  containing 
20  dents,  or  the  same  number  as  the  porter  in  the  Scotch  reeds.  The  Cheshire  or 
Stod^rt  reeds,  tigain,  receive  their  designation  from  the  number  of  ends  or  threads 
contained  in  one  inch,  two  ends  being  aUowed  for  every  dent,  that  being  the  almost 
nnivenal  number  in  every  species  and  description  of  plain  cloth,  according  to  the 
modem  practice  of  weaving,  and  also  for  a  great  proportion  of  fanciful  articles. 

Comparaiive  TcMo  of  37-ineh  reedt,  being  He  standard  UMd  Ihroughotit  Eurtme,/or 
inent,  with  the  Lancaehire  and  Cheshire  reeds,  and  the/oreiffn  reeds  used  for  hoUand 
and  cambric. 


Scotch 

CboMre 

Dutch  hoUand 

French  cambric 

600 

20 

34 

660 

668 

700 

24 

38 

660 

761 

800 

26 

44 

74.0 

870 

900 

30 

60 

832 

079 

1000 

34 

64 

926 

1089 

1100 

36 

60 

1014 

1197 

1200 

40 

64 

1100 

1300 

1300 

43 

70 

1222 

1414 

1400 

46 

76 

1296 

1464 

1600 

50 

80 

1887 

1602 

1600 

62 

86 

1480 

1762 

1700 

66 

92 

1671 

1820 

1800 

68 

06 

1665 

1968 

1900 

62 

104 

1767 

2067 

2000 

66 

110 

1860 

3176 

In  the  above  table,  the  87->nch  is  placed  first.    It  is  called  Scotch,  not  because  it 
either  originated  or  is  exclusively  used  in  that  country ;  it  is  the  general  linen  reed 
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of  all  Europe ;  but  in  Scotland  it  has  been  adopted  as  the  regulator  of  her  cotton- 
mannf&ctures. 

The  number  of  threads  in  the  varp  of  a  web  is  generally  ascertained  Trith  con- 
siderable precision  by  means  of  a  small  magnifying  glass,  fitted  into  a  socket  of 
brass,  nnder  -vhich  is  drilled  a  small  ronnd  hole  in  the  bottom  plate  of  the  standard. 
The  nomber  of  threads  risible  in  this  perforation  ascertains  the  number  of  threads  in 
the  standard  measure  of  the  roed.  Those  used  in  Scotland  have  sometimes  foor 
perforations,  over  any  one  of  trhich  the  glass  may  be  shifted.  The  first  perforation 
IS  J  of  an  inch  in  diameter,  and  is  therefore  well  adapted  to  the  Stockport  mode  of 
counting ;  that  is  to  say,  for  ascertaining  the  number  of  ends  or  threads  per  inch, 
the  second  is  adapted  for  the  Holland  reed,  being  jj^th  part  of  40  inches ;  the  third 
is  T^jth  of  37  inches,  and  is  adapted  for  the  now  almost  nnirersal  construction  of 
Scotch  reeds ;  and  the  fourth,  being  ji^th  of  34  idches,  is  intended  for  the  French 
cambrics.  Every  thread  appearing  in  these  respective  measures,  of  course,  represents 
200  threads  or  100  splits,  in  the  standard  breadth ;  and  thus  the  quality  of  the 
&bric  may  be  ascertained  with  considerable  precision,  even  after  the  cloth  has  under- 
gone repeated  wettings,  either  at  the  bleaching-ground  or  dye-work.  By  counting  the 
other  way,  the  proportion  which  the  woof  beuS  to  the  warp  is  also  known,  and  this 
forms  the  chief  use  of  the  glass  to  the  manufacturer  and  operative  weaver,  boUi  of 
whom  are  previously  acquainted  with  the  exact  measure  of  the  reed. 

XJUUHJUtT  S&AOa  The  cindsis  produced  in  the  process  of  refining  iron. 
SeelBOK. 

BJUrUiUro.  in  mstoSuiy^,  the  process  of  partially  decarbonising  pig-iron.  The 
processes  employed  to  obtain  pure  metals  finm  regnlns,  or  impure  mixtores. 

Mmrimimu  ooia>  Ajn>  sizvaB.   SeeGou). 

KBXVJlOTOmT  — ' "  BB  "TiT,  Such  minerals  as  graphite  or  plnmbago, 
mica,  steatite,  fire-<^y8,  and  the  like,  which  endure  without  fhsion  a  very  high 
temperature.    See  Fisb-Ciat. 

BanMOBBATSMr  or  WOBTS,  4m.  It  is  of  great  importance  to  effect 
the  cooling  of  worts  as  rapidly  as  possible.  The  simplest  mode  of  refrigeration  is 
by  exposing  the  hot  liquor  or  wort  in  shallow  vessels,  called  coolers,  to  the  action  of 
the  atmosphere  or  a  current  of  air,  sometimes  accelerated  by  fans  rotating  horizontally 
just  above  the  surface  of  the  liquor;  but  sometimes  utensils  called  refrigerators  are 
employed,  and  so  constructed  that  a  quantity  of  cold  water  should  be  brought  into 
contact  with  the  heated  fluid. 

A  simple  form  of  refrigerator  is  that  of  the  worm  used  by  distillers;  and  the 
reverse  process  is  commonly  used  by  brewers,  viz.  a  stream  of  cold  water  passing 
through  pipes  in  a  zigzag  form,  laid  horizontallv  in  the  shallow  cooler.  But  in  every 
construction  of  refrigerator  heretofore  used,  the  quantity  of  cold  water  necessarily 
employed  in  the  operation,  greatly  exceeded  the  quantity  of  the  fluid  cooled,  which, 
in  some  situations,  where  water  cannot  be  readily  obtained,  was  a  serious  impediment 
and  objection  to  the  use  of  snch  apparatus. 

In  August  1826,  Mr.  Yandall  obtained  a  patent  for  an  apparatus  designed  for 
cooling  worts  and  other  hot  fluids,  without  exposing  them  to  evaporation  ;  and  con- 
trived a  mode  of  constructing  a  re&igerator  so  that  any  quantity  of  wort  or  other 
hot  fluid  may  be  cooled  by  an  equal  quantity  of  cool  water ;  the  process  being  per- 
formed with  great  expedition,  simply  by  passing  the  two  fluids  through  very  narrow 
passages,  in  opposite  directions,  so  that  a  thin  stratum  of  hot  wort  is  brought  into 
contact  over  a  large  surface  with  an  equally  thin  stratum  of  cold  water,  in  such  manner 
that  the  heated  water,  when  about  to  be  discharged,  still  absorbs  beat  from  the  hottest 
portion  of  the  wort,  which  as  it  flows  through  the  apparatus  is  continually  parting 
with  its  heat  to  water  of  a  lower  temperatnre  flowing  in  the  contrary  direction ;  and 
however  varied  may  be  the  form,  the  same  principle  should  be  observed. 

Figt.  1702,  1704,  1 70S,  represent  different  forms  in  which  the  apparatos  might 
be  made;  the  two  first  having  zigzag  passages;  the  third,  channels  running  in 
convolute  curves.  These  channels  or  passages  are  of  very  small  capacity  in  thickness, 
but  of  great  length,  and  of  any  breadth  that  may  be  requued,  according  to  the  quantity 
of  fluid  intended  to  be  cooled  or  heated. 

Fig.  1703  is  the  section  of  a  portion  of  the  apparatus  shown  at.  figs.  1702  and  1705 
upon  an  enlarged  scale ;  it  is  made  by  connecting  three  sheets  of  copper  or  any  other 
thin  metallic  plates  together,  leaving  parallel  spaces  between  each  pliate  for  the  pas- 
sage of  the  fluids,  represented  by  the  black  lines. 

These  spaces  are  formed  by  introducing  between  the  plates  thin  straps,  ribs,  or 
portions  of  metal,  to  keep  them  asunder,  by  which  means  very  thin  channels  are  pro- 
duced, and  through  these  channels  the  fluids  are  intended  to  be  passed,  the  cold 
liqoor  running  in  one  direction,  and  the  hot  in  the  reverse  direction. 

Supposing  that  the  passagos  for  the  fluids  are  each  one-eighth  of  an  inch  thick. 
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then  the  enliie  length  for  the  ran  of  the  fluid  shonld  be  sbont  80  feet,  the  breadth  of 
the  appaiatus  being  made  according  to  the  quantity  of  fluid  intended  to  be  passed 


1702 


1703 


through  it  in  a  given  time.     If  the 
channels  are  made  a  quarter  of  an  inch 
thick,  then  their  length  should  be  ex- 
tended  to    160  feet;   and  an;  other 
dimensions  in  similar  proportions ;  but 
a  larger  channel  than  a  quarter  of  an 
inch  the  patentee  considered  irould  be 
objectionable.    It  is,  hoveTer,  to  be  ob- 
gerred,  that  the   length   here   reoom- 
mended  is  under  the  consideration  that 
the  fluids  are  driven  through  the  appa- 
ratus by  some  degree  of  hydrostatic  pressure  from  a  bead  in  the  delivery-vats  above ; 
but  if  the  fluids  flow  without  pressure,  then  the  lengths  of  the  passage  need  not  be 
quite  so  great. 

In  the  apparatus  constructed  as  shown  in  perspective  in  fig.  1702,  and  farther 
developed  by  the  section,  ^m.  1708,  cold  water  is  to  be  introduced  at  the  funnel  a, 
whence  it  passes  down  the  pipe  b,  and  throngh  a  long  slit  or  opening  in  the  side  of  the 

Sipe,  into  the  passage  e,  e  (fig.  1708),  between  the  plates,  where  it  flows  in  a  horizontal 
irection  through  the  channel  towaixls  the  dischaige-pipe  d.  When  such  a  quantity 
of  cold  water  has  passed  through  the  funnel  a,  as  shall  have  fllled  the  channel  c,  c, 
np  to  the  level  of  the  top  of  the  apparatus,  the  cock  e,  being  shut,  then  the  hot  wort 
or  liquor  intended  to  be  cooled,  may  be  introduced  at  the  funnel/,  and  which  descend- 
ing in  the  pipe  g,  passes  in  a  similar  manner  to  the  former,  through  a  long  slit  or 
opening  in  the  side  of  the  pipe  g,  into  the  extended  passage  h,  h,  and  from  thence  pro- 
ceeds horizontally  into  the  discharge-pipe  i 

The  two  cocks  e  and  k,  being  now  opened,  the  wort  or  other  liquor  is  drawn  off,  or 
otherwise  conducted  away  through  the  cock  k,  and  the  water  through  e.  If  the  aper- 
tures of  the  two  cocks,  e  and  k,  are  equal,  and  the  channels  equal  also,  it  follows  that 
the  same  quantity  of  wort,  &&,  will  flow  through  the  channel  h,  h,  h,  in  a  given  time, 
as  of  water  through  the  channel  0,  c  ;  and  by  the  hot  fluid  passing  through  the  aper- 
tures in  contact  with  the  side  of  the  channel  which  contains  the  cold  fluid,  the  heat 
becomes  abstracted  from  the  former,  and  communicated  to  the  latter ;  and  as  the  hot 
fluid  enters  the  apparatus  at  that  part  which  is  in  immediate  contact  with  the  part 
where  the  cooling  fluid  is  discharged,  and  the  cold  fluid  enten  the  apparatus  at  that 
where  the  wort  is  discharged,  the  consequence  is,  that  the  wort  or  other  hot  liquor 
becomes  cooled  down  towsmls  its  exit-pipe  nearly  to  the  temperature  of  cold  water ; 
and  the  temperature  of  the  water,  at  the  reverse  end  of  the  apparatus,  becomes  raised 
nearly  to  that  of  the  boiling  wort. 

It  only  remains  to  observe,  that  by  partially  clorang  either  of  the  exit-cocks,  the 
quantity  of  heat  abstracted  from  one  fluid,  and  communicated  to  the  other,  may  be 
regulated ;  for  instance>  if  the  cock  e  of  the  water-passage  be  partially  dosed,  so  as  to 
diminish  the  quantity  of  cold  water  passed  through  the  apparatus,  the  worb  or  other 
hot  fluid  conducted  through  the  other  passages  will  be  discharged  at  a  higher  tem- 
perature, which  in  some  cases  will  be  desirable,  when  tiie  refrigerated  liquor  is  to  be 
fermented. 

Fig.  1704  exhibits  an  apparatus  precisely  similar  to  the  foregoing,  but  different  in 
its  position;  for  instance,  the  zigzag  channels  are  made  in  obliquely  descending 
planes,  a  is  the  funnel  for  the  hot  liquor,  whence  it  descends  through  the  pipe  d  into 
the  channel  c,  c,  fig.  1703,  and  ultimately  is  discharged  through  tiie  pipe  i,  at  the 
cock  «.  The  cold  water  being  introduced  into  the  funnel  /,  and  passing  down  the  pipe  t, 
enters  the  zigzag  channel  h,  h,  and,  rising  through  the  apparatus,  runs  off  by  the  pipe 
g,  and  is  disdiaiged  at  the  cock  below. 

The  passages  of  this  apparatus  for  heating  and  cooling  fluids,  may  be  bent  into 
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TarionB  contorted  figurra ;  snd  one  of  the  most  convenient  fenns,  being  reiy  compact 
•nd  easily  de&ned,  is  that  lepresentad  in  fig.  1705,  which  cansicts  of  only  tiro  sheets  of 


thin  copper,  soldered  together  at  their  edges,  forming  a  continnoos  spiral  chamber 
for  the  passage  of  a  thin  stratum  cS  water,  and  contained  in  a  cylindrical  case.  The 
passages  here  mn  in  convolata  enrree,  the  one  winding  in  a  spual  to  the  centre,  the 
other  receding  from  the  centre. 

The  wort  or  other  hot  liqnor  intended  to  be  cooled,  is  to  be  introdaoed  at  tha 
fannel  a,  and  passing  down  the  pipe  6,  is  delivered  into  the  open  passage  0,  which 
winds  ronnd  to  the  central  chamber  d,  and  is  thence  dischaiged  throngh  the  pipe  e, 
at  the  cock  /.  The  cold  water  enters  the  apparatus  at  the  Amnel  g,  and  proceeding 
down  the  pipe  A,  enters  the  closed  channel  >,  and  after  traversing  ronnd  throngh  the 
apparatus,  is  in  like  manner  discharged  throngh  the  pipe  h,  at  the  cock  I.  Or  ^  hot 
liquor  may  be  passed  throngh  the  closed  channel,  and  the  cold  throngh  the  mm  one ; 
or  these  chambers  may  be  both  of  them  open  at  top,  and  the  apparatus  covered  I7  a  lid 
when  at  work,  the  principal  design  of  which  is  to  afford  the  convenience  of  cleaning 
them  more  reaidily  tnan  could  be  done. if  they  ware  dosed ;  or  they  may  be  both  dosed. 

A  similar  ingenious  apparatus  for  cooling  brewers'  worts,  or  wash  for  distillers, 
and  also  for  condensing  spirits  in  place  of  the  ordinary  worm-tub,  is  called  by  the 
inventor  Mr,  Wheeler,  an  Archimedes  condenser,  or  refrigerator,  the  peculiar  feature 
of  which  consists  in  forming  the  chambers  for  the  passage  cf  the  fluids  in  spiral 
channels,  winding  round  a  central  tube,  throngh  which  spiral  channels  the  hot  and 
txAA  fluids  are  to  be  passed  in  opposite  directions. 

Fig,  1706  represents  the  external  appearance  of  the  reftigatstor,  enclosed  in  a 
cylindrical  ease  ;  fig.  1707,  the  same,  one-half  of  the  case  being  removed  to  show  the 
form  cf  the  apparatus  within ;  mAfig.  1708,  a  section  cut  throngh  the  middle  of  the 
apparatus  perpendieolaily,  for  the  purpose  of  displaying  the  internal  fignie  of  the 
spiral  channels. 

lafigt.  1707, 1708,  a,  a,  is  the  central  tuba  or  standard  (of  any  diameter  that  may 
be  found  oanvenient),  round  which  the  spiral  chambers  are  to  be  formed  ;  i,  ft,  are  the 
sides  of  the  outer  case,  to  which  the  fdges  of  the  spiral  fit  dosely,  but  need  not  be 
attached ;  c,  c,  are  two  of  the  drcnlar  plates  of  copper,  connected  together  by  rivets 
at  the  edges,  in  the  manner  shown,  or  by  any  other  smtable  means ;  d,  is  the  chamber, 
formed  by  the  two  sheets  of  copper,  and  which  is  carried  round  from  top  to  bottran  in 
a  Binral  or  drcnlar  inclined  plane,  by  a  snccession  of  circular  plates  connected  to  each 
Other. 

The  hot  flnid  is  admitted  into  the  spiral  chamber  d,  throngh  a  trumpet  or  wide- 
mouthed  tnbe  8,  at  top,  and  is  discharged  at  bottom  by  an  aperture  and  cock/.  The 
cold  water  which  is  to  be  employed  as  the  cooling  materinl  is  to  be  introduced 
through  the  pipe  g,  in  the  centre,  £rom  whence,  discharging  itself  by  a  hole  at  bottom, 
tha  c«d  watw  occupies  the  interior  of  the  ^lindrical  case  b,  and  rises  in  the  spiral 
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jMSsage  n,  between  the  coils  of  the  efaambor,  tmtil  it  Moends  to  the  top  of  the  vesael, 
and  then  it  flovs  a'way  by  n  spout  i,  seen  in  jig.  1 706. 

It  -will  be  peieeiTed  that  the  hot  fluid  enteis  the  appantna  at  topt  and  the  cold  fluid 
at  bottom,  passing  each  other,  by  means  of  which  an  interchange  ^  temperature  talus 


1708 


1706 


170- 


place  through  the  plates  of  copper,  tho  cooling  fluid  pasong  off  at  top  in  a  heated 
state,  by  means  of  the  caloric  which  it  hns  abstracted  from  the  hot  fluid  ;  and  the  hot 
fluid  passing  off  through  the  pipe  and  cock  at  bottom,  in  a  very  reduced  state  of 
temperatnre,  by  reason  of  the  caloric  which  it  held  having  been  given  out  to  the 
cooling  fluid. 

Hodgit  Patent  S^frigerator  for  reducing  the  temperature  of  liquids. — ^This  re- 
frigerator is  stated  to  be  more  effoctuiil  than  anything  yet  offered  to  the  public  for  cool- 
ing brewers'  worts.  The  worts  are  passed  down  through  the  tubes  in  fig.  1700,  and 
ascend  through  the  tubes  in  fig.  1710.    These  tubes  are  of  copper,  and  are  encased  in 


1700 


1710 


a  chamber ;  water  is  let  on  under  a  head  through  the  pipes  A,  sprinkling  the  outer 
surface  of  the  tube  with  a  jet,  keeping  them  moist ;  at  the  same  time  a  blast  of  cold  air 
is  blown  into  the  chambers  by  the  fans  b  b  impinging  on  the  snrEace,  carrying  away 
the  caloric  as  fast  as  it  is  transmitted.  Worts  can  be  brought  down  from  212°  to  the 
desired  temperatore  by  this  process  cheaper  and  quicker  than  any  other  refrigatator ; 
in  &ct,  worts  may  be  brought  down  to  freezing  temperatore. 

ITOK.      See  RsFBIQERATtOH  OF  WOBTS. 

ro  l^nUTAOa.    See  Ibon  and  Steel.- 
MMOWMMILM.TOMM.    A  name  given  to  arrangements  for  absorbing  the  heat,  as 
it  passes  firom  the  fnmsoe,  or  place  of  combustion,  and  for  parting  with  that  heat  to 
fresh  air  admitted  to  supply  the  furnace,    By  alternating  the  direction  of  circuladon 
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a  saving  of  heat  is  effiicted.    Dr.  Percy  suggests  that  aeottmulalon  vonld  be  a  better 
term. 

SWHTXim.  A  name  intioduced  by  the  alchemists,  and  applied  by  them  in  the 
first  instance  to  antimony ;  it  signifies  the  little  king  ;  and  ftom  the  &cili^  with  which 
antimony  alloyed  with  gold,  these  empirical  philosophers  had  great  hopes  that  this 
metal  aiUtmony  would  lead  them  to  the  discovery  of  tiie  philosopher'a  stone. 

'In  the  smelting  of  certain  sulphuretted  ores  the  product  obtained  in  the  first 
instance  is  a  itUpMde  of  the  metal ;  and  this  product  has  received  different  names  in 
different  metallurgical  works.  In  English  copper  works  the  word  metal  is  commonly 
used  to  denote  compounds  of  this  kind,  that  of  regvlue  being  applied  in  a  specific 
sense  to  certain  kinds  of  metal.  I  shall,  however,  adopt  the  word  rmulut  in  the 
present  work  as  a  generic  appellation  for  all  similar  products.  l!he  Qeimans 
designate  regulus  by  the  synonymons  terms  Stein  and  Leek,  and  the  Vxmek  by  the 
term  matte.  It  is  frequently  the  case  that  in  one  smelting  (iteration,  ilaif,  rtgubu, 
and  metal  are  obtained,  which  are  sapwposed  in  the  order  mentioned,  whidi  is  that 
of  their  respective  specific  gravities.'    (Percy,  lietaUmrgy.) 

In  our  metal-imports  'ore'  and  'regulus'  are  commonly  named.  The  regulus 
must  be  regarded  as  an  impure  metal. 

WnniASntCKtn  metaUvrgy.    In  iron  manafiietare,.pnddled  bars  are  brought 
to  a  welding  heat  in  furnaces,  called  BeheaHng  or  Welding  furnaces,  they  are  then 
passed  through  rolls  to  bring  them  into  the  condition  of  meichant  iron. 
A  process  of  inUying  wood,  like  Parquetry. 
The  Sonth-American  name  for  the  roots  of  the  Caleeolaria  araeh- 


noidea,  used  for  dyeing  crimson  by  the  natives. 
Thei       ■    ■  ■ 


)  gastric  juice  of  the  stomach  of  the  sucking  calf,  which,  being 
extracted  by  inftasion  immediately  after  the  death  of  the  animal,  serves  to  curdle  milk. 
As  the  juice  passes  rapidly  into  putrefaction,  the  stomach  must  be  salted  after  the 
outer  sUn  has  been  scraped  of^  and  all  the  fat  and  useless  membranes  carefully 
removed.  It  is  only  the  inner  coat  which  is  to  be  preserved  after  it  is  freed  from  any 
curd  or  other  extraneous  matter  in  the  stomach.  The  serum  left  in  it  should  be 
pressed  out  with  a  cloth,  and  is  then  to  be  replaced  in  the  stomach  with  a  large 
quantity  of  the  best  salt.  The  skins,  or  veils,  as  they  are  called,  are  next  put  into  a 
pan  and  covered  with  a  saturated  solution  of  salt,  and  soaked  for  some  hours ;  but 
there  should  be  no  more  brine  than  covets  the  veils.  They  are  afterwards  hung  up 
to  dry,  a  piece  of  wood  being  put  crosswise  into  eacti  to  stretch  them  out.  They 
should  be  perfectly  dried,  and  Took  like  parchment.  In  this  state  they  may  be  kept  in 
a  dry  place  for  any  length  of  time,  and  are  always  ready  for  use. 

Pieces  of  veil  are  cut  off  and  soaked  for  some  hours  in  whey  or  water,  and  the 
whole  is  added  to  the  warm  milk  for  curdling  it,  its  strength  having  been  first 
tested  on  a  small  quantity.  By  the  rapidity  with  which  it  curdles,  and  the  form  of 
the  flakes,  a  judgment  is  farmed  of  its  strength,  and  the  quantity  required  for  the 
whole  milk. 

SBVOmra.  Metal-work  in  relief.  The  metal  plate  is  placed  upon  a  wax  block, 
and  by  means  of  a  punch  and  hammer,  the  ornamental  design  is  hammered  up. 

KMBXK,  XATJSX  or  OOIVUU,  is  a  peculiar  resinous  substance,  imported  from 
New  Zealand.  It  oozes  from  the  trunk  of  a  noble  tree  called  DamTnara  Australie, 
SeeDiJUAB. 

Wlfllflf  {Risinee,  Fr. ;  Harte,  Oer.)  are  principles  found  in  most  vegetables, 
and  in  almost  every  part  of  them;  but  the  only  resins  which  merit  a  particular 
description  are  those  which  occur  naturally  in  such  quantities  as  to  be  easily  collected 
or  extracted.  They  are  obtained  chiefly  in  two  ways,  either  by  spontaneous  exudation 
from  the  plants,  or  by  extraction  by  heat  and  alcohol.  In  the  first  case,  the  discharge 
of  resin  in  the  liquid  state  is  sometimes  promoted  by  artificial  incisions  made  through 
the  bark  into  the  wood  of  the  tiee. 

Besins  possess  the  following  general  properties : — They  are  soluble  in  alcohol,  in 
ether  and  the  volatile  oils,  and  with  the  aid  of  heat,  combine  with  the  unctuous  oils. 
They  may  be  combined  by  fusion  with  sulphur,  and  with  a  little  phosphoms.  They 
are  insoluble  in  water,  and  melt  by  the  application  of  heat,  but  do  not  volatilise 
without  partial  decomposition.  They  are  almost  all  translucid,  not  often  colourless, 
but  generally  brown,  occasionally  red  or  green.  Any  remarkable  taste  or  smell, 
which  they  sometimes  possess,  may  be  ascribed  to  some  foreign  matter,  commonly  an 
essential  oil.  Their  specific  gravity  varies  from  0-92  to  1°2.  Their  consistence  is 
also  veiy  variable.  The  greater  part  are  hard,  with  a  ritreoas  f^cture,  and  so  brittle 
as  to  be  readily  pulverised  in   the  cold.    Some  of  them  are  soft,  a  circumstance 

Srobably  dependent  npon  the  presence  of  a  heterogeneous  substance.    The  hard  nsini 
0  not  conduct  electricity,  and  they  become  negatively  electrical  bgr  friction.    When 
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heated  tbej  melt  more  or  leM  easily  into  a  thick  vitctd  liqoid,  and  concrete,  on  cooling, 
into  a  nnooth  shining  mass,  of  a  Titreons  fracture,  vhicn  occadonaUT  flies  off  into 
pieces,  like  Prince  Bapert's  dmpa,  especially  after  bein^  qnickly  cooled,  and  scratched 
with  a  shup  point.  They  take  fire  by  contact  of  an  ignited  body,  and  bum  trith  a 
bright  flame,  and  the  division  of  much  sooty  smoke.  When  distilled  by  themselves 
in  dose  yessels,  they  affiird  carbonic  add  and  carbnretted  gases,  empyrenmatic  oil  of  a 
less  disagreeable  smell  than  that  emitted  by  other  soch  oils,  a  little  addulons  -water, 
and  a  rery  little  shining  charcoal.    See  Gas,  Coal. 

Beains  are  little  acted  upon  by  adds,  except  by  the  nitric,  which  converts  them  into 
artificial  tan.  They  combine  readily  with  the  alkalis  and  alkaline  earths,  and 
form  what  were  formerly  reckoned  soaps ;  but  the  resins  are  not  tmly  saponified  ;  they 
rather  represent  the  and  constituents  themselves,  and,  as  such,  saturate  the  aaliflsble 
bases. 

Every  redn  is  a  natural  mixture  of  several  other  resins,  as  is  the  case  also  with 
oils ;  one  prindple  being  soluble  in  cold  alcohol,  another  in  hot,  a  third  in  ether,  a 
£>illth  in  oil  of  turpentine,  a  fifth  in  naphtha,  &c.  The  soft  redns,  which  retain  a 
certain  particm  of  volatile  oil,  constitute  what  are  called  balsams.  Certain  other 
balsams  contain  benzoic  acid.  The  solid  resins  are,  amber,  animi,  bensoin,  eokfhony 
(common  rosin),  copal,  dammar,  dragon's  blood,  demi,  grniao,  lac,  resin  of  jaUtp, 
Idbdamim,  matiie,  tandarach,  ttorax,  taiamaiae. 

1.  7%e  hard  eojpal  ot  India  and  Africa,  eapedaUy  Madagaiyar,  is  the  product  of  the 
Mymentn  verrveoia.  It  is  transparent  and  vitreous  within,  whatever  may  be  its 
appearance  outside ;  nearly  colourless,  or  of  a  tawny  yellow ;  without  taste  or  smell 
in  the  cold,  and  almost  as  hard  as  amber,  which  it  much  resembles,  but  from  which  it 
may  be  distinguished,  1st,  by  its  melting  and  kindling  at  a  candle-flame,  and  rnnning 
down  in  drops,  while  amb<nr  bums  and  sweUs  up  without  flowing;  2ndly,  this  hard 
copal  when  blown  out  and  still  hot^  exhales  a  smell  like  balsam  copaiva  or  capivi ; 
while  amber  ^ales  an  unpleasant  bituminous  odour ;  3rdly,  when  moistened  by 
alcohol  of  86  per  cent.,  copal  becomes  sticky,  and  shows,  after  diying,  a  glazed  opaque 
surface,  while  amber  is  not  affected  by  alcohol ;  4thly,  the  copal  affiuds  no  sucdnio 
add,  as  amber  does,  on  distillation. 

Ether,  boiling  hot,  dissolves  39'17  per  cent,  of  copaL 

Essence  (spirits)  of  turpentine  does  not  dissolve  any  of  the  copal,  but  it  penetrates 
and  combines  with  it  at  a  heat  of  212°  Fahr. 

2.  Bttin  of  cambaxH  of  Bio  Janeiro,  the  English  gum-animi,  and  the  semi-hard 
copal  of  the  French.  It  is  characterised  by  forming,  in  alcohol,  a  bulky,  tenadous, 
elastic  mass.  It  occurs  in  rounded  tears,  has  a  very  pale  glassy  aspect,  transparent 
within,  covered  with  a  thin  white  powder,  which  becomes  glutinous  with  ahsohoL 
Another  variety  is  soft,  and  dissolves,  for  the  most  part,  in  alcohol;  and  a  third 
resembles  the  oriental  copal  so  much  as  to  indicate  that  they  may  botJi  be  produced 
from  Uie  same  tree.  100  parts  of  the  oriental  and  the  ooddental  animi  yield 
zespectiyely  the  following  residua : — 

With  alooliol        Wtth  ethar  With  eaenoe 

Oriental        .       .        .    6571  60-8S  71 

Ocddental     .        .        .    48-63  2760  7676 

The  hard  and  soft  copals  possess  the  remarkable  property  in  common  of  becoming 
soluble  in  alcohol,  ^Eter  being  ozrgenated  in  the  air. 

3.  Dammar  piUi,  or  Dammar  oatu. — This  resin,  soft  at  flrst,  becomes  eventually  like 
amber,  and  as  hard.  It  is  little  soluble  in  alcohol  and  ether,  but  more  so  in  essence 
of  turpentine. 

4.  Jromatie  dammar. — This  resin  occurs  in  large  orbicular  masses.  It  is  pretty 
soluble  in  alcohoL  Only  small  samples  have  hitherto  been  obtained.  Of  100  parts, 
3  are  insoluble  in  alcohol,  none  in  ether,  and  93  in  essence  of  turpentine.  JI.  Ouibourt 
thinks  that  this  resin  comes  from  the  Holncca  isles.  Its  ready  solubility  in  alcohol 
and  great  hardness  render  it  valuable  for  varnish-making. 

5.  SKgktly  aromatie  dammar  leaves,  after  alcohol,  37  per  cent ;  and  after  ether  17 
per  cent ;  and  after  essence,  87  per  cent 

6.  Teudtr  and  friabU  dammar  selan. — This  resin  occurs  in  considerable  quantity 
in  commerce  (at  Paris).  It  is  in  round  or  oblong  tears,  vitreous,  nearly  colourless, 
and  transparent  within,  dull  whitish  on  the  surfaces.  It  exhales  an  agreeable  odour 
of  olibannm,  or  mastic,  when  it  is  heated.  It  crackles  with  the  heat  of  the  hand,  like 
roll-sulphur.  It  becomes  fluid  in  boiling  water,  but  brittle  when  cooled  again.  It 
sbarkles  and  bums  at  the  flame  of  a  candle ;  but  this  bdng  the  efl^  of  a  volatile  oil, 
the  combustion  soon  ceases. — Guibourt. 

MMMtMB,  —'  —  "»*'*-  Petroleum,  bitumen,  asphalt,  amber,  and  other  mineral 
hydrocarbons  are  so  csJled.    See  deerriptions  under  the  respective  names. 
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A  paste  used  in  calico-printiiig  to  keep  pwtions  vhita  vbaa  the  elotb 
S*  dipped  into  the  are.    See  Oaxioo-Psintiko. 

Mmnk  A  uydrocarbon,  similax  to  benzine,  obtained  from  the  nsinons  matter 
found  on  pine -stems  in  peat-bogs.  It  has  also  been  obtained  hy  the  drf  distillation 
of  Tesinons  pine-wood. 

UTUiXTU.  A  mineral  lesin  found  in  roanded  or  irregular  lumpe.  It  is  soluble 
in  alcohol,  leaving  an  unctuous  residue.  It  is  found  in  the  lignite  beds  of  BoTey 
Tracey,  in  similar  deposits  in  Hanorer,  and  in  the  coal-mines  of  Moiayia. 

MMViaOJtM,    A  hydrocarbon,  obtained  from  the  turpentine-resins. 

BSTOXT.  Betorts  may  be  of  various  shapes,  and  made  of  very  different  ma- 
terials, according  to  the  requirements.  Some  are  of  glass ;  others  of  clay.  They 
may  be  made  of  any  of  the  metals.  Betorts  are  employed  to  eBect  the  decom- 
position of  compound  bodies  by  the  action  of  heat ;  sometimes  alone,  and  sometimes 
aided  by  the  action  of  other  furnaces.  They  vary  in  shape;  but  generally  may 
be  regarded  as  consisting  of  a  bulb  and  a  beak.  For  producing  coal-gas  tliere  are 
many  modifications,  varying  in  dimensions  and  shape  vrith  the  caprice  of  the  con- 
structor. 

MMTUMM  ASR.  In  axd-mining,  the  air  which  ascends  after  having  passed 
through  the  workings  of  a  colliery. 

Xannnra.    A  light-coloured  and  mild  kind  of  tobacco. 

SaVASKVTA  AXABXOA.  The  commercial  name  fw  the  flour  obtained  from 
the  lentil,  Enum  lens.  It  was  first  called  ErwUmta,  then  by  transposing  the  letters 
of  the  first  portion  of  the  name,  rtmUmta  was  obtained. 

>JVJMtliWg.ATOWf  HiMMAOM.  A  ftaiace  in  which  the  flame  passes  over 
a  bridge,  and  plays  down — or  reverberates  against  the  hearth  on  which  the  materiala 
are  placed.    See  Metaixubot,  Copfbb,  Ibon,  Soda,  &c. 

JUATAVT  SOOTa  Krameria  triandra,  a  native  of  Fern.  The  root  is  hori- 
Bontal,  very  long  and  branched.  It  is  used  as  an  astringent,  and  in  powder  as  a 
dentifrice. 

XBOSnOM.  A  metal  discovered  by  Dr.  Wollaston  in  1808,  in  the  ore  of 
'  platinum.  It  is  contained  to  the  amount  of  3  per  cent,  in  the  platinum-ore  of 
Antioquia  in  Columbia,  near  Barbacoas ;  it  occurs  in  the  Ural  ore,  and  alloyed  with 
gold  in  Mexico.  The  palladium  having  been  precipitated  from  the  muriatic  solution 
of  the  platinum-ore  previously  saturated  with  soda  by  the  cyanide  of  mercury, 
muriatic  acid  is  to  bis  poured  into  the  residuary  liquid,  and  the  mixture  is  to  be 
evaporated  to  di^ess,  to  expel  the  hydrocyanic  add,  and  convert  the  metallic  salts 
into  chlorides.  The  dry  mass  is  to  be  reduced  to  a  very  flne  powder,  and  washed 
with  alcohol  of  specific  gravity  0-837.  This  solvent  takes  possession  of  the  doable 
chlorides  which  the  sodium  forms  with  the  platinum,  iridium,  copper,  and  mercury, 
and  does  not  dissolve  the  double  chloride  of  rhodium  and  sodium,  but  leaves  it  in  the 
form  of  a  powder  of  a  fine  dork-red  colour.  This  salt  being  washed  with  alcohol, 
and  then  exposed  to  a  ver^  strong  heat,  nfibrds  the  rhodium.  But  a  better  mode  of 
reducing  the  metal  upon  the  small  scale  consists  in  beating  the  double  chloride  gently 
in  a  glus  tube,  while  a  stream  of  hydrogen  passes  aver  it,  and  then  to  wash  away 
the  chloride  of  sodium  with  water. 

lUiodium  resembles  platinum  in  appearance.  According  to  WoUaston,  the  specific 
gravity  of  rhodium  is  11.  It  is  insoluble  by  itself  in  any  acid  ;  but  when  an  alloy  of 
it  with  certain  metals,  as  platinum,  copper,  bismuth,  or  lead,  is  treated  with  aqua 
regia,  the  rhodium  dissolves  with  the  other  metals;  but  when  alloyed  with  gold 
or  silver,  it  will  not  dissolve  along  with  them.  It  may,  however,  be  rendered 
very  soluble  by  mixing  it  in  the  state  of  a  fine  powder  with  chloride  of  potassium  or 
sodium,  and  heating  t£e  mixture  to  a  dull  rod-heat,  in  a  stream  of  chlorine  gas.  It 
thus  forms  a  triple  salt,  very  soluble  in  w;ater.  The  solutions  of  rhodinm  are  of  a 
beautiful  rose  colour,  whence  its  name.  Its  chief  use  at  present  is  for  making  the 
unalterable  nibs  of  the  so-named  rhodium  pens. 

The  following  remarks  from  a  recent  paper  by  Deville  and  Debray, '  On  lomt  pro- 
perties of  the  to-called  Haiinmn  Metalt'  are  full  of  interest.  These  chemists  prepare 
rhodium  by  ftasing  platinum-residues  with  an  equal  weight  of  lead  and  twice  its  weight 
of  litharge.  When  the  crucible  has  attained  a  bright  red  heat,  and  the  litharge  is 
thoroughly  liquid,  the  crucible  is  shaken  once  or  twice,  and  is  then  allowed  to  cool 
slowly.  The  button  of  lead,  which  contains  all  the  metals  in  the  residue  less  oxidisable 
than  lead,  is  treated  with  nitric  acid,  diluted  with  an  equal  volume  of  water,  which 
removes,  besides  the  lead,  the  copper  and  the  palladium.  The  insoluble  powder  which 
remains  is  mixed  with  five  times  its  weight  of  binoxide  of 'barium,  weighed  exactly, 
and  is  heated  to  redness  in  a  clay  crucible  tor  one  or  two  hours.  After  this  it 
is  first  treated  with  water,  and  then  with  aqua  regia  to  remove  the  osmie  acid. 
VThen  the  liquor  bos  lost  all  smell,  sufficient  sulphuric  acid  is  added  to  exactly 
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pieciptate  the  baryta.  It  is  then  boiled,  filterod,  and  eTapoiated,  first  adding  to  it  a 
UtUe  nitrio  add  and  then  a  great  excess  of  sal-ammoniac.  The  evaporation  is  carried 
to  dryness  at  212°,  and  the  residunm  is  -washed  -with  a  concentrated  solution  of  sal- 
ammoniac,  which  removes  all  the  rhodium.  When  the  washings  are  no  longer 
coloured,  the  liquor  is  evaporated  trith  a  great  excess  of  nitric  acid,  vrhich  destroys 
the  sal-ammoniac,  and  when  only  the  salt  of  rhodium  is  left,  the  evaporation  is 
finished  in  a  porcelain  crucible.  The  rhodium  salt  is  now  moistened  with  hydro- 
snlphide  of  ammonia,  mixed  with  three  or  four  times  its  weight  of  sulphur,  and  the 
crucible  is  heated  to  bright  redness,  after  which  metallic  rhodium  is  left  in  the 
crucible.  So  obtained  rhodium  may  be  considered  almost  pure,  after  it  has  been 
boiled  for  some  time,  first  in  aqua  regia,  and  then  in  concentrated  sulphuric  acid.'  To 
obtain  it  perfectly  pure  it  must  be  melted  with  four  times  its  weight  of  zinc.  The 
alloy  is  treated  with  concentrated  hydrochloric  acid,  which  dissolves  moat  of  the 
zinc,  but  leaves  a  crystalline  matter  which  is  really  an  alloy  of  rhodinm  and  zinc  in 
definite  jnoportions.  This  is  dissolved  in  aqua  regia,  and  the  solution  is  treated  with 
ammonia  until  the  precipitate  first  formed  is  redissolved.  The  solution  is  boiledand 
evaporated,  by  which  is  obtained  the  yellow  salt,  or  chloride  of  rhodium.  This  is 
purified  by  repeated  ciystallisation,  and  then  calcined  with  a  little  sulphur,  by  which 
means  rhodinm  is  procured  absolutely,  pure. 

Bhodinm  melts  less  easily  than  platinum,  so  much  so  that  the  same  fire  which  will 
liquefy  300  grammes  of  platinum  only  will  melt  40  or  60  gmmmes  of  rhodium.  It 
is  not  volatilised,  but  it  oxidises  on  the  sur&ce  like  palladium.  Less  white  and 
lustrona  than  silver,  it  has  about  the  same  appearance  as  aluminium.  When  perfectly 
pure  it  is  ductile  and  malleable,  at  least  after  fusion.    Its  density  is  IS'l. 

The  alloys  of  rhodium,  those  at  least  which  have  been  examined,  are  true  chemical 
combinations,  as  is  shown  by  the  high  temperature  developed  at  the  moment  of  their 
formation.  The  alloy  with  zinc  already  described  resists  the  action  of  muriatic 
add,  but  in  contact  with  air  and  the  acid  there  is  soon  a  well-marked  ios«-coloration 
which  reveals  an  oxidation  of  the  two  metals  under  the  double  influence  of  the  nir 
and  add.  The  alloy  with  tin  is  crystallised,  black,  brilliant  and  fusible  at  a  very 
high  temperature. 

SHOBOmra.  A  silicate  of  manganese,  eometomee  containing  iron,  magnesium 
and  caldum,  found  chiefly  in  Sweden. 

Utom  B9A3U    Native  carbonate  of  magnesia. 

UVBABB  (Sheum).  Hirteen  spedes  of  plants  have  been  named  as  yielding 
the  medidnal  rhubarb ;  it  has,  however,  been  recently  determined  that  the  Skeum 
offieinaU  is  the  true  rhubarb  plant.  The  best  rhubarb  is  called  Turkey  rhubarb,  and 
only  procured  by  the  Russians,  at  Eiachta,  firom  the  Chinese.  Several  species  of 
ihubiab  are  cultivated  in  this  country,  tar  the  agreeable  acidity  of  their  stems. — See 
ElenunU  of  Materia  Medioa,  by  Bentley  and  Bedwood. 

SSHB.    The  Sumach,  which  see. 

BHVSICA.    Shvtma  turoomm.    Used  as  a  depilatory. 

MXJkMOOOJL  ^V009,  or  Kiabocca  vxMd,  an  wnamental  wood  obtained  from  the 
East  Indies.  It  is  not  known  what  tree  Reduces  it.  It  is  much  used  for  making 
ornamental  boxes,  desks,  and  the  like. 

•BBSOW  MAarWAOnnM.  TUa  differs  in  no  particular  reqxct  from  tha 
manufacture  of  woven  &brics  in  similar  materials.    See  Silx,  and  WsAvraa. 

BZOIk  (Ort/za  tativa,  Linn.)  This  plant,  originally  a  native  of  Asia,  is  now 
extensively  cultivated  in  India,  Ohina,  the  islands  ot  the  Sastam  Archipelago,  in 
the  West  Indies,  Central  America,  and  the  souUiem  of  the  United  States.  Roxburgh 
informs  us  that  there  are  above  forty  different  varieties.  Carolina  and  Patna  rice  are 
the  kinds  most  esteemed  in  this  country.  Braconnot  {Ann.  Ohm,  Phya.)  has  given 
the  following  analyses  of  two  varieties  of  rice : — 

,  Carolina  rice           Piedmont  rice 

Starch 85  07  8380 

Woody  flbre       ....  4-80  4-80 

Gluten 3-60  8-60 

TaUov^oil        ....  0-13  0-26 

Sugar  (uncrystallisable)     .        .  0-29  0-26 

Gum 0-71  0-10 

The  inorganic  constituents  being,  as  estimated  from  the  ash.  of  the  grain,  as  fallows: 
— ^Potash,  18-48;  soda,  10-67;  lime,  1-27;  magnesia,  11-69;  oxide  of  iron,  0-46; 
phosphoric  add,  63-36 ;  chlorine,  037 ;  silica,  3*36. 

Rioeis  used  as  food  by  a  hundred  millions  of  the  inhabitants  of  the  earth,  and  it  js 
emjAoyed  as  an  agreeable  and  nutritive  diet  in  various  forms  by  ourselves. 
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Bioe  imjporUd  in  1878. 


Bough  and  in  the  hiuk: 

From  HaniiUus 

„     British  India : 

Madra« 

„         Bengal  and  Bannah 

„     Other  coontries         .... 

Total      .... 

Ditto,  not  rough  or  in  the  huik : 

From  Holland 

„     Japan       

„     British  India: 

Madras 

„         Bengal  and  Bnrmah 

„     Other  countries         .... 

Total       .... 

Qnartcn 

Tains 

2,248 

4,606 

11,061 

868 

8,880 

10,644 

18,387 

1,129 

18,772 

83,540 

Cvta. 
36,934 
119,801 

261,121 

6,008,226 

114,787 

£ 
46,754 
71.621 

135,261 

2,020,204 

68,594 

6,540,318 

3,254,434 

Bice  not  in  the  husk  imported  in  1874 


7,002,788 


£ 
3,621,910 


Yarions  machines  have  been  contrired  for  effecting  this 
pnrpose,  of  i^ch  that  invented  by  Mr.  Melvil  Wilson  may  be  regarded  as  a  good 
example.  It  consists  of  an  oblong  hcdlow  cylinder,  laid  in  an  inclined  position, 
having  a  great  many  teeth  stuck  in  its  internal  surface,  and  a  central  shaft  also 
famished  with  teeth.  By  the  rapid  rerolntion  of  the  shaft,  its  teeth  are  carried 
across  the  internals  oi  those  of  the  cylinder  with  the  efiect  of  parting  the  grains  of 
rice,  and  detaching  whatever  husks  or  impurities  may  adhere  to  them.  A  hopper  is 
set  above  to  receive  the  rice,  and  conduct  it  down  into  the  cleansing  cylinder. 

About  80  teeth  are  supposed  to  be  set  in  the  cylinder,  projecting  so  as  to  reach  very 
nearly  the  central  shaft,  in  which  there  is  a  corresponding  nnmb^  of  teeth,  that  pass 
f^ly  between  the  ibrmer, 

WOa-VAraB>  A  name  given  to  the  material  (m  which  the  Hindoos  and 
Chinese  paint  flowers,  iK.    It  is  the  pith  of  the  Aralia  pofyr^era.    See  Fafbb. 

aXOa-STAHOH.     SeeSTABCH. 

aiBBarCk  /»  mining,  a  term  used  in  the  Newcastle  coal-field  for  the  operation 
of  separating  the  iron  ore  nom  the  coal-shale. 

smaB.  In  mining,  a  projecting  piece  of  loek  crossing  a  fissure  or  mineral  vein, 
and  thus  dividing  it. 

JUruw.    B^ed  Ordnance  and  Fire-armt  are  described  under  Abxiluex  and 

FlBB-AXKS. 

MOntAMtPB  OMMMHm    Oxide  of  cobalt  and  oxide  of  one. 

BZVamro  ItlHIMIBa  qf  Fairbaim.  The  invention  of  the  riveting  machine 
originated  in  a  tam-ont  of  the  boiler-makeis  in  the  employ  of  that  engineer  about 
thirty  years  ago.  On  that  occasion  the  attempt  was  made  to  rivet  two  plates 
together  by  compressing  the  red-hot  rivet  in  the  ordinary  punching-press.  The 
success  of  this  experiment  immediately  led  to  the  construction  of  the  original  machine, 
in  which  the  moveable  die  was  forced  upon  the  rivet  by  a  powerful  lever  acted  upon 
by  a  cam.  A  short  experience  proved  the  original  machine  inadequate  to  the  numer- 
ous requirements  of  the  boiler-maker's  trade,  and  the  present  form  was  therefore 
adopted  some  years  afterwards. 

The  large  stem  a  {fig.  1711)  is  made  of  malleable  iron,  and  having  an  iron  strap,  b  b, 
screwed  round  the  base,  it  renders  the  whole  perfedly  safe  in  case  of  the  dies  coming 
in  contact  with  a  cold  rivet,  or  any  other  hard  substance  during  the  process.  Its  con- 
struction also  allows  the  workmen  to  rivet  angle-iron  along  the  edges,  and  to  finish 
the  corners  of  boilers,  tanks,  and  dstems ;  and  the  stem  being  now  made  4  feet  6 
inches  high,  it  renders  the  machine  mora  eoctenaive  in  its  application,  and  allows  of 
its  riveting  the  fire-box  of  a  locomotive  boiler  or  any  other  woric  within  the  given 
depth. 

In  addition  to  these  parts,  it  has  a  broad  moving  slide,  c,  in  which  an  three  dies 
^  corresponding  with  others  in  the  wronght-iron  stem.    By  using  the  centre  die,  every 
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dMetiption  of  flat  and  circular  work  can  be  rireted,  and  by  Belecting  those  on  the 
sides,  It  trill  riret  the  comers,  and  thus  complete  Tsssels  of  almost  every  shape.  This 
machine  is  in  a  portable  form,  and  can  be  moved  off  rails  Tritb  care  to  suit  the  article 
cnspended  from  the  shears. 


f         '>         ^         ♦  < 


Jr- 


The  introduction  of  the  knee-joint  gires  to  the  dies  a  Tariabls  motion,  and  canaes 
the  greatest  force  to  be  exerted  at  a  proper  time,  viz.  at  the  closing  of  the  joint  and 
flnismng  of  the  head  of  the  rivet. 

In  other  respects  the  machine  operates  as  before,  efibcting  by  an  almost  inatanta- 
neons  pressure  what  is  performed  in  the  ordinary  mode  by  a  long  series  of  impacts. 
The  machine  fixes  in  the  firmest  manner  and  completes  eight  rivets  of  }-inch  diameter 
in  a  minute,  with  the  attendance  of  two  men  and  boys  to  the  plates  and  rivets; 
whereas  the  average  work  that  can  be  done  by  two  riveters,  with  one  'holder  on' 
and  a  boy,  is  40  i-inch  rivets  per  hour ;  the  quantity  done  in  the  two  cases  being  in 
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the  ptopordon  of  40  U)  480,  or  u  1  to  12,  ezdnsive  of  the  aariog  of  one  man's  iKbons. 
The  cyhnder  of  an  ordinair  locomotive-engins  boiler  8  feet  6  i^iches  long  and  3  feet 
diameter  can  be  riretod  and  the  plates  fitted  completely  by  the  machine  in  4  hours; 
whilst  to  execute  the  same  vork  by  hand  would  require  with  an  extra  man  20  hooray 
The  work  produced  by  the  machine  is  likewise  of  a  superior  kind  to  that  made  in 
the  (odinary  manner ;  the  lirets  being  found  stronger,  and  the  boilers  more  free  bom 
leakage,  and  more  perfbct  in  every  respect  The  riveting  is  done  without  noise,  and 
thus  IS  almost  entirely  removed  the  constant  deafening  clamour  of  the  boiler-maker's 
hammer. 

XOAJr.  The  name  of  a  oonunon  leather  used  for  book-binding,  and  for  slippers. 
It  is  prepared  from  sheep-skin  by  tanning  with  sumach.    See  Lbathkb. 

ROASTXVa  OWUI>  The  operation  of  roasting  is  executed  by  various  pro- 
cesses, relatively  to  the  nature  of  the  ores,  the  quality  of  the  fuel,  and  to  the  oqect 
in  view. 

Three  principal  methods  may  be  distinguished :  1,  the  roasting  in  heaps  in  the  open 
air,  the  most  simple  of  the  whole ;  2,  the  roasting  executed  between  little  walls,  and 
wUeh  may  be  called  case-roasting  {BSit-iiadd  in  German);  and  3,  roasting  in 
fUmaces, 

1.  The  roasting  in  the  open  air,  and  in  heaps  more  or  less  considerable,  is  practised 
upon  iron  ores,  and  6uch  as  are  pyritons  or  bituminous.  The  operation  consists  in 
general  in  spreading  over  the  plane  area,  often  bottomed  with  beaten  clay,  billets  of 
wood  ananged  like  the  bars  of  a  gridiron,  and  sometimes  laid  crosswise  over  ona 
another,  so  as  to  form  a  uniform  flat  bed.  Sometimes  wood-charcoal  is  added,  so  as  to 
fill  up  the  iatentioes,  and  to  prevent  the  ore  from  falling  between  the  other  pieces 
of  fuel.  Coal  is  also  employed  in  moderately  small  lumps ;  and  even  occasionally 
turf.  The  ore,  either  simply  broken  into  pieces,  or  sometimes  under  the  form  oi 
tehUek  (fine  pyritous  sand),  is  piled  up  over  the  fuel ;  usually  alternate  beds  of  fuel  and 
ore  are  formed. 

The  fire,  kindled  in  general  at  the  lower  part,  but  sometimes,  however;  at  the 
middle,  gradually  spreads,  putting  the  operation  in  train.  The  combustion  must 
be  so  conducted  as  to  be  slow  and  snffi>calud,  to  prolong  the  ustulation,  and  let  the 
whole  mass  be  equably  penetrated  with  bent  The  means  employed  to  direct  the  fire, 
are  to  cover  outwardly  with  earth  the  portions  where  too  much  activity  is  displayed, 
and  to  pierce  with  holes  or  to  give  air  to  those  where  it  is  imperfectly  developed.  Bains, 
winds,  variable  seasons,  and  especially  good  primary  arrangements  of  a  calcination, 
have  much  influence  on  this  process,  which  requires  besides  an  almost  incessant  in- 
spection at  the  beginning. 

It  may  be  laid  down  as  s  good  rule,  to  employ  no  more  fuel  than  is  strictly  neoessuy 
for  the  kind  of  calcination  in  hand,  and  for  supporting  the  combustian ;  for  an  excess 
of  fuel  would  produce,  besides  an  expense  uselessly  incurred,  the  inconvenience;  at 
times  very  serious,  of  snch  a  heat  as  may  melt  or  vitrify  the  ores:  a  result  entirely 
the  reverse  of  a  well-conducted  ustulation. 

Figs.  1712,  1713,  1714,  represent  the  roasting  in  mounds,  as  practised  near 
Qoslar  in  the  Hartz,  and  at  Chessy  in  the  Deportment  of  the  Bhtoe.    Fig.  1712  is  a 

1718 


vertical  section,  in  the  line  he,  of  Jiff.  1714.  In  fig.  1718  there  is  shown  in  plan, 
only  a  little  more  than  one-half  of  Uie  quadrangular  truncated  pyramid,  which  con- 
stitutes the  heap.  Fiff.  1714  shows  a  little  more  than  one-fourth  of  a  bed  of  wood, 
arranged  at  Uie  bottom  of  the  pyramid,  as  shoMm  by  aa,  fig.  1712,  and  cg\,  fig. 
1714.  c  is  a  wooden  chimney,  formed  within  the  heap  of  ore,  at  whose  bottom,  c, 
there  is  a  little  {larcel  of  charcoal ;  dd  are  large  lumps  of  on  distributed  npon 
the  wooden  pile  aa;  ee  are  smaller  fragments  to  cover  the  larger;  //  is  rubbish 
and  clay  laid  smoothly  in  a  slope  over  the  whole.  g,fig.  1714,  •  passage  for  air  left 
nndsr  the  bed  of  billets,  of  which  there  is  a  smaller  one  in  ead>  of  the  four  ndes  of 
the  base  a  a,  so  that  two  principal  currents  of  air  cross  under  the  upright  axis  0  c,  of 
the  truncated  pyramid  indicated  'mfig.  1712. 

Burning  wood  is  thrown  in  by  the  chimney  c.    The  charcoal  and  the  wood  taktt 
fire;  the  sulphutoos  ores,  dtf,  are  heated  to  such  a  high  temperature  as  to  vsporis«. 
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the  mlpbnr.    In  the  Lower  Hortz,  a  heap  of  thii  kind  continao«  roasting  during  few 
months 

2.  The  Moond  method.  The  difficultj  of 
auknatpng  the  Are  in  the  loastinf  of  enbetanoes 
oontunicg  little  eulphur,  \ritn  the  greater 
difBculty  of  arranging  and  snpportiug  in  their 
place  the  fine  ores  to  be  routed,  and  last  of  all, 
the  necessity  of  giving  anocessive  &res  to  the 
aanie  ores,  or  to  inconsiderable  quantities  at  a 
time,  hare  led  to  the  contrivance  of  snnonnd- 
ing  the  area  on  which  the  roasting  takes  place 
irtth  three  or  four  little  walls,  leaving  a  door 
in  the  one  in  front.  This  is  what  is  called  a 
walltd  ana,  and  sometimas,  improperly  enough, 
a  Toasting-furnace.  Inside  of  these  walls, 
about  8  feet  high,  there  are  often  vertical  con- 
duits or  chimneys  made  to  correspond  with  an 
opening  on  the  ground  level,  in  order  to  excite 
a  draught  of  au  in  the  ac^acent  parts.  When 
the  roasting  is  once  set  going,  these  chimneys  can  be  opened  or  shut  at  their  upper . 
ends,  accoiding  to  the  necessities  of  the  process. 

Several  such  furnaces  are  usually  erected  in  connection  with  each  other  by  their 
lateral  walls,  and  all  terminated  by  a  common  wall,  which  forms  their  posterior  part ; 
sometimes  they  are  covered  with  a  shed  snpported  partly  by  the  back  wall,  built 
sufBciently  high  for  this  purpose.  These  dispositionB  are  suitable  for  the  loasUng 
of  teUioM,  or  pyritie  sands,  and  in  general  of  all  matters  whidi  are  to  have 
several  fires;  a  dioumatanoe  indispensable  to  a  due  separation  of  the  snlphnr, 
arsenic,  &e. 

8.  The  furnaces  employed  for  roasting  the  ores  and  matiei  differ  much,  according  to 
the  nature  of  the  ores,  and  the  size  of  uie  lumps.  We  shall  content  onrselves  with 
referring  to  the  principal  forms. 

When  iron  ores  are  to  be  roasted,  which  require  but  a  simple  calcination  to  disen- 
gage the  combined  water  and  carbonic  add,  egg-shaped  furnaces,  similar  to  those  in 
which  limestone  is  burned  in  contact  with  fuel,  may  be  oonreniently  employed ;  and 
they  present  the  advantage  of  an  operation  which  is  continuous  with  a  never-cooling 
apparatus.    See  Ibon, 

It  has  been  attempted  to  employ  the  same  method  a  little  modifled,  for  the  roasting 
of  ores  of  sulphide  of  copper  and  pyrites,  with  a  view  of  extracting  a  part  of  the 
sulphur.  More  or  less  success  has  ensued,  but  without  ever  surmounting  all  the  ob- 
stacles arising  from  the  great  fosibili^  of  the  sulphide  of  iron.  For  it  sometimes 
runs  into  one  mass,  or  at  least  into  lumps  agglutinated  together  in  certain  parts  of 
the  fnmace,  and  the  operation  is  either  altogether  stopped,  or  becomes  more  or  less 
languid;  the  air  not  being  able  to  penetrate  into  all  the  parts,  the  roasting  becomes 
consequently  imperfect.  This  inconvenience  is  even  more  serious  than  might  at  first 
sight  appear;  for,  as  the  ill-roasted  ores  now  contain  too  little  sulphur  to  support 
their  combnstion,  and  as  they  sometimes  fall  into  small  fragments  in  the  cooling,  they 
cannot  be  passed  again  through  the  same  furnace,  and  it  becomes  necessary  to  finish 
the  roasting  in  a  rererberstory  hearth,  which  is  much  more  expensive. 

In  the  Pyrenees,  the  roasting  of  iron  ores  is  executed  in  a  circular  furnace,  so 
disposed  that  the  fuel  is  contained  and  burned  in  a  kind  of  interior  oven,  above  which 
lie  the  pieces  of  ore  to  be  calcined.  Sometimes  the  vault  of  this  oven  which  sustains 
the  ore,  is  formed  of  bricks,  leaving  between  them  openings  for  the  passage  of  the 
flame  and  smoke,  and  the  apparatus  then  resembles  certain  pottery-kilns:  at 
other  times  the  vanlt  is  formed  of  large  lumps  of  ore,  carefully  arranged  as  to  the 
intervals  requisite  to  be  left  for  draught' over  the  arch.  The  broken  ore  is  then  dis- 
tributed above  this  arch,  care  being  t^en  to  place  the  larger  pieces  undermost.  This 
process  is  simple  in  the  construction  of  the  furnace,  and  economical,  as  branches  of 
trees,  without  value  in  the  forests,  may  be  employed  in  the  roasting.    See  Eiuc. 

In  some  other  countries,  the  ores  are  roasted  in  furnaces  very  like  those  in  which 
porcelain  is  baked ;  that  is  to  say,  the  fuel  is  placed  exteriorly  to  the  body  of  the  fur- 
nace in  a  kind  of  brick  shafts,  and  the  fiame  traverses  the  broken  ore  with  which  the 
furnace  is  filled.     In  such  an  apparatus  the  calcination  is  continuoas. 

When  it  is  proposed  to  extract  the  sulphur  from  iron  pyrites,  or  tcom  pyritous 
minerals,  diflfarent  fnmaeee  may  be  employed,  among  whidi  that  used  in  Hungary  de- 
serves notioe.  It  is  a  rectangular  paiallelopiped  of  four  walls,  each  of  them  being 
perforated  with  holes  and  vertical  conduits  which  lead  into  chambers  of  condensation, 
where  the  enlphor  is  collected.    The  (»e  placed  between  the  four  walls  on  billets  of 
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wood  an&nged  as  i>  fig.  1714,  for  the  ereat  roavtrngs  in  t}i6.  open,  ait,  ii  eal> 
dned  with  tne  disengagement  of  much  sulpQur,  which  fidds  more  facility  in  egeapin^ 
by  the  lateral  conduits  in  the  walls,  than  np  through  the  .whole  mass,  or  across  tha 
upper  surface  covered  over  with  earth  ;  whence  it  passes  into  the  chambers  of  conden- 
sation. In  this  way  upwards  of  a  thousand  tons  of  pyrites  Tuty  be  roasted  at  oncc^ 
and  a  large  quantity  of  sulphur  obtained.    See  PrBrru. 

The  reverberatory  furnace  afibrds  one  of  the  best  means  of  ustnlation  where  it  is 
requisite  to  employ  the  simultaneous  action  of  heat  and  atmospheric  air  to  destny 
certain  combinations,  and  to  decompose  the  sulphides,  arsenides,  &c.     See  Copfsb. 

In  ercrr  case  where  it  is  desired  to  hare  a  Teiy  perfect  roasting,  as  for  blende 
firom  which  zinc  is  to  be  extracted,  for  sulphide  of  antimony,  &&,  or  even  for  ores 
reduced  to  a  very  fine  powder  and  destined  for  amalgamaUon,  it  is  proper  to  perform 
the  operation  in  a  reverberatory  furnace.  When  very  Aisible  sulphurous  ores  are 
treated,  the  workmen  charged  with  the  calcination  must  employ  much  care  and 
experience,  chiefly  in  the  management  of  the  fire.  It  will  sometimes,  indeed,  happen 
that  the  ore  partially  fuses,  when  it  becomes  necessary  to  withdtaw  the  materials 
ftom  the  furnace,  to  let  them  cool  and  grind  them  anew,  in  order  to  recommence 
the  operation.  .  The  construction  of  these  furnaces  demands  no  other  attention 
than  to  give  to  the  sole  or  laboratory  the  suitable  size,  and  so  to  proportion  to 
this  the  grata  and  chimney  that  the  heating  may  be  effected  with  the  greatest 
economy. 

The  reverberatory  fbmaoe  is  always  employed  to  roast  ores  of  the  predons  metals, 
and  espedally  those  for  amalgamation ;  as  the  latter  often  contain  arsenic  antimony, 
and  other  volatile  substances,  they  mnst  be  disposed  of  in  a  peculiar  manner. 

The  sole,  usually  very  spacious,  is  divided  into  two  parts,  of  which  the  one  fiirthest 
off  from  the  furnace  is  a  little  lower  than  the  other.  Above  the  vault  tliera  is  a  space 
or  chamber  in  which  the  ore  is  deposited,  and  which  communicates  with  the  laboratory 
by  a  vertical  passage,  which  serves  to  allow  the  ore  to  be  pushed  down  whan  it  is  dried 
.snd  a  little  heated.  The  flame  and  the  smolu  which  escape  from  the  sole  or  laboratory 
pass  into  condensing  chambers  before  entering  into  the  chimney,  so  as  to  deposit  in 
them  the  oxide  of  arsenic  and  other  substances.  When  the  ore  on  the  part  of  th^ 
sole  farthest  from  the  grate  has  suffered  so  much  heat  as  to  begin  to  be  roasted,  has 
become  less  fusible,  and  when  the  roasting  of  that  in  the  nearer  part  of  the  sole  is 
comjpleted,  the  former  is  raked  towards  the  flra-bridge,  and  its  ustnlation  finished  by 
stimng.  it  over  frequently  with  a  paddle,  skilfully  worked,  through  one  of  the  doors 
left  in  the  side  for  this  purpose.  The  operation  is  considered  to  be  finished  when 
■the  vapours  and  the  smell  nave  almost  wholly  ceased ;  its  duration  depending  obviously 
on  the  nature  of  the  ores. 

When  this  furnace  is  employed  to  roast  very  anenieal  ores,  the  chambers  of  con- 
densation for  the  arsenious  add  are  mndi  more  extensive  than  in  fbmaces  commonly 
used. 

Compared  with  the  German  BSitqfen,  the  mechanical  fiimaoes  are  less  afKdent  for 
the  caldnation  of  silver  ores,  particularly  when  the  ores  operated  on  are  very 
damp  and  contain  much  snlphur;  in  which  case  the  excessive  production  of  lumps 
becomes  a  serious  inoonvsnience  to  contend  with. 


1716 


171* 


Bnt  in  the  treatment  of  the  silver  ores  of  Sendelaendna,  they  possess  the  advan- 
tage of  calcining  a  large  quantity  of  ore  in  a  given  time,  and  require  np  farther 
attendance  than  is  necessary  for  supplying  them  with  ore  and  fuel.  The  supply  of 
fUel  is,  however,  subject  to  great  n^llect.  The  management  of  the  flies  is  neverthe- 
lass  a  matter  of  much  importance,  for  should  they  be  fo;{;otten,  aqd  the  heat.g9t  nineh 
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Adnce<],  the  mineral,  from  eohtinning  to  pass  at  the  mme  tate  (luon^  the  ftmaee, 
CBsnot  be  pro^rly  calcined. 
'  To  prevent  the  fires  getting  lov,  and  to  raise 
them-  after  being  neglected,  tlie  workmen  often 
load  the  grate  with  fuel,  the  resalt  of  which  is  to 
overheat  the  ore  and  cause  a  great  waste  of  wood. 

Fig*.  1716,  1716,  and  1717  represent  a  re- 
verberatorv  furnace  employed  in  the  smelting 
works  of  Lautenthal,  in  the  Hartz,  for  roasting 
the  tohliclu  of  lead  ores,  which  contain  mncE 
blende  or  sulphide  of  sine.  iTifig.  1715  we  sea 
tjiat  the  two  sides,  are  absolntelj  like,  the  two 
fomaces  being  built  in  one  body  of  brickwork. 
Fig.  1716  is  the  plan  of  the  furnace  bc,  taken 
at  the  level  bf  oi  fig.  1715.  Fig.  1717  is  a 
Tertical  section  of  the  similar  fomace  ab,  taken 
in  the  prolongation  of  the  line  ok  in  fig.  1716. 

a  is  the  fireplace  of  the  furnace,  its  grate, 
and  ash-pit.  b  is  the  conduit  of  vaporisation, 
which  communicates  with  the  chambers  c;  into 
which  the  vaporised  substances  are  deposited; 
d,  chimney  for  the  escape  of  the  smoke  of  the 
fireplace  a,  aitm  it  has  gone  through  the  space 
i«e ;  c*  is  the  charging  door,  with  a  hook  hang- 
ing in  front  to  rest  the  long  iron  rake  upon, 
with  which  the  materials  are  turned  over;  /, 
chamber  containing  a  quantity  of  tchUch  destined 
for  roasting ;  this  chamber  communicates  with  the  vaulted  corridor  (gallery)  D,  seen 
in  fig,  1716 ;  a,  orifice  through  which  the  schiich  is  thrown  into  the  furnace ;  h,  ares 
or  hearth  of  the  reverbraatoiy  ftnmace,  of  which  the  roof  is  certainly  much  too  high  ; 
t,  channels  for  the  escape  of  Uie  watery  vapours ;  k  I,  front  arcade,  between  which  and 
tile  furnace,  properly  speaking,  are  the  two  orifices  of  the  conduits,  which  terminate  at 
the  channels  m  m'.  m  is  the  channel  for  canying  towards  the  chimney,  d,  the  vapours 
which  escape  by  the  door  e'.  n  is  a  walled -up  door,  which  is  opened  from  time  to 
time,  to  take  out  of  the  chambers  c,  c,  the  substances  that  may  be  deposited  in  them. 

At  the  smelting-works  of  Lautenthal,  in  such  a  roasting-fumace,  from'  6  to  0 
jpiintals  (cwts.)  of  scUich  are  treated  at  a  time,  and  it  is  stined  frequently  with  an 
iron  rake  upon  the  altar  A.  The  period  of  this  operation  is  from  6  to  12  hours, 
according  as  the  schiich  may  be  more  or  less  dry,  more  or  less  rich  in  lead,  or  more  or 
less  charged  with  blende.  When  the  latter  substance  is  abundant,  the  process  requires 
12  hours,  with  about  60  cubic  feet  of  deit  billets  for  fuel. 

In  such  furnaces  are  roasted,  the  cobalt  ores  of  Schneeberg  in  Saxony,  the  tin  ores 
of  Schlackenwald  in  Bohemia,  of  Ehren&iedersdorf  in  Saxony,  and  elsewhere ;  as  also 
the  arsenical  pyrites  at  Geyer  in  Saxony.  But  there  are  poison  towers  and  extensive 
condenring  chambers  attached  in  the  latter  case. 

For  a  description  of  Oerstenhofer^s  furnace  for  roasting  metallic  sulphides,  see 

COPPEB. 

BOCCSK&A.,  from  the  Italian  rocca, '  a  rock ; '  a  genus  of  lichens.    See  Aiicmt  { 

lilCRSNS. 

XOCOBKXiZa  AOZDa    A  fatty  add  obtained  from  the  Boeeella  tinetoria. 

XOCBaXi&a  SAKT.  a  double  tartrate  of  soda  and  potash :  mixed  with  some 
carbonate  of  soda,  and  an  equivalent  of  tartaric  acid  being  added,  after  the  salt  is 
dissolved,  it  forms  the  artificial  seidlitz-water. 

XOOH  or  KOCX  AXtUX.  A  factitious  article  consisting  of  crystalline  firag- 
ments  of  alum  not  larger  than  almonds,  coloured  with  Venetian  red.    See  Aluh. 

KOOX.  A  term  used  in  South  StaSSfbrdshire  by  miners  to  denote  any  hard  sand- 
stone. 

SOQK  cntTSTAX.    A  very  fine  transparent  and  colourless  variety  of  quartz. 

mobX-BalXA  or  raKroXAXOX.  The  rock-drill  invented  by  Mr.  Ingersol 
has  achieved  a  high  reputation  in  the  mines  of  America.  It  has  been  introduced  to 
this  country  b^  Messrs.  Le  Qrosnnd  Silva,  and  having  ezcit^  much  attention  most 
be  briefly  described. 

The  chief  principles  and  characteristic  features  of  this  rock-drill  are,  that  the 
motive  pressure  is  continued  until  the  stroke  of  the  piston  takes  effect  in  a  blow  on 
the  rock  (in  lieu  of  being  cut  off  at  a  point  antecedent  to  the  rock  being  struck), 
whereby  an  important  accession  of  speed  in  penetration  is  attained ;  and  that  the  feed 
or  fonraid  motion  of  tlie  machine  is  strietiy  and  completely  automatic,  dependent ' 
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solely  upon,  and  ptoceeding  jMirt  pattu  with,  the  actual  work  done,  no  Uiat  howerer 
rariable  may  be  the  hardness  of  the  rock  on  which  it  is  operating,  the  piston  acts  on 
the  Feed-motion  only  when  and  so  long  as  adequate  penetration  has  been  effected, 
thereby  conducing  to  ra^d  and  regular  drilling,  and  steady  progress  and  noA.    It 

sppeazs  to  be  an  economical  and 
1718  etMctiTe  machine,  for  all   Aa 

opentions  of  quarrying  and 
mining,  for  rock  exeaTations  and 
removal  by  blasting,  for  shafts, 
sewerage  works,  tunnels,  drift* 
ways,  headings.  See.,  in  mines, 
quarries,  and  various  other  engi- 
neering and  constructiTe  woi^. 
It  may  be  worked  by  steam  or 
compressed  air,  and  so  mounted 
OS  to  drift  bore-holes  horizoD- 
tally,  Tertieally,  or  at  any  re- 
quired angle.  Fw  example,  as 
shown  in  the  engraTings,  the 
ordinary  tripod  fonn  (Jig.  1718) 
is  suitable  for  ordinary  Terticsl 
drilling,  and  for  boring  holes  in 
very  narrow  and  irregnlar  {dsees, 
driftways,  Sec ;  for  railway  tun- 
nels, and  the  heavier  class  of 
operations,  a  car  is  employed  with  svvenl  drills  mounted  thereon  (fy.  1719);  and, 
again.  Jig.  1720  shows  the  ordinary  fi)rm  of  '  gadding  ear,'  designed  for  boring  hori- 
Eontal  as  well  as  vertical  holes,  to  enable  blocks  of  stone  of  any  denied  dimensions 
to  be  taken  out  of  a  quarry. 

The  mechanical  constmetion  and  details  are  as  follow : — It  is  one  of  the  class  of 
machines  known  as  a  percussive  rock-drill,  comprising  a  cylinder  with  a  double-action 
reciprocating  and  rotating  piston,  with  a  piston-rod  terminating  at  its  outer  extremity 
in  a  drilling  or  cutting  tool.    The  drill-bar  is  raised  by  the  upward  pressure  of  the 

Xisive  fluid  employed,  upon  the  piston,  and  falls  on  that  being  withdrawn,  the  im- 
of  the  downward  stroke  being  aided  and  intensified  by  the  expansive  pressure 
when  admitted,  in  alternation,  to  act  upon  the  upper  side  of  the  piston ;  this  in  case 
of  vertical  downward  drilling ;  in  horisontal  and  overhead  drilling,  the  wng^t  of  the 
piston,  rod,  and  drill-bar  is  overcome,  and  the  tool  propelled  against  the  ro^  to  be 

1719 


bored,  like  a  projectile  from  a  gun,  by  the  expansive  force  employed.  The  ledpraoa- 
ting  motion  of  the  piston  itself  is  the  automatic  a^ent  in  effecting  the  alternate  open- 
ing of  the  ports  and  the  change  of  steam,  induction,  and  eduction.  Attached  to  the 
cyunder  is  a  steam-chest  and  common  B  slide-valve,  actuated  by  two  short  valvo- 
stems,  one  at  each  end,  which  are  worked  by  tappets  having  rounded  shouldeis,  pro- 
jecting into  the  cylinder,  and  so  situated  that  the  piston  strikes  against  them  at  the 
completion  of  its  stroke  in  either  direction ;  on  contact  with  either  of  the  t^ipets,  the 
piston  thus  not  only  effects  a  suitable  change  of  steam  by  means  of  the  valves,  but  at 
the  same  time  lestorea  the  oUier  tappet,  at  the  opposite  end,  to  its  due  projecting  poei* 
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bon,_  so  that  it  may  bo  acted  upon  at  the  return  stroke.    At  each  change  the  etoam  ii 

sdmittod  to  the  same  end  of  the  cylinder  as  the  piston  and  the  tappet  struck,  and, 

there    being   a    sufficient    deaiance 

Allowed,  rushes  in  to  cushion  the  pis-  1720 

ton  and  arrest  and  reverse  the  motion. 

The  self-acting  feed-motion,  trhere- 
bythe  penetration  of  the  rock,  resulting 
pom  the  rapid  succession  of  blows, 
is  mechanicallT  accompanied  by  a  cor- 
responding adranco  in  the  boring 
machine  itself,  is  actnated  by  means  of 
another  tappet,  attached  to  the  oppo- 
site side  of  the  cylinder,  so  as  to  pro- 
ject into  the  cylinder  at  a  point  in  the 
lower  clearance  below  the  ralre-tappet 
and  fitted  with  a  spring  for  returning 
it  into  position  after  being  struck; 
this  feed-tappet  is  carried  on  to  the 
external  spindle,  extending  the  oppo- 
site or  upper  end  of  the  cylinder,  and 
there  acting  by  means  of  a  pawl  upon 
a  ratehet-wiieel  or  collar,  attached  to 
the  cylinder  so  as  to  woric  round  the 
feed-screw ;  and  the  action  of  this  de- 
vice is  such  that  the  feed  is  exactly 
proportioned  to  the  progress  of  the 
work.  If  from  excessive  hardness  or 
any  other  cause,  the  blow  is  ineffectire, 
and  the  penetratdon  deficient,  i.e.,  less 
than  the  distance  between  the  valve 
and  feed-tappets,  or  ^ths  of  an  inch, 
the  piston  &ils  to  actuate  the  feed- 
motion,  and  the  cylinder  remains  stationary  fbr  the  time.  It  will  readily  be  under- 
stood that  the  cylinder  is  fitted  so  as  to  slide  in  the  frame,  which  is  a  semi-cylindrical 
shell,  provided  with  V-shaped  prorjections  fitting  into  external  ffrooves  on  the  cylinder; 
the  feed-screw  is  attached  by  a  collar  to  the  curved  arm  or  bar  on  the  head  of  the 
frame,  and  has  a  square  head  on  which  a  winch-handle  fits,  whereby,  when  the  cylinder 
has  been  fed  forwards  by  the  ratchet-and-pawl  motion  to  the  end  of  the  guides  or 
slides,  it  may  be  brought  back  by  hand,  ready  for  further  operations,  for  which  a 
longer  drill-bar  would  have  to  be  attached. 

^ere  remains  to  be  noted  another  speciality  in  the  mechanism,  viz.,  the  device 
whereby  the  necessary  continuous,  step-by-step,  and  partial  rotation  of  the  drill-iod, 
and  piston  is  effected  at  each  return  stroke.  This  is  effected  by  a  peculiar  rifiing 
arrangement,  which  is  brought  to  bear  upon  the  interior  and  upper  part  of  the  piston 
and  rod.  For  this  purpose  a  suitably-rifled  round  steel-bar  is  attached  by  a  coUar  to 
the  top  cylinder  cover,  and  provided  with  a  ratchet  and  pawls,  so  that  it  is  free  to 
rotate  in  one  direction  only ;  this  bar  has  eight  spiral  grooves,  one  complete  turn  in 
7  feet  being  the  pitch,  and  projects  downward  into  a  corresponding  hole  bored  in  the 

S'iston  and  rod,  which  are  fitted  with  a  brag- nut  fitted  thereto,  and  rified  to  correspond, 
y  this  means  the  rified-bar  and  the  piston  and  drill-bar  are  alternately  made  to 
make  Ath  of  a  complete  revolution  at  each  stroke ;  on  the  down-stroke  of  the  piston,  which 
is  straight,  the  rified-bar  is  caused  partially  to  rotate ;  but  as  it  cannot  go  back  on  the 
upstroke,  the  piston  takes  the  rifling  and  rotates  partially  in  ita  turn ;  and  the  stroke 
and  pitch  are  so  proportioned  that  one  entire  revolution  is  made  in  about  twelve  com- 
plete strokes. 

The  smallest  size  of  these  rock-drills  has  a  2i-inch  cylinder,  and  weighs  only  173 
lbs.  (cylinder  123  lbs.);  its  piston-stroke  is  3 ^  inches,  and  it  is  capable  of  boring 
holes  from  J-inch  to  l}-inch  diameter  to  10  feet  deep,  averaging,  in  the  hardest  crystal- 
line trap-rock,  about  35  feet  linear  of  I-inch  bore-hole  in  a  day  of  ten  honts.  In  the 
largest  size,  weighing  818  lbs.  (cylinder  658  lbs.),  5-inches  cylinder,  the  stroke  is  vari- 
able, 8  inches  for  soft,  and  5^  inches  for  hard  rock.  The  drill-holes  may  be  from 
1}  to  5  inches,  and  to  a  depth  at  iO  &et.  With  this  machine  a  day's  work  of  ten  hours 
would  average  26  feet  of  Sj-inches  boro-hole  in  the  hardest  trap.  The  small  size 
delivers  800,  and  the  large  one  400  blows  per  minute. 

SOCXBT8.    See  Ptbotbchxt. 

XOOX  9MC,    See  Adifoceke. 

XOOK  OI&.    A  name  for  petroleum.    See  Kafhtba  ;  PABimitB ;  PetBOLBOtft 
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.  BOOXBAXiT.    BeeSAiT. 

SOB  BTOn.    A  name  for  oolite,  from  its  being  like  the  roe  of  fish.    See  Ooun. 

XOXiUnM,  B&ASTZO,  for  printing.    See  Pjuotino  Boluuu. 

XO&&ZMO  BOOZS.  These  useful  aids  to  manv  of  our  metslloigical  ptooesses 
appear  to  hare  been  intiodaced  to  this  country  in  the  saventeeDth  eeatmy;  bat  it 

was  not  until  1784,  when  Hr. 


1721 


Cort  p.itented  'a  new  mode 
and  art  of  shingling,  welding, 
and  manufactoring  iron  and 
steel  into  bars,  ^ates,  &c.,' 
that  much  attention  was  di- 
rected to  the  Talue  of  the 
rolling  mill. 

Fig.  1721  is  a  front  view 
of  a  pair  of  rollers,  used  in 
the  manufacture  of  iron  in 
connection  with  the  puddling 
Aimaoe.  They  are  about  i 
feet  long,  divided  into  four 
parts,  the  largest  being  about 
20  inches  in  diameter.  The 
portion  of  the  upper  roller 
under  which  the  metal  is  first 
passed,  is  cut  in  a  deep  and 
irregular  manner,  resembling 
that  chiselliDg  in  stone  called  <  mosaique-work,'  that  it  may  uie  more  easily  get  hold  of 
and  compress  the  metal  when  almost  in  a  fluid  state.  The  plate  is  next  passed  under 
the  cross-cut  portion  of  the  roller,  and  successively  through  the  flat  sections.  The 
lower  roller,  it  will  be  observed,  is  formed  with  raised  collus  at  intervals,  to  keep  the 
metal  in  its  proper  course.  The  rollers  are  connected  by  cog-wheels  placed  U]>on 
their  axes ;  upon  the  lowermost  of  these,  works  also  the  wheel  by  means  of  which 
the  revolution  ia  communicated.  The  cheeks  are  of  cast  iron,  very  massive,  that  they 
may  bear  the  violent  usage  to  which  they  are  subjected. 

We  cannot  go  into  the  numerous  purposes  to  which  rolling  mills  of  this  kind  are 
applied ;  a  few  may  however  be  mentioned. 

The  practice  of  '  slitting '  sheets  of  metal  into  light  rods,  either  for  the  use  of  the 
wire-drawers  or  of  nail-makers,  ia  carried  out  by  means  of  two  large  steel  rollers, 
channelled  ciicnlarly,  as  in^^.  1722.  These  are  so  placed  that  the  cutters  or  raised 
parts  of  one  roller,  which  are  exactly  tamed  for  Uiat  purpose,  shall  work  in  corre- 
sponding channels  of  the  other  roller,  thus  fonniug  what  may  be  called  revolving 
shears,  for  the  prindple  is  that  of  dipping ;  so  that  a  sheet  of  metal  on  being  passed 
throng  this  macbineiy,  is  separated  into  slips  agreeing  in  siie  with  the  divisions  of 
&e  iMlers. 


1723 


1723 


For  the  manufacture  of  rails,  rolling  mills  are  also  employed,  fig.  1723  representing 
a  rolling  mill  as  constructed  fbr  lolliog  Birkinshaw's  rails.  The  open  spaces  along 
the  middle  of  the  flgnre,  and  which  owe  their  figure  to  the  moulding  on  the  periphery 
of  the  rollers,  indicate  the  form  assumed  by  the  iron  rail  as  it  is  passed  successively 
ftom  the  larger  to  the  smaller  apertures,  till  it  is  finished  at  the  last 

For  a  former  description,  and  for  the  arrangement  of  rolling  mills  and  slitters,  see 
Ibok.  Beyond  these  few  notices  the  character  of  this  Dietionarv  will  not  admit  of 
our  going ;  the  reader  is  therefore  referred  to  the  works  which  have  been  published 
on  the  Metallurgy  of  Iron  and  Steel,  for  Airther  information. 

Boiling  mills  have  been  patented  for  rolling  tubes  for  gas  and  other  purposes.  See 
Tdbm. 
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SOMAV  AUM.  An  alrnn  extracted  from  the  volcanic  locks  of  the  Sol&taia ; 
it  contains  more  alamina  than  the  common  alnm.    See  AiMU. 

XOXAir  OBMaVTS.  Under  the  name  of  Boman  cement,  some  hydraalic  mor- 
tars, Taiying  considenbly  in  their  chemical  composition,  though  physically  posseasing 
the  same  general  character,  are  sold.  Like  all  the  hydraulic  cements,  it  is  an 
argillaoeons  lime.  It  is  usually  manufactured  fh>m  a  dark  brown  stone — a  carbonate 
of  lime  with  much  alumina — found  in  the  Island  of  Sheppy.  This  stone  is  calcined 
and  mixed  with  a  certain  proportion  of  sand. 

Any  hydraulic  limestone,  toat  is,  one  containing  from  15  to  20  per  cent,  of  clay, 
will,  when  properly  prepared,  form  this  cement.  Calcine  any  ordinary  clay,  and 
mix  it  with  two-thirds  its  quantity  of  lime,  grind  to  powder  and  calcine  again  ;  thia 
makes  a  very  beautiful  cement,  improperly  called  Boman,  since  the  preparation  was 
entirely  unknown  to  the  Bomans.    See  Htsbacuo  Cbiont. 

BOXAir  OOKXa,  a  deep  and  powerful  orange-yellow  c(4omr,  tianspaient  and 
durable.  It  is  used  both  raw  luid  burnt  by  artists.  The  eolooring-matter  is  oxide 
of  iron  mixed  with  earthy  matter.    See  Ochbi. 

aOMAirVZTXXOK.     SeeCoPFlB. 

KOOrxvo.  ASVHA&Ta.  Patent  asphalte  roofing  felt,  particularly  at^licable 
for  warm  climates.  It  is  a  non-conductor.  It  is  portable,  being  packed  in  rolls,  and 
not  being  liable  to  damage  in  carriage,  it  effects  a  saving  of  half  the  timber  usually 
repaired.  It  can  be  easily  applied  by  any  unpractised  person.  From  its  lightness, 
weighing  only  about  42  lbs.  to  the  square  of  100  feet,  the  cost  of  cartage  is  small. 
The  felt  can  be  laid  on  ttom  gable  to  gable,  or  across  the  roof  from  eaves  to  eaves. 
It  is  essential  that  it  should  be  stretched  tight  and  smooth,  overlapping  fiUl  one  inch 
at  the  joinings,  and  closely  nailed  through  the  overlap  with  twopenny  fine  clout  nails 
.  (heated  in  a  shovel  and  thrown  when  hot  into  grease  to  prevent  mat),  about  1|  inch 
apart,  but  copper  nails  are  preferable. 

The  whole  roof  must  have  a  good  coating  of  coal-tar  and  lime  (about  two  gallons- 
of  the  former  tn  six  pounds  of  the  latter),  well  boiled  together,  kept  constantly 
birring  while  boiling,  and  put  on  hot  with  a  common  tar  mop,  and  while  it  is  soft, 
some  coarse  sharp  sand  may  be  sifted  over  it.  The  coating  must  be  renewed  every 
fourth  or  fifth  year,  or  more  or  less  frequently  according  to  3ie  climate.  The  gutters 
should  be  made  of  two  folds,  one  over  the  other,  cemented  together  with  the  boiling 
mixtme. 

WOOrXMO-KLMeU,    SeeSuiTB. 

XOVS4IAXXWCk  The  fibres  of  homp  which  compote  a  rope  seldom  exceed  in 
length  3^  feet  at  an  average.  They  must,  therefore,  be  twined  together  so  as  to  unite 
them  into  one ;  and  this  union  is  effected  by  the  mutual  circumtorsion  of  the  two 
fibres^  If  the  compreasion  thereby  produced  be  too  great,  the  sttength  of  the  fibres 
at  the  points  where  they  join  will  be  diminished ;  so  uat  it  becomes  a  matter  of  great 
consequence  to  give  them  only  such  a  degree  of  twist  as  is  essential  to  their  union. 

The  first  part  of  the  process  of  rope-making  by  hand,  is  that  of  spinning  the  yams, 
or  threads,  which  is  done  in  a  manner  analogous  to  that  of  ordinaiy  spinning.  The 
spinner  ca^es  a  bundle  of  dressed  hemp  round  his  wiust;  the  two  ends  of  the  bundle 
being  assembled  in  ttont.  Having  drawn  out  a  proper  number  of  fibres  with  his 
bana,  he  twists  them  with  his  fingers,  and  fixing  this  twisted  part  to  the  hook  of  a- 
whirl,  which  is  driven  by  a  wheel  put  in  motion  by  an  assistant,  he  walks  backwards 
down  the  rope-walk,  the  twisted  part  always  serving  to  draw  out  more  fibres  from  the 
bundle  round  his  waist,  as  in  the  flax  spinning-wheel.  The  spinner  takes  care  that 
these  fibres  are  equally  supplied,  and  that  they  always  enter  the  twisted  parts  by  their . 
ends,  and  never  by  their  middle.  As  soon  as  he  has  reached  the  termination  of  the 
walk,  a  second  spinner  takes  the  yam  off  the  whirl,  and  gives  it  to  another  person  to- 
put  upon  a  reel,  while  he  himself  attaches  his  own  hemp  to  the  whirl-book,  and  pro- 
ceeds down  the  walk.  Vfheu  the  person  at  the  reel  begins  to  turn,  the  first  sinnner, 
who  has  completed  his  yam,  holds  it  firmly  at  the  end,  and  advances  slowly  up  the 
walk,  while  the  reel  is  turning,  keeping  it  equally  tight  all  the  way,  till  he  r^iches 
the  reel,  where  he  waits  till  the  second  spnner  buces  his  yam  off  the  whirl-hook,  and 
joins  it  to  the  end  of  that  of  the  first  spinner,  in  order  that  it  may  follow  it  on  the  reel. 

The  next  part  of  the  process  is  that  of  warping  the  yams,  or  stretching  them  all 
to  one  length,  whidi  is  about  200  fathoms  in  fiUl-length  lope-grounds,  and  also  in . 
putting  a  uight  turn  or  twist  into  them. 

The  third  process  in  rope-making  is  the  tarring  of  the  yam.  Sometimes  the  yams 
are  made  to  wind  off  one  reel,  and,  having  passed  through  a  vessel  of  hot  tar,  are 
woiud  npon  another,  the  saperfiuous  tar  being  removed  by  causing  the  yam  to  pass 
through  a  hole  surrounded  with  spongy  oakum ;  but  the  ordinary  method  is  to  tar  it  in 
qkeins  or  hanks,  which  are  drawn  by  a  capstan  with  a  uniform  motion  through  the 
tar-kettle.    Yam  for  cables  requires  more  tar  than  for  hawser-laid  ropes ;  and  for 
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Btanding  and  rnnning  rigging,  it  nqnins  to  be  merely  well  coyered.  Tarred  cordage 
has  been  found  to  be  weaker  than  what  is  nntarred,  when  it  is  new;  but  the  tarred 
rope  is  not  so  esirily  injured  hj  immersion  in  water. 

The  last  part  of  the  process  of  rope-making  is  to  lay  the  cordage.  For  this  puiv 
pose  two  or  more  yams  are  attached  at  one  end  to  a  hook.  The  hook  is  then  turned 
the  contrary  way  £rom  the  twist  of  the  individual  yam,  and  thus  forms  what  is 
called  a  strand.  Three  strands,  sometimes  four,  b^des  a  central  one,  are  then 
stretched  at  length,  and  attached  at  one  end  to  three  contiguous  but  separate  hooks, 
but  at  the  other  end  to  a  single  hook ;  and  tbe  process  of  combining  them  together, 
which  is  e^ted  by  turning  the  single  hook  in  a  direction  contrary  to  that  of  the 
other  three,  consists  in  so  regulating  the  progress  of  the  twists  of  the  strands  round 
their  common  axis,  that  the  three  strands  receive  separately  at  their  opposite  ends 
just  as  much  twist  as  is  taken  out  of  them,  by  their  twisting  the  conlzary  way,  in  tlie 
process  of  combination. 

Iiarge  ropes  are  distingnished  into  the  eabk-laid  and  the  hawter-Md.  The  fbrmer 
Ate  composed  of  nine  strands,  namely,  three  great  strands,  each  of  these  consisting  of 
three  smaller  secondary  strands,  whidi  are  individually  formed  with  an  equal  number 
of  primitive  yams,  A  caUe-laid  rope,  8  inches  in  circumference,  is  made  up  of  838 
yams,  or  threads,  equally  divided  among  the  nine  secondary  strands.  A  hawiar-laid 
rope  consiste  of  only  three  strands,  eaai  composed  of  a  number  of  primitive  yams, 
proportioned  to  the  size  of  the  rope ;  for  example,  if  it  be  8  inches  in  circumference, 
It  may  have  414  yarns,  equally  divided  among  three  strands.  Thirty  fathoms  of  yam 
are  reckoned  equivalent  in  length  to  18  fathoms  of  rope  cable-laid,  and  to  20  &thoms 
hawser-laid.  Bopes  of  from  1  inch  to  2^  inches  in  circumference  are  usually  hawser- 
laid  ;  of  £rom  3  to  10  inches,  are  mther  hawser-  or  cable-laid ;  but  when  more  than  10 
inches,  they  are  always  cable-lud. 

Every  hand-spinner  in  the  dockyard  is  required  to  spin,  out  of  the  best  hemp,  six 
threads,  each  160  fathoms  long,  for  a  quarter  of  a  days  work.  A  hawl  of  yam,  in 
the  warping  process,  contains  336  threads. 

The  following  are  Oaptain  Enddart^s  improved  principles  of  the  rope  mannfae-' 
tare: — 

1.  To  keep  the  yams  separate  fhnn  each  other,  and  to  draw  them  from  bobbins  re- 
volving npon  skewers,  so  as  to  maintain  the  twist  while  the  strand,  or  primary  cord, 
is  forming. 

2.  To  pass  them  through  a  register,  which  divides  them  by  circular  shells  of  holes ; 
the  number  in  each  concave  sheU  being  conformable  to  the  distance  from  the  centra 
of  the  strand,  and  the  angle  which  the  yams  make  with  a  line  parallel  to  it,  and  which 
gives  them  a  proper  position  to  enter. 

8.  To  employ  a  tube  for  compressing  the  strand,  and  preserving  the  cylindrical 
figure  of  its  surface. 

4.  To  use  a  gauge  for  determining  the  angle  which  the  yams  in  the  outside  shell 
make  with  a  line  parallel  to  the  centre  of  the  strand,  when  registering ;  because,  accord- 
ing to  the  angle  made  by  the  yams  in  this  shell,  the  relative  lengths  of  all  (he  yams 
in  the  strand  will  be  determined. 

5.  To  harden  up  the. strand,  and  thereby  increase  the  angle  in  the  outside  shell; ' 
which  compensates  for  the  stretching  of  the  yams,  and  Uie  compression  of  the 
strands. 

The  improvements  in  the  manufacture  of  cordage  at  present  in  use  either  in  Her 
Mijestys  yards  or  in  ^vato  rope-grounds,  owe  their  superiority  over  the  old  method 
of  makiDg  cordage  to  Captain  Huddart's  invention  of  the  reeistor-plate  and  tube. 

Oaptain  Hnddart  invented  and  took  a  patent  for  a  machine,  which,  by  registering 
the  strand  at  a  short  length  from  the  tube,  and  winding  it  up  as  made,  preserved  an 
uniformity  of  twist,  or  angle  of  formation,  from  end  to  end  of  the  rope,  which  cannot 
be  accomplished  by  the  method  of  forming  the  strands  down  the  ground,  where  the 
twist  is  communicated  from  one  end  to  the  other  of  an  clastic  body  upwards  of  300 
yards  in  length.  This  registering-machine  was  constructed  with  such  correctness, 
that  when  some  were  aiterwards  required,  no  alteration  could  be  made  with  advantage. 

A  number  of  varas  cannot  be  pat  together  in  a  cold  state,  without  considerable 
vacancies,  into  which  water  may  gain  admission ;  Captein  Euddart,  therefore,  formed 
the  yams  into  a  strand  immediately  as  they  came  from  the  tar-ketUe,  which  he  was 
enabled  to  do  by  his  registering-madiine,  and  the  result  was  most  satisfactory.  This 
combination  of  yams  was  found  by  experiment  to  be  14  per  cent,  stronger  than  the 
cold  register ;  it  constituted  a  body  of  hemp  and  tar  impervious  to  water,  and  had 
great  advantage  over  any  other  cordage,  particularly  for  shrouds,  as,  after  they  were 
settled  on  the  mast-head,  and  properly  set  up,  they  had  scarcely  any  tmdency  to 
stretoh,  eflbctoally  secured  the  mast,  and  enabled  the  ship  to  carry  the  greatest  presa' 
of  saiL 
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la  Older  more  dBbctually  to  obtain  eorrectnms  in  tlie  formation  of  eablea  and  latgo 
cordAge,  Captain  Hnddait  oonatroeted  a  laying  machine,  which  has  carried  hi» 
inrentiona  in  rope-making  to  the  greatest  perfection,  and  which,  founded  on  tme 
mathematical  principles,  and  the  most  laborious  calcnlations,  is  one  of  the  noblest- 
monuments  of  mechanical  ability  since  the  improrement  of  the  steam-engine  by 
Watt.  By  this  machine,  the  strands  receive  that  degree  of  twist  only  which  is 
necessary,  and  are  laid  at  any  angle  with  the  greatest  regularity ;  the  pressure  it 
regulated  to  give  the  required  elasticity,  and  all  parts  of  the  rope  are  made  to  bear 
equally. 

The  fcdlowing  description  of  one  of  the  best  modem  machines  for  makittg  ropet  on 
Captain  Hnddwifs  plan,  may  be  ruetal  to  the  reader : — 

1724 


Fig.  1724  exhibits  a  side  elevation  of  the  tackle-board  and  bobbin-fiame  at  the  head 
of  the  ropery,  and  also  of  the  carriage  or  rope-machine  in  the  act  of  hauling-out  and 
twisting  the  strands. 

F^.  1726  is  a  front  elevation  of  the  carriage. 

Fig.  1726  is  a  yam-guide,  or  board,  or  plate,  with  perforated  holes  for  the  yams  to 
pass  through  before  entering  the  nipper. 

Figi.  1727  and  1728  are  side  and  front  views  of  the  nipper  for  pressing  the  rope- 
yams. 

o  is  the  frame  for  containing  the  yam-bobbins.  The  yarns  are  brought  f^m  the 
frame,  and  pass  through  a  yara-guide  at  i.  o  is  a  small  roller,  under  whidi  the  rope- 
yarns  pBBs_i  they  are  then  brought  over  the  reel  d,  and  through  another  yam-gmdo 
e,  after  which  they  enter  the  nippers  at  v,  and  are  drawn  out  and  formed  into  stmnds 
by  the  carriage.  _  The  roller  and  reel  may  be  made  to  traverse  up  and  down,  so  as  to 
regulate  the  motion  of  the  yams. 

The  carriage  runs  on  a  railway.   /,/,  is  the  frame  of  imj 

the  carriage ;  g,  g,  are  the  small  wheels  on  which  it  is 
supported ;  k,  k,  is  an  endless  rope  reaching  from  tho 
head  to  the  bottom  of  the  railway,  and  is  £iven  by  a 
steam-engine ;  ffi,  flt,  is  a  wheel  with  gubs  at  the  bock  of 
it,  over  which  the  endless  rope  passes,  and  gives  motion 
to  the  machinery  of  the  carnage.  «  is  the  ground-rope 
for  taking  ont  the  carriage,  as  will  be  afterwards  described. 
On  the  shaft  of  m,  m,  are  two  bevel-wheels,  3,  3,  with 
a  shifting  catch  between  them ;  these  bevel-wheels  are 
loose  upon  the  shaft,  but  when  the  catch  is  nut  into  either 
of  them,  this  last  then  keeps  motion  with  the  shaft,  while 
the  other  runs  loose.  One  of  these  wheels  serves  to  com- 
municate the  twist  to  the  strand  in  drawing  out;  the 
other  gives  the  opposite  or  after-turn  to  the  rope  in 
dosing.  4,  4,  is  a  lever  for  shifting  the  catch  accordingly.  1726 

6  is  a  tiiird  bevel-wheel,  which  receives  its  motion  from 
either  of  the  other  two,  and  communicates  the  same  to  the 
two  spur-wheels  6,  6,  by  means  of  the  shaft  x.  These 
can  be  shifted  at  pleasure ;  so  that  by  applying  wheels  of 
a  greater  or  less  number  of  teeth  above  and  beneath,  1727 
the  twist  given  to  tlie  strands  can  be  increased  or  di- 
minished accordingly.  The  upper  of  these  two  commu- 
nicates motion,  by  means  of  the  shaft  0,  to  another  spur-whed  8,  which  working 
in  the  three  pinions  above,  0,  0,  gives  the  twist  to  the  strand-hooks.  The  carriage 
is  drawn  out  in  the  following  manner: — On  the  end  of  the  shaft  of  m,  m,  is  the 
pinion  3,  which,  worldng  in  the  large  wheel  x,  gives  motion  to  the  ground-rope 
shaft  npott  its  axis.  In  the  centre  of  this  shaft  is  a  curved  pulley  or  drum  t,  round 
Yhidi  toe  gionnd-xope  takee  one  tun.    This  rope  is  fixed  at  the  head  and  footof  th« 
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Topetj,  so  th&t  viMn  the  maehintty  (tf  the  carnage  is  aet  woing  I>f  the  endlets  ro]5e, 
A,  A,  and  gives  motion  to  the  noimd-iope  shaft,  us  abore  deecnbea,  the  catriags  vill  - 
neoeiasaiily  move  along  the  isilway;  aiid  the  speed  may  be  regolated  either  by  th» 
diameter  of  the  circle  formed  by  the  gabs  on  tne  wheel  «n,  m,  or  by  the  nmnber  of 
teeth  in  the  pinion  3.  At  T,  is  a  small  roller,  merely  for  preventing  the  ground-rope 
itom  coming  Dp  among  the  machinery.  At  the  head  of  the  railway,  and  under  the 
tacUe-boaid,  is  a  wheel  and  pinion  t,  with  a  crank  for  tightening  the  gronnd-rope. 
The  fixed  machinery  at  the  head,  for  hardening  or  tempering  the  strands,  is  similar  to 
that  on  the  carriage,  with  the  exception  of  the  ground-rope  gear,  which  is  unnecessary.  ' 
The  motion  is  communicated  by  another  endless  rope  (or  short  b*nd,  as  it  is  called,  to 
distinguish  it 'from  the  other),  which  passes  over  gubs  at  the  back  of  the  wheel  1,  1. 

When  the  strands  are  drawn  out  by  the  carriage  to  the  requisite  length,  the  spur* 
wheels  8,  b,  are  put  out  of  gear.  The  strands  are  cut  at  the  tackle-b<»rd,  and  fixed 
to  the  hooks  1,  I,  I ;  after  which  they  are  hardened  or  tempered,  being  twisted  at  both 
ends.  When  this  operation  is  finished,  three  strands  are  united  on  t£e  large  hook  h, 
the  top  put  in,  and  the  rope  finished  in  the  usual  way. 

In  preparing  the  hemp  for  spinning  an  ordinary  thread-  w  lape-yam,  it  is  only 
heckled  over  a  large  keg  or  clearer,  until  the  fibres  are  straightened  and  separated,  so 
as  to  run  freely  in  the  spinning.  In  this  case  the  hemp  is  not  stripped  of  the  tow,  or 
cropped,  unlees  it  is  designed  to  spin  beneath  the  usual  grist,  which  is  about  20  yams  for 
the  strand  of  a  3-inch  strap-laid  rope.  The  spinning  is  still  performed  by  hand,  being 
found  not  only  to  be  more  economical,  but  also  to  moke  a  smoother  thread  than  haa 
yet  been  effected  by  machinery.  Various  ways  hare  been  tried  for  preparing  the 
yams  for  tarring.  That  which  seems  now  to  be  most  generally  in  use  is,  to  warp  the 
^ams  upon  the  stretch  as  they  are  spun.  This  is  accomplished  by  baring  a  wheel  at 
the  foot,  as  well  as  the  head  of  the  walk,  so  that  the  men  are  able  to  spin  hoth  npand  ~ 
down,  and  also  to  splice  their  threads  at  both  ends.  By  this  means  Uiey  are  formed 
into  a  haul,  resembling  the  warp  of  a  common  web,  and  a  little  turn  is  hove  into  the 
haul,  to  preserve  it  fhim  getting  foul  in  the  tarring.  The  advantages  of  warping 
fix>m  the  spinners,  as  above,  instead  of  winding  on  winches,  as  formerly,  are,  1st,  the 
caving  of  this  last  operation  altogether ;  2ndly,  the  complete  check  which  the  foreman 
has  of  the  quantity  of  yarn  spun  in  the  day ;  3rdly,  that  the  quality  of  the  work  can 
be  subjected  to  the  minutest  inspection  at  any  timo.  .  In  tarring  the  yam,  it  is  found 
bvourable  to  the  fairness  of  the  strip,  to  sllow  it  to  pass  around  or  under  a  reel  or 
Killer  in  the  bottom  of  the  kettle  while  boiling,  instead  of  coiling  the  yam  in  by 
hand.  The  tar  is  then  pressed  from  the  yam,  by  means  of  a  sliding  nipper,  with  a 
lever  over  the  upper  part,  and  to  the  end  of  which  the  necessary  weight  is  suspended. 
The  nsiul  proportion  of  tar  in  ordinary  ropes  is  something  less  than  a  fifth.  In  large 
strap-laid  ropea,  which  are  necessarily  subjected  to  a  greater  ^ress  in  the  laying  of 
them,  the  quantity  of  tar  can  scarcely  exceed  a  sixth,  without  injuring  the  appearance 
of  the  rope  when  laid. 

For  a  long  period  the  manner  of  laying  the  yarns  into  topes  was  by  stretching  the 
haul  on  the  rope-ground,  parting  the  number  <a  yams  required  for  each  strand,  and 
twisting  the  strands  at  both  ends,  by  means  of  hand-hooks,  or  cranks.  It  will  be 
obvious  that  this  method,  especially  in  ropes  of  any  considerable  size,  is  attended  with 
serious  disadvantages.  The  strand  must  always  be  very  uneven ;  but  the  principal 
disadvantage,  and  that  which  gave  rise  to  the  many  attempts  at  improvement,  was, 
that  the  yams  being  all  of  the  same  length  before  being  twisted,  it  followed,  when  the 
rope  was  finished,  that  while  those  which  occupied  the  circumference  of  the  strand 
were  perfectly  tight,  the  centre  yams,  on  the  other  hand,  as  they  were  now  greatly 
slackened  by  the  operation  of  hardening  or  twisting  the  strands,  actually  would  bear 
litUe  or  no  port  of  the  strain  when  the  rope  was  strotched,  until  the  former  gave  way. 
The  methoa  displayed  in  the  preceding  figures  and  description  is  among  the  moat  im- ' 
pored  processes.  Every  yam  is  given  out  fron)  the  bobbin-frame  as  it  is' required  in 
twisting  the  rope ;  and  the  twist  communicated  in  the  out-going  of  the  carnage  can 
be  increased  or  diminished  at  pleasure.  In  order  to  obtain  a  smooth  and  well-filled 
strand,  it  is  necessary  also,  in  passing  the  yams  through  the  upper  board,  to  proportion ' 
the  number  of  centre  to  that  of  outside  yams.  In  ordinary-sized  ropes,  the  strand 
seems  to  hare  the  fairest  appearance  when  the  outside  yams  form  from  two-thirds  to 
three-fourths  of  the  whole  quantity,  in  the  portion  of 'twist  given  by  the  carriage  in 
drawing  out  and  forming  the  strands. 

'  In  laying  cables,  torsion  must  be  given  both  behind  and  before  the  loylng-top. 
f%7*.  1739  to  1732  rejffesent  the  powerfiol  patent  apparatus  employed  for  this  purpose. 
A,  is  a  strong  upright  iron  pillar,  supported  upon  toe  great  horizontal  beam  h,  n,  and 
bearing  at  its  upper  end  the  three-grooved  laying-top  M.  E,  v,  are  two  of  the  three 
great  bobbins  or  reels  round  which  the  three  secondary  strands  or  small  hawsera  are 
vonnd.    These  are  drawn  up  by  the  rotation  of  the  three  feeding  joU«i»  i,  I,  it  theac»' 
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proceed  over  the  three  gaide-pnlleys  z,  x,  x,  towaida  the  lajring-top  v,  and  finally 
pasa  through  the  tube  o,  to  m  wound  npon  the  cable-reel  d.  The  frames  of  the 
three  bobbins  H,  H,  H,  do  not  revolve  about  the  (ast  pillar  a,  as  a  common  axis;  bnt 
each  bobbin  revolves  round  its  own  shaft  q,  which  is  steadied  by  a  bracing  oollet  at 
K,  and  a  conical  step  at  its  bottom.  The  three  bobbins  are  placed  at  an  angle  of  120 
degrees  apart,  and  each  receives  a  rotatory  motion  upon  its  axis  {torn  the  toothed  spur- 
wheel  B,  which  is  driven  by  the  common  central  spur-wheel  g.  Thus  each  of  the 
three  secondary  cords  has  a  proper  degree  of  twist  put  into  it  in  one  direction,  while 
the  cable  is  laid,  by  getting  a  suitable  degree  of  twist  in  an  opposite  direction,  from 
the  revolntion  of  the  fkame  or  cage  o,  o,  round  two  pivots,  the  one  under  the  pulley  x, 
and  the  other  over  o.  The  reel  o  has  thus,  like  the  bobbins  h,  h,  two  movements ; 
that  in  common  with  its  frame,  and  that  upon  its  axis,  i^oduoed  by  the  action  of  the 
endless  band  round  the  pulley  s,  upon  one  of  its  ends,  and  the  pulley  x'  above  its 
centre  of  rotation.  The  pnlley  x  is  driven  by  the  bevel  mill-gearing  p,  f,  p,  as  also 
the  under  spur-wheel  c.  i.,  in  Jiff.  1729,  is  the  place  of  the  ring  z^fig.  1781,  which 
bean  the  three  guide-pulleys  x,  x,  x.  Fiff.  1781  is  an  end  view  of  the  bobbin  H,  to 
show  the  worm  or  endless  screw  J,  of^Iy.  1729  working  into  the  two  snail-toothed 
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wheels,  npon  the  ends  of  the  two  feed-rollers  i,  i,  which  serve  to  tnm  them.  The 
upright  shafts  of  j,  i,  receive  tiieir  motion  from  pulleys  and  cords  near  their  bottom. 
Instead  of  these  pnUeys,  and  the  others,  xx',  bevel-wheel  gearing  has  been  substituted 
with  advantage,  not  being  liable  to  slip,  like  the  pulley-band  mechanism.  The  axis 
of  the  great  reel  is  made  twice  the  length  of  the  bobbin  D,  in  order  to  allow  of  the 
latter  moving  from  right  to  left,  and  back  again  alternately,  in  winding  on  the  cable 
with  uniformity  as  it  is  laid.  The  traverse  mechanism  of  this  part  is,  for  the  sake  of 
perspicuity,  suppressed  in  the  figuro. 

Hr.  William  Norvell,  of  Newcastle,  obtained  a  patent  for  an  improvement  adapted 
to  the  ordinary  marines  employed  for  twisting  hempen  yams  into  strands,  affi>rdnig, 
it  is  said,  a  simpler  and  mora  efigible  mode  of  accomplishing  that  object,  and  also  of 
laying  the  strands  together,  than  had  been  theretofore  vSettei  by  machine^. 
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Hi|i  impTOTemeata  consisted,  first,  in  the  application  of  thiee  or  more  tubes,  two  of 
vhioh  are  riwwn  iny^.  1732,  placed  in  inclined  positions,  so  as  to  leceive  the  strands 
immediately  above  the  press-block,  a,  a,  and  nearly  in  a  line  vith  A,  the  point  of 
closing  or  laying  the  rope,  b'  and  B*  are  opposite  side  vietrs ;  b',  an  edge  view ; 
and  B,  a  side  section  of  tLe  same,  fie  did  not  claim  any  exclusiro  nght  oC  patent 
tqr  the  tubes  themselves,  but  only  for  their  form  and  angular  jxieition. 

Secondly,  in  attaching  tvo  common  flat  sheaTes,  or  pulleys,  c,  cjig.  1782,  to  each 
of  the  said  tubes,  nearly  round  which  each  strand  is  lapped  or  coiled,  to  prevent  it 
from  slipping,  as  shown  in  the  section  b*.  The  said  sheaves  or  pulleys  are  oonnected 
by  a  crown  or  centre- wheel,  d,  loose  opon  i,  i,  the  main  ot  upright  axle ;  ■,  b,  is  a 
j  smaller  wheel  npon  each  tube,  working  into  the  said  oiown  or  centre-wheel,  lind  fixed 
upon  the  loose  box  i,  on  eaok  of  the  tubes. 

r,  F,  is  a  toothed  or  spur-wheel,  fixed  also  upon  eatdi  of  the  loose  boxes  i,  and 
working  into  a  smaller  wheel,  o,  upon  the  axis  2  of  each  tube ;  h  is  a  bevel-wheel 
fixed  upon  the  same  axis  with  o,  and  working  into  another  bevel-wheel,  y,  fixed  upon 
the  cross  axle  3  of  each  tube ;  K  is  a  spur-wheel  attached  to  the  same  axis  with  j,  at 
the  opposite  enid,  and  working  into  l,  another  spur-wheel  of  the  same  sise  upon  eadi 
of  the  tubes.  By  wheels  thus  arranged  and  connected  with  the  sheaves  or  pulleys,  as 
above  described,  a  perfectly  equal  strain  or  tension  is  put  upon  each  strand  as  drawn 
forward  over  the  pulley  o. 

Thirdly,  the  invention  consists  in  the  introduction  of  change-wheels,  K,  M,  m,  x, 
fy.  1732,  for  putting  the  forehard  or  proper  twist  into  each  strand  before  the  rope  is 
laid ;  this  is  ^octed  by  small  spindles  on  axles,  4,  4,  placed  parallel  with  the  line  of 
each  tube  b. 

Upon  the  lower  end  of  each  spindle  the  beTel-irtieels  v,  v,  an  atta^ed,  and  driven 


by  other  bevel-wheels,  o,  o,  fixed  immediately  above  each  press-block,  a,  a.  On  the 
top  end  of  each  spindle  or  axle,  4,  4,  is  attached  one  of  the  change-wheels,  working 
into  the  other  change- wheel  fixed  upon  the  bottom  end  of  each  of  the  tubes,  whereby 
the  forehard,  or  proper  twist  in  the  strands  for  all  sizes  of  ropes,  is  at  once  attained, 
by  simply  changing  the  sites  of  those  two  last-deseribed  wheels,  which  can  b* 
renr  readily  ^e^ed,  from  the  maoaer  in  which  they  are  attached  to  the  tubes  b,  b, 
and  4,  4.         ' 

From  the  angular  position  of  the  tnbes  towards  Uie  centre,  the  strands  are  nearly 
in  contact  at  t£eir  upper  ends,  where  the  rope  is  laid,  inunediiately  below  which  the 
forehard  or  proper  twist  is  given  to  the  strands. 

Fourthly,  in  the  application  of  a  press-block,  p,  of  metal,  in  two  peita,.  plM94 
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dinetlj  above  and  doM  dovn  to  vhere  the  lope  is  laid  at  a,  the  insdie  of  which  is 
poliihed,  and  the  under  end  is  bell-mouthed ;  to  prevent  the  rope  from  being  chafed  in 
entering  it,  a  sufficient  grip  or  preseuro  is  put  upon  the  rope  by  one  or  two  levers  and 
weights,  5,  6,  acting  upon  the  iiress-block,  so  as  to  adjust  any  trifiing  irreguhirity  in 
the  strand  or  in  the  laying ;  the  inside  of  which,  being  polished,  gives  smoothness, 
and  by  the  said  levers  and  weights,  a  proper  tension  to  the  rope,  as  it  is  drawn 
forward  throngh  the  press-block.  By  the  application  of  this  block,  ropes  may  be 
made  at  once  properly  streU^ed,  rendering  them  decidedly  preferable  and  extremely 
advantageous  particularly  for  shipping,  inclined  planes,  mines,  &o. 

The  preceding  description  includes  the  whole  ol  Mr.  Norvell's  improvements ;  the 
remaining  parts  of  the  machine  may  be  briefly  described  as  follow : — A  wheel  or 
pulley,  c,  is  fixed  independently  of  the  machine,  over  which  the  rope  passes  to  the 
drawing  motion  represented  at  the  side ;  d,  d,  is  a  grooved  wheel,  round  which  the 
rope  is  passed,  and  pressed  into  the  groove  by  means  of  the  lever  and  weight  e,  e, 
acting  upon  the  binding-sheaf  /,  to  prevent  the  rope  from  slipping.  After  the  rope 
leaves  the  said  sheaf,  it  is  coiled  away  at  pleasure,  ff,  g,  are  two  change-wheels,  for 
varying  the  speed  of  the  grooved  wheel  d,  d,  to  answer  the  various  sizes  of  ropes ;  k, 
is  a  spiral  wheel,  driven  by  the  screw  k,  fixed  upon  the  axle  2 ;  m  is  a  band-wheel, 
which  is  driven  by  a  belt  iirom  the  shaft  of  the  engine,  or  any  pther  communicating 
power ;  n,  ft,  is  a  friction-strap  and  striking-dutdi.  The  axle  «  is  driven  by  two 
change-wheels  f,f,  by  changing  the  sizes  of  those  wheels,  the  different  speeds  of  the 
dram  b,  b,  for  any  sizes  of  ropes,  are  at  once  effected. 

The  additional  axle  t,  and  wheels  t,  t,  shown  in  fg.  1788,  are  applied  occasionally 
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for  zeTeising  the  motion  of  the  said  dmms^  and  making  what  is  usually  termed  left- 
hand  ropes ;  u,  Jigi.  1782,  1738,  shows  a  bevelled  pinion,  driving  the  main  crown- 
wheel V,  V,  whidi  wheel  carries  and  gives  motion  to  the  drams  n,  b  ;  w,  tn,  is  a  fixed 
or  son-wheel,  which  gives  a  reverse  motion  to  the  drums,  as  they  revolve  round  the 
same,  by  means  of  the  intervening  wheels  x,  x,  x,  whereby  the  reverse  or  retrograd- 
ing motion  is  produced,  which  gives  to  the  strands  the  right  twist.  The  various 
retrograding  motion  or  right  twist  for  all  sizes  and  descriptions  of  ropes,  may  be 
obtained  by  changing  the  diameters  of  the  pinions  y,  y,  y,  on  the  onder  ends  of  the 
dram  roindles ;  the  carriages  of  the  intervening  wheels  x,  x,  x,  being  made  to  slide 
round  the  ring  r,  s ;  w,  w,  is  the  fiamework  of  the  machine  and  drawing  motion ; 
t,  T,  T,  are  the  bobbins  containing  the  yams ;  thor  number  is  varied  to  correspoml 
with  the  different  sizes  of  the  machine. 

Messn.  Chapman,  of  Newcastle,  havins  observed  that  rope-yam  is  weakened  by 
passing  thioogb  the  tar-kettle,  that  tarred  cordage  loses  its  strength  progressively  in 
cold  (Smates,  and  so  rapidly  in  hot  climates  as  to  be  scarcely  fit  for  nse  in  three 
years,  diEcovered  that  the  deterioration  was  due  to  the  reaction  of  the  mucilage  and 
acid  of  the  tar.    They  accordingly  proposed  the  following  means  of  amelioration : 

1.  Boiling  the  tar  with  water,  in  order  to  remove  these  two  soluble  constituents. 

2.  Concentrating  the  washed  tar  by  heat,  till  it  becomes  pitchy,  and  then  restoring 
the  plasticity  vhich  it  thereby  loses,  by  the  addition  of  toUoir,  or  animal  or  ezpresaed 
oilo. 

The  same  engineers  patented  a  method  of  making  a  belt  or  flat  band,  of  two,  three, 
or  more  strands  of  shrond  or  hawser-laid  rope,  placed  side  by  side,  so  as  to  form  a 
band  of  anydeaored  breadth,  which  maybe  used  for  hoisting  the  kibbles  and  corves  in 
mine-shafts,  without  any  risk  of  its  losing  twist  by  rotation.  The  ropes  should  be 
laid  with  the  twist  of  the  one  strand  directed  to  the  right  hand,  that  of  the  other  to 
the  left,  and  that  of  the  yams  the  opposite  way  to  the  strands,  whereby  perfect 
flatness  is  secured  to  the  band.  This  parallel  assemblage  of  strands  has  been  found 
also  to  be  stronger  than  when  they  are  all  twisted  into  one  cylinder.  The  patentees 
at  the  same  time  contrived  a  mechanism  for  piercing  the  strands  transversely,  in 
order  to  brace  them  firmly  together  with  twine.  ViaX  ropes  are  usually  formed  of 
hawseiB  with  three  strands,  softly  laid,  each  containing  thirty -three  yams,  whidi  witii 
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fonr  vopes  compoM  a  cordage  4)  inchei  bioad  and  1}  inoh  thick,  bang  the  ordiooijr 
dimennons  of  the  grooves  in  the  -vrhim^pnUeys  round  which  they  pass. 


Bdaiitt  Strtngth  oj  Cordage,  ihnud-laid. 
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The  above  statement  is  the  result  of  seraral  hundred  ezperiments. 

SOVa^WXSB.    See  Wnta  Bopa. 

XOBAJn&ZVa.  The  name  given  by  Dr.  Hofmann  to  a  componnd  which  plays 
the  part  of  »  well-defined  base  in  the  formation  of  the  aniline  reds.  It  may  now 
be  considered  as  demonstrated  that  the  aniline  reds  are  salts  of  a  prculiar  and 
extremely  remarkable  compound,  called  roaaniline.    See  Anilike. 

BosaniUne  in  the  anhydrous  state  is  represented  by  the  formula  C"H"N'  (C"K<*V), 
and  in  the  hydrated  state,  such  as  it  assumes  when  isolated  from  its  compounds,  by 
the  formula  C"H»N».2H0  (0»K"»«.K»0), 

It  is  a  tiiamine  capable  of  combining  with  one,  two,  and  three  equivalents  of  acid. 
The  pure  aniline  reds  are  saline  compounds  of  rosaniline  with  one  equivalent  of  acid. 

It  is  very  interesting  that  rosaniline  itself,  when  freuhly  prepared,  is  a  colourless 
compound.  It  is  nearly  insoluble  in  water,  slightly  solubls  in  ammonia,  more 
soluble  in  ether.  When  exposed  to  the  action  of  the  air,  rosaniline  becomes  rapidly 
raae-colouTsd,  and  finally  of  a  deep  red,  probably  in  consequence  of  the  formation  u 
a  carbonate.  It  is  a  rather  powerM  base,  forming  salts,  almost  all  of  which  are  re- 
markable for  their  beauty,  and  the  facility  with  which  they  crystallise. 

The  salts  containing  one  equivalent  of  acid  exhibit,  for  the  most  part,  in  reflected 
light,  the  Instrons  metallic  green  of  the  wings  of  the  rose-beetle;  in  transmitted  light 
the  crystals  are  red,  becoming  opaque  when  they  acquire  certain  dimensions.  The 
solutions  of  these  salts  in  water  or  alcohol  possess  the  magnificent  crimson  colour 
which  characterises  rosaniline-compounds.  According  to  H.  Chevreul,  wko,  in  the 
extensive  coarse  of  his  memorable  researches  on  the  theory  of  dyeing,  examined 
the  colouring-matters  derived  team  coal-tar,  the  green  colour  reflected  from  the  salts 
at  rosaniline  is  exactly  com^ementary  to  the  colour  which  these  salts  impart  to  wool 
or  silk. 

The  salts  with  three  equivalents  of  the  stronger  acids,  on  the  other  hand,  are 
yellowish-brown,  both  in  the  solid  state  and  in  solution.  They  are  much  more  solnble 
in  water  and  alcohol  than  the  monacid  salts,  which,  for  the  most  part,  are  oompara- 
tively  sparingly  solnble. 

Both  classes  of  rosaniline  salts  crystallise  readily,  more  especially  the  monacid 
compounds,  some  of  which  Hr.  Nicholson  has  obtained  in  perfectly  well-formed 
crystals. 

.  The  formula  of  rosaniline  has  been  corroborated  by  the  examination  and  analysis 
of  its  salts,  the  most  important  of  which  are  the  following : — 

,  EydrocUorate. — ^Prepared  either  by  the  action  of  hydrochloric  add,  or  of  chloride 
of  anunoninm,  upon  the  free  base,  the  monacid  salt  is  deposited  from  its  boiling 
solation  in  well-defined  rhombic  plates,  frequently  in  stellar  forms.  This  chloride  is 
difficultly  solnble  in  water,  more  soluble  in  alcohol,  and  insoluble  in  ether. 

The  salt  retains  a  little  water  at  100°  C,  but'beicomes  anhydrous  at  130°  C. 

Like  most  of  the  rosaniline  salts,  this  salt  is  very  hygroscopic.  The  monacid 
chloride  dissolves  more  readily  in  moderately  strong  hydrochloric  acid  than  in 
water.  If  this  solution,  gently  warmed,  be  mixed  with  very  concentrated  hydrochloric 
add,  it  solidifies  on  cooling  into  a  network  of  beantifnl  brown-red  needles,  which  hare 
to  be  washed  with  concentrated  hydroohloric  acid  and  dried  in  vacuo  over  sniphurio 
«cid  and  lime,  since  water  decomposes  them  with  reproduction  of  the  monacid  corn- 
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poancL    The  salt  obtained  by  the  action  of  concentrated  hydrochloric  acid  is  a  com- 
ponnd  \nth  three  equivalents  of  acid. 

Exposed  to  100°  0.,  this  salt  giadoally  loses  acid,  the  brown  crystals  becoming 
indigo-blue ;  and  if  the  exposure  be  oontinned  until  the  weight  becomes  constant,  the 
original  green-salt  with  one  equiTalent  of  acid  is  reproduced. 

Sulphate  of  SotmiUni  is  readily  obtained  by  dissolving  the  free  base  in  boiling 
dilute  sulphuric  acid.  On  cooling,  the  salt  is  deposited  in  green  metal  lustrous 
crystals,  which  by  one  reoystallisation  become  perfectly  pore. 

Jeetait  of  BoKOuUne. — ^This  is  probably  the  finest  salt  of  the  series.  Hr.  Nicholson 
obtained  it  in  crystals  an  inch  in  diameter,  which,  on  analysis,  were  found  to  be 
the  pnre  monocid  acetate.  The  crystals  of  this  salt,  when  freshly  prepared,  exhibit  in 
a  marked  manner  a  beautifully  green  metallic  lustre ;  on  protracted  exposure  to  the 
light  this  lustre  disappears,  and  the  crystals  assume  a  dark  reddish-brown  tint^ 

The  acetate  is  one  of  the  more  soluble  salts  both  in  water  and  in  alcohol ;  on  a 
smaller  scale  it  cannot  be  conTeniently  recrystallised. 

Nitrate  of  Sosanilina  is  easily  formed  by  dissolving  the  base  in  warm  dilute  nitric 
'  acid.    On  cooling,  the  salt  crystallises  in  small  crystals  resembling  the  other  salts  of 
rosaniline. 

Of  the  remaining  salts  of  this  base  we  may  mention  the  ehromate,  which  is  obtained 
by  adding  ehromate  of  potash  to  a  solution  of  the  acetate,  in  the  form  of  a  brick- 
red  precipitate,  becoming  a  green  crystalline,  almost  insoluble,  powder  on  ebullition 
with  water. 

The  Tannatei  of  SoaanUine,  described  by  If.  £.  £opp,  are  also  very  beautiM 
salts ;  they  are  true  carmine  lakes  which  rival  the  renowned  carmine-lake  obtained 
from  cochineaL  They  are  entirely  insoluble  in  water,  but  soluble  in  alcohol,  wood- 
spirit,  and  acetie  add.  In  the  dry  state  they  do  not  preeent  the  green  metallic 
appearance  of  the  other  salts  of  rosaniline,  but  preserve  tlieir  beautifS  carmine-red 
colour. 

The  tannate  of  rosaniline  is  of  considerable  importance  to  industry,  not  only  because 
it  is  formed  in  nearly  all  the  cotton  fabrics  dyed  and  printed  in  red  or  rose  with  ros- 
aniline, but  also  because,  by  reason  of  its  insolnbility,  it  enables  the  manufiuiturer  to 
moke  use  of  very  dilute  aqueous  solution^  of  aniline  red,  which  are  often  obtained  in 
the  factories  during  the  purification  of  rosaniline.  In  &ct,  the  best  manner  of 
treating  these  solutions,  which  are  too  poor  in  colouring-matter  to  be  advantageously 
employed  in  any  other  way,  consists  in  precipitating  tbem  with  a  fresh  solution  of 
nut-galls;  after  a  very  short  time  all  the  rosaniline  is  precipitated  in  a  state  of  mag- 
nificent red  lake,  the  mother-liquors  becoming  almost  entirely  colourless. 

Iodide  of  SosanUi?u!.SobTeckBr,  of  Orefeld,  discovered  a  violet  colouring-matter, 
derived  from  rosaniline,  which  crystallises  easily,  and  is  characterised  by  its  rich 
reddish  tone.  This  colouring-matter  is  obtained  by  the  action  of  a  mixture  of 
chloride  of  benzyl  and  iodide  of  methyl  upon  rosaniline,  dissolved  in  methylic  alcohol. 
The  mixture  is  digested  for  some  time  in  a  water-bath.  As  the  deep  violet  solution 
cools,  needles  of  a  green  metallic  lustre  separate  out,  and  can  be  obtained  completely 
pure  by  re-solution  in  alcohol  and  re-crystallisation.  The  compound — an  iodide — is 
almost  insoluble  in  water,  sparingly  soluble  in  cold  alcohol,  but  more  soluble  in  the 
same  liquid  when  hot.  The  iodide,  dried  at  100°  C,  was  analysed  by  Hofmann, 
with  the  following  results: — Carbon,  70'56;  hydrpgen,  6'0 ;  nitrogen,  6'89;  iodine, 
17-67:  total,  100-12. 

ttOBMXXM,    See  AmcurE  Ksn. 

BOBKLBT.  The  fur  of  the  ermine  JItuiela  erminea,  as  it  is  taken  from  the 
animal  in  the  summer.    See  Ebmimb. 

ftOSaXAST.  The  Sotmariniu  officinale  contains  a  volatile  oil,  and  is  used  in 
perfumery. 

SOB JUi  MTlUJi'S  QMWMK,  known  also  as  Catul  green.  This  is  a  baryta 
green,  or  a  manganate  of  baryta.  The  best  mode  of  preparing  it  is  as  follows,  ac- 
cording to  M.  E.  Fleischer : — On  precipitating  a  green  boiling  solution  of  manganate 
of  potash  with  chloride  of  barium,  there  is  formed  a  deposit  strongly  grannlar,  but 
not  crystalline.  This  precipitate  is  of  a  violet  colour,  bordering  on  blue.  It  is  well 
washed  by  decantation,  and  then  filtered.  When  dried,  its  colour  becomes  paler  as 
the  temperature  rises.  At  a  dark  red  heat  it  is  white,  with  a  slight  greyish-blue 
tinge.  If  heated  higher,  with  access  of  air,  it  beoomes  by  degrees  completely  green, 
then  of  a  fine  blue,  and  at  very  elevated  temperatures  it  is  converted  into  a  dirty 
brown-grey.  K  a  solution  of  permanganate  of  potash  is  precipitated  with  chloride  of 
barium,  and  allowed  to  boil,  there  is  slowly  formed  a  redmsh-violet  deposit  (colour  of 
peach-blossom),  and  the  liquid  retains  an  intense  violet  colour.  The  precipitate  may 
be  washed  by  decantation,  and  filtered  without  decomposition.  It  can  ervn  be  dried 
at  100°  without  losing  its  colour.  When  gradually  heated,  the  permanganate  of  boiyta 
Vol.  III.  3  A 
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loaes  its  colour,  like  the  mangMiste,  bat  at  very  high  tempeiatnna  it  bebare*  dif- 
ferently. When  its  colour  has  once  been  destroyed  by  •  modente  heat,  it  does  not 
become  either  green  or  blue  by  farther  heating  irith  access  of  air.  Ths  whole  bo- 
comes  at  ODce  of  a  greyish-brown.  The  finest  barytes  green  is  formed  by  calcining 
the  manganate  of  baryta.  Boaenstiehl's  process — the  fusion  of  hydrate  of  baryta  with 
chlorate  of  potash  and  peroxide  of  manganese — yields  an  inferior  colonr. 

moaa  on.    See  Otto  or  Bosbs. 

XOSa-Vnrac.  A  coarse  and  oanmoii  ooloar,  mnch  used  in  the  eheaper  lands  of 
paper-staining,  and  for  distemper  painting.  It  is  prepared  by  satnisting  chalk  with  a 
strong  infiision  of  Brazil-wood. 

S08BTTA  IVOOD.  An  East-Indian  wood  of  a  lively  red-orange  colonr,  and 
handsomely  reined  with  darker  marks.    It  is  occasionally  nsed  in  fine  cabinet-work. 

KOnWOOB.  This  well-known  wood,  which  has  long  been  £>shionable  for 
drawing-room  and  library  furniture,  is  a  natire  of  the  Brazils,  the  East  Indies,  the 
Canary  Islands,  and  some  ports  of  AfHca.  The  best  rosewood  comes  from  Rio  do 
Janeiro,  and  is  beliered  to  be  yielded  by  a  species  of  DaJbergia. 

'  Rosewood  is  a  term  as  generally  applied  as  iron-wood,  and  to  as  great  a  variety 
of  plants  in  different  countries,  sometimes  ftom  the  ooloar,  and  someDmes  tram  the 
smell  of  the  woods.  The  rosewood  of  Bahia  and  Rio  Janeiro,  called  also  Jacaranda, 
is  so  named,  according  to  Prince  Maximilian,  as  qnoted  by  Dr.  Lindley,  because 
when  fVesh  it  has  a  faint  bnt  araeeable  smell  of  rosea,  and  is  prodooed  bj  a  mimosa  in 
the  forests  of  Brazil,    Hr.  Q.  Loddiges  informs  me  it  is  the  Mimoia  jaearanda.' — 

Rosewood  is  imported  in  large  slabs,  or  the  halves  of  trees,  some  of  these  logs  pro- 
ducing as  mnoh  as  I  SOI.  when  cut  into  Tensers. 

XOSnr,  or  common  nsm.  The  residoe  of  the  ptooess  for  obtaining  oil  of  tur- 
pentine. While  liquid  it  is  run  into  metallio  receivers  coated  with  whiting  to  pre- 
vent adhesion,  and  ftom  these  laded  into  casks.    See  TmasMmnu 

Botm  imported  in  187S. 

Cwts.  Tsloe 

From  France 61,793  £82,954 

„     United  States  of  America      .        .    888,025  484,085 

„     Other  countries    ....        6,971  4,589 


Total  .        .    955,789  471,808 

SoHit  importtdin  1874,  1,068,681  cwts. ;  value  442,7001. 

When  the  distillation  is  not  carried  too  &r,  the  product  is  called  vellow  rojtn ;  it 
then  contains  a  little  water.  The  heat  being  continued,  the  water  is  expelled,  and 
trantparent  rorin  is  the  result. 

If  the  process  be  oontinued  up  to  a  point  short  of  producing  the  decomposition  of 
the  rosin,  it  acquires  a  deep  colonr,  and  becomes  brotm  or  black  rosin,  sometimes 
called  coiopkont/. 

Rosin  is  insolable  in  water,  but  soluble  in  alcohol,  ether,  and  the  volatile  oils.  It 
onites  with  wax  and  the  fixed  oils  by  heat,  forming  the  En^lastrum  rotinm  of  the 
IiOndon  Pharmacopceia. 

Rosin  is  employed  in  common  varnishes ;  it  is  united  with  tallow  in  the  preparation 
of  common  candles.  It  has  been  proposed  to  employ  rosin  as  a  source  from  imioh  gas 
might  be  obtained.  The  experiments  made  were  not,  however,  of  so  sneceesfiil  a  kind 
.IS  to  warrant  the  general  adoption  of  the  process. 

»Oanf  OI&.  By  distillation  rosin  separates  into  rodn  oil  and  tar.  (See  Tut.) 
This  oil  is  a  mixture  of  four  carbides  of  hydrogen ;  0»H« ;  C»H" ;  C«H'« ;  and  C»H'. 
The  rosin  oil,  which  distils  over  at  about  800°  Fahr.,  is  sometimes  used  in  ths  aits 
as  a  sabstitute  for  the  oil  of  turpentine.  The  part  which  boils  at  464°  Fahr.,  called 
rHinci*,  C**H",  enters  into  the  composition  of  some  printing  inks. 

*<Wnr  Tnr.  A  pale-coloured  oxide  of  tin  with  a  resinous  lustre  is  so  called  by 
the  miner. 

SOBO&JUra.    See  Axiuxn  Violbt. 

SOSO&ZO  AOZ9,  discovered  by  Rnngi,  and  more  fully  examined  by  Hugo  Miiller. 
Obtained  by  exhausting  the  crude  carbonate  of  lime  from  the  gas-purifiers  with  a 
dilute  boiling  solution  of  carbonate  of  ammonia ;  evaporating  to  dryness,  ammonia 
is  evolved,  and  a  dark  resinous  body  separates,  which  is  the  crude  losolic  add.  The 
crnde  acid  thus  obtained  is  purified  by  conversion  into  a  lime  salt,  and  the  acid  is 
again  liberated  by  acetic  add. 

BOTOS,  or  SOCrsa.  a  local  term  nsed  byquarrymen  and  miners  in  South 
Staflbrdshire  for  a  soft  and  friable  sandstone. — H.W.B. 
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A  polisbing-powder  which  ia  mnch  used  for  giving  lustra 
to  bnss,  sUrer,  and  eren  to  glass  surfaces.  According  to  the  analysis  of  Sichsurd 
Philips,  the  rotten-stone  of  Ashfbrd  in  DerbTsbire  consists  of,  carbon,  10 ;  alumina, 
86*0 ;  silica,  4-0.  Botten-stone  is  nearly  peci^iar  to  this  country,  being  found  princi- 
pally in  Derbyshire,  near  Bakewell,  and  in  Carmarthenshire  and  Breconshire,  South 
Wales. 

It  is  tbou^t  by  geologists  to  be  deriTed  in  Derbyshire  &om  the  siliceous  limestone, 
'the  lime  bsmg  decomposed,  and  the  silex  remaining  as  a  light  earthy  mass.'  This 
does  not,  howeTer,  agree  with  the  above  analysis,  in  which  alumina  occupies  so  large 
a  proportion.    The  total  annual  produce  of  the  country  is  under  300  tons. 

aovomi  {Ford,  Fr.)  A  cosmetic  employed  to  brighten  a  lady's  complexion. 
See  Carminb. 

SOmia,  imi'flliTiWm*!  An  oxide  of  iron  prepared  with  much  care.  See 
Oxides  fob  Poxiski»o. 

SOmm  OKB.  In  Lead  mimng,  the  largest  pieces  of  lead  ore  selected  free  fiom 
the  carbonate  of  lime  or  quartz,  with  which  it  may  be  associated  in  the  lode. 

warwiXT  KAO.  A  peculiar  aug^tic  trap,  forming  the  chief  portion  of  the 
Bowley  Hills,  near  Dudley.  Attempts  bare  been  made  to  fuse  it,  and  then  casting  it 
into  ornamental  shapes  in  moulds,  to  use  it  for  architectural  purposes;  but  the  experi- 
ments have  not  been  successful. 

XOTAK  MXtOM,  {Bleu  de  Soi,  Fr.)  A  fine  deep  blue  prepared  from  cobalt,  and 
nsed  for  enamel  and  porcelain  painting. 

The  term  Sleu  da  Soi,  or  Bot/cd  Blue,  has  of  late  been  applied  to  one  of  the  finest 
of  the  aniline  blues, 

BinUUia.  A  local  term  used  by  quarrymen  and  miners  for  loose  angular  gravel, 
or  a  slightly-compacted  brecciated  sandstone. — H.W.B. 

KUSZAOnr.  Madder-orange;  Krapp-orange.  A  yellow  colouring-matter  dis- 
covered by  Bnng6.    See  Uasdeb. 

MU9XBM.  A  deep-yellow  matter  discovered  by  Schunk  in  madder.  For  the 
analogous  substances  to,  and  derivatives  of,  rubian,  consult '  Dictionary  of  Chemistry,' 
by  Watts.    See  Kisseb. 

SVBXOB£&a.    The  yellow  or  orange-red  varieties  of  spnel.    See  Bitbt. 

atUBXltlUM.  (See  also  C^smc  and  Tnisxwu.)  Prof.  Bunsen,  in  examining, 
by  means  of  the  spectrum,  the  alkalis  of  a  mineral  spring  at  Dibkheim,  in  the 
Palatinate,  noticed  the  appearance  of  some  bright  lines  which  ho  had  not  observed 
in  any  previous  investigation  of  like  kind;  and,  as  he  had,  by  well-established 
chemical  methods,  separated  all  the  non-alkaline  metals,  he  concluded  that  these 
lines  must  be  caused  by  the  presence  of  some  new  alkaline  metal.  Although  he 
had  obtained  only  nhss  V^  °^  ^  gramme  of  the  substance,  he  did  not  doubt  Uie 
accuracy  of  his  conclusion ;  so  delicate  and  so  reliable  are  the  indications  of  the  spec- 
troscope. He  resolved,  therefore,  to  obtain  for  examination  a  larger  quantity  of  the 
presumed  new  body;  and,  with  this  view,  he  proceeded  at  once  to  evaporate  40 
tons  of  the  mineral  water.  It  soon  became  evident  that  iteo  new  alkalis  were  pre- 
sent; and  from  the  40  tons  of  water  Bunsen  succeeded  in  preparing  about  7 
grammes  of  the  chloride  of  the  one  metal,  and  9  grammes  of  the  chloride  of  the 
other.  To  the  first  of  these  substances  he  gave  the  name  of  Genum,  from  aeshu, 
bluish-grey,  on  account  of  its  spectrum  being  characterised  by  two  bright  blue  lines. 
For  the  second  he  proposed  the  name  Buiidiwn,  item  rubidie,  dark  red,  because  of 
the  existence  in  its  spectrum  of  two  red  bands,  Ciesium  and  rubidium,  in  their  chief 
chemical  properties,  closely  resemble  potassium ;  so  closely  indeed  that  their  existence 
would  probably  have  escaped  notice,  had  it  not  been  for  the  peculiarities  which 
their  spectra  exhibit.  For  the  purpose  of  separating  the  two  new  metals  from  sodinm- 
and  potassium-compounds,  Bunsen  took  advantage  of  the  fact  that  the  chlorides  of 
rubidium  and  cffisium  form,  with  bichloride  of  platinum,  donble  salts,  much  more 
sparingly  soluble  in  water  than  the  corresponding  double  salt.  By  washing  the  pre- 
cipitate containing  the  platinum  salts  of  rubidium,  csesium  and  potassium,  the  whole 
of  the  latter  salt  is  easily  removed.  The  absence  of  the  well-known  potassium  line  in 
the  spectrum  of  fh«  salt  serves  as  a  test  to  indicate  the  absolute  purity  of  the  new 
metals.  It  was,  however,  much  more  dif&cult  to  separate  csesium  from  rubidium,  so 
closely  do  they  resemble  one  another  in  their  properties.  But  carbonate  of  csesium 
was  found  to  be  soluble  in  alcohol,  in  which  carbonate  of  rubidium,  like  the  otJier 
alkaline  carbonates,  is  insoluble.  The  metals  thus  isolated  have  been  careiully  studied 
by  Bunsen ;  and  small  as  were  the  quantities  at  his  disposal,  he  soon  succeeded  in 
determining  the  composition,  crystalline  form,  and  general  properties  of  many  of 
tiieir  salts,  besides  establishing  their  numerical  equivalents.  Botti  metals  form  salts 
strictly  isomorphous  with  the  salts  of  potassium.  The  equivalent  of  rubidium, 
Bb,  is  86'36;  that  of  cseium,  Cs,  133.    After  the  publication  of  the  memoir  on 
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the  new  alkalis,  M.  Buzuen  examinad  the  irater  of  a  large  ntunber  of  Qennan  saUns 
springs,  and  in  almost  all  he  fonnd  CTwrinin  and  rubidium  in  quantities  more  or  leas 
minute.  The  solid  sources  of  rubidium  are  much  more  prolific ;  several  -varieties  of 
lepidolite,  in  particular,  contsining  it  in  notable  proportions,  so  that  from  this  mineral 
it  may  now  be  prepared  bj  the  pound.  Dr.  Strove,  the  well-known  manofactnier  of 
artificial  mineral  waters,  is  now  selling  (at  six  thaleis  per  kilo.)  the  residue  &om  the 
preparation  of  lithia,  which  residue  contains  about  fifteen  per  cent,  of  chloride  of 
rubidium.  H.  Orandeau  of  Paris  tested  many  of  the  French  mineral  waters  for  the 
new  metals,  and  with  very  frequent  success.  The  waters  of  Bonrbonnes-les-Bains,  in 
particular,  proved  to  be  rich  in  rubidium  and  ctesium ;  ten  litres  of  the  water  having 
yielded  H.  Giandeau  no  less  than  two  grammes  of  the  double  chlorides  of  the  new 
metals  and  platinnm.  H.  Orandeau  has  likewise  shown  that  rubidium  occurs  in  the 
mother-liquor  left  after  the  extraction  of  the  alkalis  from  beet-root  mitas$ei.  From 
one  kilogramme  of  the  mother-liquor  M.  Orandeau  obtained  no  less  than  4°7  grammes 
of  chloride  of  rubidium,  or  exacUy  0-47  per  cent  Hence  it  appears  that  rubidium  is 
a  notable  constituent  l^  certain  soils ;  so  that  the  question  arises  whether  the  new 
alkalis  take  part,  like  potash  and  soda,  in  the  nutrition  of  plants ;  and  if  so,  whether 
as  merely  accidental  or  substitution  constituents  of  ash,  or  (in  certain  cases)  as 
esnential  ingredients  thereof.— (i9o^)n<in».)  For  the  salts  of  rubidium,  see  Watts's 
'  Dictionary  of  Chemistry.' 

KUMUtUfSUt  M.    See  Maddxb. 

ftmnr.  A  beautiful  and  favourite  gem.  The  true  ruby  is  a  red  sapphire,  an 
almost  pure  form  of  alumina.  (See  Safpribe.)  This  extremely  valuable  gem  is 
found  chiefly  in  the  kingdom  of  Ava,  and  is  frequently  known  as  OrisHtal  Buig,  in 
Older  to  distinguish  it  from  the  commoner  stone  c^ed  Sptnd  Buiy. 

Svhy  tpind,  or  Spind  ruby,  is  of  a  light  or  dark  red,  and,  if  held  near  the  eye,  a 
Tose-r<^  colour.  Its  hardness  is  8 ;  specific  gravity  3-523.  Its  fundamental  fom  is 
the  enbe  or  hexahedron,  but  it  occurs  crystallised  in  many  secondary  forms,  such  as 
octahedrons  and  tetrahedrons.  Fracture  concboidal;  lustre  vitreous;  colour  red, 
passing  into  blue  and  green,  yellew,  brown,  and  black ;  and  sometimes  it  is  nearly 
white.  Pure  spinel  is  a  compound  of  alumina  and  magnesia,  usually  in  the  pro- 
portions of  about  28  magnesia  and  72  alumina,  although  we  sometimes  find  the 
magnesia  partially  replaced  by  lime,  and  the  alumina  by  oxide  of  iron.  Vauquelin 
discovered  6-18  per  cent,  of  chromic  acid  in  the  red  spinel.  The  red  varieties  exposed 
to  heat  become  black  and  opaque;  on  cooling,  they  appear  first  green,  then  almost 
colourless,  but  at  last  resume  their  red  colour. 

PUonasU  is  a  black  variety  which  yields  a  deep  green  globule  with  borax. 

Balas  ruby.    Pale  red  or  rose-red  spinel,  with  sometimes  a  tinge  of  brown  or  violet. 

SubictUe.    Yellow  or  orange-coloured  spineL 

Almandine  ruby,  which  is  of  a  violet-red  colour. 

Crystals  of  spinel  &om  Ceylon  have  been  observed  embedded  in  limestone,  mixed 
with  mica,  or  in  rocks  containing  adulaiia,  which  seem  to  have  belonged  to  a  primi- 
tive district.  Other  varieties,  iike  the  pleonaste,  ooeor  in  the  drusy  cavities  of  rocks 
ejected  by  Vesuvius.  Crystals  of  spinel  are  often  fonnd  in  diluvial  and  alluvial  sand 
and  gravel,  along  with  true  sapphires,  pyramidal  aroon,  and  other  gems,  as  also  with 
magnetic  iron  ore,  in  Ceylon.  Blue  and  pearl  grey  varieties  occur  in  Siidermannland 
in  Sweden,  embedded  in  granular  limestone.  Pleonaste  is  met  with  also  in  the  diluvial 
sands  of  Ceylon.  Clear  and  finely-coloured  specimens  of  spinel  are  highly  prized 
as  ornamental  stones.  When  the  weight  of  a  good  spinel  exceeds  4  carats,  it  is  said 
to  be  valued  at  half  the  price  of  a  diamond  of  the  same  weight.  M.  Brard  has  seen 
one  at  Paris  which  -weighed  216  grains.  As  a  gem,  the  ruby  is  cut  in  the  same  form 
as  the  diamond,  and  may  be  set  with  a  foil  of  copper  or  gold. 

BUBTi  OBZaVTAX.    The  red  sapphire.    See  Bitbt. 

WntX  azXiVas.    See  PTBABOTBrra ;  Smrxa. 

SVBTt  WIWIi.    See  Bust. 

XVB  {Suta  gravtoUm)  produces  a  yellow  colouring-matter  similar  to  that  obtained 
bom  BccrwHBAT,  which  see. 

SUX  is  a  variety  of  ardent  spirits  distilled  in  the  West  ladies  from  the  fer- 
mented skimmings  of  the  sugar--wa8te,  mixed  -with  molasses,  and  diluted  witii 
-water  to  the  proper  degree.  A  sugar  plantation  in  Jamaica  or  Antigua,  which 
makes  200  hogsheads  of  sugar,  of  about  16  cwts.  each,  requires  for  tiie  manufac- 
ture of  its  rum  two  copper-stills ;  one  of  1,000  gallons  for  the  wash,  and  one  of 
600  gallons  for  the  low  -wines,  -with  corresponding  -worm-refrigerators.  It  also 
requires  two  dstems,  one  of  3,000  gallons  for  the  lees  or  spent  wash  of  former 
distillations,  called  dunder  (;t«ut  redundar.  Span.),  another  for  the  skimmings  of 
the  clarifiers  and  teaches  of  the  sugar-house,  along  with  twelve  or  more  fermenting 
cisterns  or  tuna. 
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From  Spanish  West  India  Islands      . 
„     Dutch        „                 „           .        . 

„     Gniaoa 

„     Manritins 

,,     Straits  SAttlemenU   .... 
„     British  W^t  India  Islands 

„          „       Guiana 

„      Othei  countries         .... 

Total       .... 

Proof  gallons 

ValM 

621,697 

102 

156,422 

390,850 

2,063 

2,318,666 

8,841,847 

105,265 

£ 

55,808 

12 

16,297 

81,112 

101 

304,416 

826,222 

10,788 

6,931,311 

742,696 

Entered  foT  home  constunption      .        .    6,029,083  proof  gallons 
G-ross  amount  received  for  duty     .        .  :£2,556,194 

The  wort  is  made,  in  Jamaica,  by  adding  to  1,000  gallons  of  dunder,  120  gallons  of 
molasses,  720  gallons  of  skimmings  (  — 120  of  molasses  in  sweetness),  and  160  gallons 
of  water;  so  that  there  may  be  in  the  liquid  nearly  12  per  cent  of  solid  sugar. 
The  formula  prescribes  so  much  spent  wash  as  womd  be  apt  to  communicate  an 
unpleasant  flavour  to  the  spirits.  Soth  the  fermenting  and  flavouring  principles  reside 
chiefly  in  the  fresh  cane-jmce,  and  in  the  skimmings  of  the  clarifler ;  because,  after  the 
syrup  has  been  boiled,  they  are  in  a  great  measure  dissipated. 

The  fermentation  goes  on  most  uniformly  in  very  large  masses,  and  requires 
from  9  to  16  days  to  complete ;  the  difference  of  time  depending  upon  the  strength 
of  the  wort,  the  condition  of  its  fermentable  stuff,  and  the  state  of  the  weather. 
The  progress  of  the  attenuation  of  the  wash  should  be  examined  from  day  to  day. 
with  a  hydrometer.  When  it  has  reached  nearly  to  its  maximum,  the  wash  should  be 
08  soon  as  possible  transferred  by  pomps  into  the  still,  and  worked  off  by  a  properly- 
regulated  heat ;  for  if  allowed  to  stand  over,  it  will  deteriorate  by  acetification. 

About  115  gallons  of  proof  rum  are  usually  obtained  from  1,200  gallons  of  wash. 
The  proportion  which  the  product  of  rum  bears  to  that  of  sugar,  in  very  rich,  moist 
plantations,  is  rated,  by  Edwards,  at  82  gallons  of  the  former  to  16  cwts.  of  the  latter ; 
but  the  more  usual  ratio  is  200  gallons  of  mm  to  3  hogsheads  of  sugar.  But  tliis 
proportion  will  necessarily  vary  with  the  value  of  rum  and  molasses  in  the  market. 
In  one  considerable  estate  in  the  island  of  Grenada,  92  gallons  of  mm  were  made  for 
every  hogshead  (16  cwts.)  of  sugar. 

Bum  is  largely  used  in  the  Kavy.  Its  general  consumption  will,  however,  be  shown 
by  the  quaptities  imported,  as  given  above. 

The  du^  now  flied,  if  fcam.  British  Possessions  and  from  the  country  of  its 
production  (July  1 7,  I860),  is  10«.  2d.  -per  gallon ;  not  from  the  country  of  production 
is  10«.  5d.  per  gallon.    Bum  Shrab  is  imported  at  the  same  rate  of  duties. 

MUtntXHO-om-TZUM,  in  meUMurgy.  A  name  given  to  the  refineiy  furnace. 
Sec  InoN. 

KOSJi,  A  common  plant,  extensively  employed  in  the  manufacture  of  mats, 
baskets,  &c.  The  Bush  family — Juncacta — are  natives  of  all  parts  of  the  world, 
though  they  belong  chiefly  to  the  colder  regions.  Under  the  equator  they  occur  as 
alpine  plants,  while  in  the  northern  climates  they  are  found  in  the  marshes.  Upwards 
of  100  species  of  rush  are  described.  The  long  leaves  of  many  of  the  species  are  used 
for  tying  plants  ih  gardens,  and  for  making  the  bottoms  of  chairs,  mats,  and  the  like. 
The  central  cellular  tissue,  or  pith,  is  used  for  candles,  called  StuhlighU.  Bulrushes 
are  a  different  plant  (TJrpAa) ;  these  are  used  for  polishing  wood,  and  also  by  coopers. 
The  Dutch  rush  {Ejintetum  hyemdie)  is  also  much  used  for  polishing  metals  and  stone. 

SVSsar.  Madder  Broton  or  Fields  Jtutget,  a  pure  riui  transparent  brown,  pre- 
pared from  the  madder-root. 

XITBSXajr  sm&mnB.    See  Leathkb,  Bcssuk. 

Xtm  is  the  orange-yellow  coat  of  peroxide  which  forms  upon  the  surface  of  iron 
exposed  to  moist  air.  Oil,  paint,  varnish,  plumbago,  grectSe,  or  indeed  any  body 
which  will  shield  the  metal  from  the  moist  air,  may  be  employed,  according  to  cir- 
cumstances, to  prevent  the  rusting  of  iron  utensils. 

Iron  imder  ul  ordinary  circumstances  e£^ts  the  decomposition  of  water,  abstract- 
ing the  oxygen,  and  combining  with  it.  The  rusting  o!  iron  is  one  of  the  many 
instructive  examples  of  chemical  affinity  which  are  constantly  occurring  around  us. 

The  Messrs.  Myers  have  patented  a  composition  for  preventing  rust  on  bright  steel, 
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iron,  brass,  or  other  metal  surfaces.  For  this  purpose  they  take :  Outta-percha,  10  lbs. ; 
mutton-suet,  29  lbs. ;  beef-suet,  80  lbs. ;  neats  -foot  oil,  2  gallons  ;  rape  oil,  1  gallon. 

These  materials  are  melted  together  until  thoroughly  dissolved,  and  then  coloured 
with  a  small  portion  of  roee-pink ;  oil  of  thyma,  or  other  perfuming  matter,  being  at 
the  same  time  added.  When  cold,  the  composition  is  ready  to  be  applied  by  rubbing 
upon  the  metallic  surfaces  which  require  ^protection. 

BOTAOaJB.  The  only  plant  in  this  natural  order  which  is  employed  in  maira- 
&cture  is  the  false  Dittany  (IHctanmui/nucmeUa).  Perfumers  obtain  from  the  flowers 
of  this  shrub  a  very  odorous  distilled  water,  which  is  used  as  a  cosmetic.  It  is  also 
employed  in  giving  flavour  to  some  liqueurs. 

SVTBi  M  fRtmti^.   Used  in  some  lead  mines  to  distinguish  very  small  strings  of  ore. 

XOTMMMVBtt  {Bymb.  Ru. ;  At.  wt.  S2-U).  After  osmium,  ruthenium  is  the 
most  re&aotoiy  metal  known.  It  requires  a  very  extreme  heat  to  melt  the  smallest 
quantity.  When  melting,  there  is  formed  the  oxide  of  ruthenium,  which  is  volatilised, 
and  which  smells  something  like  osmic  add.  When  removed  from  the  flame,  ruthenium 
is  blackish- brown  on  the  surface,  and  is  brittle  and  hard  like  iridium.  It  is  only  dis- 
tinctly separated  firem  this  last  metal  by  its  density,  which  is  obviously  half  that  of 
iridium.    The  purest  ruthenium  obtained  has  a  density  of  11  to  11*4. 

To  prepare  the  metal  mix  the  oemida  in  fine  powder  with  8  parts  of  binoxide  of 
barium  and  I  part  of  nitrate  of  baryta,  and  heat  them  to  redness  in  a  clay  crucible  for 
an  hour.  The  black  friable  mass  which  remains  is  powdered  with  great  care  and 
introduced  into  a  flask  in  which  has  been  previously  mixed  20  parts  of  water  and  10 
parts  of  ordinary  muriatic  add.  The  fla^  must  be  placed  in  cold  water  to  avoid 
the  elevation  of  temperature  which  would  ensue  from  the  violent  reaction  which 
takes  place.  This  operation  should  be  conducted  under  a  good  chimney  to  avoid  the 
'  escape  of  the  osmic-add  vapour  into  the  laboratoiy. 

When  this  reaction  is  flnished,  1  part  nitric  add  is  added,  and  then  2  peuls  ordina^ 
staroog  sulphuric  acid.  The  flask  is  now  well  shaken,  and  the  sulphate  of  baryta  is 
allowed  to  deposit.  The  supernatant  liquid  is  then  poured  oS  the  precipitate  is 
washed  by  decantation,  and  the  liquid  and  the  washings  are  distilled  togetaer  in  a 
tabulated  retort,  until  about  a  fourth  of  their  volume  of  a  liquid  very  ri^  in  osmic 
add  has  passed  over.  The  red  liquor  which  is  leil  in  the  retort  is  evaporated  to  a 
small  volnme,  2  or  3  parts  of  sal-ammoniac  in  small  pieces  axe  added,  and  a  small 
quantity  of  nitric  acid.  The  whole  is  now  evaporated  to  dryness  at  the  temperature 
of  boiliiw  water.  A  crystalline  violet-black  predpitate  remains  in  the  capsule,  which 
is  treatedwith  a  small  quantity  of  water  partly  saturated  with  sal-ammoniac,  and  washed 
with  the  same  solution  until  it  is  no  longer  coloured.  The  insoluble  salt  left  (chloro- 
iridate  of  ammonia  containing  ruthenium)  is  heated  by  degrees  to  redness  in  a 
poroelsin  crucible.  The  mixture  of  iridium  and  ruthenium  thus  obtained  is  fused  in 
a  silver  crudble  witli  an  equal  weight  of  hydrated  potash  and  twice  its  weight  of 
nitre,  and  when  cold  the  rutheniate  of  potash  is  dissolved  out  with  cold  water ;  the 
solution,  which  is  yellow,  is  decomposed  by  means  of  carbonic  or  nitric  add,  and  the 
predpitated  oxide  of  ruthenium  is  strongly  calcined  in  a  charcoal  crudble.  The 
ruthenium  is  then  reduced  in  the  apparatus  before  described.  Iridium  and  rutbenium 
present  many  analogies ;  their  coloured  reactions  are  the  same,  and  the  oxide  of 
iridium  dissolves  in  a  mixture  of  nitre  and  potash. 

Buthenium  forms  with  zinc  an  alloy  which  will  bum  in  the  air ;  it  crystallises  in 
hexagonal  prisms.  With  tin  there  is  formed  an  alloy  RuSn*,  which  crystallises  in 
cubes  as  beautiful  in  their  form  and  lustre  as  crystallised  bismuth. — DeviU*  aad 
Debray  <m  the  Ptatinum  Metalt. 

XUTZXA.    Native  oxide  of  titanium. 

Rntile  occurs  in  granite,  gneiss,  mica-slate,  and  Syenitic  rocks,  and  occasionally  in 
granular  limestone.  It  has  sometimes  been  met  with  in  specular  iron.  The  way  in 
iriiich  it  occurs  in  masses  of  quartz  or  felspar,  the  acicular  crystals  being  imbedaed, 
is  very  curious.  The  following  localities  are  given  by  Dana :  '  Brazil  affords  adcular 
ciyrtals  in  limpid  quartz ;  also  occurs  in  Arendal  in  Norway ;  Sau-alpe,  Carinthia ;  in 
the  Urals ;  in  the  "tycoX ;  at  St  Gotthard ;  at  St.Trieix,  in  France ;  Krummhennendorf 
near  Freiberg;  in  Castile,  in  geniculated  crystals,  often  very  large.  At  Ohlajnan  in 
TransylTania,  marine  in  pebbles ;  in  large  crystals  in  Perthshire ;  at  Cairngorm, 
Soothuid ;  at  Craig  Cailleach  near  Killin,  and  in  Bengloe ;  in  Isles  of  Burray,  Shet- 
land. A  variety  from  Karingsbricka  in  Sweden  contains  a  small  percentage  of 
chrome,  and  is  the  tUane  oxydi  chromiifhre  of  Hauy.  Bough  octahedrons,  reticulated 
within,  from  Brazil,  are  supposed  to  be  pseudomorphs  after  anastnse.'  Besides 
these,  Dana  gives  at  least  twenty  localities  in  America. 

The  oxido  of  titanium  is  employed  for  a  yellow  colour,  in  painting  porcelain  ;  and 
it  is  often  employed  to  give  the  requisite  tint  to  artifldal  teeth.  Butilc  is  so  named 
from  the  Latin  rutiliu,  which  signifies  '  a  shining  red.' 
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I  {SeigU,  Fr. ;  Boggm,  Qet.)  is  a  ceieal  grain  {BecaU  eereale),  gnpposed  to  be  a 
natiTe  of  Crete,  and  apparently  used  at  a  very  earl;  period  by  man:  Tne  cultore  of 
m  is  confined  to  the  temperate  zones.  Bye  eonsista,  accoraing  to  the  analysis  of 
Einhof,  of  24-2  of  husk,  6S-6  of  floor,  and  10-2  of  water,  in  100  parts.  This  chemist 
found  in  100  parts  of  the  flour,  61-07  of  starch,  9-48  of  glnten,  8-28  of  yegetable 
albumen,  3-28  of  unciystallisable  sugar,  11-09  of  gum,  6-38  of  vegetable  fibre,  and  the 
loss  was  5-62,  including  a  -regetable  acid  not  investigated.  Some  phosphate  of  li^a 
and  magnesia  is  also  present. 

Rye-stzaw  has  been  long  used  and  celebrated  for  the  manufacture  of  straw-plait. 

STS,  aBOOT  or.  (Secala  comtOum).  The  grain  rye  is  subject  to  a  disease 
(&>ermedia  davit)  commoidy  known  as  ergot,  which  causes  the  grain  to  turn  black. 
It  is  produced  by  the  attack  ot  a  fungus  known  as  Cordyceps  purpurea.  The  ergot  is 
used  medicinally.    See  Fereiia's  Materia  Ifediea, 


•ASXOA  WOB>  A  wood  grown  in  Cuba,  and  used  for  ship-building.  It  is 
the  produce  of  Lytdania  Sahica. 

A  valuable  fur  obtained  from  the  marten.  See  FtJB. 
A  wooden  shoe.  The  manufacture  of  these  in  France  is  very  important 
An  apparatus  for  making  ices  ;  it  is  composed  of  two  principal 
paits — a  pail  which  is  indented  towards  the  top  and  covered,  and  the  tabotiire,  or  inner 
vessel,  slightly  conical,  which  is  inserted  in  the  pail,  on  which  it  rests  by  a  projecting 
border  or  rim  ;  this  vessel  is  closed  at  the  bottom  like  a  cup,  and  open  at  the  top  to 
admit  the  creams  to  be  iced.  The  f^reaang-mizture  is  turned  into  the  pail,  and  the 
creams  to  be  iced  into  the  inner  vessel ;  its  cover  is  then  &stened  by  the  hook,  and 
the  vessel  is  set  into  the  pail  among  the  freezing  liquid ;  then  taking  the  whole  by  the 
handle  of  the  saboti&re,  an  alternate  motion  of  rotation  is  given  to  it  for  about  a  quarter 
of  an  hour,  when  the  oream  is  sufiSciently  frozen.    See  Fbxboko  Hixtubk. 

■AOCnUUtOannnn  is  the  name  of  a  hydrometer,  adapted  by  its  scale  to  point 
out  the  proportion  of  sugar,  or  the  saccharine  matter  of  malt,  contained  in  a  solution 
of  any  specific  gravity.  Brewers,  distillers,  and  the  Sxcise,  sometimes  denote  by  the 
term  '  gravity '  the  excess  of  weight  of  1,000  parts  of  a  liquid  by  volnme  above  the 
weight  of  a  like  volume  of  distilled  water,  so  that  if  the  specific  gravity  be  1045, 1070, 
1080,  &c. ;  the  gravity  is  said  to  be  46,  70,  or  90 ;  at  others,  they  thereby  denote  the 
weight  of  saccharine  matter  in  a  barrel  (86  gallons)  of  worts ;  and  again,  they  denote 
the  excess  in  weight  of  a  barrel  of  worts  over  a  barrel  of  water,  equal  to  36  gallons, 
or  360  pounds.  This  and  the  first  statement  are  identical,  only  1,000  b  the  standard 
in  the  first  case,  and  860  in  the  second. 

The  saccharometer  used  by  the  Excise,  and  by  the  trade,  is  that  constructed  hj  the 
late  Ur,  B.  B.  Bate.  The  instrument  is  composed  of  brass  ;  the  ball  or  float  being  a 
dtenlar  spindle,  in  the  opposite  ends  of  which  are  fixed  a  stem  and  a  loop.  The  stem 
bears  a  scale  of  divisions,  nnmbered  downwards  from  the  first  to  30  ;  these  divisions, 
which  are  laid  down  in  an  original  manner,  observing  a  diminishing  progression 
according  to  true  principles;  therefore  each  division  correctly  indicates  the  one- 
thoosandth  part  of  the  specific  gravity  of  water;  and  further,  by  the  alteration  made 
in  the  balk  of  the  saccharometer  at  every  change  of  poise,  each  of  the  same  divisions 
continues  to  indicate  correctly  the  said  one-thousandth  part  throughout. 

The  following  Table  shows  the  quantities  of  sugar  contained  in  qrmpa  of  the  an- 
nexed specific  gravities.  It  was  the  result  of  experiments  carefully  made  by  the  late 
Dr.  Ure :— 


Ezpetimental  ipec.  Rravity 
of  aointloiiat«0°F. 

Sugar  In  100-  bj 
weight 

Experimeotel  spec,  gravity 
at  solution  at  60^F. 

Sugar  In  100-  by 
weight 

1-3260 

66-666 

11046 

25-000 

1-2310 

60-000 

1-0006 

21-740 

M777 

40000 

1-0820 

20-000 

1-4400 

33-333 

1-0636 

16-666 

1-1340 

81-260 

1-0600 

12-500 

1-1250 

20-412 

10396 

10000 

1-1110 

26-816 
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TcAlt  exkHniing  the  Quantity  of  Sugar,  in  Pounds  Avoirdupois,  vikick  is  eoniained  in 
One  Gallon  of  &frup,  at  successive  Degrees  qf  Density,  at  60°  F. 


Extract 

Extract 

Specific 

lbs.  per 

by 

Specific 

11».  per 

by 

Spedflc 

lbs.  per 

Specific 

lba.pcr 

giarttT 

gallon 

weight 
to  100- 

graTity 

gallon 

Wright 
In  100- 

gravity 

gallon 

graTity 

gallon 

1-000 

0-0000 

•0000 

1^077 

2-0197 

•1831 

1-154 

4-0880 

1-231 

6-U74 

1-001 

(TOUS 

•0026 

1-078 

2-0465 

■1873 

1-165 

4-1148 

1-232 

6-1743 

1-002 

0-0610 

•0051 

1-079 

2-0784 

-1896 

1-106 

4-1319 

1-233 

6-2013 

1-003 

0-0766 

•0077 

1-080 

2-1006 

-1918 

1-167 

1-1688 

1-234 

6-i-.'S0 

1-004 

0-10-JO 

-0102 

1-081 

2-ms 

-1941 

1-168 

4-1867 

1-238 

0-2651 

1-005 

0-1276 

-0128 

1-082 

2-1643 

-1968 

1-169 

«-2138 

1^2S6 

6-2822 

1-006 

0-1680 

-0163 

1-083 

'J-1811 

-1985 

1-160 

4-2602 

1-237 

6-8093 

1-007 

0-1786 

-0179 

1-084 

2-2080 

•2007 

1-161 

4-2771 

1-238 

6-83«3 

1-OOS 

0-2040 

-0204 

1-086 

1-2369 

•2029 

1-162 

4-3040 
4-3809 

1-239 

6-8631 

1009 

0-2295 

-0-iSO 

1-086 

2-2837 

-2051 

1-168 

1-240 

6-8908 

1-010 

0-2660 

-0266 

1-087 

2-2894 

•2073 

1-164 

4-3578 

1-241 

6-415-2 

]-«n 

0-2806 

•0280 

1-088 

2-3161 

-20M 

1-166 

4-8847 

1-242 

6-4401 

1-on 

0-8060 

•0806 

1-089 

2-3438 

-2117 

1-166 

4-4115 

1-248 

C-4660 

i-ois 

0-8316 

-0331 

1-090 

2  8710 

•2189 

1-167 

4-4383 

1-244 

6-4902 

i-ou 

0-3570 

-0366 

1-091 

2-8987 

"2161 

1-168 

4-4852 

1-243 

6-5163 

1-016 

0-8825 

•0381 

1-092 

2-4266 

-2183 

1-169 

4-4923 

1-246 

6-5402 

1-016 

0-4180 

•0406 

1-093 

2-4624 

-2-i06 

1-170 

4-6201 

1-247 

6-5651 

1-017 

0-4835 

•0481 

1-094 

2-4792 

-2227 

1-171 

4-6460 

1-248 

6-6903 

1-018 

0-4690 

•0466 

1095 

2-5061 

-2-249 

1-172 

4-5722 

1-249 

C-S153 

1-019 

0-4846 

•0481 

1-096 

2-5329 

•2-i70 

1-173 

4-5983 

1-250 

6-6402 

i-o-» 

0-6100 

•0606 

1-097 

2-5598 

-2292 

1-174 

4-6242 

1-261 

6-6681 

1-0-Jl 

0-6351 

•0631 

1-098 

2-5806 

-2314 

1-176 

4-6608 

1-252 

6-6960 

l-0« 

0-6602 

•056S 

1-099 

2-6180 

-2335 

1-176 

4-6764 

1-268 

6-7210 

1-OiS 

0-5863 

•0580 

1-100 

2-G404 

-2857 

1-177 

4-7028 

1-254 

0-7621 

1-024 

0-6104 

■0605 

1-101 

2-6688 

•2878 

1-178 

4-7281 

1-245 

6-780O 

l-02« 

0-6856 

•0629 

1-102 

2-6921 

■2400 

1-179 

4-7638 

1-256 

6-8081 

l-02« 

0-6606 

•0664 

1-103 

2-7188 

•2421 

1-180 

4-7802 

1-257 

6'8!!63 

1-027 

0-6867 

•0678 

1-104 

2-7448 

■2448 

1-181 

4-8051 

1-208 

C-8M3 

1-028 

0-7108 

•0708 

1-105 

2-7704 

■3464 

1-183 

4-8808 

1-260 

6-8921 

l-02» 

0-7859 

•0727 

1-106 

2-7961. 

•2486 

1183 

4-8654 

1-260 

6-9201 

1-030 

0-7610 

•0762 

1-107 

2-8227 

-2607 

1-184 

4-8802 

1-261 

6-9510 

1-081 

0-7861 

•0776 

1-108 

2-8485 

-2529 

1-185 

4-9051 

1-262 

«-9823 

1-0*2 

0-8112 

•0800 

1-109 

2-8740 

-2560 

1-186 

4-9300 

1-288 

7-0183 

1-088 

0-8868 

•0825 

1-110 

2-9001 

-2571 

1-187 

4-8552 

1-264 

7-0444 

1-084 

0-8614 

-0849 

1-111 

2-9268 

•2598 

1-188 

4-9808 

1-265 

7-0761 

1-OSS 

0-8866 

-0878 

1-112 

2-9622 

•2614 

1-189 

6-0054 

1-266 

7-1060 

1-088 

0-9U9 

-0897 

1-118 

2-9780 

•2035 

1-190 

6-0804 

1-267 

7-1869 

1-087 

0-9449 

-0921 

1-114 

8-0046 

■2666 

1-191 

5-0563 

1-268 

7-1678 

1-088 

0-9768 

■0945 

1-115 

8-0804 

■2677 

1192 

5-0822 

1-269 

7-1988 

1-088 

1-0090 

-0989 

1-116 

8-0663 

■2698 

1-193 

6-1080 

1-270 

7-2800 

1-040 

1-0400 

-0998 

1-117 

8-0821 

■2719 

1-194 

5-1841 

1-271 

7-2601 

1-041 

1-0658 

•1017 

1-118 

8-1080 

■2740 

1-195 

6-1602 

1-272 

7-2902 

1-042 

1-0906 

•1041 

1-119 

3-1848 

■2761 

1-196 

5-1868 

1-278 

7-3304 

1-048 

1-1169 

•1065 

1-120 

8-1610 

■2782 

1-197 

6-2134 

1-274 

7-8606 

1-044 

1-1412 

•1089 

1-121 

8-1871 

■28C8 

1-198 

6-2381 

1-276 

7-8807 

1-048 

1-1665 

•1118 

1-122 

8-2180 

■28W 

1-199 

6-2689 

1-276 

7-4109 

1-046 

1-1918 

•1186 

1-128 

8-2899 

■2846 

1-200 

6-2901 

1-277 

7-4409 

1-047 

1-2171 

•1160 

1-124 

8-2668 

■2885 

1-201 

5-3180 

1-278 

7-4708 

1-048 

1-2424 

•1184 

1-125 

8-2916 

•2886 

1-202 

6-8422 

1-379 

7-8007 

1-049 

1-268T 

•1207 

1-126 

8-8174 

•2907 

1-208 

58681 

1-280 

7-5807 

1-080 

1-2940 

•1281 

1-127 

8-8431 

•2927 

1-204 

5-8941 

1-281 

7-6600 

1-051 

1-8206 

•1264 

1-128 

3-3890 

■2948 

1-206 

6-4203 

1-282 

7-6891 

1-062 

1-8472 

•1278 

1-129 

8-3949 

■2969 

l-i06 

6-4462 

1-288 

7-8180 

1-068 

1-8788 

•1801 

1-130 

8-4211 

■2989 

1-207 

6-4720 

1-284 

7-6469 

1-064 

1-40O4 

•1828 

1-181 

8-4400 

-8010 

1-208 

5-4979 

1-286 

7-6758 

1-066 

1-4270 

•1848 

1-182 

8-4769 

-3080 

1-S09 

5-6289 

1-286 

7-7048 

1-066 

1-4686 

•1872 

1-188 

8-5048 

•3061 

1-210 

6-6506 

1-287 

7-7831 

1-067 

1-4802 

-1396 

1-184 

8-6328 

•8071 

1-211 

C-5788 

1-288 

7-7020 

1-068 

1-5068 

-M18 

1-185 

8-5805 

•8092 

1-212 

6-6071 

1-289 

7-7910 

1-069 

1-5884 

•1441 

1-188 

8-5882 

•8112 

1-218 

6-8860 

1-290 

7-82C1 

1-060 

1.5600 

•1464 

1-187 

8-6160 

•8182 

1-2U 

5-6661 

1-291 

7-8483 

1-oei 

1-6870 

•1487 

1-188 

8-6487 

•8168 

1-215 

^6942 

1-J92 

7-8763 

1-063 

1-6142 

•1610 

1-189 

8-6716 

•8178 

1-216 

5-7283 

1-298 

7-9042 

1-063 

1-6414 

•1688 

1-140 

8-7000 

•3198 

1-217 

5-7522 

1-294 

7-8S21 

1-084 

1-6688 

•1566 

1-141 

8-7281 

•8214 

1-218 

5-7814 

1-295 

7-9600 

1-086 

1-6959 

•1679 

1-H2 

8-7662 

■8234 

1-219 

5-8108 

1-296 

7^987» 

1-066 

1-7228 

■1602 

1-143 

8-7840 

•3264 

1-220 

6-8401 

1-297 

8^0158 

1-067 

1-7498 

•1626 

1-144 

8-8119 

■3r4 

1-221 

6-8880 

1-298 

8-0448 

1-068 

1-7764 

•1647 

1-146 

3-8398 

-3294 

1-222 

6-8982 

1-299 

8-0710 

1-069 

1-8088 

■1670 

1-146 

8-8677 

-3814 

1-228 

6-9242 

1-800 

8-1001 

1-070 

1-8300 

•1698 

1-147 

8-8966 

-8334 

1-224 

6-9623 

1-071 

1-8671 

•1716 

1-148 

3-9286 

-3354 

1-226 

5-9801 

1-072 

1-8848 

-1738 

1-149 

8-9616 

-3674 

1-226 

6-0081 

1-073 

1-9116 

-1761 

1-160 

3-9801 

-3894 

1-227 

6-0861 

1-074 

1-9886 

-1783     1 

1-161 

4-0070 

1-228 

8-0642 

1-075 

1-9653 

•1806 

1-152 

4-0842 

1-229 

8-0926 

1-076 
I 

l-99-i8 

•1828 

1-153 

6-0011 

1-230 

e-1206 
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N.B.  The  column  in  the  table  on  p.  728,  marked  extract  by  meight  in  -100,  is  Mr. 
Bate's  ;  it  may  be  compared  with  the  preceding  short  table  on  p.  727,  and  also  with 
the  table  of  Halt  Infusions  in  tJiia  Dictionary.     See  Bebb  ;  Mjxt  ;  Fxrhxntatioh. 

If  the  decimal  part  of  the  number  denoting  the  specific  gravity  of  syrup  be  mid- 
tiplied  by  26,  the  product  will  denote  very  nearly  the  quantity  of  sugar  per  gallon  in 
pounds  at  the  given  specific  gravity. 

SACK.  A  general  name  for. a  large  bag.  Its  caiscity  varies  much;  it  may 
thnefore  be  useful  to  give  a  few  examples  of  its  capacity  in  afferent  places  :— 

Winchester 


France: 


Brund» 
Ameriea. 


the  minimum  French  sack  is . 

maximum  ditto 
the  sack  is    . 
the  miller's  sack  is 
ordinary  sack  of  salt 


2-012 
4-2M 
6-90. 
200. 
216  lbs. 
r2  weys. 

England  :  the  sack,  of  wool '{  13  tods. 

1 861  lbs. 
sack  of  flour  or  com      .        .        .        .280  lbs.,  or  2  cwts.  2  qrs. 
sack  of  coals  formerly  ....      3  bushels, 
do.          recent      ....      2  cwts. 
,     „  ,           J  f  3  heaped  bushels, 

sackofdrygood \ 4  strike  bushels. 

Sack  is  nlso  a  loose  robe.    A  name  formerly  given  to  sherry. 

a&CXO&OTH.    A  coarse  baling  or  wrapping. 

BAOXnro.    A  coarse  kind  of  hemp  fabric,  made  chiefly  in  Dundee  and  in  the 
north  of  Ireland. 

SATJiTT  APPABATQB,  for  the  prevention  of  oaer-winding  in  minei.  Nume- 
rous arrangements — many  of  them  very  in-  1734 
genions — have  been  introdnced  tcom  time  to 
time,  to  prevent  the  accidents  which  have 
very  often  arisen  from  winding  the  cage,  con- 
taining men,  over  the  pulley,  or  the  load, 
which,  breaking  away,  falls  of  course  to  the 
bottom  of  the  imait. 

Two  of  the  latest  inventions  for  this  pur- 
pose are  all  that  can  be  admitted  with  the 
space  at  disposal.  The  first  of  these  is 
Walker's  Detaching  Hook,  and  the  second 
King's  Safety  Apparatus. 

Theprincii^e  in  each  invention  is  the  same, 
and  the  safety  in  either  case  is  obtained  from 
the  fact,  that  if  the  load  is  raised  above  a 
certain  point,  the  weight  of  the  load  compels 
the  rope  to  become  detached,  which  detaching 
cannot  take  place  until  the  'jaw  hooks '  have 
a  firm  hold  on  the  supporting  ring. 

Fiff.  1784  is  the  front  view  of  Walker's 
detaching  hook,  with  the  supporting  ring  and 
clamp  in  section,  and  fig.  1735  is  another 
view  of  the  same  after  the  hook  is  de- 
tached. 

The  lifting  rope  is  attached  to  the  shackle 
A,  and  the  l^d  to  the  connecting  link  b. 

The  supporting  ring,  c  (through  which  the 
rope  is  oonstanUy  working),  is  a  fixture  in  a 
baulk  of  timber,  or  iron  girder,  at  the  pit  top. 

The  hook  consists  of  a  pair  of  jaws,  s,  D, 
working  on  a  centre-pin,  e,  in  such  a  manner 
that  the  weight  of  the  load  has  a  tendency  to 
open  the  upper  limbs,  which  clip  the  strong 
centre-pin  of  the  shackle  A.  The  upper  limbs 
are  formed  externally  with  jaw  hooks,  f,  f. 
The  jaws  are  kept  together,  and  made  to  re- 
tain the  shackle-pin  by  means  of  the  clamp 
H,  which  is  held  in  position  by  the  pins  1,1. 

In  ca89  of  overwinding,  the  jaw  hooks  (held  together  by  the  clamp)  pass  freely  into 
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the  ring  c;  but  tlie  piqections,  k,  k,  of  the  damp  eonunf;  into  contact  ^th  the  hottom 
flange  of  the  said  ring  hold  the  clamp  statiunar;r,  -nrhile  the  jam  are  being  palled 
through,  the  reanlt  being  that  the  pins,  1 1,  are  ihearad  off,  and  the  jaw  hooks  leleaaed 
ffom  the  leatiaint  of  the  damp.    The  intwnal  diameter  of  the  ring  being  the  same  as 


1735 


1736 


17J7 


j>  m. 


1788 


the  width  across  the  jaw  hooks,  r,  f,  the 
rope  remains  lecnre,  until  the  jaw  hooks 
reach  the  top  of  the  ring,  when,  by  the  action 
of  the  weight  of  the  load,  they  ar«  forced 
open,  and  so  hook  on  to  the  top  of  the  sup- 
porting ring  c,  as  shown  in  fy.  1735,  the  rope  passing  harmlessly  orei  the  pnlle^. 

The  recess  o,  in  the  ring  c,  is  intended  to  meet  an  imaginary  case  that  experiment 

shows  to  be  almost  impossible,  namely,  that  if  the  engine  is  reversed  after  the  pins  I,  I, 

are  cnt,  and  before  the  hooks  reach  the  top  of  the  ring,  the  jaws  will  then  hook  into 

the  recess,  and  the  load  remain  suspended  in  perfect  safety. 

It  will  be  observed  that  the  tipper  edge  of  tno  ring  c  is  curved  to  match  the  sweep 

of  the  jaw  hooks  when  opening.    By  this 
arrangement  all  shock  is  avoided. 

King's  Safety  Apparatus  will  be  {wr- 
fectly  understood  ttom  the  aocompanying 
fignies. 

Fig.  1738  is  a  plan  showing  plate  fixed 

on  top  side  of  beams,  which  most  be  of 

good  strong  oak,  strong  enough  to  hold 

itina  times  the  weight  it  has  to  car^; 

the  two  pieces   of  timber   to  be  as  far 

apart  as  the  ring  is  wide ;  the  plate  to  be 

strongly  bolted  with  four  pins. 

Figs.  1736  and  1737  show  the  inside  of  plates  when  in  work;  oc,  when  drawn  uj)  to 

the  plate,  are  compressed,  which  forces  d  d  out  on  the  opposite  side,  and  opens  the  jaws 

of  BB,  which  releases  top  shackle  and  leaves  d  d  sectue  on  the  top  side  of  plate.  A  is 
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a  small  hole  in  centre  of  hook  for  a  j-inch  pin  to  be  riretted  in  for  holding  the 
plates  secure  when  in  irork — cart  must  be  taken  not  to  umrM  vMout  it ;  when  &wn 
up  to  c  o  it  is  sheared  in  foor  ports ;  the  hole  B  is  to  put  a  diifl  in  tat  holding  the 
plates  •qnare,  so  as  to  pnnch  the  sheared  pin  oat. 

The  detaching  hook  is  simplo  in  oonstruction,  and  it  appeal*  to  be  eSectnal  and 
certain  in  action,  and  is  said  not  to  be  yeir  liable  to  get  oat  of  order. 

•AFATI  OAOa.  In  all  our  colUenee  the  men  descend  to  their  labonr  and  are 
raised  from  the  depth  of  the  mines  by  winding  machinery.  This  may  be  described 
in  ^neral  terms  as  a  stage  tiaTelling  in  guides  fixed  to  tiie  sides  of  the  shafts.  The 
rapidity  with  which  these  stages  are  moved  up  or  down  is  Tery  great,  and  conse- 
qoeutly,  if  anything  occors  to  engage  the  attention  of  the  man  m  charge  of  the 
winding-engine,  the  sta^  with  its  Gving  load  is  either  landed  with  iqjnrious  violence 
at  the  bottom  of  the  pit,  or  it  is  carried  over  the  pulley,  and  thus  the  lives  of  the 
men  are  sacrificed.  The  engraving.  Jig.  1738,  shows  an  ingenious  contrivance  for 
obviating  the  blow  which  arises  from  reaching  the  bottom  at  too  great  a  speed.  «  «,  are 
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platfoms  placed  on  india-robber  springs  b  b  (see  Caoutchouc),  on  the  landing  at 
the  bottom  of  the  pit ;  d,  is  one  of  the  cages  which  has  descended,  the  other  being 
supposed  to  be  at  the  snr&ce.  The  elasticity  of  these  springs  certainly  serves  to 
protect  the  men  tsom  the  violence  of  the  concussion  in  the  event  of  the  rope  breaking, 
or  if  from  any  other  cause  they  saddenly  reach  the  bottom. 

3Iany  safety  cages,  have  been  invented,  in  which  the  principles  are  to  allow  them 
to  travel  freely  on  their  guides,  so  long  as  the  rope  by  which  they  are  suspended  re- 
mains entire ;  but,  in  the  event  of  its  breaking,  arms,  levers,  or  catches,  are  released ; 
these  seize  Uie  goide-rods,  and  thus  suddenly  stop  the  cage.  Experience  has  not 
satisfactorily  coi^lrmed  the  value  of  these  arrangements. 

The  remarks  made  by  the  reporter  on  the  Safety  Cages  exhibited  in  the  Inter- 
national Exhibition  of  1862  are  well  worthy  of  consideration  : — 

*  The  jury  gave  careful  attention  to  all  the  varieties  of  this  apparatus,  and  were 
strongly  impressed  with  the  merits  of  several  of  them,  and  with  the  desirableness  of 
enlisting  in  this  cause  the  interest  of  the  intelligent  mechanician.  But  they  share 
in  the  repugnance  of  colliery  viewers  to  trust  to  the  action  of  a  spring,  on  which 
most  of  them  depend;  and  which,  of  whatever  substance  it  is  made,  is  sure,  b^ 
degrees,  to  lose  its  elasdeity,  and  is  thus  liable,  anises  frequently  looked  i^r,  to  fiul 
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at  the  moment  when  required  They  are  alao  aware  that  a  great  inconTenience,  not 
to  say  clanger,  has  been  introduced  by  all  those  hitherto  emplt^ed,  in  conaeqaenca 
of  the  appatstns  being  bionght  into  play  by  a  plnnge  dniing  the  rapid  descent  of  the 
cage,  and  that  hence  several  of  those  in-rentions,  after  being  fairly  tried  for  one,  two, 
01  three  yean,  hare  been  ultimately  remored.  Nor  is  it  too  much  to  say,  although 
an  insofficient  argument  if  taken  alone,  that  the  employment  ct  this  apparatus  has 
a  tendency  to  make  people  careless  about  the  examination  and  renewal  of  ropes.' 

■JkVSTI  nrSB.  A  woven  cylinder  containing  gunpowder,  employed  in  blasting 
rocks,  especially  in  our  mines.  The  safety  fbse  is  a^o  prepared  for  blasting  under 
water.    See  Fvsb,  Savhtt. 

■JkVB'l'l  UUKV.  The  dangerons  nature  of  the  accumulation  of  fire-damp  in  a 
colliery  renders  it  necessary  that  some  means  should  be  employed  to  produce  light 
under  such  circumstances  that  the  risks  of  explosion  are  greatly  reduced. 

The  contrivance  of  a  steel  mill  was  formerly  used,  but  it  i^rdra  only  a  gleam  of  light. 

It  consisted  of  a  small  frame  of  iron,  mounted  with  a  wheel  and  pinion,  which  gaTe 
rapid  rotation  to  a  disk  of  hard  steel  placed  upright,  to  whose  edge  a  piece  of  flint  was 
applied.  The  use  of  this  machine  entailed  on  the  miner  the  expense  of  an  attendant, 
called  the  '  miller.'  Nor  was  the  light  altogether  safe,  for  occasionally  the  ignited 
shower  of  steel  particles  attained  to  a  sufficient  heat  to  inflame  the  fire-damp. 

At  length  the  attention  of  the  scientiflc  world  was  powerfully  attracted  to  the  means 
of  lip;hting  the  miner  with  safety,  by  an  awful  catastrophe  which  happened  at  Felling 
Colliery,  near  Newcastle,  on  May  26, 1812.  This  mine  was  working  with  great  vigour, 
under  a  well-regulated  system  ol  ventilation,  set  in  action  by  a  furnace  and  air-tube, 
placed  over  a  rise-pit  in  elevated  ground.  The  depth  of  winning  was  above  100 
fathoms ;  25  acres  of  coal  had  been  excavated,  and  one  pit  was  yielmng  at  the  rate  of 
1,700  tons  perweek.  At  eleven  o'clock  in  the  forenoon  the  night  shift  of  miners  was 
■relieved  by  the  day  shift ;  121  persons  were  in  the  mine,  at  their  several  8tation^ 
when,  at  half-past  eleven,  the  gas  fired,  with  a  most  awfiil  explosion,  which  alarmed 
all  the  neighbouring  villages.  Of  the  121  persons  in  the  mine  at  the  time  of  the  ex- 
plosion, only  32  were  drawn  up  the  pit  alive,  3  of  whom  died  a  few  hours  after  the 
accident.  Thus  no  less  than  82  valuable  lives  were  instantaneously  destroyed  by  the 
fire-damp. 

Dr.  "W.  Reid  Clanny,  of  Sunderland,  was  the  first  to  contrive  a  lamp  which  might 
bum  in  explosive  air  without  communicating  fiame  to  the  gas  in  which  it  was  plunged. 
This  he  effected,  in  1813,  by  means  of  an  air-tight  lamp,  with  a  glass  front,  mo  flame 
of  which  was  supported  by  blowing  fresh  air  from  a  small  pair  of  bellows  through  a 
stratum  of  water  in  the  bottom  of  the  lamp,  while  the  heated  air  passed  out  through 
water  by  a  recurved  tube  at  top.  By  this  means  the  air  within  Uie  lamp  was  com- 
pletely insulated  from  the  surrounding  atmosphere.  This  lamp  was  the  first  ever 
taken  into  a  body  of  inflammable  air  in  a  coal-mine,  at  the  exploding  point,  without 
setting  flre  to  the  gas  around  it.  Br.  Clanny  made  another  lamp  upon  an  improved 
plan,  by  introducing  into  it  the  steam  of  water  generated  in  a  small  vessel  at  the  top 
of  the  lamp,  heated  by  the  flame.  The  objection  to  these  lamps  was  their  inconveni- 
ence in  use. 

In  the  course  of  a  long  and  laborious  investigation  on  the  operation  of  the  fire- 
damp, and  the  nature  and  communication  of  flame.  Sir  H.  Davy  ascertained  that  the 
explosions  of  inflammable  gases  were  incapable  of  being  passed  through  long  narrow 
metallic  tubes ;  and  that  this  principle  of  security  was  still  obtained  by  diminishing 
their  length  and  diameter  at  the  same  time,  and  likewise  diminishing  their  length 
and  increasing  their  nnmber,  so  that  a  great  number  of  small  apertures  would 
not  allow  an  explosion  to  pass,  when  their  depth  was  equal  to  their  diameter.  This 
fact  led  him  to  trials  upon  sieves  made  of  wire-gauze,  or  metallic  plates  perforated  with 
numerous  small  holes ;  and  he  found  that  ignited  gases  would  not  pass  through  them. 

The  apertures  in  the  gauze  should  never  be  more  than  -^th  of  an  inch  square.  In 
the  working  models,  sent  b^  Sir  H.  Davy  to  the  mines,  there  were  748  apertnres  in 
the  square  inch,  and  the  wire  was  about  ^th  of  an  inch  diameter.  The  cage  or 
cylinder  of  wire-gauze  should  be  made  by  double  joinings,  the  gauze  being  folded 
over  in  such  a  manner  as  to  leave  no  apertures.  It  should  not  be  more  than  2  inches 
in  diameter,  or  in  large  cylinders  the  combustion  of  the  flie-damp  renders  the  top 
inconveniently  hot ;  and  a  double  topis  always  a  proper  precaution,  fixed  at  a  distance 
of  about  half  an  inch  above  the  first  top. 

The  principles  upon  which  these  lamps  are  constmcted,  dependent  as  they  are  npon 
some  of  the  most  refined  researches  of  science,  must  be  briefly  described,  ^ame  is 
gaseous  matter  in  a  state  of  combustion,  that  is,  it  is  under  the  ordinary  circumstances 
carburetted  hydrogen  gas  in  active  combination  with  oxygen.  During  the  intense 
chemical  action  there  is  a  great  increase  of  volume,  carbonic  acid  and  water-vapoor 
escaping.    Fire-damp  is  for  the  most  pert  lig^t  carburetted  hydrogen  or  manh-gaCi 
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nii*  ia  formed  by  tiie  dianges  which  go  on  in  the  carbonaceous  coiQponnds  of  which 
eoel  IB  constituted,  and  it  ia  ctaideneed  in  the  coaL 

A  few  of  the  analyses  which  hare  been  published  by  di£brent  chemists  will  show 
the  compoeition  of  the  fire-^amp  of  on;  coal-mines. 
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Mr.  Tennant,  in  his  '  Besearches  on  Flame,'  ftrst  noticed  that  burning  gases  would 
not  pass  through  tubes  of  a  certain  diameter.  Dr.  Fiuis  says,  Davy  was  not  aware  of 
l^ennant's  res^rches.    Be  this  as  it  may,  he  greatly  extended  the  inquiry. 

The  first  full  account  of  Dayfa  beautiful  researches  was  published  in  the  '  Fhiloeo- 
phical  Transactions '  for  1816,  his  memoir  being  entitled  '  An  account  of  an  invention 
for  giving  light  in  explosive  mixtures  of  fire-damp  in  coal-mines,  by  consuming  the 
fire-damp.'  In  January  1817,  the  principle  was  announced  in  a  paper  on  '  Some  new 
experiments  and  observations  on  the  combustion  of  gaseous  mixtures,  with  an  account 
of  a  method  of  preserving  a  continued  light  in  mixtures  of  inflammable  gases  and  air 
withont  flame.' 

The  lamp  of  Davy,  fg.  1 740,  con- 
sists therefore  of  a  common  <nl- 
limp,  surmounted  with  a  covered 
cylinder  of  wire-gaoze,  for  trans- 
mitting light  to  the  miner  without 
endangering  the  kindling  of  the 
atmos|diere  of  fire-damp  which 
may  surround  him. 

The  gauze-cylinder  should  be 
&stened  to  the  lamp  by  a  screw, 
b,Jiff.  1741,  of  fonr  or  five  tnms, 
and  fitted  to  the  screw  by  a  tight 

ring.  All  joinings  in  the  lamp  should  be  made  with  hard 
solder ;  as  the  security  depends  upon  the  circumstance,  that 
no  aperture  exists  in  the  apparatus  larger  than  in  the  wire- 
gauze. 

Theparts  of  the  lamp  are, — 

1.  The  brass  cistern  a,  d.  Jig.  1741,  which  contains  the  oil. 
It  is  pierced  at  one  side  of  the  centre  with  a  vertical  narrow 
tube,  nearly  filled  with  a  wire  which  is  recurved  above,  at  the 
level  of  the  burner,  to  trim  the  wick,  by  acting  on  the  lower 
end  of  the  wire  t  with  the  fingers.  It  is  called  the  safety- 
trimmer. 

2.  The  rim  b  is  the  screw  neck  for  fixing  on  the  gauze- 
cylinder,  in  which  the  wire-ganze  cover  is  fixed,  and  which  is 
listened  to  the  cistern  by  a  screw  fitted  to  b. 

3.  An  aperture  c,  for  supplying  oil.  It  is  fitted  with  a  screw 
or  a  cork,  and  communicates  •mtii  the  bottom  of  the  cistern  by 

a  tube  at/,  a  central  aperture  for  the  wick. 

4.  The  wire-gauze  cylinder,^.  1740,  which  should  not  hare  less  than  626  apertures 
to  the  square  inch. 

6.  The  second  top,  }  of  an  inch  above  the  first,  surmounted  by  a  brass  or  copper 
plate,  to  which  the  ring  of  suspension  may  be  fixed.  It  is  covered  with  a  wire  cap  In 
theflgnre. 

6.  fonr  or  six  thick  vertical  wires,  ^  ^  ^  ^,  joining  the  cistern  below  with  the  top 
plate,  and  serving  hs  protecting  pillars  round  thecage.  g  (Jig.  1741)  is  a  screw-pin  to 
fix  the  cover,  so  that  it  shall  not  become  loosened  by  accident  or  carelessness.  The 
oil-cistern,  j^.  1741,  is  drawn  upon  a  larger  scale  than^^.  1740,  to  show  details  of 
the  smaller  parts. 

When  the  wire-gauze  safety-lamp  is  lighted  and  introduced  into  an  atmosphere 
gradually  mixed  with  fire-damp,  the  first  effect  of  the  fire-damp  is  to  increase  the 
ungth  and  size  of  the  flame.    When  the  inflammable  gas  forms  so  much  as  ^cth  of 
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the  Tolume  of  tlio  air,  tli«  oylinder  becomes  filled  -with  a  feeble  blue  flame,  while  the 
flame  of  the  vick  appears  burning  brightly  within  the  blue  flame.  The  light  of  the 
wick  augments  till  the  fire-damp  increases  to  |th  or  }th,  when  it  is  ket  in  the 
flame  of  the  fire-damp,  which  in  this  case  fills  the  cylinder  with  a  F*sttj  strong  lig^t. 
As  long  as  any  expioiive  mixture  of  gas  exists  in  contact  with  the  lamp,  so  long  it 
will  give  light ;  and  when  it  is  extinguished,  which  hi^pms  whenever  the  foul  air 
constitutes  so  much  as  Jrd  of  the  volume  of  the  atmos^ere,  the  air  is  no  longer 
proper  for  respiration  ;  for  althongh  animal  life  will  continue  where  flame  is  extin- 
guished, yet  it  is  always  with  sn&ring.  By  fixing  a  coil  of  platinum-wire  above  the 
wick,  ignition  may  be  continued  in  the  metal  when  the  lamp  itself  is  extinguished ; 
and  from  this  ignited  wire  the  wick  may  be  ngain  rekindled,  on  carrying  it  into  a  lees 
inflammable  atmosphere.    This  arrangement,  however,  is  rarely  em^jM. 

The  late  Mr.  John  Buddie,  one  of  the  most  experienced  of  coal-miners,  wrote  as 
follows,  in  the  'Journal  of  Science,'  on  the  general  use  of  the  safety-lamp: — 'We  have 
frequently  used  the  lamps  where  the  explosive  mixture  was  so  high  as  to  heat  the 
wire-gnuxe  red-hot ;  but  on  examining  a  lamp  which  has  been  in  constant  use  far  three 
months,  and  occasionally  suljected  to  this  d%iee  of  heat,  I  cannot  perceive  that  the 
gaoze-cylinder  of  iron-wire  is  at  all  impaired.  I  have  not,  however,  thought  it 
prudent,  in  our  present  state  of  experience,  to  persist  in  nsing  the  lamps  under  such 
circumstances,  beeanse  I  have  observed,  that  in  such  situations  the  particles  of  coal- 
dust  floating  in  the  air,  fire  at  the  gas  burning  within  the  cylinder,  and  ^  ofi'  in  small 
luminous  sparks.  This  appearance,  I  most  confess,  alarmed  me  in  the  first  instance, 
but  experience  soon  proved  that  it  was  not  dangerous. 

'Besides  the  fadhUes  afforded  by  this  invention  to  the  woiking  of  coal-mines 
abounding  in  flre-damp,  it  has  enabled  the  directors  and  superintendents  to  ascertain, 
with  the  utmost  precision  and  expedition,  both  the  presence,  the  quantity,  and  correct 
sitoation  of  the  gas.  Instead  of  creeping  inch  by  in^  with  a  candle,  as  is  usual,  along 
the  galleries  of  a  mine  suspected  to  contain  flre-damp,  in  order  to  ascertain  its  pre- 
sence, we  walk  firmly  on  with  the  safety-lamp,  and,  with  the  upmost  confidence, 
prove  the  actual  state  of  the  mine.  By  observing  attentively  the  several  appearances 
npon  ^e  fiame  of  the  liunp,  in  an  examination  of  this  kind,  the  cause  of  accidents 
wiich  happened  to  the  most  experienced  and  cautious  miners  is  completely  deve- 
loped ;  and  this  has  hitherto  been  in  a  great  measure  matter  of  mere  ooigecture.' 

The  two  first  safel^-lamps  used  in  a  coUieiy  are  preserved  in  the  Hnsenm  of 
I'ractical  Geology. 

The  action  of  the  wire-gauze  has  been  supposed  to  depend  upon  a  cooling-process ; 
but  many  experiments  cried  by  the  Editor  of  the  present  work  tends  to  convince  him 
that  the  cooling  hypothesis  will  not  explain  the  phenomenon.  He  conceives  the 
impermeability  of  wire-gauxe  to  fiame  to  be  due  to  a  repulsive  power  established 
between  the  hot  metal  and  the  ignited  gas,  similar  in  character,  although  difi^ing  in 
condition,  to  that  which  ptevuls  between  water  and  a  white-hot  metal. 

Oeorge  Stephenson,  proceeding  not  improbably  upon  the  data  fbmished  by  Ur. 
Tennant,  with  that  peculiar  aptitude  in  mechanical  design  which  ever  characterised 
that  remarkable  man,  at  once,  and  without  any  knowledge  nf  the  researches  of  the 
chemist,  devised  a  lamp  by  which  air  was  admitted  to  Uie  flame  through  '  apertures 
of  wiie-ganze.'  This  lamp  is  said  by  Mr.  Brandling  to  have  been  tried  in  'the 
Killingworth  pita  on  Saturday,  October  21,  181S.'  The  result,  however,  of  a  very 
carefU  examination  of  the  question  as  between  George  Stephenson  and  Humphry 
Davy  by  a  meeting  of  coal-owners,  was,  on  October  11,  1816,  a  decision  that 
the  merits  of  discovering  a  real  safety-lamp  belonged  to  Davy ;  and  on  September 
IS,  1817,  a  service  of  plate  was  presented  by  the  coal-owners  at  Newcastle,  'as 
a  testimony  of  their  gratitude  for  uie  services  you  have  rendered  to  them  and  to 
humanity.' 

Numerous  modiflcations  of  the  Davy  safety-lamp  have  been  from  time  to  time 
introduced.    A  few  of  the  more  important  must  be  named : — 

George  Stephenson  modified  his  original  plan.  His  modified  lamp  oonsistfd  of 
a  wire-gauze  cylinder  about  2^  inches  diameter,  and  about  6  inches  high,  with  a 
glass  shield  inside.  The  air  for  combustion  was  admitted  through  a  series  of  per- 
forations in  the  bottom,  and  a  metal  chimney,  full  of  small  holes,  is  flxed  inside  (m 
the  top  of  the  glass-cylinder.  The  '  Qeoidie,  as  the  Stephenson  lamp  is  familiarly 
called,  has  been  much  used  in  fieiy  collieries. 

Mr.  Smith,  of  Newcastle,  improved  this  by  covering  all  the  perforations  in  the 
metal  with  wire-gauze. 

Newman,  to  meet  the  objection  that  strong  currents  of  air,  or  of  gas,  could  be 
forced  through  the  gauze,  made  i>  lamp  with  a  double  wire-gauze,  commencing  from 
nearly  the  to{>  of  the  flame  of  the  lamp,  leaving  the  lower  portion  with  one  gaum 
only ;  there  was  no  obstruction  to  the  light,  and  it  has  not  been  found  passible  to 
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light  a  gM-flam«  bj  the  Nevnum  donbl*  gsnst-lamp,  wbenea  this  iray  be  done  by 
nadtnly  driTinff  the  flame  throogh  the  lin^e  game  of  the  Davy. 

Upton  and  &baito'  lamp,  fig.  1743.  Thii  conriata  of  a  Trire-ganze  eyUnder 
b{  inches  long  and  l\  ineh  in  diameter,  which  is  attached  to  the  cylinder  in  the 
nsnal  manner.  The  lower  half  is  protected  by  a  thick  glass-cylinder,  and  the 
remaining  portion  by  one  of  copper,  screwed  to  the  npper  ring  of  the  frame.  The  air 
for  combustion  passes  through  a  range  of  small  openings  in  the  npper  part  of  the 
cistern  into  a  space  protected  by  a  double  shield  of  closely-compressed  wire-gauze. 
A  cone  of  sheet  metal  stands  above  this  shield  and  conducts  the  air  directly  upon  the 
wick. 

Martin's  lamp  was,  in  many  respects,  similar  to  Upton  and  Boberts's,  but  so 
constmcted  that  the  flame  was  eztingnished  as  soon  as  an  explosive  mixture  was 
within  the  ^ass-eyUnder. 

Dnmesnil  sou^t  to  increase  the  quantity  of  light,  at  the  same  time  as  he 
protected  the  flame  against  any  inpid  current.     The  glass  shield  surrounding  the 


1743 


1743 


flame  is  of  carefully-annealed  glass,  and  is  protected  &om  mochanical  iignry  by  curved 
metal'  ban ;  a  chimney  of  sheet  metal  being  above  the  glass,  and  all  the  air  being 
compelled  to  pass  through  apertures  rendered  safe  by  the  use  of  wire-gause. 

Dr.  Clanny,  already  named,  introduced  a  new  laftip,  with  an  impervious  metal- 
shield,  having  glass  and  lenses  in  its  sides,  only  open  at  the  highest  part  of  the  gauze- 
cylinder  for  about  1^  inch.  Thus  there  is  no  admission  of  air  to  the  lamp,  or  of  the 
products  of  combustion  from  the  lamp,  except  over  the  top  of  the  shield.  This  in 
many  respects  resembles  Hueseler's  lamp,  to  be  next  described. 

Mueseler's  lamp  is  shown  in  section,  j!^.  1743.  The  cistern,  opening  for  the  wick. 
Sec,  are  preeiaely  the  same  as  we  find  them  in  the  Davy.  A  glass-shield  occupies 
about  two-fifths  of  the  entire  height)  the  lower  edge  resting  in  an  annular  recess  on 
the  upper  surfiice  of  the  cistern.    A  conical  tube  of  metal  carries  off  the  products  of 
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combustion.  Upon  tha  ban  wliich  protect  the  glass  rests  the  ^nm-oylinder  above  it. 
When  this  lamp  is  first  bronght  into  an  explosive  mixture  the  flame  is  first  lengthened, 
and  then  extinguished.  It  unfortunately  liappens  that  by  turning  the  lamp  on  one 
side  the  flame  is  often  put  out,  and  in  the  mines  of  Liige  boys  are  employed  to  relight 
the  extinguished  lamps.  It  is,  howeTer,  stated  that  not  less  than  13,000  of  these 
lamps  are  in  daily  use  in  Belgium. 

Combe's  and  aotyB  are  modifications  of  the  preceding. 

Parish's  lamp,  one  by  Br.  Fjtt,  and  some  others  by  Hr.  Hevitson  and  by  Mr. 
Biiam,  involTe  the  use  Of  mica  in  the  place  of  glass, 

Eloin's  lamp  consists  of  a  cylinder  fixed  upon  the  upper  surfiace  of  the  dstem 
and  the  glass-shield,  irhieh  is  pieroed  vith  seveial  holss  covered  ■with  wire.gauze, 
through  which  the  air  enters.  Am  in  Upton  and  Boberts's  lamp,  a  oone  assists  the  com> 
bustion.  A  copper  chimney  is  connected  with  the  base,  pierced  in  the  upper  end  with 
small  holes,  through  which  the  products  of  combustion  escape.  The  light  is  improved 
by  means  of  a  reflector,  which  slides  upon  the  bars,  by_  which  the  glass  is  protected. 

Dr.  Olover,  Mr.  Gail,  and  Mr.  T.  Y.  Hall  have  introduced  lamps  wnich  are  so 
similar  to  those  already  named  tiiat  they  need  not  be  described. 

Mackworth's  safety  lamp  was  oontriTed  by  one  of  the  Government  Inspectors 
of  Coal-mines,  to  meet  the  objections  raised  in  resisting  the  general  introduction  of  the 
Davy  lamp  into  fire-damp  mines.    As  the  lamp  is  not  used,  it  need  not  be  described. 

Some  other  lamps  have  been  brou^t  forward,  the  chief  purpose  being  to  prevent 
their  being  opened  by  the  miner,  Hr.  W.  P.  Strove,  of  Swansea,  constructed  an  in- 
genious safety  lamp.    The  sket<di,  fig,  1744,  will  convey  a  better  notion  of  it  than  any 


1745 


1746 


written  description;  and  it  is  only  necessary  to  add,  that  although  the  diameter  of 
the  gauze-cylinder  at  it*  base  is  considerably  more  than  that  of  the  Davy,  yet  owing 
to  the  oil-box  being  placed  within  the  gauze-cylinder,  instead  of  below  it,  and  thus 
occupying  a  considerable  portion  of  the  internal  space,  the  cubical  contents  of  the 
cylinder  do  not  exceed  that  of  an  ordinary  Davy.  The  greater  amount  of  cooling 
surface  near  the  flame,  and  the  less-obstructed  admission  of  air  thus  obtained,  renders 
it  practicable  and  perfectly  safe  to  use  a  liirger  wick  than  in  the  Davy,  whilst  the 
combustion  of  the  oil  is  much  more  perfect,  and  the  smoke  very  considerably  diminished. 
The  light  emitted  from  this  lamp  has  been  carefully  ascertained  to  be  equal  to  that 
from  three  Davys ;  and,  owing  to  the  conical  form  of  the  cylinder,  and  the  shape  of 
the  oil-box,  it  diffiises  the  light  both  upwards  and  downwards,  as  well  as  in  eveiy 
other  direction,  with  less  shadow  than  any  other  lamp  that  has  been  offered  to  the 
miner.  From  the  more  perfect  combustion,  the  consumption  of  oil  in  this  lamp  but 
slightly  exceeds  that  of  the  Davy,  while  its  simplicity  of  construction  gives  great 
fiiolities  for  keeping  it  in  order  and  for  repairs.    It  barely  weighs  1|  lb. 
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Hi.  H.  D.  PlimaoU  bM  intwdnoed  a  lamp  which  he  calls  the  Ooal-Uiners'  Double 
Safety  Lamp.  It  is  a  combination  of  the  Dayy  and  the  Clanny,  having  a  doable 
gauze  and  a  glass. 

Yates's  Hfners'  safety  lamp  will  be  tmderstood  from  the  annexed  igtae  (1 74S).  b 
is  the  body  of  the  lamp,  comprising  the  oil-reservoir,  the  fixed  wick-tube,  and  the 
moveable  wick-holder,  shown  by  the  dotted  lines  at  b.  This  is  screwed  on  to  the 
upper  part,  comprising  the  wire-gauze  chimney,  the  lens  c,  and  the  metal-reflector  D. 
The  arrangements  for  securing  this  lamp  are  very  ingenious. 

Several  arrangements  have  ttcxa  time  to  time  been  introduced,  to  prevent  the 
miners  from  opening  the  lamps.  Mr,  Bidder  inserts  a  magnetic  bar,  which  is  turned 
into  staples,  by  the  use  of  a  powerful  magnet,  and  the  lamp  cannot  be  opened  until  it 
is  again  brought  to  the  magnet,  and  the  ^es  reversed. 

The '  Bowe '  SafeU  Lamp  (fy.  1 746)  is  a  modification  of  the  '  Belume '  signal  lamp, 
and  by  the  same  author,  lb.  J.  Q.  Bowe  of  Aylesbury ;  its  object  is  to  prevent  miners 
opening  their  safety  lamps  while  alight. 

In  the  larger  tube  A  (A^.  1746)  is  placed  a  metal  bar  composed  of  brass  and  steel, 
having  a  lo<&ng  stud  on  one  side.  When  the  lamp  is  lighted  the  heat  causes  the  bar 
to  expand  differentially,  and  thereby  bends  in  the  form  of  a  bow,  so  that  the  locking 
stud  IS  forced  oat  through  the  screw-threads  which  connect  the  top  and  bottom 
part  of  the  lamp. 

The  chamber,  B,  is  to  retain  the  heat,  and  thus  prevent  miners  cooling  the  locking 
bar  by  means  of  a  wet  handkerchief,  and  the  small  ring  c  is  inserted  to  stiffen  the 
frame  and  keep  the  tube  containing  the  locking  bar  quite  rigid.  Where  glass-cylinders 
are  used,  the  locking  bar  is  placed  inside  them,  and  not  in  a  tube. 

In  practice  various  forms  are  adopted,  but  the  principle  remains  the  same,  and  may 
shortly  be  described  as  a  safbty  lamp  locked  by  heat  without  a  key ;  to  open  them  the 
light  must  be  extinguished,  when  all  danger  is  at  an  end,  and  the  metal  mune  allowed 
to  get  cold. 

SAraTT  POWl>BX.    See  EzFLOsrvB  AaxMTS. 

BATTJM'Wat,    This  dye-stuff  has  been  flilly  described.    See  CABTHAxns. 

We  imported  of  safflower  in  1878 : — 

owes*  TUQA 

From  £^t ,386  £  8,846 

British  India 9,496  67,924 

Other  oonntries      .....         246  1,575 

Total  .....    10,076  £68,846 


STBXira.    See  CALzco-FBii(mn>. 

This  interesting  dye  has  been  lately  investigated  by  Hofmann 
and  Oeyger.  The  sample  upon  which  they  operated  was  obtained  from  the  establish- 
ment of  Tillman,  at  Crefeld.  It  is  sometimes  sold  as  a  solid  paste,  and  sometimes  as 
a  yellowish-red  powder,  containing  the  chloride  of  a  colourable  base  in  addition  to 
carbonate  of  lime  and  (jiloride  of  calcium.  The  true  colour  is  extracted  by  boiling 
the  }>aBte  and  filtering  the  solution  when  hot.  On  cooling  it  deposits  a  crystalline 
matter  which,  after  repeated  re-crystallisation,  leaves  no  fixed  residue.  With  each 
solution  it  becomes  less  perfectly  oystalline  and  loses  chlorine.  The  addition  of 
hydrochloric  acid  restores  the  form,  and  is  necessary  to  obtain  normal  salts.  The 
chloride  of  sof&anine  is  soluble  in  water  and  alcohol,  especially  when  hot,  but  insoluble 
in  ether  and  in  saline  solutions.  The  solutions  are  of  a  deep  orange,  and  strongly 
fluorescent.  Its  composition  was  found  to  be :  Carbon  68'82,  hydrogen  6°09,  nitrogen 
15*34,  chlorine  10-23.  Saffranine  cannot  be  obtained  as  a  free  base  by  precipitation 
with  alkalis,  as  it  is  re-dissolved  on  dilating  with  water.  It  is  best  prepared  by 
treating  its  chloride  with  the  oxide  of  silver :  it  is  thus  obtained  as  an  orange  liquid^ 
'  giving  on  concentration  reddish-brown  crystals.  When  dried  at  212°  they  have  a 
green  metallic  Itistre.  They  dissolve  in  water  and  alcohol,  but  not  in  etJier.  On 
adding  strong  hydrochloric  or  sulphuric  add  to  the  solutions  of  its  salts,  the  red-brown 
colour  of  the  liquid  changes  to  a  fine  violet,  which  on  adding  more  acid  changes  to  a 
deep  blue,  then  to  a  deep  green,  and  lastly  to  a  light  green.  Anilines  of  a  high 
boiling-point  are  best  adapted  for  its  preparation.  It  may  be  obtained  by  treating 
them  with  a  mixture  of  nitrous  and  arsenic  acids,  but  the  yield  is  small.  The  best 
results  were  obtained  by  the  anthors  with  chromic  acid  acting  upon  a  liqoid  tolnidlne 
at  198°^ 

BJLmuaK.  (8(^ran,  Fr.  and  0er.)  The  leaves  of  the  safion  crocus.  Say 
taffron  is  the  only  kind  now  found  in  the  shops ;  eaie  saffron  rarely  containing 
any  of  that  flower.  Say  tafron  consists  of  the  stigmas  with  port  of  the  style  <^ 
the  flowers,  which  have  been  very  carefolly  dned.    Spanish  samon  is  Uie  best  which 
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U  importad.  It  is  itated  that  4,820  floveis  an  required  to  produce  an  ounce  of  soiBmi. 
Tme  cake  Bafiron,  no  longer  to  be  fonnd,  was  a  filamentouB  cake,  composed  of  the 
stigmas  of  the  flowers  of  the  Crocui  aatima.  It  is  now,  however,  generally  the  leares 
of  the  safflower  {Cttrlhanuu  Hnotormt).  Tmesa£h>n  contains  a  yellow  matter,  called 
polyeMrmle,  because  of  its  being  susceptible  of  anmarons  changes  of  colour.  This  is 
obtained  by  evaporating  the  watery  infusion  of  saffinm  to  the  consistence  of  an  extract, 
digesting  the  extract  with  alcohol,  and  concentrating  the  alcoholic  solution.  The 
pMTchroite  remains  in  the  form  of  a  brilliant  mass,  of  a  scariet  red  colour,  transparent, 
and  of  the  ooosistence  of  honey.  It  has  no  smell,  with  the  bitter  pungent  taste  of 
■afion.  It  is  slightly  soluble  in  water ;  and  if  it  be  store-dried  it  deliquesces  speedily 
in  the  air.  According  to  II.  Henry  pire,  polychroite  consists  of  80  pails  of  colouring- 
matter,  combined  with  20  parts  of  a  volatile  oil,  which  cannot  be  separated  hy 
distillation  till  the  colouring-matter  has  been  combined  with  an  alkali.  Light  blanches 
the  reddish-yellow  of  safion,  even  when  it  i>  contained  in  a  full  phial  well  corked. 
Polychroite,  when  combined  with  &t  oils,  and  subjected  to  dry  distillation,  aSbrds 
ammonia,  which  shows  that  nitrogen  is  one  of  its  constituents.  Sulphuric  acid  colours 
ths  solntion  of  polychroVte  indigo-blne  with  a  lilac  cast ;  nitric  acid  turns  it  green,  of 
Tsrious  shades,  according  to  we  state  of  dilution.  Fiotochloride  (muriate)  of  tin 
produces  a  reddish  predpitata. 

Saffiron  is  employed  in  cookery.  It  is  also  used  to  colour  confectionery  articles, 
liqueurs,  rsmishes,  and  espedally  cakes  in  the  west  of  England.  It  was  formerly 
used  to  such  an  extent  in  Cornwall,  that  that  one  county  consumed  more  safSran 
than  all  the  rest  of  England. 

•AOAVaaUM.  A  gum-resin  derived  from  an  umb^lifetons  plant  supposed  to 
be  a  native  of  Persia.  It  is  occasionally  used  instead  of  gum  galbenum.  See  Dr. 
Fereira's  '  Elements  of  Materia  Medica.' 

IIAOOM.  A  day  case  of  a  cylindrical  shape,  in  which  porcelain  or  earthenware 
goods  are  placed  in  the  kiln  to  protect  them  from  the  immediate  contact  of  the  flame 
and  smoke.    See  Fottkbt. 

•AOO  (Saffou,  Fr. ;  Saoo,  Ger.)  is  a  species  of  starch  extracted  from  the  pith  of 
the  sago-palm,  a  tree  which  grows  to  the  height  of  SO  feet  in  the  Moluccas  and  the 
Philippines.  The  tree  is  cut  down,  cleft  lengthways,  and  deprived  of  its  pith,  which 
being  washed  with  water  upon  »  sievA  the  starchy  matter,  comes  out,  and  soon  forms 
a  deposit.  This  is  dried  to  the.oonsistence  of  dough,  pressed  through  a  metal  sieve  to 
com  it  (which  is  called  pearling),  and  then  dried  over  the  fir«  with  agitation  in  a  shallow 
copper  pan.  Sago  is  sometimes  imported  in  the  pulverulent  state,  in  which  it  can 
be  distinguished  from  arrowrqot  oiily  by  microscopic  examination  of  its  particles. 
These  are  uniform  and  spherical,  not  unequal  and  ovoid,  like  those  of  arrowroot. 
In  this  state  it  is  known  as  sago-meal.  A  factitious  sago  is  prepared  in  France  and 
Germany  with  potato-starch. 

Of  sago  and  sago-flower  we  inytorted  in  I87S : — 

owls.  value 

Fiomlionieo 10,137  £    8,892 

Straito  SettlemenU      ....    279,768  221,798 

Other  countries 8,276  6,367 


Total      ...       . '  298,179  ^37,067 

O&OTH.    A  hemp  fabric,  mano&cturod  largely  at  Dundee, 
r  lOVATXVS'B  BM&irs.    The  seeds  of  a  climbing  plant,  native  of  the 
Philippine  Islands,  supposed  to  be  a  species  of  Sttychno$.    These  beans  are  sometimea 
used  instead  of  Nux  vomica.    See  Dr.  Fereira's  '  Elements  of  Materia  Medica.' 

SAK  ftWftTUB.  A  mixture  of  carbonate  of  soda  and  salt  is  so  called  in  the 
United  States.  It  is  employed  in  making  pastry  and  bread,  mixed  with  a  little  cream 
of  tartar  or  tartaric  acid. 

SAK-AMMOiriAC.    See  Amkomiux,  Chlobidb  of. 

SAUUUTOn.    A  variety  of  corundum.    See  Sapphiss. 

B  A  Ii  A  ft  CI  Air  A.    See  AuajB  and  Swaixow,  Escnuurr. 

•AXxmacOM.  Crude  sulphate  of  potash  obtained  in  the  mannfhctare  of  nitric 
acid. 

BAXaVf  or  BAXOW,  is  the  name  of  the  dried  tuberous  roots  of  the  Orckit,  im- 
ported from  Persia  and  Asia  Minor,  which  are  the  product  of  a  great  many  species 
of  the  plant,  but  especially  of  the  Orchis  Tnaseula.  Salep  occurs  in  commerce  in  small 
oval  grains,  of  a  wiiitish-yellow  colour,  at  times  semi-transparent,  of  a  homy  aspect, 
very  hard,  with  a  faint,  peculiar  smell,  and  a  taste  like  that  of  gum-tragacanth,  but 
slightly  saline.  These  are  composed  almost  entirely  of  starchy  matter,  well  adapted 
for  majdng  a  thick  pap  with  water  or  milk,  and  are  hence  in  great  repute  in  the 
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LeTsnt,  ai  mtorers  of  the  animal  forces.    Semolina  is  sometimes  sold  nndei  tUs 
name. 

UJLUtaXMM  is  a.  substance  vhich  may  be  obtained  in  irhite  pearly  crystals  from 
the  bark  of  the.whits  willow  {Salix  alba),  of  the  aspen  tree  {SiUix  haix),  as  also  of 
some  other  willows.  It  has  a  very  bitter  taste.  It  has  been  employed  for  the 
porpose  of  adulterating  the  sulphate  of  quinine.  Its  composition  is  <7*H"0" 
(0'»K'«o'),  quinine  being  C"H"N'0'.  The  presence  of  nitrogen  in  the  latter  rendeni 
the  ealicine  essentially  different  in  its  chemical  as  in  its  medicinal  relations.  It  is 
said  to  be  almost  a  specific  against  sea-siclmess. 

S AXi  BKAJtzn  is  common  salt  (chloride  of  sodium).    See  Salt,  Ssa. 
is  protosnlphate  of  iron, 
is  sulphate  of  sdda. 
is  fused  nitre  cast  into  cakes  or  balls. 

■All  VOXl&TUB  is  carbonate  of  ammonia. 

BA&Ti  BPSOK,  is  sulphate  of  magnesia. 

BA&T,  nrsZBIiX,  is  phosphate  of  ammonia. 

SASnr,  OUlllBn'8,  is  snlphate  of  soda. 

BAXiT,  OXt&BnUt'B,  is  sulphate  of  potash. 

BAXiT,  MZCBOCOSMZC,  is  the  triple  phosphate  of  soda  and  ammonia, 

BA&T  OF  AXSBK  is  succinic  add. 

BA&T  or  TiimfintT  is  sulphate  of  potash. 

■AXiT  OF  uncom  is  dtric  acid  and  binozalate  of  potash. 

■AXiT  OF  SATDlUr  is  acetate  of  lead. 

BAST  OF  SOB  A  is  carbonate  of  soda, 

BAIT  OF  SOURm  is  binozalate  of  potash. 

BAXT  OF  TASTAS  u  carbonate  of  potash. 

BAXiT  OF  TUB  is  protochloride  of  tin. 

BAXT  OF  VZTBXO&  is  sulphate  of  zinc. 

SAU?  FBIUATB  is  phosphate  of  soda. 

SAXTFBTUB  is  nitre,  or  nitrate  of  potash,  which  see. 

BAXT,  SOCK,  B8A,  or  OWaUkXT,  {^CMorure  de  sodium;  Hydroehlorate 
de  soude,  "Px. ;  Salz,  Chlornatrium,  Ger.)  These  terms  are  used  to  designate  difTerent 
fonns  of  a  substance  which  is  composed,  chemically  speaking,  of  single  equivalents 
of  sodium  and  chlorine,  or  of  39'4  parts  of  sodium  and  60-S  of  chlorine  in  100 
t^arts  by  height :  it  is  known  chemically  as  chloride  of  sodium  and  fSrmerly  as  muriate 
of  soda. 

Chloride  of  sodium  generally  occurs  crystallised  in  the  cube,  and  occasionally  in 
other  forms  belonging  to  the  regular  ^stem ;  among  these  varieties,  the  octahedion, 
the  cubo-octahedron,  and  the  dodecahetuon,  have  been  observed ;  but  there  is  another 
which  at  first  sight  appears  singnlar,  and  deserves  notice  on  account  of  its  frequent 
occurrence.  It  is  called  the  funnel-  or  hopper-shaped  crystal,  and  is  a  hollow, 
rectangular  pyramid,  forming  on  the  surface  of  a  saline  solution  in  the  course  of  its 
evaporation :  it  appears  to  commence  with  the  formation  of  a  small  floating  cube, 
to  the  edges  of  the  upper  face  of  which  lines  of  other  little  cubes  attach  themselves 
by  the  edges  of  their  lower  f^s.  By  a  repetition  of  this  proceeding,  the  sides  of  a 
hollow  pyramid  are  formed,  the  apex  of  which,  the  single  cubical  crystal,  is  down- 
ward :  the  crystal  sinks  by  degrees  as  the  aggregation  goes  on  above,  until  a  pyramidal 
boat  of  considerable  size  is  constructed.  . 

The  crystals  of  chloride  of  sodium  are  anhydrous,  but  generally  contain  a  little 
water  entangled  in  their  interstices,  the  expansion  of  which  causes  them  to  decrepitate 
when  heated.  This  salt  is  fusible  at  a  red  heat,  and  at  a  white  heat  volatilises.  Its 
crystals  are  white,  frequently  perfectly  transparent,  of  a  specific  gravity  of  2'13,  and 
a  hardness  of  2-S.  A  remarkable  feature  in  this  salt  is,  that  its  solubility  in  water 
increases  but  slightly  as  the  temperature  of  the  latter  is  raised,  for,  according  to  the 
experiments  of  M.  Gay-Lussac,  100  parts  of  water  dissolve 

35'81  parts  of  the  salt,  at  a  temperature  of   67'0°  Fahr. 
85-88  „  „  62-6°     „ 

37-U  „  „  1400»     „ 

40-38  „  „  229-6''     „ 

This  most  be  understood  to  apply  only  to  the  pore  substance,  for  the  presence  of  other 
salts  frequently  increases  its  solubility. 

Chloride  of  sodium,  when  perfectly  colourless  and  transparent,  is  perfectly  dia- 
thermanous,  t.«.,  it  allows  the  rays  of  heat  to  pass  through  its  substance  almost 
without  perceptible  interception.  It  stands  first  amongst  solid  bodies  in  this  respect, 
all  others  absorbing  a  very  considerable  portion  of  the  heat  which  passes  through 
them,  and  some  almost  the  whole  -. — 
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The  eonree  of  heat  in  these  experiments  -was  red-hot  |JatiQam. 

Chloride  of  sodinm  occurs  in  nature  chiefly  in  two  forms,  either  as  rook-Ealt,  form- 
ing eztensire  deposits,  or  disseminated  in  minute  quanta^  through  the  mass  of  Uie 
strata  which  form  the  earth's  crust.  Water  penetrating  the  layen  of  rock-salt,  and 
exerting  there  a  solvent  action,  gives  rise  to  the  biine  springs  which  are  found  in 
various  countries ;  -whilst  streams  and  rivers  dissolving  the  same  substance  out  of  the 
strata  through  which  they  flow,  cany  it  down  to  the  sea,  where  it  constitotes  the 
principal  saline  ingredient  in  the  waters  of  the  ocean. 

Even  in  mass,  as  rock-salt  (&{  gemmt,  Fr. ;  SteuuaU,  Ger.),  this  snbetanoe 
possesses  a  cirstalline  structure  derived  from  the  cube,  which  is  its  primitive  form. 
It  has  generally  a  foliated  texture,  and  a  distinct  cleavage,  but  it  has  also  sometimes 
a  fibrous  stmcture.  Its  lustre  is  vitreous,  and  its  streak  white.  It  is  not  so  brittle 
as  nitre;  its  hardness  —  2'6,  which  is  nearly  that  of  alum;  a  little  harder  than 
gypsum,  but  softer  than  calcareous  spar.  Its  specific  gravity  varies  between  2-1  and 
2*257.  It  is  white,  occasionally  colourless,  and  perfectly  transparent,  but  usaallv  of 
a  yellow  or  red,  and  more  rarely  of  a  blue  or  purple  tinge.  A  few  analyses  will  snow 
the  general  purity  of  this  substance. 
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The  principal  impurities  occurring  in  rock-salt  are  sulphate  of  lime,  oxide  of  iron 
and  clay,  but  the  chlorides  of  potassium,  calcium,  and  magnesium,  the  sulphates  of 
soda  and  magnesia,  and  bituminous  matters,  are  sometimes  found  in  it ;  and  occasion- 
ally shells,  and  insect  and  infusorial  remains,  exist  enclosed  in  the  mass.  To  the 
presence  of  infusoria,  indeed,  is  attributed  the  red  or  green  colour  with  which  some 
varieties  are  tinted,  which,  upon  analysis,  are  found  to  be  absolutely  pure  chloride  of 
sodium,  as  in  the  case  of  the  second  specimen  quoted  in  the  above  table.  Carburetted 
hydrogen  gas  in  a  state  of  strong  compression  is  met  with  in  some  varieties,  and 
these  when  dissolved  in  water  emit  a  peculiar  crackling  sound,  caused  by  the 
expansion  and  escape  of  the  confined  gas. 

The  geological  position  of  rock-salt  is  very  variable ;  it  is  found  in  all  sedimentair 
formations,  £rom  the  paleozoic  to  the  tertiaty,  and  is  generally  intetstratifled  with 
gypsum,  and  associated  with  beds  of  clay,  when  the  latter  is  present  in  large 
quantity,  the  term  '  saliferons  clay '  is  applied  to  the  deposit  The  great  British 
deposits  of  salt  in  Cheshire  and  Worcestersiure  are  found  in  the  New  Bed  Sandstone. 
At  Northwich,  in  the  Vale  of  the  Weaver,  the  rock-salt  consists  of  two  beds,  which  are 
not  lees  than  100  feet  thick,  and  axe  supposed  to  constitute  large  insulated  masses, 
about  a  mile  and  a  half  long,  and  nearly  1,300  yards  broad.  There  are  other  depodts 
of  rock-salt  in  the  same  valley,  but  of  inferior  importance.  The  uppermost  bed  occurs 
at  76  feet  beneath  the  surface,  and  is  covered  with  many  layers  of  indurated  red,  blue, 
and  brown  clay,  interstratified  more  or  less  with  gypsum,  and  interspersed  with  argil- 
laceous marl.  The  second  bed  of  rock-salt  lies  at  31^  feet  below  the  first,  being  sepa- 
rated Arom  it  by  layers  of  indurated  clay,  with  veins  of  rock-salt  running  between  them. 
The  lowest  bed  of  salt  was  excavated  to  a  depth  of  1 10  feet,  several  years  ago.  Hany 
of  the  German  deposits  of  rock-salt  occur  in  their  Bimter  SandtMn,  which  is  the  re- 
presentative of  part  of  our  New  Bed  Sandstone,  and  is  so  called  because  its  colours  vaiy 
from  red  to  salmon  and  chocolate.  In  the  Austrian  Alps  salt  is  foond  in  oolitic  lime- 
stone ;  at  Cardonna,  in  Spain,  in  tbegreensand ;  and  the  famous  mines  of  Wieliczka,  in 
Galicia  (excavated  at  a  depth  of  880  feet,  in  a  layer  600  miles  long,  20  broad,  and 
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1,200  feet  deep),  it  occois  in  teitiiuy  strata.  Bnt  in  addition  to  them  concealed  deposits^ 
this  substance  piesents  itself  in  vast  masses  npon  many  parts  of  the  earth's  surface : 
in  the  high  lamia  of  Asia  and  Africa  are  often  extensive  -wastes,  the  soil  of  which  is 
eorered  uid  impregnated  with  salt,  which  has  never  been  enclosed  by  superimposed 
deposits;  near  Lake  Oroomiah,  in  the  K.W.  of  Persia,  it  forms  hills  and  extended 
plains ;  it  abonnds  in  the  neighbourhood  of  the  Caspian  Sea,  and  penetrates  the  entire 
soil  of  the  steppes  of  the  sonUi  of  Bnssia.  ' 

The  beds  (^  rock-salt  are  sometimes  so  thick,  as  at  Wioliczka  and  Korthwich,  that 
they  have  not  yet  been  sank  through,  although  mined  for  many  centuries ;  but  in 
ordinary  cases  the  thickness  of  the  layers  varies  from  an  inch  or  two  to  ten  or  fifteen 
yards.  When  the  strata  are  thin,  uiey  are  usually  nnmerons,  and  tiiroughont  a 
certain  extent  parallel ;  bnt  when  explored  at  several  points  snch  enlargements  and 
diminutions  are  observed,  as  to  destroy  this  appeaiaoce  of  parallelism. 

It  has  been  remarked  that  the  plants  which  generally  grow  on  the  sea-shore,  snch 
as  the  TUglocAin  martiimum,  the  SaUeomia,  tixe  SaUola  Kali,  the  Aster  tr^folittm,  or 
'  farewell-to-summer,'  the  Glmue  marUima,  Ssc.,  occur  also  in  the  neighbourhood  of  salt- 
mines and  salt  springs,  even  of  those  which  are  most  deeply  buried  beneath  the  sur&ce. 
It  is  also  generally  found  that  the  interior  of  salt-mines  is  extremely  dry,  so  that  the 
dust  produced  in  the  workings  becomes  an  annoyance  to  the  miners,  though  in  other 
respects  the  excavations  are  not  insalubrious. 

Much  discussion  has  been  raised  concerning  the  origin  of  these  rock-salt  deposits ; 
some  asserting  that  they  were  the  result  of  igneous  agency,  and  others  that  they  have 
been  in  every  case  deposited  horn  solution  in  water.  The  great  argnment  in  favour  of 
the  former  view  appears  to  rest  upon  the  fact,  that  chloride  of  sodium  and  Eydrochloric 
acid  gas  are  among  the  substances  erupted  by  volcanoes ;  whilst,  on  the  other  hand,  it 
is  urged  that  the  specimens  of  erupted  chloride  of  sodium  which  have  been  analysed 
always  differ  much  from  rock-salt,  since  they  contain  a  large  amount  of  chloride  of 
potassium ;  and  in  addition  to  this,  the  frequent  occurrence  of  bodies  such  as  bitumen 
and  organic  remains,  and  of  cavities  containing  liquids,  and  in  some  cases  gases,  in 
almost  all  varieties  of  rock-salt,  are  held  to  furnish  indisputable  proof  of  the  deposi- 
tion of  this  substance  £rom  its  aqueous  solution.  The  occurrence  of  sandstone  pseu- 
domorphs  in  the  cubical  form  of  rock-salt,  also  favours  this  opinion  ;  and  so  also  does 
the  general  character  of  these  deposits ;  they  are  usually  lenticular,  or  irregularly- 
shaped  beds,  having  a  ^reat  horizontal  extension,  and  bnt  rarely  occur  in  the  form 
of  dykee,  or  masses  filhng  vertical  fissures,  which  is  the  usual  form  assumed  by  a 
molten  mass  projected  upwards  from  the  interior  of  the  earth.  The  method  of  its 
formation  was,  according  to  those  who  hold  the  aqueous  theory,  somewhat  as  follows: — 
A  sea,  such  as  the  Hediterranean,  is,  by  an  elevation  of  the  land  at  Gibraltar,  cut  off 
ftom  communication  with  the  ocean ;  the  rate  of  evaporation  from  its  sur&ce  is 
greater  than  the  supply  of  water  by  rain  and  rivers,  consequently  the  amount  of  salts 
which  it  holds  dissolved,  increases;  now  chloride  of  sodium  is  the  principal  saline 
constituent  of  sea-water,  and  Bischof  s  experiments  have  shown  that  when  a  solution 
of  this  salt  is  allowed  to  be  at  rest,  the  particles  of  salt  sink,  so  that  the  lower 
layers  soon  become  more  saturated  than  the  upper ;  concentration  is  then  supposed  to 
go  on  until  at  the  undisturbed  bottom  of  this  inland  sea  a  saturated  solution  of  chloride 
of  sodium  exists,  from  which  masses  of  rock-salt  are  slowly  deposited.  Its  great 
purity  is  accounted  for  by  the  fact,  that  the  other  salts  existing  in  sea- water  are  either 
for  less  or  far  more  soluble  than  chloride  of  sodium ;  thus  the  carbonate  and  sulphate 
of  lime  would  be  almost  wholly  precipitated  bafbre  the  solution  became  sufficiently 
concentrated  to  deposit  rock-salt,  whilst  at  that  degree  of  concentration  the  sulphate 
and  chloride  of  magnesium  would  still  remain  for  the  most  part  in  solution. 

The  principal  European  mines  of  rock-salt  are  those  of  Wielicdu  in  Galida, 
excavated  at  a  depth  of  860  feet  below  the  soil ;  at  Hall  in  the  Tyrol,  and  along  the 
mountain  range  through  Aussee,  in  Styria,  Ebensee,  Ischl,  and  Hallstadt,  in  Upper 
Austria ;  Hallein  in  ^eburg,  3,300  feet  above  the  sea  level,  and  Eeichenthal  in 
Bavaria;  in  Hungary,  at  Harmoros;  in  Transylvania  and  Wallachia;  at  Vic  and 
Dieoae  in  France ;  at  Bex,  in  Switzerland ;  in  the  Valley  of  Cardonna,  and  elsewhere, 
in  Spain ;  and  in  the  region  around  Northwich,  in  Cheshire,  in  our  own  country. 
Some  of  these  deposits,  as  at  Wieliczka  and  Korthwich,  are  almost  pure  chloride  of 
sodium ;  others,  again,  as  many  of  the  Austrian  beds,  are  only  saliferous  clay  ;  whilst 
others,  as  at  Arlxmne  in  Savoy,  elevated  7,200  feet  above  the  level  of  the  sea,  and  in 
tlw  region  of  perpetual  snow,  are  masses  of  saccharoid  gypsum  and  anhydrite,  which 
are  imbued  with  chloride  of  sodium,  and  which  become  quite  light  and  porous  when 
the  salt  has  been  removed  hj  water. 

Of  late  years  valuable  saline  deposits  have  been  discovered  and  are  actively  worked 
in  the  neighbourhood  of  Stassfurt,  in  Prussian  Saxony,  and  in  the  adjoining  duchy  of 
Anhalt    The  rock-salt  which  occurs  at  a  considerable  depth  from  the  surface,  is  hen 
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overlain  by  a  great  thickness  of  mixed  salts,  rich  in  compounds  of  potash  and  mag- 
nesia, (See  Abiuitx  Salts  ;  Potash.)  It  is  notable  that  the  order  in  which  these 
Taiious  salts  are  suparpoeed  upon  each  other  is  precisely  the  older  of  their  relatirs 
solubility,  and  hence  the  conclusion  that  the  whole  deposits  represent  the  salts  left  by 
eraporation  of  the  waters  of  a  great  salt-lake. 

The  natural  transition  from  the  consideration  of  these  strata  of  rock-salt  is  to  thoss 
brine  springs  which  generally  accompany  them,  and  which  hare  frequently  first 
called  attention  to  the  deposits  below.  It  has  been  noticed  that  salt  springs  issue,  in 
general,  from  the  upper  portion  of  the  saliferous  strata;  cases,  howerer,  occur  in 
which  the  brines  are  not  accompanied  by  rock-salt,  and  in  which,  therdbre,  their 
whole  saline  contents  must  be  derived  Arom  the  ordinary  constituents  of  the  strata. 
Thus,  in  £nglsnd,  besides  the  strong  brines  of  the  New  Bed  Sandstone,  we  have  salt 
springs  issuing  irom  the  carboniferous  rocks.  The  purest  and  most  satunited  brines 
are,  however,  found  to  be  those  which  can  be  traced  to  rock-salt  beds,  and  in  the 
foremost  rank  of  these  stand  the  English  springs  of  the  Northwich,  Hiddlewich,  and 
Sandbach  districts  in  Cheshire ;  of  Droitwich  and  Stoke  in  Worcestershire ;  and  of 
Weston  and  Shirleywich  in  Staffordshire ;  and  the  continental  brines  of  Wiirtemberg 
and  Cmasian  Saxony.    The  following  is  the  composition  of  these  saturated  brines :— 
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Compared  with  these  may  be  some  weaker  and  less  pure  brines,  which  rise  from 
other  geological  formations.  The  brines  in  the  United  States  come  for  the  most  part 
from  Silurian  sandstones,  but  those  in  the  Alleghany  Honntains  spring  from  the 
coal ;  and  tJie  weak  salt  springs  of  Nsnheim  and  Homburp;,  which  can  only  be  called 
brines  because  chloride  of  sodium  is  theix  largest  consbtuent,  rise  from  palseozoic 
strata.     (See  Table  at  top  of  next  page.) 

These  weak  salt  springs  are  supposed  to  have  no  connection  with  beds  of  rock- 
salt,  but  to  obtain  their  chloride  of  sodium,  in  common  with  the  other  salts  wliich  they 
contain,  from  the  strata  which  they  permeate.  The  singular  brines  of  the  AUeghany 
Mountains  most  obviously  pass  through  strata  containing  little  if  any  soluble  sulphate, 
otherwise  their  chloride  of  barium  would  be  separated  as  insoluble  sulphate  of  baryta ; 
and  all  indeed  may  be  regarded  as  coming  more  under  the  head  of  ordinary  minwal 
waters,  which  happen  to  contain  rather  a  large  quantity  of  chloride  of  sodium. 

The  next  source  of  chloride  of  sodium  which  demands  notice  is  found  in  the  inland 
seas,  salt  lakes,  pools,  and  marshes,  which  have  their  several  localities  obviously 
independent  of  peculiar  geological  formations.  They  appear  to  owe  their  origin  to 
two  causes,  being  due,  first,  to  the  formation  of  lakes  upon,  and  the  passage  of  rivers 
through,  some  of  the  surface  deposits  of  salts  already  alluded  to ;  and,  secondly,  by  the 
cutting  off  of  a  portion  of  the  ocean  by  the  elevation  of  the  land,  and  the  consequent 
formation  of  an  inland  lake.  To  the  former  cause  are  probably  due  the  existence  of 
the  Lake  Oroomiah  in  the  N.W.  of  Persia,  the  numerous  brina  pools  of  Southern 
BoBsia,  and  the  Qreat  Salt  Lake  of  N.  America.    The  lake  Oroomiah  is  82  mile* 
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long  by  24  wide,  and  elevated  4,000  feet  above  the  level  of  the  sea ;  it  is  sunonnded, 
especially  on  the  east  and  north,  by  some  of  the  most  remarkable  sur&ce-deporits  of 
lock-salt  in  the  world,  and  through  these  salt  streams  are  continually  flowing  into  the 
lake.  The  Bussian  brine  pools  are  situated  in  the  salt-impregnated  steppe  between 
the  rivers  Ural  and  Wolga,  and  doubtless  derive  their  saline  oonstitnents  from  thence. 
The  Oreat  Salt  Lake  is  a  saturated  solution  of  almost  pure  chloride  of  sodium,  but 
whence  the  salt  is  derived  appears  at  present  to  be  but  a  matter  of  coiuacture.  To 
the  second  cause  the  origin  of  the  Bead  Sea  is  frequently  attributed  ;  its  surfiice  is 
about  1,300  feet  below  tnat  of  the  Mediterranean,  and  it  is  thought  to  have  lost  a 
column  of  water  of  that  height  by  evaporation.  The  Crimean  lakes  also  have  pro- 
bably originated  thus. 

Bischof  has  shown  that  in  proportion  as  chloride  of  magnesium  increases  in  a 
solution,  it  renders  chloride  of  sodium  and  sulphate  of  lime  more  and  more  insoluble ; 
he  is  therefore  of  opinion  that  at  the  bottom  of  the  Dead  Sea,  and  similar  lakes,  an 
impure  rock-salt  deposit,  iuterstratified  also  with  mud,  is  forming,  similar  to  th« 
saliferous  clays  or  clayey  marls  which  are  frequently  met  with  on  the  Continent. 

Culinary  salt  is  prepared  £rom  each  of  the  four  sources  above  mentioned.  It  bnt 
rarely  happens  that  rock-salt  is  sufficiently  pnra  for  immediate  use,  and  when 
employed,  as  in  some  places  on  the  Continent,  and  formerly  in  Cheshire,  it  is  dissolved 
in  water,  the  insoluble  impurities  allowed  to  subside,  and  the  solution  treated  as  a 
concentrated  brine.  From  its  other  sources,  salt  is  obtained  by  evaporation,  and  thia 
is  effected  in  two  ways :  1.  Entirely  by  the  application  of  artificial  heat ;  2.  By 
natural  evaporation  preceding  the  application  of  artificial  heat 

The  first  method  is  employed  invariably  in  this  country,  and  also  on  the  Continent 
when  the  brines  contain  more  than  16  or  20  per  cent  of  chloride  of  sodium,  the  cost' 
of  fuel  at  different  places  of  course  regulating  the  application  of  this  method.  The 
manufacture  of  salt  at  Droitwich  in  Worcestershire,  is  said  to  have  existed  in  the 
time  of  the  Komans,  and  in  Cheshire,  the  '  Wichcs '  (Nantwich,  &c)  were  very  pro- 
ductive in  the  reign  of  Edward  the  Confessor.  Some  time  elapsed  before  the  meUiod 
of  evaporation  was  devised,  and  the  original  mode  of  obtaining  the  salt  was  by  pouring 
the  bnne  upon  the  burning  branches  ^  oak  and  hazel,  from  the  ashes  of  which  the 
deposited  salt  was  afterwards  collected.  The  process  of  evaporation  was  first  conducted 
in  small  leaden  vessels,  which  were  afterwards  exchanged  for  iron  ones,  having  a  sur- 
face of  about  a  square  yard  and  a  depth  of  six  inches ;  the  size  of  tiiese  pans  increased 
but  slowly,  for  only  a  century  since  the  largest  pans  at  Northwich  were  but  20  feet 
long  by  10  broad.  The  pans  now  in  use  in  Cheshire,  Worcestershire,  and  Staffiirdshiie 
have  a  length  of  60  or  70  feet,  with  a  width  of  from  20  to  25,  and  a  depth  ot  about 
18  inches;  they  are  made  of  stout  iron  plates  riveted  together,  are  supported  on 
brickwrirk,  and  have  from  one  to  three  furnaces  placed  at  one  end,  the  flues  of  which 
are  in  immediate  contact  with  the  bottom  of  the  pan.  The  brine  is  generally  raised 
by  steam-power,  and  its  supply  appears  inexhaustible.  The  shafts  are  lined  with 
wooden  or  iron  casings  to  prevent  the  admixture  of  freshwater  springs  with'the  brine ; 
the  depth  of  tho  borings  is  in  Cheshire  usually  from  210  to  250  feet,  but  at  Stoke,  in 
Worcestershire^  a  shaft  of  225  feet  was  constructed,  yet  no  satisfactory  supply  of  brina 
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obtained  nntil  a  ftirtlier  barioff  of  848  feet  vas  made.  At  Sioitwioh  the  boringi  are 
only  to  a  depth  of  175  feet,  and  so  abnndant  is  the  supply  of  brine,  that  if  the  pomps 
cease  -working,  it  speedily  rises  to  vithin  nine  feet  of  the  surface,  and  if  left  unremoTed 
soon  overflovrs.  The  freedom  of  the  brine  from  dilation  by  fresh-water  springs  is  from 
time  to  time  tested  by  the  hydrometer.  From  the  pumps  Uie  brine  is  directly  conreyed 
by  means  of  pipes  to  reserroirs,  from  -which,  as  the  evaporation  proceeds,  it  is  admitted 
into  the  pans.  As  the  -water  is  vaporised,  the  salt  is  deposited  and  falls  to  the  bottom 
of  the  pan ;  it  is  then  drawn  to  the  sides  by  the  -workmen,  until  a  heap  is  accumulated, 
and  from  this  portions  are  ladled  out  into  rectangular  -wooden  boxes  with  perforated 
bottoms,  allowed  to  drain  and  solidify,  removed  from  the  boxes,  and  placed  in  the 
di^ng  room ;  the  salt  of  coarser  grain  is  simply  drained  roughly  in  baskets  and 
dried.  The  grain  of  the  salt,  i.e.  its  occurrence  in  larger  or  smaller  crystals,  is  entirely 
the  effect  of  temperature ;  the  fine-grained  or  table  salt  is  produced  by  rapid  heating, 
and  is  formed  at  that  end  of  the  pan  next  the  fireplace ;  the  coarse  or  bay-salt  is 
formed  by  the  slow  evaporation  which  goes  on  at  the  other  end ;  whilst  an  intermediate 
variety,  common  salt,  is  produced  in  the  middle,  A  pan  may  sometimes  be  slowly 
evaporated  for  the  express  purpose  of  obtaining  bay-salt. 

^  In  the  preparation  of  salt  -various  substances  have  been  added  to  the  brine,  -with  a 
view  of  improving  the  quality  of  the  product :  these  have  been  chiefly  bodies  containing 
albnminous  matters,  which,  coagulating  upon  the  application  of  heat,  entangle  all  solid 
impurities  and  cany  them  to  Uie  sur&ce ;  blood,  white-of-egg,  glue,  and  calves'  feet 
have  thus  been  extensively  used.  There  is  also  another  class  of  substances  employed 
for  a  different  purpose.  When  a  concentrated  solution  of  any  saline  matter  is  evaporated, 
much  annoyance  is  caused  by  a  layer  of  the  solid  salt  forming  on  the  surface  of  the 
liquid  and  impeding  evaporation :  this  is  called  a  '  pellicle' ;  to  obviate  this,  and 
to  avoid  the  loss  of  labour  entailed  by  constant  stirring,  oils,  butter,  or  resin,  have  been 
added  to  the  brine.  The  effect  of  the  latter  is  said  to  be  perfectly  magical,  the  intro- 
dnctiou  of  a  very  few  grains  being  amply  sufficient  to  clear  the  largest  pan,  and  to 
prevent  any  recurrence  of  the  '  setting  over.' 

When  it  is  required  to  prepare  salt  from  the  weak  brines  which  are  of  common 
occurrence  in  fVance  and  Germany,  the  second  method  is  resorted  to,  and  the 
brine  is  concentrated  by  natural  evaporation  previous  to  the  application  of  artificial 
heat :  this  concentration  was  formerly  effected  by  distributing  the  brine  over  fiat 
inclined  wooden  surfaces,  but  it  is  now  brought  about  by  allowing  the  brine  to  trickle 
in  a  continuous  stream  throngh  walls  of  thorns  exposed  to  the  sun  and  -wind.  This, 
which  is  called  the  method  of  graduation,  is  employed,  among  other  places,  at 
Moutiers  in  Ftence,  and  at  Nauheim,  Durrenberg,  Kodenberg,  and  Schonebeck,  in 
Germany.  The  weak  brine  is  pumped  into  an  immense  cistern  on  the  top  of  a  tower, 
and  is  thence  allowed  to  flow  down  the  surface  of  bundles  of  thorns  built  up  in 
regular  -walls  between  parallel  wooden  frames.  At  Salza,  near  Schonebeck,  the 
graduation-house  is  fi,817  feet  long,  the  tbom--walls  are  from  88  to  62  feet  high,  in 
different  parts,  and  present  a  total  surface  of  26,000  square  foot  Under  the  thorns, 
a  great  mne  cistern,  made  of  strong  wooden  planks,  is  placed  to  receive  the  perpetual 
shower  of  water,  tlpon  the  ridge  of  the  graduation-house  there  is  a  long  spout, 
perforated  on  each  side  with  numerous  holes,  and  furnished  vrith  spigots  or  stopcocks 
for  distributing  the  brine  eitiier  over  the  surface  of  the  thorns  or  down  through  their 
mass ;  the  latter  method  affording  larger  evaporation.  The  graduation-house  should 
be  built  length-wise  in  the  direction  of  the  prevailing  wind,  with  its  ends  open.  An 
experience  of  many  yeaia  at  Salza  and  Siirrenberg  has  shown  that  in  the  farmer 
place  graduation  can  go  on  268,  and  in  the  latter  207  days,  on  an  average  in  the 
year ;  the  best  season  being  from  Hay  till  August.  At  Di^renberg,  3,696,661  cubic 
feet  of  water  are  evaporated  annually.  Acco^ing  to  the  weakness  of  the  brine,  it 
must  be  the  more  fluently  pumped  up,  and  made  to  flow  down  over  the  thorns  in 
different  compartments  of  the  building,  called  the  1st,  2nd,  and  3rd  graduation. 
A  deposit  of  gypsum  incmsts  the  twigs,  which  requires  them  to  be  renewed  at  the 
end  of  a  certain  time,  f^ffo.  1747  and  1748  represent  the  graduation-house  of  the 
salt-works  at  Biirrenberg.  a,  a,  a,  are  low  stone  pillars  for  supporting  the  brine- 
cistern,  i,  called  the  8ooU-iohiff.  e,  e,  are  the  inner,  d,  d,  the  outer  -walls  of  thorns ; 
the  first  have  perpendicular  sides,  the  last  sloping.  The  spars,  «,  e,  which  support  the 
thorns,  are  longer  than  the  interval  between  two  thorn  -walls  from  f  tog,  fig.  1748, 
whereby  they  are  readily  &stened  by  their  tenons  and  mortises.  The  spars  are  laid 
at  a  slope  of  2  inches  in  the  foot,  as  shown  by  the  line  h,  i.  The  bundles  of  thorns 
are  each  1}  foot  thick,  from  5  to  7  feet  long,  and  are  piled  up  in  the  following  -way: 
—Guide-bars  are  first  placed  in  the  line  i,  I,  to  define  the  outer  surfiice  of  the  thorn 
-wall,  the  undermost  spars  m,  n,  are  fastened  upon  them,  and  the  thorns  are  evenly 
spread  after  the  willow--withs  of  the  bundles  have  been  cut.  Over  the  top  of  the 
thom-'wallfl  are  laid,  tbiough  the  whole  length  of  the  gtaduation-hoase,  the  brine- 
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spouts  0,  o,  which  are  Mcored  to  the  npper  beams ;  and  at  both  sides  of  these  sponfai 
are  the  drop-spouts  p,  p,  for  discharging  the  brine  by  the  spigots  «,  «,  as  shown  upon 
a  larger  scale  in  fig.  1740.    The  drop-spouts  are  6  feet  long,  hare  on  each  side  small 


1747 


1748 


notches,  6  inches  apart,  and  are  each  supplied  by  a  spigot.  The  space  above  the 
ridge  of  the  gradnation-house  is  covered  with  boards,  supported  at  their  ends  by 
binding-beams,  q.  r,  r,  show  the  tenons  of  the  thorn-spars.  Over  the  Soole-schiff  b, 
inclined  planes  of  boards  are  laid  for  conducting  downwards  the  innumerable  showers. 
The  brine,  which  contains  at  first  7-692  per  cent,  of  salt,  indicates  after  the  first 
shower,  11-478;  after  the  second,  16108;  and  after  the  third,  22.  The  brine  thus 
concentiated  to  such  a  degree  as  to  be  fit  for  boiling,  is  kept  in  great  reservoirs,  of 
which  the  eight  at  Salza,  near  Schonebeck,  hare  a  capacity  of  2,421,720  cubic  feet, 
and  axe  furnished  with  pipes  leading  to  the  sheet-iron  salt-pans.  The  capacity  of 
these  is  very  diffirent  at  different  works.  At  Schonebeck  there  are  22,  the  smallest 
having  a  square  snr&ce  of  400  feet,  the  largest  of  1,250,  and  are  enclosed  within 
walla,  to  prevent  their  being  afbcted  by  the  cold  ezt«mal  air.  They  are  covered  with 
a  Ainnel-formed  or  pyramidal  trunk  of  deals,  ending  in  a  square  chimney  to  carry  off 
the  steam. 

The  praduation-range  should  be  divided  lengthwise  into  soreial  sections :  the  first, 
to  receive  the  water  of  the  spring,  the  lake,  or  the  sea ;  the  second,  the  water  from 
the  first  shower-receiver ;  the  tiaxd,  the  water  fh>m  the  second  receiver;  and  so  on. 
The  pumps  are  usoally  placed  in  Uie  middle  of  the  building,  and  lift  the  brine  from 
the  several  receivers  below  into  the  alternate  elevated  cisterns.  The  square  wooden 
spouts  of  distribution  may  be  conveniently  furnished  with  a  slide-board  attached  to 
each  of  their  sides,  to  serve  as  a  general  valve  for  opening  or  shutting  many  trickling 
orifices  at  once.  The  rate  of  evaporation  at  Moutiers  is  exhibited  bj  the  following 
table : — 


Namber  of  ahmran 

Total  surface  of  the  fagots 

Spedflc  gitLTltj 
otthebrina 

Water 
eraporated 

land  2       . 

3.  4,  6,  6,  7,  8,  and  9  . 

10       ...        . 

0158  square  feet 
2720        ...        . 
6S0       .       .       .        . 

1010 
1023 
1-072 
1-140 

ty  of  1-140 

0-640 
0-333 
0-062 

Total  evaporation . 
Water  temaining  in  the  brine  at  the  dens 

0-886 
0-065 

■Water  assigi 

ed  at  the  density  of  1-010  . 

1000 

From  the  above  teble  it  appears  that  no  less  than  10  &ll8  of  the  brine  have  been 
teqniied  to  bring  the  water  fiom  ipMifie  gravity  1010  to  1-140,  or  18°  Beaumi. 
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The  eraporation  is  fonnd  to  proceed  at  neariy  the  same  rate  with  the  weaker  water, 
and  with  the  stronger,  within  the  above  limits.  When  it  aTrives  at  a  density  of  from 
1*140  to  1*16,  it  is  run  off  into  the  settling-cisterns.  M.  Borthier  calcnlates,  that  upon 
an  average  in  ordinary  weather,  at  Montiers,  60  kilogrammes  of  water  (13  gallons 
imp.)  are  eTapomted  from  the  fagots,  in  the  course  of  24  hours,  for  every  square  foot 
of  their  surface.  Without  the  aid  of  currents  of  air  artificially  warmed,  such  an 
amount  of  eraporation  could  not  be  reckoned  upon  in  this  country.  In  the  SchloUing, 
or  throwing  down  of  the  sediment,  a  little  bullock's  blood  previously  beaten  up  wiUi 
some  cold  brine,  promotes  the  clarification.  When  the  brino  aoqnires,  by  brisk  ebulli- 
tion, thedensity  of  1°200,  it  should  be  run  off  from  the  preparation  to  the  finishing  or 
salting-pans.  The  boilers  constructed  at  Rosenheim,  in  Bavaria,  evaporate  3^  pounds 
of  water  for  every  pound  of  wood  burnt. 

Figs.  1750,  1761.  1752,  represent  the  construction  of  a  salt-pan,  its  furnace,  and  the 
salt  store-room  of  the  works  at  Diirrenberg:  fig.  1752,  being  the  ground-plan,  fi^,  1751, 
the  longitudinal  section,  and  fig.  175p,  the  transverse  section,  a,  is  the  fire-grate, 
which  slopes  upwards  to  the  back  part,  and  is  31 J  inches  distant  from  the  bottom  of 
the  pan.  The  ratio  of  the  surface  of  the  grato  to  that  of  the  bottom  of  the  pan  is  as 
1  to  69*5  ;  that  of  the  air-hole  into  the  ash-pit,  as  1  to  306.  The  bed  under  the  pan 
is  laid  with  bricks,  smoothly  plastered  over  from  6  to  c,  in  fig.  1760.    Upon  this  bed 

the  pillar  d,  d,  &c.,  are  built  in  a  ladi- 
1750  ated  direction,  being  6  inches  broad  at 

the  bottom,  and  tapering  to  1 J  inch  at 
top.  The  pan  is  so  laid  that  its  bottom 
has  a  fall  towards  the  middle  of  2\ 
inches :  see  e,  f,  fig.  1751.  The  fire 
diffuses  itself  in  lUl  directions  under  the 
pan,  proceeds  thence  through  several 
holes,  g,  g,  g,  into  flues,  A,  h,  h,  which 
run  round  three  sides  of  the  pan ;  the 
burnt  air  then  passes  througn  t,  fig. 
1762,  under  other  pans,  from  which  it  is  collected  in  the  chimneys  ^  ^,  to  be  con- 
ducted into  the  drying-room.    At  I,  I,  there  is  a  transverse  flue,  through  which  by 


means  of  dampers,  the  fire-draught  may  be  conducted  into  an  extra  chimney,  m.  From 
the  flues  k,  k,  four  square  iron  pipes,  n,  n,  issue  and  conduct  the  burnt  air  into  the 
main  chimneys  in  the  opjiosite  wall. 

The  bottoms  of  the  several  flues  have  a  gradual  ascent  above  the  level  of  the  fire- 
grate. A  special  chimney,  o,  rises  above  the  ash-pit,  to  carry  off  the  smoke  which 
may  chance  to  regurgitate  in  certain  states  of  the  wind,    p,  p,  are  iron  pipes  laid 
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upon  each  tide  of  the  aah-fnt  (aee^«.  1750  and  1751)i  into  irhich  cold  air  i*  admitted 
by  the  floe  g,  r,  where,  beconung  heated,  it  is  conducted  throngh  iron  pipeg,  «,  and 
thence  eecapes  at  t,  into  the  stoTe-room.  Upon  both  sidps  of  the  hot  fines  in  the  store- 
room, hurdle-frames,  «, «,  are  laid,  each  of  which  contains  11  baskets,  and  ererj 
basket,  except  the  undermost,  holds  60  ponnds  of  salt,  spread  in  a  layer  2  inches  thick. 
«,  ti,  shows  the  pipes  by  which  the  pan  is  supplied  with  graduated  brine. 

Description  of  the  Steam-trunk  in  fig.  17S3. — In  front  of  the  pan  a,  a,  there  are  two 
upright  posts,  upon  which,  and  in  holes  of  the  bank  wall,  two  horizontal  beams,  i,  b, 
are  supported.  The  pillars  e,  c,  are  sustained  upon  the  bearers,  d,  d.  Ate,  e,a  deep 
quadrangular  groove  is  made  in  the  beams,  for  fixing  down  Uie  four  boards  which 
form  the  bottom  of  the  steam-way.  In  this  groove  any  condensed  water  from  the 
steam  collects,  and  is  carried  off  by  a  pipe/,  to  prevent  it  falling  back  into  the  pan. 
Upon  the  three  sides  of  the  pan  not  in  contact  with  the  irall,  there  are  three  rows  of 
boards  hinged  upon  planks,  b,  b.  Behind  the  upper  one,  a  board  is  hung  on  at  g, 
upon  which  the  boiled  salt  is  laid  to  drain.  The  two  other  rows  of  boards  are  hooked 
on  BO  as  to  cover  the  pan,  as  shown  at  h.  Whenever  the  salt  is  snflBdentiy  drained, 
the  upper  shelves  are  placed  in  a  horizontal  position ;  the  salt  is  pat  into  small 
baskets,  and  carried  into  the  stove-room.  «,  ^  is  the  steam-tmnk ;  /,  m,  is  a  tunnel 
for  carrying  off  the  steam  from  the  middle 

of  the  pan,  when  this  is  uncovered  by  I753 

lifting  the  boards. 

In  proportion  as  the  brine  becomes 
concentrated  by  evaporation,  more  is 
added  from  the  settling-reservoir  of  the 
graduation-honse,  till  filially  small  crys- 
tals appear  on  the  sur&ce.  No  more 
weak  brine  is  now  added,  but  the  charge 
is  worked  off  care  being  taken  to  remove 
the  scam  as  it  appears.  In  some  places 
the  first  pan  is  called  a  schlot-pan,  in 
which  the  concentration  is  carried  only 
so  far  as  to  cause  the  deposition  of  the 
sludge,  from  which  the  same  solution  r-^ 
is  run  into  another  pan,  and  gently  " 
evaporated  to  produce  the  preciintation 
of  the  fine  salt.  This  salt  should  be 
continually  raked  towards  the  cooler  and 
more  elevated  sides  of  the  pan,  and  then 
lifted  out  with  cnllender-shovels  into 
large  conical  baskets,  arranged  in 
wooden  frames  ronnd  the  border  of  the 
pan,  so  that  the  drainage  may  flow 
back  into  the  boiling  liquor.  The  drained  salt  is  transferred  to  the  hurdles  or 
baskets  in  the  stove-room,  which  ought  to  be  kept  at  a  temperature  of  from  120°  to 
130""  Fahr.     The  salt  is  then  stowed  away  in  the  warehouse. 

In  summer  the  saturated  boiling  brine  is  crystallised  by  passing  it  over  vertical 
ropes ;  for  which  purpose  100,000  meters  (1 10,000  yards)  are  mounted  in  an  apartment 
70  meters  (77  yards)  long.  When  the  salt  has  formed  a  crust  upon  the  ropes  about 
2\  inches  thick,  it  is  broken  off,  allowed  to  fall  upon  the  clean  floor  of  the  apartment, 
and  then  gathered  up.  The  salting  of  a  charge,  which  would  take  flve  or  six  days 
in  the  pan,  is  completed  in  this  way  in  seventeen  hours,  and  the  salt  is  romarkably 
pure,  but  the  mother-waters  are  more  abundant 

The  mother-water  contains  a  large  quantity  of  chloride  of  magnesinm,  along  with 
chloride  of  sodium  and  sulphate  of  magnesia.  Since  the  last  two  salts  mutually  de- 
compose each  other  at  a  low  temperature,  and  aro  transformed  into  sulphate  of 
soda,  which  crystallises,  and  chloride  of  magnesium,  which  remains  dissolved,  the 
mother-water  may  with  this  view  be  exposed  in  tanks  to  the  frost  during  winter, 
when  it  affords  tluree  successive  crystalline  deposits,  the  last  being  nearly  pure  sulphate 
of  soda. 

The  chloride  of  maonesinm,  or  bittern,  not  only  deteriorates  the  salt  very  much, 
but  occasions  a  consi^rable  loss  of  weight.  It  may,  however,  be  most  advantage- 
ously removed,  and  converted  into  chloride  of  sodium,  by  the  following  simple 
expedient: — Let  quicklime  be  introduced  in  equivalent  quantity  to  the  chloride  of 
magaesinm  present ;  double  decomposition  will  take  place,  resulting  in  the  precipita- 
tion of  magnesi.1,  and  the  formation  of  chloride  of  calcium  ;  the  latter  will  ^en  react 
upon  the  sulphate  of  soda  in  the  mother-water,  producing  sulphate  of  lime  and  chloride 
of  sodium,  the  former  of  which,  being  sparingly  soluble,  is  almost  entirely  sepuatsd. 
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In  tlioee  conntries,  as  Portogal  and  the  eoasti  of  the  Meditercanean,  where  sea-mt«r 
is  used  as  the  souice  of  salt,  a  peculiar  method  of  natuial  eraporation  it  resorted  tOi 
in  what  are  called  '  Salt  Gardens.'  Large  shallov  basins,  toe  bottom  of  which  is 
Ytaej  smootii,  and  is  formed  of  clay,  are  ezcavated  along  the  sea-shore ;  they  consist 
of:— 

Ist  A  laige  reaerroir,  of  from  2  to  6  feet  in  depth,  commonicaling  with  the  soa 
by  means  of  a  channel  provided  with  a  slnice.  Adyantage  is  taken  of  the  high 
tide  to  fill  this  basin;  and  the  water  is  allowed  to  remain  here  for  sometime  to  deposit 
any  suspended  impurities ;  it  is  then  drawn  off  into  the  brine-pits. 

2ndly.  The  brine-pits  are  divided  into  a  large  number  of  compartments  by  means 
of  little  banks ;  these  all  have  a  commnnication  with  each  other,  bnt  so  arranged  that 
the  water  has  a  long  circuit  to  make  in  its  passage  from  one  sot  to  another ;  it  fre- 
qneotly  flows  400  or  SCO  yards  before  it  reaches  the  extremity  of  this  sort  of  labyrinth. 
The  varions  divisions  are  distingnished  by  a  number  of  technioU  names.  They  shonld 
be  exposed  to  the  north,  north-east,  or  north-west  winds. 

In  the  month  of  March  the  water  of  the  sea  is  let  into  these  reservoirs,  where  a 
vast  surface  is  exposed  to  evaporation  &om  the  first  or  clearing-working ;  the  others 
are  refilled  as  their  contents  decrease.  The  salt  is  considered  to  be  on  the  point  of 
crystallising  when  the  water  begins  to  grow  red;  soon  after  this,  a  pellicle  forms  on 
the  surface,  which  breaks  and  falls  to  the  bottom.  Sometimes  the  salt  is  allowed  to 
subside  in  the  first  compartment ;  bnt  generally,  the  strong  brine  is  made  to  pass  on 
to  the  others,  where  a  larger  snr&ce  is  exposed  to  the  air ;  in  either  case,  the  salt  as 
it  forms  is  raked  out,  and  left  upon  the  borders  to  drain  and  dry.  To  get  rid  of  the 
chloride  of  magnesium,  which  is  one  of  the  principal  impurities  of  this  kind  of  salt,  it 
is  frequently  heaped  up  under  sheds,  where  it  is  just  protected  from  the  rain,  and  the 
chloride  of  magnesium  being  a  very  deliquescent  salt,  attracts  moisture  &om  the  air 
and  drains  away.  The  salt  thus  obtained  partakes  of  the  colour  of  the  bottom  on 
which  it  is  ibrmed,  and  is  hence  white,  red,  or  grey. 

The  following  table  shows  the  composition  of  several  varieties  of  enlinaiy  salt : — 

Jnalgia  o/tevtral  varieiiet  tf  Culinary  Salt. 


Chloride  of  sodium 

„         magnesium  • 

„  calcium 
Sulphate  of  soda  . 

„  magnesia 

„  lime   . 

Clay  and  insoluble  matter 


98-260 
•076 
■026 


1-650 


99-90 


98-8 
•6 


99-9 


08-66 
2-80 


1-75 
1-60 


09-60 


96-90 
•27 

i-io 


07-27 


96-00 
•30 


•46 
t-86 


99-10 


UonUan 


07-17 
•26 

2"oO 
•68 


100-00 


03-60 
•61 

6-56 
-26 


lOOOO 


The  specific  gravity  of  a  saturated  solution  of  lanw-giained  culncal  salt,  is  I'1963 
at60°Fi^.     100  parts  of  this  brine  contain  26^6  msdt  (100  water -I- 84-2  salt). 

In  Great  Britain  the  rock-salt  mines  and  principal  brine-springs  are  in  Chediire ; 
and  the  chief  part  of  the  Cheshire  salt,  both  rock-salt  and  mann&ctsred,  is  sent  by 
the  river  Weaver  to  Liverpool,  a  very  small  proportion  of  it  being  conveyed  elsewhere, 
by  canal  or  land  carriage. 

There  are  brine-springs  in  Stafibrdshire,  from  which  Hull  is  fhrnished  with  white 
salt,  and  the  Worcestershire  salt  chiefly  supplies  the  London  market. 

Within  the  last  few  years,  while  boring  for  coal  in  the  Cleveland  district  near 
Middlesbro,  Messrs.  Bolchow  and  Vaughan  discovered  a  considerable  deposit  <^  salt. 
Shafts  are  being  sunk,  not  only  at  these  works,  but  at  the  Clarence  Works,  belonging 
to  Messrs.  Bell  Brothers.  In  a  short  time  we  may  expect  to  find  all  the  soda-worlu 
upon  the  Tyne  suppliedwith  salt  from  those  deposits  in  the  North  Biding  of  Yorkshire. 

According  to  M.  Climent  Sesormes,  engineer  and  chief  actionnaire  of  the  great 
salt-works  of  Vienze,  in  France,  the  internal  consumption  of  that  kingdom  is  rather 
more  than  200,000  tons  per  annum,  being  at  the  rate  of  6^  kilogrammes  for  each 
individual  of  a  population  estimated  at  32,000,000. 
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The  Bait  ptodoce  of  the  United  Eaagdom  u  thown  in  the  foUoinDg  retorns : — 

Z%«  QiMftMiM  of  ChtiMn  Boek  Salt  and  WJatt  Salt  tent  dotm  the  Biver  Weaver  in 
taeh  of  the  latt  five  years  mre: 


Taan 

Book-aat 

WUteult 

Total 

1869 
1870 
1871 
1878 
1873 

ton* 
68,696 
87,410 
82,766 
91,084 
95,429 

torn 
901,666 
001,168 
930,561 
906,381 
918,068 

tons 

960,262 

968,668 

1,018,316 

1,087,466 

1,013,497 

Droitvith  and  Stoke  Prior  produced  about  276,000  tons  each  year ;  and  the  lalt- 
mines  in  Inland  about  20,0U0  tona  annually.  The  total  produce  of  the  United 
Kingdom  being  a  little  up  or  down  of  1,500,000  tons,  and  of  tnia  about  700,000  tons 
are  annually  exported. 

Sait  exported  in  1874:— 828,964  tons  ;  value,  663,451{. 

mJkVTM,  It  ma^  be  sufficient  to  state  here  that  the  conunon  acceptation  of  a  salt 
is  that  of  a  crystallised  substance.  Those  formed  by  the  union  of  simple  bodies,  as 
chlorine  and  sodium,  iodine  and  iron,  or  the  like ;  or  of  those  formed  by  substances 
already  compound,  as  snlphurio  acid  (sulphur  and  oxygen),  with  soda  (sodium  and 
axygen),  tee. ;  or,  in  the  case  of  many  of  the  salts  formed  £rom  the  organio  acids 
euibiting  a  yet  more  complex  constitution. 

Hodem  chemists  define  a  salt  as  a  body  obtained  from  an  acid  by  replacement  of 
its  hydrogen  by  a  metal ;  thus,  common  salt  may  be  derived  from  hydrochloric  add, 
or  cUoride  of  hydrogen,  by  replacing  the  hydrogen  by  sodium. 

Salts  may  be  either  miUral,  or  such  as  do  not  exhibit  any  acid  or  alkaline  po- 
peities ;  or  aeid,  <>.  those  in  which  there  is  an  excess  of  acid ;  or  baeio,  in  which  there 
IS  present  more  than  one  equivalent  of  base  for  each  equivalent  of  adi 

•AXiT,  MS&TXVBi  is  boracic  acid. 

•AUr  'WAXaS,  BZSTXUUkTXOir  or.    See  Watkb. 

■ASrs  (Eng.  and  Oer. ;  8aUe,  Ft.)  is  the  name  given  to  any  mineral  substance 
in  a  hard  granular  or  pulverulent  fiurm,  whether  strewed  upon  the  sur&ce  of  the 
gronnd,  found  in  strata  at  a  certain  depth,  forming  the  beds  of  rivers,  or  the  shores 
of  the  ses.  The  siliceous  sands  seem  to  be  either  original  crystalline  formations,  like 
the  sand  of  Neuilly,  in  6-sided  prisms,  terminated  by  two  6-sided  pyramids,  or  the 
dUrit  of  granitic,  schistose,  quartzose,  or  other  primary  crystalline  racks,  and  are 
abundantly  distributed  over  the  globe ;  as  in  the  immense  plains  known  under  the 
names  of  deserts,  eteppes,  landee.  See.,  which,  in  Africa,  Asia,  Europe,  and  America, 
are  entirely  covered  with  loose  sterile  sand.  Valuable  metallic  ores,  those  of  gold, 
platinum,  tin,  iron,  titaninm,  often  occun  in  the  form  of  sand,  or  mixed  with  that 
.earthy  substance.  Pure  siliceous  sands  are  very  valuable  for  the  manufacture  of 
glass,  for  ameliorating  dense  day  soils,  for  mouldug,  and  many  other  purposes. 

Specimens  of  the  finer  kinds  of  sand,  from  the  Isle  of  Wight,  and  the  neighbour- 
hood of  Lynn,  are  remarkably  white  and  beautiful.  Beigate  also  famishes  pure 
siliceous  sand.  By  far  the  finest  samples  of  sand  ever  seen  in  this  country  were  in  the 
American  department  of  the  Great  f^Jiibition  of  1861,  and  did  not  fail  to  attract  the 
notice  of  those  interested  in  such  matters.  This  sand  was  totally  free  from  iron 
and  every  other  sonice  of  contamination.  It  was  as  white  as  snow ;  and  so  fiir  as  the 
making  of  glass  is  concerned,  no  sand  is  equal  to  it :  considerable  quantities  have  been 
imported  since  that  period.  The  principal  sources  of  sand  for  the  manufacture  of 
glus  are  Charlton,  Hastings,  Derhyshire,  Alum  Bay,  Yarmouth,  Isle  of  Wight, 
Beigate,  and  Hartwell  near  Aylesbury,  in  !E^Iand ;  near  Llandudno,  in  Wales ;  and  in 
Limerick,  Ck>rk.  and  Senegal  in  Ireland.  These  sands  have  all  more  or  lees  of  a  yellow 
topna  hue,  indicating  oxide  of  iron,  and  which  imparts  to  all  glass  the  green  tinge  so 
veiy  perceptible  in  the  common  window  variety.  To  remove  this  oxide  of  iron  from 
sand,  nas  never  yet,  we  believe,  been  attempted ;  though  if  we  may  judge  by  the 
trouble  taken  to  modify  its  influence  in  the  manufacture  of  glass,  an  effectu^  process 
of  the  kind  would  be  a  lucrative  discovery.  When  sand  containing  oxide  of  uon  is 
mixed  with  a  little  charcoal  and  subjected  at  a  red  heat  to  the  action  of  chlorine  gas, 
the  whole  of  the  iron  is  volatilised  as  chloride  of  iron,  and  the  silica  remains  pure  as 
soon  as  the  excess  of  charcoal  is  burnt  ofi":  this  experiment  seems  to  suggest  the  possi- 
bility of  purifying  the  glass-makeia'  sand,  by  the  employment  of  waste  muriatio 
add.    Even  at  ozdinaiy  tempentaies,  the  solution  of  oxide  of  iira  by  this  means 
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might  be  honed  for ;  bnt  then  can  be  no  pTactical  objection  to  the  om  of  a  nas(aiBble 
amount  of  neat  for  «nch  a  purpose,  if  found  necessaiy,    A  beautiAiIly  white  sand 
has  been  used  in  America  in  me  manufacture  of  soap. 
The  sand  from  Alum  Bay,  in  the  Isle  of  Wight,  is  composed  of — 

Silica     .        .        .' 07 

Alumina,  with  trace  of  oxide  of  iron  and  magnesia         .      2 
Hoisture 1 

100 
The  French,  or  Fontidneblean  sand,  now  used  in  glass-making  very  extensively,  is — 

Silica 98-8 

Alumina,  and  trace  of  iron 0*7 

Moisture        ,        ....,.«.      0'5 


100 

Under  the  head  of  ENasiviHa  ox  Glass,  a  description  is  ^ven 
of  Mr.  Tilffhman's  process  of  abrading  the  surface  of  glass  or  stone  by  the  action  of  a 
jet  of  sand  driven  at  considerable  velocity.  The  construction  of  the  apparatus  only 
will  be  dealt  with  in  this  place.    The  macbine  employed  to  direct  the  sand  <m  to  the 


1754 


17S5 


'SAAfO 


object  to  be  operated  upon 
resembles  a  OUbrd's  injec- 
tor. The  arrangement  will 
be  understood  by  examin- 
ijig fiff.  17 6i.  a  is  the  sand- 
box, and  b  a  box  contain- 
ing compressed  air,  which 
passes  through  the  tube  0, 
with  force  proportional  to 
the  pressure  exerted  on  the 
air  in  the  box ;  opposite  to 
this  jet  of  air  and  sand  is 
j^ced  the  plate  of  glass  to 
be  operated  on.  The  grains  of  sand  being  drawn  by  suction  into  the  air,  or  steam, 
if  the  latter  is  employed,  and  then  projected  forward  widi  a  velocity  proportioned  to 
ttra  proasnre,  the  sand  does  its  work  and  passes  off  into  the  settling  chamber  ^  fh>m 
whicn  it  is  again  lifted  by  the  sand-elevator  to  be  returned  into  the  box  a.  For 
cutting  stone,  the  sand  is  introduced  into  a  central  iron  tube,  abont  ^th-inch  bora 
(fig.  17Sfi).  and  the  steam  issues  through  an  annular  passage  snrroanding  the  sand- 
tube.  A  tube  of  chilled  cast  iron,  6  inches  long,  and  J^ths-incfa  bore,  is  fixed  as  a 
prolongation  of  the  steam  passage,  and  serves  as  a  tube  in  which  the  steam  mixes 
with  the  sand,  and  imparts  velocity  to  the  latter.  The  central  sand-tube  is  con- 
nected by  means  of  a  flexible  tube  and  funnel,  with  a  box  containing  dnr  sand, 
and  the  ontei  annular  tube  is  connected  by  another  flexible  tube  with  a  steam-boiler. 
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ujuntjub,  BAWTAX,  at  saa  BAinMss  yrovn  (Santal.Tt.i  SmM. 

Mr,  Oer.),  is  the  wood  of  the  Pterocarpiu  santalmut,  a  tTee  which  grows  iu  Ceylon 
and  on  the  coast  of  Coromandel.  The  old  wood  is  preferred  by  dyers.  Its  colonring- 
matter  is  of  a  resinous  nature,  and  is  therefore  qnite  soluble  in  alcohol,  essential  oils, 
and  alkaline  lyes ;  but  sparingly  in  boiling  water,  and  hardly,  if  at  all,  in  cold  water. 
The  colouring-matter  which  is  obtained  by  evaporating  the  alcoholic  infusion  to  dry- 
ness, has  been  called  santalitt.    See  SAMTii.m. 

Sandal-wood  is  used  in  India,  along  with  one-tenth  of  tapan  wood  (the  Cateipima 
lapan  at  Japan,  Java,  Siam,  Celebes,  and  the  Philippine  Isles),  principally  for  dyeing 
(ilk  and  cotton.  Trommsdorf  dyed  wool,  cotton,  and  linen  a  carmine  hue  by  dipping 
them  alternately  in  an  alkaline  solution  of  the  sandal-wood,  and  in  an  acidulous 
bath.  Bancroft  obtained  a  &st  and  brilliant  reddish-yellow,  by  preparing  wool  with 
an  alum-and-tartar  bath,  and  then  passing  it  tlirongh  a  boiling  bath  of  sandal-wood 
and  sumach. 

According  to  Togler,  wool,  siUc,  cotton,  and  linen  mordanted  with  a  salt  of  tin, 
and  dipped  in  a  cold  alcoholic  tincture  of  the  wood,  became  of  a  superb  ponceau-rod 
oolonr.  With  alum  they  took  a  scarlet-red ;  with  sulphate  of  iron  a  deep  violet  or 
brown-red.    ITnfortunately,  those  dyes  do  not  resist  the  influence  of  light. 

8Ain>BXS  vrOOS.     See  Sikdal  Wood. 

8Ain>ASACK,  or  Juniper-Resin,  is  a  peculiar  resinous  substance,  the  pro- 
duct of  the  Thuya  articulala,  a  small  tree  of  the  coniferous  family,  which  grows 
in  the  northern  parts  of  Africa,  especially  round  Monnt  Atlas.  It  is  imported  £com 
Mogadore. 

The  resin  eomee  to  us  in  pale  yellow,  transparent,  brittle,  small  tears,  of  a  spherical 
or  cylindrical  shape.  It  has  a  famt  aromatic  smell,  does  not  soften,  but  breaks  between 
the  teeth,  fuses  readily  with  heat,  and  has  a  specific  gravity  of  from  105  to  1'09.  It 
contains  three  difierent  resins  :  one  soluble  in  spirits  of  wine,  somewhat  resembling 
pinic  acid  (see  Tubfenttne)  ;  one  not  soluble  in  that  menstruum ;  and  a  third, 
soluble  only  in  alcohol  of  00  per  cent.  It  is  used  as  pounce-powder  for  strewing 
over  paper  erasures,  as  incense,  and  in  varnishes.  The  Plerooarptu  Draco  is  another 
species  of  the  genus:  &om  this  the  Dragon's  blood  was  formerly  obtained.  The 
wood  being  wounded,  a  resinous  juice  of  a  red  colour  flows  «nt,  which*  concretes 
on  exposure  to  the  air.  But  little  of  this  resin  is  now  found*  in  commerce,  the 
reed  Calamus  Draco  producing  all  that  is  imported.  6am  Kino  is  obtained  from 
Fierocarpus  erinaeeus. 

Sandarach  is  softer  and  less  brilliant  than  shellac,  but  much  lighter  in  colour; 
it  is  therefore  used  for  making  a  pale  varnish  for  light-coloured  woods.  See 
Vabnishes. 

SAAIJtlVJUl.  The  saline  scum  formed  on  glass-pots,  known  also  as  Glass  gall. 
The  name  is  a  corruption  of  the  French  '  Saint  de  verre.' 

■AWBITOira.  A  building-stone  simply  formed  by  the  cohesion  of  sandy  par- 
ticles. The  most  dnrablo  sandstones  are  such  as  are  formed  of  siliceous  particles 
cemented  together  by  silica. 

■ASrZTAST  BCOWOKT.  This  term  is  used  to  express  and  to  include  eveiT- 
thing  which  is  done  or  can  be  done  to  Uie  preservation  of  health.  This  includes  the 
supply  of  a  large  quantity  of  pure  air,  the  maintenance  of  the  waters  of  wells  and 
rivers  in  as  uncontaminated  a  state  as  possible,  and  the  removal  fiom  amongst  the 
living  of  all  decomposable  or  dead  matter  as  speedily  as  possible. 

SAOTAliXlf.  The  chemistry  of  this  product  is  by  no  means  qnite  complete, 
Pelletier  was  the  first  who  discovered  and  isolated  santalin.  Meier  prepares  it  by 
treating  the  wood  with  ether ;  the  concentrated  solution  yields  the  substance  in  a  crys- 
talline yet  impure  state.  The  crystals  are  first  washed  with  water,  and  next  re-(us- 
solved  in  alcohol ;  the  alcoholic  solution  is  precipitated  by  acetate  of  lead,  and  the 
ensuing  precipitate  washed  with  boiling  alcohol,  and  next  decomposed  by  means  of 
snlphuric  acid  in  the  presence  of  alcohol.  After  removing  the  sulphate  of  lead,  the 
previously-concentrated  alcoholic  solution  deposits  santalin  in  the  shape  of  small 
crystals  of  a  beautiful  red  colour,  fusing  at  101°.  Br.  Duseance's  plan  of  preparing 
santalin  is  W  precipitating  the  alcoholic  extract  of  the  wood  by  means  of  hydrated 
oxide  of  lead.  After  washing,  the  precipitate  is  dissolved  in  acetic  acid,  and  to  this 
solntionalargequantityof  cold  water  is  added,  which  indeed  precipitates  the  colouring- 
matter,  but  in  a  rather  impure  state,  since  the  edge  thus  obtained  does  not  yield  go^ 
lesnlts. 

Santal-wood  contains  on  an  average  about  16  per  cent,  of  santalic  add.  According 
to  Wegermann  and  Haefiely,  the  composition  of  santalin  is  C"H"0"  (C'»H"0>y. 
Dr.  BoUey  considers  that  santal-wood  contains  two  different  colouring-matters,  one 
of  which  is  richer  in  oxygen,  but  poorer  in  hydrogen ;  this  is  the  material  occurring 
in  the  old  dark-coloured  wood.    The  other  b  found  in  the  yonnger  and  pftler  variety. 
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Aecoidinj;  to  th«  mMrchea  of  Heier  and  Eimmer,  aantalin  is  accompanied  by  dima 
Ted  and  brown  colonred-matten,  more  soluble  in  vater  than  lantalin  itaelf,  and  the 
prodnets  of  it«  oxidation.  Tiiia  aaaeition  is  certainly  substantiated  by  the  fact,  that 
the  young  twigs  of  the  Ptenoarput  umtaUinu  are  internally  yellow-coloured,  and  only 
become  red  by  the  action  of  the  air. 

Santalin  exhibits  the  following  properties :  it  is  a  beautiful  red  oystalline  powder, 
almost  insoluble  in  water,  soluble  in  alcohol,  ether,  and  acetic  acid ;  the  colouring- 
matter  is  yety  readily  withdrawn  from  the  acetic  add  solution  by  albuminous  sub- 
stances, which  retain  it  energetically ;  alkalis  dissolve  santalin,  yielding  deep  Tiolet- 
red  solutions,  from  which  it  is  tluown  down  unaltered  by  acids.  Santalin  fuses  at  104°. 
(See  Croolces's  'Practical  Handbook  of  Dyeing.') 

■AVASr-'WOB,  or  Eiut  Indian  Dyt  Wood,  or  Buekum-Wood,  is  a  species  of  the 
genus  Catalpinia,  to  which  Brazil-wood  belongs.  It  is  so  called  by  the  French,  be- 
cause it  comes  to  them  from  Japan,  which  they  corruptly  prononnoe  Safnin.  It  is 
imported  in  pieces  like  the  Brazil-wood,  to  which  it  is  &r  inferior  for  dyeing.  The 
deooction  is  used  in  calico-printing  for  red  colours.  In  general,  span  wood  is  too 
unsound  to  be  employed  for  turning.    See  BbaziIi-Wood, 

•AV  CHtBaar.  The  jnice  of  the  berries  of  the  Bhamui  catharlieiu,  or  common 
buckthorn. 

■ArVBZSa.  The  BappJtire,  BtAy,  Oriental  Ametkyit,  OrietUai  Emerald,  and 
Oriental  Topaz,  are  gems  next  in  ralue  and  hardness  to  diamond;  and  thoy  all  con- 
sist of  nearly  pure  alumina,  with  a  minute  proportion  of  iron  as  the  colouring- 
matter.  The  following  analyses  show  the  affinity  in  composition  of  the  most  precious 
bodies  with  others  in  Uttle  relatire  estimation: — 


Alumina       ,       .       . 
Silica    .... 
Oxide  of  iron        .        . 
Lime    •       •       •       • 

S^ipUra 

Oomndnm-stona 

Emery 

98-6 
0-0 
10 
0-6 

89-SO 
6-60 
1-26 
000 

86-0 
30 
4-0 
0-0 

100-0 

96'26 

980 

Salamttone  is  a  variety  which  consists  of  small  transparent  crystals,  generally  six- 
sided  prisms,  of  pale  reddish  and  bluish  colours.  The  corundum  of  Battagammana 
is  frequently  found  in  large  six-sided  pisms :  it  is  commonly  of  a  brown  colour, 
whence  it  is  called  by  the  natives  Ourundu  galli,  cinnamon-stone.  The  hair-brown  and 
teddish-brown  crystals  are  called  adamantine  sga. 

Sapphire  and  salamstone  are  chiefly  met  with  in  secondanr  repositories,  as  in  the 
sand  of  rivers,  &c.,  accompanied  by  crystals  and  grains  of  magnetic  iron  ore  and 
of  several  species  of  gems. 

The  finest  varieties  of  sapphire  come  from  Pegu,  where  they  occur  in  the  Capelan 
mountains  near  Syrian.  Some  hav6  been  found  also  at  Hobenstein  in  Saxony,  Bilin 
in  Bohemia,  Fuy  in  Bcance,  and  in  several  other  countries.  The  red  varietyi^  the 
ruby,  is  most  highly  valued.  Its  colour  is  between  a  bright  scarlet  and  crimson.  A 
perfect  ruby  above  8)  carats  is  more  valuable  than  a  diamond  of  the  same  weight.  If 
it  weigh  1  carat,  it  is  worth  10  guineas  ;  2  carats,  40  guineas ;  3  carats,  ISO  guineas ; 
6  carats,  above  1,000  guineas.  A  deep-coloured  ruby,  exceeding  20  carats  in  weight, 
is  generally  called  a  carbuncle ;  of  which  108  were  said  to  be  in  the  throne  of  the 
Great  Ifognl,  weighing  from  100  to  200  carats  each ;  but  this  statement  is  probably 
incorrect.  The  largest  oriental  ruby  known  to  be  in  the  world  was  brought  from 
China  to  Prince  Qargarin,  governor  of  Siberia.  It  came  afterwards  into  the  pos- 
session of  Prince  ]lenziko£E|  and  constitutes  now  a  jewel  in  the  imperial  crown  of 
Bussia.    See  Bust. 

A  good  blue  sapphire  of  10  carats  is  valued  at  60  guineas.  If  it  weighs  20  carats, 
its  value  is  200  guineas ;  but  under  10  carats,  the  price  maybe  estimated  bymidtiply- 
ing  the  square  of  its  weight  in  carats  into  half  a  guinea ;  thus,  one  of  four  carats 
would  be  worth  4*  x  ^Q.  =  8  guineas.  It  lias  been  said  that  the  blue  sapphire  is  supe- 
rior in  hardness  to  the  red,  but  this  is  probably  a  mistake  arising  from  confounding 
the  corundum-ruby  with  the  spinelle-ruby.  A  sapphire  of  a  barbel-blue  colour,  weigh- 
ing 6  carats,  was  disposed  of  in  Paris  by  publio  sale,  for  702.  sterling ;  and  another 
of  an  indigo-blue,  weighing  6  carats  and  8  grains,  brought  602. ;  both  of  which  sums 
much  exceed  what  the  precedii^  rule  assigns,  from  which  we  may  perceive  how  far 
fancgr  may  go  in  such  mt^rs.    The  '  sapphire '  of  Brazil  is  merely  a  blue  toarmaline> 
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M  its  specifio  grarity  and  inferior  hardness  show.  Wliite  sapphires  are  some- 
timea  so  poK^  that  when  properly  cat  and  polished  thej  hare  been  passed  for 
diamonds. 

The  yellow  and  green  sapphires  are  much  prized  under  the  names  of  oriental  topaz 
and  emerald.  The  specimens  which  exhibit  all  these  coloors  associated  in  one  stone 
are  highly  rained,  as  they  prove  the  mineralogical  identity  of  these  varieties. 

Besides  these  shades  of  colonr,  sapphires  often  emit  a  beautiful  play  of  colours,  or 
eiataemaU,  when  held  in  different  positions  relative  to  the  eye  or  incident  light ;  and 
some  likewise  present  star-like  radiations,  whence  the^  are  called  star-stones  or 
attiriai;  sending  forth  6  or  even  12  rays,  that  change  their  place  with  the  position  of 
the  stone.  This  property,  so  remaAable  in  certain  bine  sapphires,  is  not  however 
peculiar  to  these  gems.  It  seems  to  belong  to  transparent  minerals  which  belong 
to  the  rhombohednd  system,  and  arises  &om  the  combination  of  certain  conditions 
in  their  cutting  and  structure.  Lapidaries  often  expose  the  light-blue  variety  of 
sapphire  to  the  action  of  fire,  in  order  to  render  it  white  and  more  brilliant ;  but  with 
regard  to  those  found  at  £xpailly  in  France,  fire  deepens  their  colour. 

AAStS.  A  variety  of  chalcedony  of  a  dark  reddish-brown  colour,  almost  ap- 
proaching to  black  by  reflected  light,  and  very  deep  red,  inclining  to  blood-red,  by 
transmitted  light.  It  is  found  under  the  same  conditions  as  carnelian,  but  is  rarer 
and  more  highly  esteemed,  and  therefore  fetches  a  higher  price.  The  name  is 
derived  either  from  Ktrx  (Gr.  <ri^,  'flesh'),  in  allusion  to  its  colour,  or  from  Sardis  in 
Lydia,  whence  it  is  said  to  have  been  first  brought.  It  should  be  remarked,  however, 
that  the  said  presents,  in  its  interior  and  in  the  middle  of  its  ground,  concentric 
zones,  or  small  nebulosities,  which  are  not  to  be  seen  in  the  red  carnelian,  properly  so 
called.  The  ancients  certainly  knew  our  sard,  since  they  have  left  us  a  great  many 
of  them  engraved,  but  they  seem  to  have  associated  under  the  title  Sarda  both  the 
tardoine  of  the  French  and  our  camelians  and  chalcedonies.  Fliny  says  that  the 
sarda  came  from  the  neighbourhood  of  a  city  of  that  name  in  Lydio,  and  from  the 
environs  of  Babylon.  Among  the  engraved  sards  which  exist  in  the  collection  of 
antiques  in  the  jtibliothique  BOTale  of  Paris,  there  is  an  Apollo  remarkable  for  its 
fine  colour  and  great  size.  'When  the  stone  forms  a  part  of  the  agate-onyx,  it  is 
called  sardonyx. 

•A)U>Xira  {Mherina ;  Or.  iHip,  '  a  spine ').  A  genus  of  fishes,  belon^ng  to  the 
Older  Aeanthopterygii.  They  form  a  very  extensive  fishery  in  the  Mediterraenan. 
They  are  salted  and  preserved  in  oil,  and  are  sent  in  large  quantities  to  this  country. 
Recently  (1874)  an  establishment  has  been  founded  at  Mevagissey  in  Cornwall  for 
preserving  the  small  pilchards  in  the  same  way  as  the  sardines  of  Uie  Mediterranean 
are  prepwed.  It  is  thought  by  some  that  the  sardine  and  the  young  pilchard  are 
identical,  but  the  sardine  is  of  the  genus  Jtkerina,  whereas  the  pilchard  belongs  to 
the  Clupeida. 

■AXSOVn.  A  variety  of  onyx;  composed  of  alternate  layers  of  sard  and  white 
chalcedony.  It  much  resembles  agate,  but  the  colours,  usually  a  light  clear  brown  and 
an  opaque  white,  are  arranged  in  flat  horizontal  planes.  Amidst  the  clialcedonic  series 
are  various  stones  having  the  same  general  character,  of  mixtures  of  true  quartz, 
with  opal  disseminated.— -H.  W.  B. 

■ATnr  (Eog.,  Fr.  and  Oer.)  is  the  name  of  a  silk  stn£E  first  imparted  from 
China,  which  isdistingnishable  by  its  very  smooth,  polished,  and  glossy  surface.  It  is 
woven  upon  a  loom  with  at  least  five-leaved  healds  or  heddles,  and  as  many  corre- 
sponding treddles.  These  are  so  mounted  as  to  rise  and  fall  four  at  a  time,  raising  and 
depressing  alternately  four  yams  of  the  warp,  across  the  whole  of  which  the  weft  is 
thrown  -by  the  shuttJe,  so  as  to  produce  a  uniform  smooth  texture^  instead  of  the 
chequered  work  resulting  from  intermediate  decussations,  as  in  common  webs.  Satins 
are  woven  with  the  glossy  or  right  side  undermost,  because  the  four-fifths  of  the 
warp,  which  are  always  left  there  during  the  action  of  the  healds,  serve  to  support 
the  shuttle  in  its  race.  Were  they  woven  in  the  reverse  way,  the  scanty  fifth  part  of 
the  warp-threads  could  either  not  support,  or  would  be  too  much  worn  by  the  shuttle. 
See  Trxtilb  Fabrics. 

UAXXKWr,    A  mixed  &bric,  woven  to  imitate  satin. 

■ATnr  UWtM.  A  fibrous  variety  of  gypsum  (sulphate  of  lime);  when 
polished,  used  for  ornamental  purposes.    It  is  sometimes  a  fibrous  carbonate  of  limo. 

■ATnr-T^OOB.  A  veneering  wood  of  great  beauty,  the  product  of  the  Ohio- 
roxylon  Swittenia  of  India.  The  light  colour  and  lustrous  polish  of  the  wood,  com- 
bined with  the  pleasing  '  figure '  it  exhibits,  renders  it  a  favourite  wood  for  drawing- 
room  fiunitnre.  It  is  a  native  of  Ceylon,  and  is  found  in  the  northern  and  southern 
— but  chiefiy  in  the  eastern — districts.  Above  all  things,  it  requires  the  most  careful 
seasoning,  for  it  is  liable  to  waip  and  split ;  and  once  let  such  a  misfortune  happen  to 
boards  degtinod — say  for  wardrobe-panels — and  the  pecuniary  loss  is  very  great.    Care 
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being  taken  to  exclude  the  rays  of  Uie  son,  or  violent  alterations  of  heat  and  cold, 
there  is  little  donbt  of  irell-selected  wood  being  seasoned  sucoessfiiUjr. 

Flower  satin-wood  is  generally  obtained  from  the  roots,  and  has  been  found  of  a  size 
to  yield  planlui  IS  inches  broad.  Unfortunately,  this  is  an  exceptional  dimension ;  it 
is  not  often  seen  in  this  country,  for  the  cultivator's  axe  is  destroying  the  finest  satin- 
wood  to  be  met  with,  that  near  the  foot  of  the  Anamallai  Hills.  In  the  Bombay 
Presidency  it  seldom  reaches  beyond  the  size  of  a  small  tree,  which,  when  straight, 
would  afford  a  log  3  by  8  inches  square.  The  wood  is  very  close-grained,  hard,  and 
durable,  and  of  a  light-orange  colour,  so  light  in  fact)  that  the  word  '  orange '  can 
hardly  &irly  be  applied.  Indeed,  it  is  sometimes  erroneously  called  '  yellow-wood,' 
which  is  another  timber  altogether,  larger  and  stiaij^ter  than  box-wood,  but  not  so 
close  grained. 

Satin-wood  takes  a  fine  polish,  and  is  suited  for  all  lands  of  ornamental  purposes  ; 
but  it  is  rather  apt  to  split.  For  picture-frames  it  is  nearly  equal  to  American  maple. 
The  timber  bears  submersion  well,  and  in  some  instances  it  is  beautifully  feathered, 
and  the  fiowered  or  feathered  satin-wood,  when  first  polished  is  one  of  the  most  beau- 
tiful woods. 

■ATDKA.TIOV  is  the  term  employed  to  express  the  condition  of  a  body  which 
has  taken  its  ftill  dose  or  chemical  proportion  of  any  other  substance  with  whiw  it  can 
combine ;  as  water  with  a  salt,  or  an  acid  with  an  alkali. 

SAVnur,  JULTJL&OT  or.    The  old  name  of  the  acetate  of  lead. 

UAyr.  Saws  are  formed  &om  plates  of  sheet-steel,  and  are  toothed,  not  by  hand, 
but  by  means  of  a  press  and  tools.  Circular  saws  have  the  advantage  of  beiogdivided 
in  their  teeth  very  accurately  by  moans  of  a  division-plate ;  this  prevents  irregularity 
of  size,  and  imparts  smoothness  and  uniformity  of  action.  The  larger  sizes  of  circular 
saws  are  made  in  segments  and  connected  together  by  means  of  dove-tails.  All  saws 
are  hardened  and  tempered  in  oil ;  their  irregularities  are  removed  by  nammering  on 
blocks,  and  they  are  equalised  by  grinding.  The  several  forms  of  teeth  do  not,  as  the 
casual  observer  may  imagine,  depend  upon  taste,  but  are  those  best  fitted  for  cutting 
through  the  particular  section,  quality,  or  hardness  of  the  material  to  be  cat.  The 
'set'  of  the  saw  consiste  in  inclining  the  teeth  at  the  particular  angle  known  to  be  the 
best  to  £icilitate  the  exit  of  the  saw-dust,  and  thereby  allow  the  saw  to  operate  m<Hre 
finely.  Iron  bars,  shaftings,  &c.,  are  cut  to  length  by  a  steel  circular  saw,  in  ite  soft 
stete,  the  iron  to  be  cut  being  presented  to  the  saw  red-hot ;  the  saw  rotetes  at  a  pro- 
digious rate,  and  is  kept  in  cutting  condition,  or  cool,  by  ite  lower  edge  being  immnsed 
in  water. 

SftT j  brwAOm^t    See  EzFLOsivB  Aobmts. 

■AXOV  BXiVB.    A  solution  of  indigo  in  oil  of  vitriol.    See  Blub  FiaxxKTS. 

UOIktmtli.    The  red  limestone  of  the  Alps.    See  Limbstonx. 

■0&IMbSOXk&  is  merely  ornamental  plaster-work,  produced  by  applying  a  pap 
made  of  finely-ground  calcined  gypsimi,  mixed  with  a  weak  solution  of  Maitdas  glue, 
upon  any  figure  formed  of  laths  nailed  together,  or  occasionally  upon  brickwork,  and 
bestudding  iU  sur&ce,  while  soft,  with  splinters  {acaglioU)  of  spar,  marble,  granite, 
bite  of  concrete-coloured  gypsum,  or  veins  of  clay,  in  a  semi-fluid  state.  The  sub- 
stances employed  to  colour  the  ^te  and  patehes  are  the  several  ochres,  holes,  terra 
di  Sienna,  chrome-yellow,  &c.  The  surface,  if  it  be  that  of  a  column,  is  turned  smooth 
upon  a  lathe,  polished  with  stones  of  different  fineness,  and  finished  with  some  plaster- 
pap,  to  give  it  lustre.  Pilasters  and  other  fiat  surfaces  are  smoothed  by  a  carpenter's 
^ne,  with  the  chisel  finely  serrated,  and  afterwards  polished  with  plaster  by  friction. 
The  glue  is  the  cause  of  the  gloss,  but  makes  the  sur&ce  apt  to  be  injured  by  moisture, 
or  even  damp  air.    See  Sromt,  Abtificial. 

SOAJUBT  STB.  (TWn/ttrv  en  icarlate,  Fr. ;  Scharlae^fSrbgrei,  Ger.)  Scarlet 
is  usually  given  at  two  successive  operations.  The  boilers  (see  BrmKo)  are  made  of 
block  tin,  but  their  bottoms  are  formed  occasionally  of  copper. 

1.  2H«  bouUlon-  or  the  colouring-bath. — For  100  pounds  of  cloth,  put  into  the  water, 
when  it  is  little  more  than  lukewarm,  6  pounds  of  argal,  and  stir  it  well.  When  the 
water  becomes  too  hot  for  the  hand,  throw  into  it  with  agitetion,  1  pound  of  cochineal 
in'  fine  powder.  An  instent  afterwards,  pour  in  6  pounds  of  the  clear  mordant  (see 
MoKDAirr),  stir  the  whole  thoroughly  as  soon  as  the  bath  begins  to  boil,  introduce  the 
cloth,  and  wince  it  briskly  for  two  or  three  rotetions,  and  than  more  slowly.  At  the 
end  of  a  two-hours'  boil,  the  cloth  is  to  be  taken  out,  allowed  to  become  perfectly  cool, 
and  well  washed  at  the  river,  or  winced  in  a  current  of  pure  water. 

2.  The  rougie,  or  finiihing  dye. — The  bouillon-bath  is  emptied  and  replaced  with 
water  for  the  rougie.  When  it  is  on  the  point  of  boiling,  6^  pounds  of  cochineal  in 
fine  powder  are  to  be  thrown  in,  and  mixed  with  care ;  when  the  crust,  which  forms 
upon  the  surface,  opens  of  itself  in  several  places,  14  pounds  of  solution  of  tin 
(muriate  of  tin)  are  to  be  added.    Should  the  liquor  be  likely  to  boil  over  the  edges  of 
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the  kettle,  a  little  cold  -water  is  to  be  added.  When  the  bath  has  become  uniform,  the 
cloth  is  to  be  put  in,  takjog  care  to  wince  it  briskly  for  two  or  three  tnms ;  then  to 
boil  it  bodily  for  an  honr,  thrusting  it  under  the  liquor  with  a  rod  whenever  it  rises  to 
the  surface.    It  is  lastly  taken  out,  aired,  washed  at  the  river,  and  dried. 

Below  will  be  found  the  tables  of  the  composition  of  the  boxtUUm  and  the  rougie. 

H.  Lenonnand  stated  that  he  had  made  experiments  of  verification  upon  all  the 
formnln  of  the  following  tables,  and  declared  his  conviction  that  the  finest  tint  might 
be  obtained  by  taking  the  bouillon  of  Scheffer  and  the  rougie  Ko.  4  of  PoSmer. 

TaHu  of  the  Compotition  of  the  BouUIoh  and  Bougie  for  100  pounds  of  Cloth  or  Wool. 
Composition  of  the  Bouillon. 


Ksmes  of  the  sntiiore 

Stsrch 

Cnsm  at 

tartar 

Cochineal 

of  tin 

Oommon 
■alt 

Berthollet 
Hellet      . 
Scheffer    . 
PoSmer    . 

lbs.       ot». 
0        0 
0        0 
0        0 
0        0 

lbs.       oa. 

6        0 
12        8 

9        6 
10      16 

lbs.        GO. 

8  0 
18  6 
12        4 

0        0 

lbs.       oas. 

6  0 
12        8 

9  6 
10       16 

lbs.       oss. 
0        0 
0        0 
0        0 
0        0 

Compoeitioii  of  the  Bougie. 

Nuncfl  of  the  aathon 

Starch 

Cream  of 
tartar 

Cochineal 

Solntion 
otUn 

Oemmon 
■stt 

111  1 

lbs.       ozs. 
0         0 
3        2 
3        2 
0        0 
0        0 
0        0 

lbs.       oss. 
0         0 

0  0 
3         2 

1  8 

0  0 

1  8 

lbs.       ois. 

6  8 

7  4 
6        7J 
6        4 
6        4 
6        4 

lbs.       OSS. 

14         0 

12        8 
4      11 
6        4 

12        8 
6        4 

lbs.       oa. 
0         0 
0         0 
0         0 
0        0 
0        0 

12        8 

H.  Bobiquet  has  g^ven  the  following  prescription  for  making  a  priniing  aaariet,  for 
well-whitened  woollen  doth: — ^Boil  a  pound  of  pulverised  cochineal  in  4  ^nnts  of 
water  down  to  2  pints,  and  pass  the  decoction  through  a  sieve.  Bepeat  the  boiling 
three  times  upon  the  residuum,  mix  the  8  pints  of  decoction,  thicken  them  properly 
with  2  pounds  of  starch,  and  boil  into  a  paste.  Let  it  cool  down  to  104°  Fahr.,  then 
add  4  ounces  of  the  solntion  of  tin  and  2  ounces  of  ordinary  muriate  of  tin.  When 
a  ponceau  red  is  wanted,  2  ounces  of  pounded  tumeric  should  be  added. 

A  solution  of  chlorate  of  potash  is  said  to  beautiiy  scarlet  cloth  in  a  remarkable 
manner.  For  several  fine  scarlet  dyee,  see  '  Practical  Handbook  of  Dyeing,'  by  Wm. 
Crookes,  F.B.S.    See  Lao  Cth  ;  Amxliiib  ;  Mvbxudi. 

■OSaa&VB  <ffl*Mlf  is  a  pulverulent  arsenita  of  copper,  which  may  be  prepared 
as  follows: — Form,  first,  an  arsenite  of  potash,  by  adding  ^radoally  11  ounces  of 
arsenious  acid  to  2  pounds  of  carbonate  of  potash,  dissolved  in  10  pounds  of  boiling 
water ;  next,  dissolve  2  pounds  of  crystallised  sulphate  of  copper  in  SO  pounds  of 
water ;  filter  each  solution,  then  pour  the  first  progressively  into  the  second,  as  long  as 
it  produces  a  rich  grass-green  precipitate.  This  being  thrown  upon  a  filter-cloth,  and 
edulcorated  with  warm  water,  will  afford  1  pound  6  ounces  of  this  beautiful  pigment. 
It  consists  of,  oxide  of  copper,  28'61,  and  of  arsenious  acid,  71-46.  This  green  is 
apjdied  by  an  analogous  double  decomposition  to  cloth.  See  OAUOO-Putifnirci. 
Much  discussion  has  arisen  relative  to  the  nse  of  this  salt  in  paper-hangings,  it  having 
been  supposed  by  many  persons  to  have  produced  ill  effects  on  those  exposed  to  the 
atmosphere  of  such  rooms. 

SCBMaxxa.  A  kind  of  glass  prepared  in  Bohemia,  chiefly  for  the  purpose  tt 
receiving  the  red  colour  imparted  by  the  oxide  of  gold.    See  Olass. 

•UHWMIMFUJt'l'H  OTMMW  is  a  mora  beautiful  and  velvety  pigment  than  the 
Scheele's  green.  It  was  discovered  in  1814,  by  MM.  Bnsz  and  Sattler,  at  Schwein- 
furth,  and  remained  for  numy  years  a  profitable  secret  in  their  hands.  M.  Licbig  having 
made  its  composition  known  in  1822,  it  has  since  been  prepared  in  a  great  many 
colour-works.    Braconnot  published,  about  the  same  time,  another  process  for  manu- 
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factuiiDg  the  nme  pigment.  Its  piepaiation  ia  very  simple,  bnt  it(  formation  ia 
accompanied  -with  some  interesting  cucomatances.  On  mixing  eqnal  parts  of  acetate 
of  copper  and  arsenious  acid,  each  in  a  boiling  concentrated  solution,  a  bnlky  olire- 
green  piedpitate  is  immediately  produced  ;  while  much  acetic  acid  is  set  free.  The 
powder  thus  obtained  appears  to  be  a  compound  of  arsenious  add  and  oxide  of  copper, 
in  a  peculiar  state;  since  when  decomposed  by  sulphuric  acid,  no  acetic  odour  is 
exhaled.  Its  colour  is  not  changed  by  d^ng,  by  exposure  to  air,  or  by  bein^  heated 
in  water.  But,  if  it  be  boiled  in  the  acidulous  liquor  &om  which  it  was  preapitated, 
it  soon  changes  its  colour,  as  well  as  its  state  of  aggregation,  and  forms  a  new  deposit 
in  the  form  of  a  dense  granular  beautiful  green  powder.  As  fine  a  cqIout  is  prodaced 
by  ebullition  during  five  or  six  minutes  as  is  obtained  at  the  end  of  sereial  hours  by 
mixing  the  two  boiling  solutions,  and  allowing  the  whole  to  cool  together.  In  the 
latter  case,  the  precipitate,  which  is  slight  and  flocky  at  first,  becomes  denser  by 
degrees ;  it  nest  betrays  green  spots,  which  progressiTely  increase,  till  the  mass  grows 
altogether  of  a  erystalline  constitation,  and  of  a  still  more  beautiAil  tint  than  if  farmed 
by  ebullition. 

When  cold  water  is  added  to  the  mixed  solutions  immediately  after  the  precipitate 
takes  place,  the  derelopment  of  the  colour  is  retarded,  with  the  effect  of  making  it 
much  finer.  The  best  mode  of  procedure  is  to  add  to  the  blended  solutions  their 
own  bulk  of  cold  water,  and  to  fill  a  globe  up  to  the  neck  with  the  mixture,  in  nder 
to  prevent  the  formation  on  any  such  pellicle  on  the  surface  as  might,  by  falling  to  the 
bottom,  excite  premature  crystallisation.  Thus  the  reaction  continnes  during  two  or 
three  days  with  the  happiest  effect. 

•COnuwo.  This  art  is  that  which  is  employed  for  remoTing  grease  spots,  &e., 
firom  cloths  and  fomiture,  which  require  skill  beyond  tiiat  of  tile  laundry.  It  is 
divided  into  two  distinct  branches,  vis.  French  and  F.nglish  cleaning.  We  will  first 
give  an  outline  of  English  cleaning. 

Gattlemen't  clothet,  such  as  trowsers,  coats,  &&,  are  treated  in  the  following 
manner.  They  are  stretched  on  a  board,  and  the  spots  of  grease,  &&,  first  taken  oat 
by  rubbing  the  spots  well  with  a  brush  and  cold  strong  aoap-liqn«r;  they  are  then  done 
aU  over  with  the  same,  but  the  grease  spots  are  done  first,  beo&ose  they  require  more 
rubbing,  of  course,  than  the  other  parts,  and  v^en  all  the  substance  is  wet  the  spota 
will  not  be  so  easily  distinguished.  After  treatment  with  the  strong  soap-liquor,  the 
soap  is  worked  by  a  weaker  soap-liquor ;  the  artidea  are  then  well  washed  off  with 
warm  water,  and  treated  with  ammonia  (if  black),  aolntion  of  common  aalt,  or  dilute 
Acid,  according  to  circumstances.  They  are  then  drained,  beaten  out  with  a  little  size, 
pressed  and  dried. 

LaMti  artieUt  qfdrtu,  as  tiawU  and  vooBm  drtsu*. — The  spots  are  first  removed 
by  rubbing  them  on  the  board  with  very  strong  soap-liquor ;  they  are  then  put  into 
a  strong  soap-liquor,  and  well  worked  about  in  it ;  then  taken  out  and  treated  with 
a  weaker  soap-liquor,  to  work  out  the  soap,  jcc. ;  rinaed  with  warm  and  cold  water 
alternately ;  treated  with  solution  of  common  salt  or  T^  weak  add,  to  maintain  the 
colours.  They  are  starched,  if  necessary,  and  ironed.  Woollen  dresses  that  are  taken 
to  pieces  are  calendered  instead  of  ironing. 

Silk  drasa,  ^c,  are  always  taken  to  pieces,  and  each  piece  done  separately,  and 
as  quickly  as  possible.  If  there  are  any  spots  ci  grease,  they  are  taken  out  first,  as 
above  mentioned.  Each  piece,  after  the  spots  are  removed,  is  immediately  placed  in 
a  strong  soap-liquor,  and  well  worked  about  in  it,  and  then  into  a  thinner  soap-liquor; 
well  washed  out  with  cold  water,  and  treated  with  solution  of  common  salt,  or  very 
weak  etdd,  or  both,  as  required ;  each  piece  is  then  neaUy  folded  and  wrung  separately, 
again  folded  smoothly  and  placed  in  dry  sheets,  and  pressed,  so  as  to  remove  ul 
dampness  from  them ;  they  are  then  put  into  a  frame,  a  little  size  or  sogar-and- 
water  being  used  to  stiffen  and  glase;  lastiy,  they  are  dried  while  on  the  frame  by  a 
charcoal  fire. 

Fmrntiure,  as  curtains,  ^c. — These  things  are  put  into  a  tub,  with  a  strong  cold 
Boap-liquor,  and  well  piuu^ed  abont  with  a  large  wooden  punch  made  on  purpose;  and 
a  great  deal  depends  upon  this  being  pnmerly  done.  They  are  then  treated  in  the 
same  manner  in  a  weaker  soap-liqnor,  well  rinsed  with  water,  treated  with  common 
salt  or  weak  add,  as  required,  wrung  out,  and  dried.  Woollen  ftimitnre  will  generally 
require  to  be  treated  several  times  with  the  first  strong  soap-liquor,  to  remove  the 
dirt,  but  for  cotton  furniture  once  will  be  generally  sufficient. 

Carpets. — These  are  well  beaten,  then  laid  down  on  the  floor  of  the  dve-house,  and 
well  scrubbed  with  strong  cold  soap-liquor,  by  means  of  a  long-hanued  brush  or 
broom ;  then  treated  with  a  weaker  soap-liquor ;  well  rinsed  with  water,  by  throwing 
paila  of  water  over  them,  and  still  rubbing  with  the  bmah ;  treated  with  water,  to 
which  a  aery  smaU  guantitr/  of  sulphuric  add  has  been  added,  to  retain  the  colours- 
rinaed  again,  hung  up  to  drain,  and  then  hung  up  in  a  warm  room  to  dry. 
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A  gmat  point  in  this  kind  of  cleaning  is  to  luse  atrong  cold  3oap4iquor> ;  and  this 
cannot  be  done  with  oidinary  soaps,  as  they  congeal  trhen  cold,  and  on  this  account 
Field's  soap  is  the  principal  soap  which  is  used,  because  it  is  made  from  oil,  and  does 
not  congeal.  It  is  piobaby  made  from  the  olem  obtained  in  the  manufacture  of  com- 
posite candles. 

French  cleaning  is  what  is  called  dry  eUanimg.  In  this  process  the  articles  are  put 
into  camphine  and  worked  about  in  it,  drained,  sheeted,  and  dried.  The  camphine 
dissolves  the  grease,  &c,  and  does  not  injure  the  colours ;  but  when  things  are  very 
dirty,  it  does  not  clean  so  effectually  as  the  English  method.  It  is,  however,  the  ouly 
process  that  can  be  employed  in  some  cases,  as  in  cleaning  kid  gloves. 

UOMMWU,  The  elementary  idea  of  the  form  of  the  screw  is  obtained  by  regarding 
it  as  a  continuous  circular  wedge ;  and  it  is  readily  modelled  by  wrapping  a  wedge- 
formed  piece  of  paper  around  a  cylinder ;  the  edge  of  the  paper  then  represents  the 
line  of  the  screw.  The  use  of  the  screw  is  weU  known  to  all ;  and  the  system  of 
cutting  a  rod  of  iron  or  steel  into  a  screw  scarcely  requires  any  description.  The 
manipulatory  details  and  the  tools  used  in  their  manufacture  are  admirably  and  most 
fully  described  in  Holtzapfifel's  '  Turning  and  Mechanical  Manipulation.' 

SXA-HOULT.  Oryngium  marUimum.  The  sea-holly — sea  eiyngo  or  sea  hulver 
— is  found  on  the  sea-shores  of  Britain,  and  on  the  European  and  Anican  shores  of 
the  Mediterranean  Sea.  The  root  was  at  one  time  much  used  medicinally.  It  is  now 
prepared  as  a  sweetmeat,  and  is  especially  candied  at  Ciolchester  in  Sssex. 

The  E.  faHdum  is  used  in  Jamaica  as  a  remedy  for  hysterical  fits ;  Rnd  the  K. 
aquoliiaan,  sometimes  called  '  rattlesnake-weed,'  from  the  drcumstasce  of  the  Korth 
American  Indians  using  it  as  an  application  to  the  bite  of  that  serpent. 

JWH-TflTiW.  The  Cramhe  niaritima  is  a  native  of  the  English  coast,  and  is 
found  as  far  north  as  the  Polar  circle.  The  plant  is  blanched  in  spring,  and  the 
etiolated  leaves  are  used  as  a  delicate  vegetable. 

B^IITii  TBX.  A  marine  animal,  belonging  to  the  class  Mammalia,  order  Canivora, 
and  sub-order  Pinnipedia.  Although  there  are  many  species,  only  two  genera,  properly 
speaking,  belong  to  this  group,  the  seal  (Phoca)  and  the  walrus  or  morse  {THeheeua). 
The  seal  is  an  amphibious  creature ;  it  ue^s,  basks,  and  feeds  its  young  on  land,  but 
has  never  been  seen  to  take  its  food  excepting  when  in  the  water.  Its  limbs  are  very 
short  and  covered  with  a  skin,  so  as  to  resemble  fins  more  than  legs ;  the  feet  are 
webbed,  and  have  the  power  of  considerable  expansion,  and  serve  as  excellent  oars 
when  the  animal  is  in  the  water,  but  are  of  little  service  when  on  land,  its  terrestrial 
progression  being  effected  by  a  sort  of  shufBing,  jumping,  or  creeping  motion  ;  it  uses 
these  fin-like  legs  in  climbing  on  to  rocks  or  ice  out  of  the  water.  It  is  an  excellent 
swimmer,  and,  when  in  deep  water,  dives  with  remarkable  rapidity,  in  an  instant 
reappearing  at  perhaps  a  distance  of  fifty  yards ;  this  rapidity  of  motion  gives  it  great 

fewer  over  its  prey,  which  can  seldom  escape,  except  by  swimming  into  shoal  water, 
t  feeds  on  almost  any  kind  of  fish,  even  shell-fish  ;  but  the  salmon  of  the  northern 
seas  seems  to  be  its  favourite  food.  It  is  a  native  of  the  northern  seas  generally,  and 
is  found  on  the  coasts  of  England  and  France,  but  is  most  plentiful  around  Green- 
land and  Newfoundland.  It  is  everything  to  the  Greenlander ;  it  supplies  his  food, 
light,  and  clothing,  its  flesh  is  his  food,  the  liver  being  considerisd  a  dainty,  and  even 
by  English  sailors  an  agreeable  dish ;  the  fiit  (of  which  there  is  a'  large  quantity, 
especially  in  the  young  about  six  weeks  old)  is  consumed  in  his  lamp;  and  the 
skin,  being  dressed  in  a  peculiar  way  that  renders  it  waterproof,  furnishes  him 
with  almost  all  the  other  necessaries  of  life.  When  the  skin  is  dressed  without 
the  hair,  the  Esquimaux  and  Glreenlanders  use  it  instead  of  planks  for  their  boats, 
and  as  an  outer  covering  for  themselves,  so  that  they  ore  enabled  to  invert  their 
canoes  and  themselves  in  the  water  without  getting  their  bodies  wet.  The  skin  of 
the  young  is  used  as  raiment  for  the  women ;  and  the  skin  of  old  animals  to  cover 
the  houses ;  the  stomach  is  filled  with  air  and  used  as  a  fishing  buoy ;  while  the 
teeth  famish  the  heads  of  the  hunting-spears.  The  skins  of  the  Steramatopus  crittattts 
and  the  Caloeephalut  hispidiu  are  sent  in  great  quantities  to  Great  Britain,  where 
they  are  much  used  for  hats,  waistcoats,  jackets,  tee.  The  walrus  or  morse  {Tricfteciu 
Botmarius)  has  two  large  canine  teeth  or  tusks  in  the  upper  jaw,  which  measure  &om 
16  to  80  inches  in  length.  Great  numbers  of  these  animals  are  annually  destroyed 
for  the  sake  of  their  tusks,  the  ivory  of  which  is  highly  esteemed.  These  animals  do 
not  produce  much  fat,  but  the  oil  is  of  good  quality;  the  skin  is  used  for  carriage- 
traces,  wheel-ropes,  tee. 

Mr.  Frank  Buckland  writes  as  follows  on  the  seal-flsheiy : — 

'  When  engaged  two  years  ago  in  examining  the  salmon-fisheries  of  Scotland,  I  had 

the  pleasure  of  meeting  at  Peterhead  Captain  David  Gray,  commanding  officer  of  the 

screw-steamer  '  Eclipse,'  one  of  the  principal  vessels  which  sail  annually  from  Scotland 

in  pursuit  of  whales  and  seals.    These  vessels  leave  Dundee  and  Peterhead  about 
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Harch  1 ;  they  make  the  ice  about  72"  or  73°  north,  in  the  neighbourhood  of  the 
island  of  Jan  Majran,  a  volcanic  mountain  riling  2,000  feet  above  ue  level  of  the  sea. 
The  young  eeals  and  mothers  are  found  on  the  padc-ice  near  this  island.  There  are 
four  speeiea  of  seals — ^the  harp  or  saddle-back,  tlie  bladder-noso  or  hooded,  the  ground 
or  bearded,  and  the  floe  or  rat  seal.  The  seals  lie  like  flocks  of  sheep  upon  the  ice, 
but  every  year  they  are  observedly  getting  less  and  less  in  number. 
'  Captain  Qray  writes  to  me  as  follows  in  explanation  of  this :  — 
"  On  the  seals  being  reached,  the  men  are  sent  over  the  ice,  the  harpooners  armed 
with  rifles,  the  other  men  with  seal-dubs,  knife,  and  steel,  also  a  rope  to  drag  the 
skins  to  the  ship.  And  now  a  work  of  brutal  murder  and  cruelty  goes  on  enough  to 
make  the  hardest-hearted  turn  away  with  loathing  and  disgust,  liie  harpooner 
chooMS  a  place  where  a  number  of  young  seaU  are  lying,  lowing  well  that  the 
mothers  will  soon  make  their  appearance  to  see  if  the  young  are  safe,  and  are  then 
shot  without  mercy.  This  sort  of  work  goes  on  for  a  few  days,  until  tens  of  thousands 
of  young  seals  are  left  motherless  to  die  of  starvation,  not  so  much  fh>m  the  number 
of  old  ones  killed  (although  too  many  of  them  are  slain  at  this  season,  40,000  being 
killed  last  year  in  Harch)  as  from  those  wonnded  and  scared  away.  In  a  short  time 
the  old  ones  become  shy  and  will  not  come  near  where  the  men  are  standing,  but  keep 
at  a  respectful  distance.  It  is  horrible  to  see  the  young  ones  trying  to  suck  the 
carcasee  of  their  mothers,  their  eyes  starting  out  of  their  sockets,  looking  the  very 
picture  of  famine.  They  crawl  over  and  over  them  until  quite  red  with  blood,  poking 
them  with  their  noses,  no  doubt  wondering  why  they  are  not  getting  their  usual  food, 
nttering  painful  cries  the  while.  The  nbise  they  make  is  something  dreadful.  If 
one  cotud  imagine  himself  surrounded  by  four  or  five  hundred  thousand  human  babies 
all  raying  at  the  pitch  of  their  voices,  he  would  have  some  idea  of  it.  Their  cry  is 
very  Uke  an  infant's.  These  motherless  seals  collect  into  lots  of  five  or  six,  and  crawl 
about  the  ice,  their  heads  fast  becoming  the  biggest  part  of  their  bodies,  searching  to 
find  the  nourishment  they  stand  so  much  in  want  of.  The  females  are  vary  affection- 
ate toward  their  young." 

'The  young  seals  are  bom  about  March  20,  and  are  immediately  slaughtered  in 
thousands.  At  this  time  they  are  worth  about  la.  per  skin,  and  contain  little  or  no 
oil.  If  they  were  not  allowed  to  be  killed  before  April  6,  they  would  have  time  to 
suck  and  grow,  and  they  grow  very  fast ;  this  terrible  "  massacre  of  the  innocents  " 
would  be  prevented,  the  intelligent  and  affectionate  mother-seals  would  be  spared  the 
agony  of  seeing  their  crying  cubs  slaughtered  and  skinned  before  their  eyes — some- 
times, as  I  hear,  before  they  are  quite  dead — while  each  skin  would  then  be  worth  Zs, 
or  it.,  and  100  seals  would  yield  oil  to  the  value  of  from  36{.  to  iOl.  All  that  is  re- 
quired is  an  international  agreement  or  treaty  among  the  sealing-vessels,  which  aro 
about  86  in  number — 20  from  Scotland,  Ifi  to  20  from  Norway,  and  2  from  Germany 
— that  an  annual  close-time  should  be  given  to  the  seals,  and  that  they  should  not  be 
killed  before  April  6,  instead  of  March  20,  in  each  year,  as  these  seventeen  days 
would  make  all  the  difference  between  their  future  multiplication  and  the  present 
extermination  which  now  threatens.' 

SBAXi  MVCHULVntO.    The  art  of 
'"°  engraving  gtmt  is  one  of  extreme  nicety. 

The  stone  having  received  its  desired  form 
from  the  lapidary,  the  engraver  fixes  it  by 
cement  to  the  end  of  a  wooden  handle,  and 
Jien  draws  the  outline  <tf  his  subject  with 
a  brass  needle  or  a  diamond,  upon  its 
smooth  sur&ce. 

ftg.  1756  represents  the  whole  of  the 
seal-engraver's  lathe.  It  consists  of  a 
table  on  which  is  fixed  the  mill,  a  small 
horizontal  cylinder  of  steel,  into  one  of 
whose  extremities  the  tool  is  inserted,  and 
which  is  made  to  revolve  by  the  usual  fiy- 
wheel,  driven  by  a  treddle.  The  tools  that 
may  be  fitted  to  the  mill-cylinder  aro  the 
following: — Fig.  1767  a  hollow  cylinder, 
for  describing  circles,  and  for  boring';  Jig. 
1758  a  knobbed  tool,  or  rod  terminated  by 
a  small  ball ;  fig.  1759  a  stem  terminated 
with  a  cutting-disc  whoee  edge  may  be 
either  rounded,  square,  or  sharp,  being  in 
the  last  ease  called  a  saw. 
Having  fixed  the  tool  best  adapted  to  his  style  of  work  in  the  mill,  the  artist 
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applies  to  its  enttiog-point,  or  edge,  some  diamond-poTrder,  mixed  up  with  olive  oil; 
and  turning  the  wheel,  he  holds  the  stone  against  the  tool,  so  as  to  produce  the 
wished-for  delineation  and  eioeion,      A 

■imilai  appaiatns  is  used  for  engraTing         1767                 1758              17o9 
on  glass.  ^  ; 

In  Older  to  give  the  highest  degree  of      '  '  '         ~i-  -• 

polish  to  the  engraving,  tools  of  box-vood, 

pe-vter,  or  copper,  bedanbed  irith  moistened  tripoli  or  rotten-stone,  and  lastly  a 
brash,  are  fastened  to  the  mill.  These  are  worked  lil:e  the  abore  steel  instra- 
ments.  Modem  engravings  on  predous  stones  have  not  in  general  the  same  fine' 
polish  as  the  ancient. 

Several  varietiee  of  machine  have  been  of  late  years  introduced  to  facilitate  the 
processes  of  engraving  gems.  Hany  of  them  involve  the  pentagraph,  so  that  a  seal 
may  be  engraved  by  tiie  machine  at  once,  either  larger  or  smaller  than  the  original 
from  which  it  is  copied.  Most  of  these  engraving  machines  are  upon  the  principles 
described  under  Cabvimo  bt  Macbinkby. 

■SAK-OSb.    See  Oils. 

^  aBA&nrO-'VrAX.  (Ore  a  caoheter,  Fr. ;  SugeUack,  Ger.)  The  Hindoos  from 
time  immemorial  have  possessed  the  resin  lac,  and  were  long  accustomed  to  use  it  for 
sealing  manuscripts  before  it  was  known  in  Europe.  It  was  first  imported  bam  the 
East  into  Venice,  and  then  into  Spain ;  in  which  country  sealing-wax  became  the 
object  of  a  considerable  commerce,  under  the  name  of  Spanish-wax. 

If  shellac  be  compounded  into  sealing-wax,  immediately  after  it  has  been  separated 
by  fusion  irom  the  palest  qualities  of  stick  or  seed  lac,  it  then  forms  a  better  and  less 
brittle  article  than  when  the  shellac  is  fused  a  second  time.  Hence  sealing-wax, 
rightly  prepared  in  the  East  Indies,  deserves  a  preference  over  what  can  be  made  in 
other  countries,  where  the  lac  is  not  indigenous.  Shellac  can  be  restored  in  some 
degree,  however,  to  a  plastic  and  tenacious  state  by  melting  it  with  a  very  small  portion 
of  turpentine.  The  palest  shellac  is  to  be  selected  for  bright-coloured  sealing-wax, 
the  dark  kind  being  reserved  for  black. 

The  following  proportions  may  be  followed  for  making  red  sealing-wax : — Take  i 
ounces  of  shellac,  1  ounce  of  Venice  turpentine,  and  3  ounces  of  vermilion.  Molt 
the  lac  in  a  copper  pan  suspended  over  a  clear  clmi'coal  fire,  then  pour  the  turpentine 
slowly  into  it,  and  soon  afterwards  add  the  vermilion,  stirring  briskly  all  the  time  of 
the  mixture  with  a  rod  in  either  hand.  In  forming  the  round  sticks  of  sealing-wax,  a 
certain  portion  of  the  mass  should  be  weighed  while  it  is  ductile,  divided  into  the 
desired  number  of  pieces,  and  then  rolled  out  upon  a  warm  marble  slab,  by  means  of 
a  smooth  wooden  block,  like  that  used  by  apothecaries  for  rolling  a  mass  of  pills. 
The  oval  sticks  of  sealing-wax  are  cast  in  motuds,  with  the  above  compound  in  a  state 
of  fusion.  The  marks  of  the  lines  of  junction  of  the  mould-box  may  be  afterwards 
removed  by  holding  the  sticks  over  a  uear  fire,  or  passing  them  over  a  blue  gas-flame. 
Marbled  sealing-wax  is  made  by  mixing  two,  t&ee,  or  more  coloured  kinds  of  it 
while  they  are  in  a  semi-fluid  state.  From  the  viscidity  of  the  several  masses,  their 
incorporation  is  left  incomplete,  so  as  to  produce  the  a|n>earancs  of  marbling.  6old 
sealing-wax  is  made  simply  by  stirring  gold-coloured  mica  spangles  into  the  melted 
resins.  Wax  may  be  scented  by  introducing  a  little  essential  oil,  essence  of  musk, 
or  other  perfume.  If  1  part  of  balsam  of  Peru  be  melted  along  with  99  petrts  of  the 
sealing-wax  composition,  an  agreeable  fragrance  will  be  exhaled  in  the  act  of  sealing 
with  it.  Either  lamp-black  or  ivory-black  serves  for  the  colouring-matter  of  black 
wax.  Sealing-wax  is  often  adulterated  with  rosin;  in  which  case  it  runs  into  thin 
drops  at  the  flame  of  a  candle. 

The  following  proportions  ore  stated  to  form  good  sealing-wax : — 

Sed  No.  1. — 1  oz.  Venetian  turpentine,  6  oz.  shellac,  \  oz.  colophony,  1}  oz.  cinna- 
bar, &c. 

Eed  No,  2. — i  oz.  turpentine,  6i  oz.  shellac,  1^  oz.  colophony,  IJ  oz.  cinnabar, 
magnesia  to  colour. 

Fine  Black-^-H  oz.  Venetian  turpentine,  9  oz.  shellac,  \  oz.  colophony,  lamp-black 
mixed  with  oil  of  turpentine  as  much  as  is  required. 

Black. — 4  oz.  Venetian  turpentine,  8  oz.  shellac,  3  oz.  colophony,  lamp-black,  and 
oil  of  turpentine. 

YeUow. — 2  oz.  Venetian  turpentine,  4  oz.  shellac,  1}  oz.  colophony,  }  oz.  king's 
yellow. 

Dark  Brown. — 4  oz.  Venetian  tnrpontine,  7 J  oz.  shellac,  IJ  oz.  brown  English 
earth  (ochre). 

Light  Brown.— i  oz.  Venetian  turpentine,  7i  oz.  shellac,  1  oz,  brown  earth,  }  oat. 
cinnabar. 
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Dark  Blue. — 3  oi.  Venetian  tnipentine,  7  oz.  fine  sheUae,  I  oi.  eolophony,  1  oz. 
mineral  blue. 

Crreen, — 2  oz.  Venetian  taipentine,  4  oz.  shellac,  1^  oi.  colophony,  }  oz.  king's 
yellow,  ^  ot.  monntain  blue. 

Gold. — 1  oz.  Venetian  turpentine,  8  oc  shellac,  14  sheets  of  genuine  leaf-gold,  i  oe. 
bronze,  )  oz.  magnesia  with  oil  of  turpentine. 

MA-WATaB.  The  following  has  been  given  as  the  average  composition  of 
sea-water  in  100  ports : — Chloride  of  sodium,  2-50  ;  chloride  of  magnesium,  0-36  ; 
sulphate  of  magnesia,  0'58 ;  carbonates  of  lime  and  of  magnesia,  0-02 ;  sulphate  of 
lime,  0-01. 

Dr.  John  Davy  informs  us  that  caihonate  of  lime  is  chiefly  found  in  sea-water 
near  the  coast.  Dr.  Oeoige  Wilson  proved  the  existence  of  fluorine  in  the  waters  of 
the  German  Ocean,  and  Foret  T^mmr  obtained  it  from  sea-water  collected  near 
Copenhagen ;  Halaguti  and  Dnrocher  have  detected  silver  in  sea-salt,  and. Mr.  Field 
has  shown  that  the  copper  sheathing  of  ships  separates  silver,  in  the  process  of  time, 
from  the  waters  of  the  ocean. 

Lead  and  copper  and  some  other  metals  have  also  been  detected  in  sea-water,  and 
in  the  ashes  of  some  marine  plants.  These  m^als  are  said  to  exist  in  the  sea- 
water  in  the  form  of  dilorides,  and  to  have  been  probably  derived  from  the  native 
sulphides  of  the  metals  by  the  action  of  the  chlorine  in  the  water. 

■acnBTAOS.    A  process  in  which  mercury,  or  some  of  its  salts,  is  employed  to 
impart  to  the  fur  of  animals  the  property  of  felting,  which  they  did  not  previously 
possess.    See  FuB ;  Mkbcdbt. 
I  imforied  in  1874 : — 

VlllM 

Clover  and  Grass     .        .        .       256,02«  cwts.  688,7682. 

Cotton 190,649  tons  1,614,5612. 

Flax  and  Linseed     .        .        .  1,682,876  qrs.  4,678,7e0i. 

Bape 289,781   „  686,7192. 


See  S^ooBB ;  PoTTEaT. 

Hydrated  sulphate  of  lime.  See  AukBAsrira ;  Qtfscx. 
,  from  attJiir^,  ttliai, '  the  moon,'  is  a  chemical  element,  discovered 
by  Berzelius  in  1817.  It  occurs  sparingly  in  combination  with  several  metals,  aa 
lead,  cobalt,  copper,  and  quicksilver,  in  the  Hartz,  at  Tilkerode;  with  copper  and 
silver  (Eukairiie)  in  Sweden,  with  tellurium  and  bismuth  in  Norway,  with  tellurium 
and  gold  in  Transylvania,  in  several  copper  and  iron  pyrites,  and  with  sulphur  in 
the  volcanic  prodaets  of  the  Lipari  IsUnds.  Selenium  has  been  found  likewise  in  a 
red  sediment  which  forms  upon  the  bottoms  of  the  lead-chambers  in  which  oil  of 
vitriol  has  been  made  from  a  peculiar  pyrites,  or  pyritous  sulphur.  The  extraction 
of  selenium  firom  that  deposit  is  a  very  complex  process. 

Selenium,  after  being  fused  and  slowly  cooled,  appears  of  a  bluish-grey  colour,  with 
a  glistening  surface ;  but  it  is  a  reddish-brown,  and  of  metallic  lustre  when  quickly 
cooled.  It  is  brittle,  not  very  hard,  and  has  little  tendency  to  assume  the  crys- 
talline state.  Selenium  is  dark  red  in  powder,  and  transparent,  with  a  ruby  cast, 
in  thin  scales.  Its  specific  gravity  is  4*39.  It  softens  at  the  temperature  of  176" 
Fahr.,  is  of  a  pasty  consistency  at  212°,  becomes  liquid  at  a  somewhat  higher 
heat,  forming  in  close  vessels  dark  yellow  vapours,  which  condense  into  black  dn^ ; 
but  in  the  air  the  fumes  have  a  dnnabar-red  colour.  The  atomic  weight  of  selenium 
is  39*7,  and  its  symbol  Se.    See  Watts's  '  Dictionary  of  Chemistry.' 

■nVXU-'WATSB.    See  SoDA-WAm,  and  Watsbs,  Hikxrai. 

■aiKOnBa  The  name  given  in  Franca  to  denote  the  large  hard  grains  of  wheat- 
flour  retained  in  the  bolting  machine  after  the  fine  flour  has  been  paned  through  its 
meshes.  The  best  semoule  is  obtained  from  the  wheat  of  the  southern  parts  of 
Europe.  With  the  semoule  the  fine  white  Parisian  bread  called  gruau  is  baked. 
Skilful  millers  contrive  to  produce  a  great  proportion  of  semoule  from  the  large- 
grained  wheat  of  Naples  and  Odessa. 

Granular  preparations  of  wheat  deprived  of  bran  are  known  in  this  country  as 
Semolina,  Soiree,  and  Sfanna-crot^. 

savaOAX  ohm.  This  gum  is  produced  &om  the  Acacia  Senegal,  a  tree  or 
shrub  found  in  Arabia  and  the  interior  of  Africa.    See  Gnu. 

•aVZA  is  a  pigment  prepared  from  a  black  juice  secreted  by  certain  glands  of  the 
enttle-flsh,  which  the  animal  ejects  to  darken  the  water  when  it  is  pursura.  One  part 
of  it  is  capable  of  making  1,000  parts  of  water  nearly  opaque.  All  the  species  of 
this  mollusc  secrete  the  same  juce;  but  the  Sepia  officinalie,  the  8.  loligo,, and 
the  8.  tutticata,  are  chiefly  sonant  a^er  for  making  the  pigment.  The  first,  w^ich 
ocean  abundantly  in  the  Mediterranean,  afibrds  most  colour;  the  sac  containng 
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it  being  extracted,  the  juice  is  to  be  dried  as  quickly  as  possible,  because  it  runs 
lapidly  into  pntre£u;tion.  Though  insoluble  in  water,  it  is  extremely  dijGRisible 
Uiioii^  it,  and  is  very  slowly  deposited.  Caustic  aUcalis  dissolve  the  sepia,  and  turn 
it  brown ;  but  in  proportion  as  the  alkali  becomes  carbonated  by  exposure  to  air,  the 
■efna  &ll8  to  the  bottom  of  the  vessel.  Chlorine  blanches  it  slowly.  It  consists  of 
carbon  in  an  extremely-divided  state,  along  with  albumin,  gelatine,  and  phoq>bate 
of  lime. 

The  dried  native  sepia  is  prepared  for  the  painter  by  first  triturating  it  with  a  little 
caustic  lye,  then  adding  more  lye,  boiling  the  liquid  for  half  an  hour,  flltering,  next 
saturating  the  allcali  with  an  add,  sepaiating  the  precipitate,  washing  it  with  water, 
and  flnaUy  diying  it  with  a  gentie  heat.  The  pigment  ia  Mf  a  bfowu  colour,  and  a 
fine  grain. 

■■VTABKA  (from  tmtum, '  a  division '),  called  anciently  ludiu  HibmmtH  (the  quoitt 
of  Van  Helmont,  from  their  form),  are  argillo-calcareous  concretions  intersectod  by 
veina  of  calc-spar,  which,  when  calcined  and  ground  to  powder,  form  an  excellent 
hydraulic  cement. 

XVom  the  regular  arrangement  of  cracks  in  sei>taria  which  generally  assume  pen- 
tagonal forms  reeembling  in  appearance  the  divisions  in  the  shell  of  a  toitoise,  they 
have  received  the  common  name  of  '  turtle-stones '  or  '  fossil  tortoises.'  The  turtle- 
stones  found  in  the  Oxford  clay  at  Weymouth,  when  cut  into  slabs  and  polished,  form 
very  handsome  tables.  Tlie  number  of  veins  of  calC'Spar,  upon  which  their  beauty 
depends,  renders  these  turtle-stones  unfit  for  forming  an  hydraulic  cement,  in  conse- 
quence of  their  furnishing  too  great  a  quantity  of  lime  wnen  calcined.  Septaria  fit 
for  furnishing  cement  are  dredged  in  large  quantities  in  Chichester  harbour,  and  off 
the  coast  of  Hampshire,  and  are  also  procured  from  Harwich,  Sheppy,  and  several 
other  places.  A  stratum  of  septarian  stone,  forming  the  Broad  Bensb  on  the  coast 
of  Dorsetshire,  affords  an  excellent  cement,  and  is  lugely  quarried. — H.  W.  B. 

Smvmvnra  is  a  mineral  of  the  magnesian  &mily,  being  a  hydrated  silicate  of 
magnesia,  composed  of  silica  43-64,  magnesia  43-3S,  water  13-01  - 100.  Its  colour 
is  either  green  or  a  mixture  of  red  and  green,  seldom  of  a  uniform  tint,  but  generally 
of  several  shades,  arranged  in  dotted,  striped,  and  clouded  forma.  For  this  reason  it  has 
received  the  name  of  serpentine  (or  opkiolitt,  from  Q-r.  O^ii,  ophis,  'a  serpent,'  and  fi.l9ot, 
lUhot, '  stone '),  from  the  fancied  resemblance  which  it  bears  to  the  skin  of  a  serpent, 
both  in  colour  and  in  its  spotted  or  mottied  arrangement.  Specific  gravity,  2-5  to  2-6. 
It  is  slighUy  unctuous  to  the  touch,  sectile,  and  tough,  and  therefore  easily  cut  into 
ornamental  forms.  It  has  been  divided  into  pneiout  or  noble  terpentine,  comprising 
the  purer  translucent  and  massive  varieties,  with  a  rich  olive-green  colour ;  and  comTiion 
terpentine,  or  the  opaque  varieties,  forming  extensive  rock  masses,  like  those  of  the 
Lizard  in  Cornwall,  of  Angleseo,  Portsoy  in  Banffihire,  Unst  and  Fetlar  in  Shetiand, 
and  Zoblitz  in  Saxony. 

Serpentine,  though  so  soft  as  to  be  scratched  by  calcareous  spar,  and  to  be  tamed 
in  the  lathe,  takes  n  good  polish,  and  forms  a  very  beautiful  ornamental  stone.  At 
Zoblitz  it  has  long  been  manufactured  into  a  variety  of  articles,  which  find  their  way 
all  over  Oermany ;  and  works  have  been  established  in  Cornwall,  where,  by  means  of 
powerful  machinery,  it  is  made  into  columns,  vases,  chimney-pieces,  and  other  orna- 
mental articles  which  have  been  rather  extensively  used.  The  serpentine  of  Portsoy 
is  also  a  very  beautiful  stone,  and  was  formeriy  exported  for  manufacturing  into 
similar  objects.  The  Cornish  serpentine  and  steatite  were  at  one  time  sent  to  Bristol 
in  considerable  quantities,  where  they  were  used  in  the  manufacture  of  carbonate  of 
magnesia. — H.  W.  B. 

BBSAKOK  OZXi,  or  IM  Oil.  An  oil  produced  from  the  Setamum  orienlale, 
which  yields  the  seeds  known  as  teel  seeds.     It  is  of  a  peculiarly  bland  nature. 

SBWnrO  MAOamS.  The  history  of  these  ingenions  inventions  has  been  so 
well  told  by  Professor  Willis,  in  his  Report  on  the  machinery  for  woven  &brics  of  the 
Paris  Exhibition,  that  we  do  not  hesitate  to  borrow  from  it. 

At  the  Paris  Exhibition  in  1854,  fourteen  exhibitors  came  provided  with  sewing 
machines.  They  were  of  different  characters,  and  have  been  divided  by  Hr.  Willis 
into  four  classes. 

Under  the  first  class  came  the  machines  in  which  the  needle  is  passed  completely 
through  the  stufi^  as  in  hand-working :  '  It  is  so  natural,  in  the  first  attempts  to  make 
an  automatic  imitation  of  handiwork,  that  the  imitation  shall  be  a  slavish  one,  that  we 
need  not  be  surprised  to  find  the  earlier  machines  contrived  to  grasp  a  common 
needle,  push  it  through  the  stuff,  and  pull  it  out  on  the  other  side.' 

Thomas  Stone  and  James  Henderson,  and  some  others,  patented  machines  of  this 
kind,  which  proved  abortive.  H.  Heilmann  exhibited  an  embroidering  machine  in 
1834,  in  which  '  160,  more  or  less,  of  needles  are  made  to  work  simultaneously,  and 
embroider  each  the  same  fiower  or  device  upon  a  piece  of  stuff  or  silk  stretched  in  a 
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frame  and  gnidad  by  a  pentagiaph.'  SeireaX  oinbroideriiig  machioM  hare  been 
Irom  time  to  time  intiodnced.      See  Embboidbbino  Machikb. 

The  second  class  of  sewing  machine  vaa  that  known  as  the  chain-stitch,  or 
'  crotchet.'  This  is  wrought  by  a  so-called  crotchet-needle,  which  terminates  with  a 
hook ;  the  needle  is  grasped  by  the  opposite  end,  and  the  hook  poshed  throngh  the 
sttfET,  so  as  to  catch  hold  of  a  thread  below,  and,  being  then  withdrawn,  brings  with 
it  a  small  loop  of  the  thread ;  the  hook  of  the  needle  retaining  this  loop  is  tSen  re- 
passed  throng  the  staff  at  a  short  distance  in  adTance  of  the  former  passage,  catches 
a  new  loop,  and  is  again  withdrawn,  bringing  with  it  the  second  loop,  which  thns 
passes  throngh  the  fint.  Such  a  series  is  called  ohain-etitch,  and  may  be  used  either 
to  connect  two  pieces  together,  or  as  an  embroidery  stitch,  for  which  it  is  well 
adapted  by  its  ornamental  and  braid-like  appearance.  M.  Tllimonnier  patented  in 
1830  the  first  machine  of  this  character.  M.  Magnin  was  associated  with  Thimonnier 
in  1848  in  a  patent  for  improvements,  and  in  18&1  it  was  exhibited  in  London. 

In  1849  Morey  and  Johnson  patented  a  sewing  machine  in  this  conntry,  in  which 
a  needle  with  an  eye  near  the  point,  perpendicnlar  to  the  cloth,  was  combined  with  a 
hooked  instrument  parallel  to  tne  cloui,  for  efl^dang  the  same  purpose  as  the  crochet- 
needle.  Mr.  Singer  improved  on  this,  and  he  introdaoed  a  contrivance  by  n^ch  his 
machine  forms  a  kind  of  knot  at  every  eighth  stitch. 

The  third  class  of  sewing  machines  is  wrought  by  two  threads,  and,  as  the  stitch 
produced  by  them  is  known  in  America  as  the  maUJtag  stitoh,  it  may  be  presomed  it 
was  employed  by  the  makers  of  that  article  before  the  introduction  of  the  machine. 
In  the  usnal  mechanical  arrangement  for  it^  production,  a  vertical  needle,  having  the 
eye  very  near  the  point,  is  constantly  supplied  with  thread  &om  a  bobbin,  and  is 
carried  by  a  bar,  which  is  capable  of  an  up-and-down  motion.  The  cloth  being 
placed  below  the  needle,  the  latter  descends,  pierces  it,  and  forms  below  it  a  smafi. 
loop,  with  the  thread  carried  down  by  its  eye.  A  small  shuttle,  which  has  a  horizontal 
modon  beneath  the  cloth,  is  now  caused  to  pass  throngh  this  loop,  carrying  with  it  its 
own  thread.  The  needle  rises,  but  the  loop  is  retained  by  the  shuttle-thread.  The 
cloth  being  next  advanced  through  the  space  of  a  stitch,  the  needle  descends  again, 
and  a  fresh  loop  is  made.  This  process  being  repeated  along  the  line  of  the  seam,  it 
results  that  the  upper  thread  sends  down  a  loop  through  such  needle-hole,  and  that 
the  lower  thread  passes  through  all  these  loops,  and  thus  secures  the  work.  The  first 
machine  for  producing  this  stitch  was  invented  by  Walter  Hind,  of  New  York,  in 
1884.  Several  patents  for  producing  this  stitch  have  been  obtained.  Howe's  potent 
was  one  of  the  most  practical.  Mr.  Thomas  of  London  became  the  possessor  of 
Howe's  patent.  This  was ,  i  mproved,  and  a  new  patent  obtained  in  June  1846, 
which  was  modified  in  December  of  tiiat  year.  This  machine  has  been  extensively 
used.  This  invention,  says  the  patentee,  consists  In  certain  novel  arrangements  of 
machinery,  whereby  fabrics  of  various  textures  may  be  sewn  together  in  such  iv 
manner  as  to  produce  a  firm  and  lasting  seam.  By  this  invention  a  shuttle,  when  the 
point  of  the  needle  has  entered  the  cloth  or  other  fabric  under  operation  and  formed 
a  loop  of  thread,  passes  throngh  that  loop  and  loaves  a  thread  on  the  face  of  the  cloth, 
by  which  means  the  needle,  when  it  is  withdrawn  from  the  cloth,  instead  of  drawing 
back  the  thread  with  it,  leaves  a  tightened  loop  on  the  opposite  side  of  the  doth  ba 
that  at  whicJi  it  entered.  The  £ibno  then  passing  forward  to  the  distance  of  the 
length  of  the  stitch  required,  is  again  pierced  with  the  needle,  and  a  stitch  is  in  like 
manner  produced.  A  figure  of  this  machine  is  shown  {fig.  1760),  which  will  bo 
understood  from  the  following  description  : — 

1.  The  needU.  Place  the  needle  in  the  slide  A,  with  its  flat  side  towards  the  shuttle, 
and  the  grooved  side  in  front.  Turn  the  wheel  of  the  machine  round  till  the  line  g,  on 
the  gun-metal  slide,  is  level  with  the  line  g  on  the  iron  check.  Place  the  eye  of  the 
needle  level  with  the  top  of  the  shuttJe-box,  and  screw  the  neodlo  fast. 

2.  If  the  eye  is  above  the  box  when  the  marks  correspond,  the  needle  is  too  high  ; 
if  the  ejre  cannot  be  seen,  the  needle  is  too  low. 

3.  The  needle  should  pass  down  the  centie  of  the  hole  in  the  shuttle-box ;  but  if 
it  does  not,  it  can  be  made  to  do  so  by  bending. 

4.  The  needle-thread  runs  from  the  top  of  the  reel,  through  the  rings  B,  c,  and 
through  the  eye  of  the  needle. 

6.  The  shuttle.  It  is  necessary  that  the  first  coil  of  cotton  be  wound  closely  on  the 
bobbin,  or  it  will  be  difficult  to  make  it  lie  side  by  side  like  that  on  ordinary  reels. 
The  reels  should  not  be  filled  above  the  brasf,  and  the  cotton  or  silk  should  be  firee 
from  knots,  which  sometimes  pull  the  wire  out  of  the  shuttle. 

6.  The  thread  must  run  from  the  under  side  of  the  bobbin,  ronnd  the  wire  and  out 
through  holes,  Kos.  1,  2,  and  8.  If  the  thread  is  not  tight  enough,  miss  No.  3  and 
let  it  come  out  through  Kos.  4  or  5,  or  it  may  be  drawn  through  five  holes.  Put 
the  shuttle  in  the  box,  turn  the  wheel  round  once,  then  pull  the  end  of  the  needle- 
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thread  and  draw  np  the  shuttle-thread  through  tlie  hole  in  the  plate.  Place  the 
cloth  under  the«noTer,  and  the  machine  is  ready  for  work.  The  proper  time  for 
turning  the  work  to  sew  a  comer,  &c.,  is  when  the  spring  st  the  top  is  lifted  off. 

1760 


7.  The  length  of  stitch  is  regulated  by  (he  screw  b  at  back  of  machine. 

8.  The  tightness  of  tlie  needle-thread  is  regulated  by  the  screw  f. 

0.  The  tightness  of  the  shuttle-thread  is  regulated  by  passing  the  thread  throligh 
more  or  less  holes. 

11.  The  quantity  of  thread  pulled  off  the  reel  for  each  stitch  is  rtgnlatod  by  the 
position  of  the  piece  of  brass  B.  The  lower  the  hole  at  its  end,  tlie  greater  the  qiuin- 
tity  pulled  off:  when  the  cloth  is  thick,  more  thread  is  need,  and  the  end  of  the  brass 
B  should  be  lowered ;  when  thin,'  raised.  It  should  be  in  such  a  position  that  the 
trumpet  c  is  drawn  nearly  down  to  the  pin  on  the  slide  when  the  shuttle  passes 
through  the  loop. 

A  patent  was  obtained  by  John  Thomas  Jones,  of  Glasgow,  in  February  1869,  for 
a  sewing  machine  presenting  many  novelties  and  impiDTements.  Mr.  Jones's  patent 
well  explains  his  machine ;  we  therefore  transfer  his  description  to  onr  pages. 

The  machine  consists,  under  one  modification,  of  an  open  ftame,  hariag  a  platform 
top  upon  which  the  sewing  or  stitching  operations  are  carried  on.  Beneath  tluB  plat- 
form, and  near  one  end  of  it,  is  a  short  transverse  horizontal  first-motion  shaft  running 
in  bearings  in  the  framing,  and  carrying  a  long  crank,  a  connecting  rod  from  which  is 

i'ointed  at  its  opposite  end,  directly  the  shuttle-driver  or  slide-pace,  worldng  in  a 
lorizontal  guide  recess  beneath  the  opposite  or  front  end  of  the  platform  or  table. 
The  first-motion  shait  has  also  another  and  shorter  crank  upon  it,  the  stud-pin  of  which 
is  connected  to  the  pin  of  the  longer  crank  by  an  overhanging  link  piece,  provision 
being  made  for  the  adjustment  of  the  relative  positions  of  the  two  cranks  as  regards 
their  sequence  of  revolution.  It  is  this  shorter  crank  which  actuates  the  needle  move- 
ment, the  pin  being  entered  into  a  differentially  slotted  or  operated  cam  piece,  forming  . 
the  pendent  lower  end  of  a  bent  lever,  working  on  a  stud-centre,  in  the  interior  of  the 
overhead  bracket  or  pillar  arm  of  the  framing.  The  centre  on  which  this  lever  works 
is  in  the  horixontal  part  of  the  overhead  bnu^et  arm,  and  its  oppomts  or  free-working 
end  ha«  a  rectangular  slot  in  it  to  embrace  a  rectangular  blcxJc  of  metal  working 
freely  upon  a  lateral  centre-stud  upon  the  vertical  needle-carrying  bar.  In  this  way 
the  needle  has  imparted  to  it  a  differential  redprocatory  vertical  movement,  the 
peculiar  connection  of  the  needle  bar  with  the  actuating  lever  having  the  effect  of 
marking  the  needle  in  the  most  accurate  manner,  and  preventing  jarring  and  wear. 
These  are  the  whole  of  the  primary  movements  for  working  the  stitches,  which  may 
be  of  various  kinds,  as  made  up  fWjm  the  combined  action  of  the  needle  and  shuttle, 
or  thread-carrier ;  the  form  of  the  slotted  piece  or  operated  cam  in  the  end  of  the 
needle  lever,  being  variable  to  suit  any  required  peculiarity  of  needle  movement,  the 
main  elements  of  which  are  a  direct  up-and-down  motion  without  a  stop  or  rest,  until 
at  the  termination  of  the  down  stroke,  when  a  short  rise  takes  place,  succeeded  by  a 
rest  to  allow  of  the  due  looping  and  stitching  of  the  thread.  The  feed  of  the  &bric  to 
be  sewed  ia  efieeted  by  the  (^ration  of  a  short  vertical  lever  piece  witli  a  cranked 


Digitized  by 


Google 


764  SEWING   MACHINES 

and  slotted  lower  end,  whore  it  is  set  on  a  fixed  stnd  in  the  ^mining.  This  feed-lerer 
hai  a  rou^ened  or  toothed  upper  end,  the  teeth  or  asperities  beiiw  set  or  inclined  in 
tiie  direction  of  the  &bric'8  traverse.  After  each  stitching  action,  toe  feed-leTer  being 
lowered  just  beneath  the  operating  level,  is  raised  up  so  as  to  press  firmly  against  the 
under  side  of  the  fabric,  and  nip  it  between  the  stadonai;  spring  pressed  above. 
This  elevation  of  the  roughened  face  is  effected  by  the  traverse  of  the  shnUle- 
carrier,  wbidi  at  its  back  stroke  conies  against  the  inclined  tail  of  a  short  horizontal 
lever  set  on  a  stud  in  the  framing,  and  having  its  opposite  bent  end  bearing  against 
the  lower  end  of  the  feed  lever,  at  the  part  where  it  is  carried  by  its  slot  upon  the 
holding  stnd.  At  the  commencement  of  the  return  of  the  shuttle,  an  inclined  piece 
npon  the  shuttle-carrier  bears  against  a  lateral  stud  upon  one  end  of  a  short  rocking 
or  oscillatory  shaft  set  in  bearings  in  the  firaming,  the  other  end  of  the  shaft  having  a 
lever  arm  bearing  against  the  side  of  the  feed-lever.  In  this  way  the  feed-lever  is  fXA- 
versed  forward  in  its  elevated  position,  carrying  forward  the  £kbric  for  the  succeeding 
stitch.  The  adjustment  of  the  spring  presser  is  ef^ted  by  an  upper  screw  in  the  end  of 
the  bracket  arm  of  the  filming,  Uie  lower  end  of  the  screw  bearing  upon  a  lateral  pressing 
piece  which  rests  or  abuts  on  the  top  end  of  a  flattened  helical  spring  npon  the  presser 
bar.  The  latter  can  be  set  up  clear  out  of  work  by  means  of  a  small  cam  lever  &et  on  a 
stud  in  the  stationary  guide  of  the  presser  bar,  the  cam  bearing  against  a  lateral  stud  in 
the  bar,  so  that  by  setting  the  lever  up  or  down,  the  cam  is  correspondingly  turned, 
and  the  lever  set  up  or  down,  as  required.  The  actual  pressing  or  resisting  foot  of  the 
bar  is  a  bent  {dece  of  metal  screwed  on  to  the  bar,  and  being  thus  remov&le  to  allow 
of  various  forms  of  feet  guides,  or  presser  surface  pieces,  being  pat  on  to  suit  varieties 
of  forms  of  stitching. 

This  machine,  or  a  modification  of  it,  is  available  for  working  a  duplex,  or  other 
stitching  action  without  involving  farther  modification  of  the  prime  movers.  In 
working  a  duplex  arrangement,  two  needles  and  two  shuttles  are  used,  each  needle 
and  shuttle  working  independently,  so  as  to  allow  of  sewing  in  two  different  and  in- 
dependent lines  with  one  set  of  actuating  parts.  To  aid  the  shuttle  action  there  is 
atbudied  to  its  side  a  flat  carved  blade  spring,  one  end  of  which  is  free,  but  hooked 
into  a  hole  in  the  body  of  the  shnttle.  Thus,  as  the  shuttle  traverses  forward,  the 
sewing  thread  is  drawn  beneath  the  hooked  end  portion  of  the  spring,  so  as  to  be 
nipped  against  the  shuttle.  The  thtead  is  thus  held,  and  the  proper  loop  is  secured 
at  the  part  immediately  outside  the  nipped  portion.  With  this  arrangement  the 
needle  can  never  work  on  the  wrong  side  of  the  shuttle-thread.  Provision  is  also 
made  for  securing  an  independent  shuttle-thread  controller.  This  is  a  nipper  or 
retainer  worked  ^m  any  convenient  part  of  the  mechanism,  but  entirely  independent 
of  the  shuttle  movement.  This  may  be  arranged  in  variona  ways,  the  object  being 
the  variable  and  efficient  control  or  retention  of  the  thread,  without  interfering  in 
any  way  with  the  fixed  and  determined  action  of  the  shuttle.  Instead  of  fixing  a 
horizontal  shuttle  race  ,or  guide  track,  in  the  framing,  the  shuttle-driver  is  itself 
made  the  race  or  carrier,  so  as  to  secure  both  offices  in  one  detail  or  arrangement. 
A  hook  or  finger,  actuated  by  any  convenient  part  of  the  movement,  is  also  used 
for  retaining  the  needle  thread  for  any  desired  time  after  being  passed  through  the 
fabric ;  this  facilitates  the  movement  or  action  of  the  needle  bar.  The  shuttle  race, 
when  one  is  used,  is  made  quite  independent  of  the  machine,  so  that  it  can  be  changed 
at  any  time  to  suit  various-sized  shuttles  by  merely  slipping  in  or  taking  out  the  part. 
The  portion  of  the  filming  carrying  the  shuttle  race  is  cast  in  one  piece  with  the 
main  body  of  the  platform,  but  the  table  or  plate  on  which  the  stitching  takes  place 
is  a  loose  piece  slotted  down-  the  middle  for  the  working  movements,  and  fitteainto 
its  position  by  pins  cast  upon  it,  and  entered  into  corresponding  recesses  in  the  main 
base. 

There  exists  a  fourth  class  of  sewing  machines,  which  produce  more  complex 
stitches  than  the  preceding.  These  are  formed  by  sewing  two  threads,  which  mutually 
interlace  each  other  in  chain-stitch,  so  as  to  avoid  the  unravelUng  to  which  the 
simple  chain-stitch  is  subject,  and  also  are  intended  to  meet  an  objection  which  is 
urged  against  the  shuttle-stitch  machines,  on  the  ground  that,  as  the  shnttle  most  bo 
small  to  enable  it  to  pass  thioag}l  the  loop  formed  by  the  needle  thread,  s»  the  bob- 
bin carried  by  the  shnttle  can  only  obtain  a  moderate  length  of  thread.  Thus  the 
operation  is  stopped  at  short  intervals  to  supply  fresh  bobbins  to  the  shnttle.  Several 
patents  have  been  obtained  for  compound  chain-stitch  machines :  two  in  America,  in 
ISfil  and  1852,  by  Grover  and  Baker ;  another  in  1852  by  Avery ;  and  another  by 
M.  Joomaux  Le  Blond. 

In  England,  as  in  France,  all  the  most  promising  American  patents  have  been  re* 

Patented,  and  the  use  of  the  machine  is  rapidly  extending  itself.   The  sewing  machine 
as  acquired  so  prominent  a  position,  and  shown  itself  to  be  so  useful,  as  to  deserve 
the  time  and  attention  of  able  mechanists.    It  is  now  made  in  a  considerable  variety 
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of  forms  to  suit  it  to  the  Tarions  purpoees  to  which  it  is  now  applied.  We  find  it 
io  almott  every  luge  mum&ctory ;  and  in  nearly  every  family,  the  hand-sewing 
machine  has  ita  place. 

•MASBpOX.  The  fruit  of  the  OUnta  dacumana,  which  is  much  enltirated  in  the 
Vest  Indies^    It  is  sold  in  this  country  as  the  '  Forbidden  Fruit.' 

•BAVT,  in   mitting,  signifies  a  perpendicular  or   slightly-inclined  pit.     See 

MlMINO, 

WMAMUOKMm,  (Ciagrin,  Fr. ;  Sckoffrin,  Oer.)  The  true  oriental  shagreen  is  essen- 
tially different  from  all  modifications  of  leather  and  parchment.  It  approaches  the 
latter  somewhat,  indeed,  in  its  nature,  since  it  consists  of  a  dried  skin,  not  combined 
with  any  tanning  or  foreign  matter  whatever.  Its  distinguishing  characteristic  is 
having  the  grain  or  hair  side  covered  over  with  small  rough  round  specks  or 
granuliations. 

It  is  prepared  from  the  dons  of  horses,  wild  asses,  and  camels ;  of  strips  cut  along 
the  chine,  from  the  neck  towards  the  tail,  apparently  because  this  stronger  and 
thicker  portion  of  the  skin  is  best  adapted  to  the  operations  about  to  be  described. 
These  fillets  are  to  be  steeped  in  water  till  the  epidermis  becomes  loose,  and  the  hairs 
eamly  come  away  by  the  roots ;  .ifter  which  they  are  to  be  stretched  upon  a  board, 
and  dressed  with  the  currier's  fleshing-knife.  They  must  be  kept  continually  mdst, 
and  extended  by  cords  attached  to  their  edges,  with  the  flesh-side  uppermost  upon 
the  board.  Each  strip  now  resembles  a  wet  bladder,  and  is  to  be  stretched  in  an 
open  square  wooden  frame  by  means  of  strings  tied  to  its  edges,  till  it  be  as  smooth 
and  tense  as  a  dmm-head.  For  this  purpose  it  must  be  moistened  and  extended  from 
time  to  time  in  the  frame. 

The  grain  or  hair-side  of  the  moist  strip  of  skin  must  next  be  spriniled  over 
with  a  kind  of  seed  called  AUabuta,  which  are  to  be  forced  into  its  snr&ce  either 
by  tramping  with  the  feet,  or  with  a  simple  press,  a  piece  of  felt  or  other  thick 
stuff  being  laid  upon  the  seeds.  The  seeds  belong  probably  to  the  Chatopodiwn 
Mum.  They  are  lenticular,  hard,  of  a  shining  black  colour,  ftuinaceons  within, 
about  the  size  of  •  poppy-seed,  and  are  sometimes  used  to  represent  the  eyes  in  wax 
figures. 

The  skin  is  exposed  to  dry  in  the  shade,  with  the  seeds  indented  into  its  surface ; 
after  which  it  is  freed  from  them  by  shaking  it,  and  beating  upon  its  other  side  with 
a  stick.  The  outside  will  be  then  homy,  and  pitted  with  small  hollows  corresponding 
to  the  shape  and  nnmber  of  the  seeds. 

In  order  to  make  the  next  process  intelligible,  we  must  advert  to  another  analogous 
and  well-known  operation.  When  we  make  impressions  in  fine-grained  dry  wood 
with  steel  punches  or  letters  of  any  kind,  then  plane  away  the  wood  till  we  come  to 
the  level  of  the  bottom  of  these  impremions,  and  afterwards  steep  the  wood  in  water, 
the  condensed  or  punched  points  will  swell  above  the  surface,  and  place  the  letters  in 
relief.  Snuff-boxes  have  been  sometimes  marked  with  prominent  figures  in  this  way. 
Now  shagreen  is  treated  in  a  similar  manner. 

The  strip  of  skin  is  stretched  in  an  inclined  plane,  with  its  upper  edge  attached  to 
hooks  and  its  under  one  loaded  with  weights,  in  which  position  it  is  thinned  off  with  a 
proper  semi-lunar  knife,  but  not  so  much  as  to  touch  the  bottom  of  the  seed-pits  or 
depressions.  By  maceration  in  water,  the  skin  is  then  made  to  swell,  and  the  pits 
become  prominent  over  the  surface  which  had  been  shaved.  The  swelling  is  com- 
pleted by  steeping  the  strips  in  a  warm  solution  of  soda,  after  which  they  are  cleansed 
by  the  action  of  salt-brine,  and  then  dyed. 

In  the  East  the  following  processes  are  pursued.  Entirely  white  shagreen  is 
obtained  by  imbuing  the  skin  with  a  solution  of  alum,  covering  it  with  the  dough 
made  with  Turkey  wheat,  and  after  a  time  washing  this  away  with  a  solution  of  alum. 
The  strips  are  now  rubbed  with  grease  or  suet,  to  diminish  their  rigidity,  then  worked 
carefully  in  hot  water,  curried  with  a  blunt  knife,  and  afterwards  dried.  They  are 
dyed  red  with  decoction  of  cochineal  or  kermes,  and  green  with  fine  copper-filings 
and  sal-ammoniac  tiie  solution  of  this  salt  being  first  applied,  then  the  filings  being 
strewed  upon  the  skin,  which  must  be  rolled  up  and  loaded  with  weights  for  some 
time ;  blue  is  given  with  indigo,  quicklime,  soda,  and  honey ;  and  black,  with  galls 
and  copperas. 

Shagreen  is  also  prepared  from  the  skin  of  the  shark. 

•■AXaS  AV9  m»M»ATi  0Z3UB.  Shale,  according  to  old  writers  on  pet- 
rology, signifies  an^  rock,  no  matter  of  what  mineral  composition,  splitting  into  thin 
laminte,  and  found  in  what  they  termed  the  secondary  and  tertiary  formations.  Schitt 
was  the  distinguishing  appellative  of  such  rocks  splitting  up  in  thin  layers,  found  in 
the  primitive  formations  of  the  same  authors.  Tne  characteristic  features  of  the  in- 
dividual rock  were  usually  prefixed.  Thus  such  terms  as  mica-schibt,  talc-schist,  alum- 
shale,  argillo-bituminous  slutle,  &o.,  origjinated.    But  though  they  are  still  retained,  a 
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widsr  cttatigraphical  knowledge  has  made  the  two  termg  lynonymotu.  MaeuUodi,  v 
his  '  Claui&ation  of  Socks,'  has  shown  that  a  shale  may  leaye  the  fissile  state  to  pass 
in  the  same  geological  section  into  the  kotiyoidal,  mammillaty,  and  even  earthy  oon> 
ditions.  There  are  arenaceous,  aigillaceoos,  caloarsoos,  or  fermginoos  shales,  acoor- 
ding  to  the  nature  of  the  parent-rock ;  thus,  red  hwnatite  and  the  oiganically-deriysd 
Tripoli  slate  may  be  both  included  under  the  generio  term.  Use  in  manu&etoies 
has  given  names  to  alum-shales,  argillo-  or  c&i^reo-bitnminous,  or,  better  still,  oil- 
shales. 

Like  petroleum,  oil-shales  are  found  in  all  geological  formationB,  and  they  appear 
to  accompany  both  it  and  limestone  geognoebcally.  Whereyer  fossils  indicate  con- 
ditions of  quiet  snbtddence,  and  estuary  or  lake  fbrmation,  the  obseryer  has  come  oo  a 
locality,  primd  facie,  good  for  the  occurrence  of  either  oil-shales  or  petroleum.  Sueb 
conditions  in  geography  appear  to  haye  alternated  with  those  of  a  sudden  change  to 
deep-sea  life  throughout  all  geological  time.  The  Scottish  carboniferons  system 
appears  to  haye  been  formed  under  yery  &Tourable  dioumstances  for  the  production 
of  oil-piodncing  materials.  The  Mountain  Limestcme,  instead  of  attaining  the  mag- 
nificent proporlaona  of  Berbyshire  <a  Northumberland,  is  represented  usually  by  six 
thin  beds  of  a  few  feet  thick.  The  reader,  casting  his  eye  on  a  geological  map  of 
midland  Scotland,  will  mark  how  eomparatiyely  small  a  space  is  occupied  by  the  coal- 
fields proper ;  that  they  are,  in  £k^'  surrounded  by  a  large  area  of  beds  marked  off  in 
the  books  as  the  snbcaiboniferons  or  estnarine  Bnidiehouse-limestone  formation. 
This,  the  area  proper  of  the  shales,  extends  thioogh  the  counties  of  Fife,  Edinburgh, 
Linlithgow,  Lanark,  Benfiew,  and  Ayr.  But  the  true  coal-formation  also  abounds  in 
oil-producing  material.  Very  intimately  associated  with  each  individual  coal-bed,  the 
occurrence  vS  shale  aboye  it,  and  blackband  ironstone  below  it,  also  an  oil-yielder, 
may  possibly  indicate  a  dififeient  mode  of  formation  from  that  of  the  Newcastle  field. 
The  rich  cannels  found  throughout  the  Scotch  ooal-flelds  proper  belong  to  the  oategoiy 
of  shales  rather  than  coals. 

Daring  the  years  immediately  succeeding  the  expiry  of  James  Young's  patent,  oil- 
works  were  erected  oyer  the  area  of  the  Scottish  coal-field.  But  since  the  continued 
depression  of  this  new  industry  caused  by  the  large  importation  of  American  petroleum, 
nuiny  small  works  haye  been  dismantled ;  and  the  trade  is  now  pnndpally  in  the 
bands  of  a  few  large  companies,  who  carry  on  their  operations  near  West  Calder  and 
Brozbum,  in  the  immediate  neighbourhood  of  Edinboigh,  and  in  the  yicinity  of  Paisley. 
The  amount  of  material  used  is  still  very  great.  The  Addiewell  works  are  alone 
capable  of  utilising  1,000  tons  of  shale  weekly.  So  much  as  782,000  tons  of  shale 
have  been  consumed  annually;  resulting  in  the  manufacture  of  about  10,000,000 
gallons  of  burning-oil,  5,000  tons  of  -ptm&a,  and  about  600  tons  of  sulphate  of 
ammonia. 

The  Torbanehill  mineral,  the  substance  on  which  Young  worked  his  patent,  is  now 
exhansted.  But  the  liigh  price  g^ven  for  it  by  foreign  gas-con^nies,  as  well  as  the 
demand  from  the  same  quarters  for  the  ordinary  cannels,  and  for  the  bastard  cannel, 
technically  termed  <  rums,'  which  abound  throughout  the  Scotch  coal-fields,  haye  placed 
all  these  Bul»tanoes  out  of  the  reach  of  the  oil-maker.  The  shales  of  the  lower  fresh- 
water series  were  waste  products  before  the  advent  of  this  new  industry ;  but  &om 
their  special  chemical  nature,  they  yield  an  oil  more  easily  brought  to  the  white  standard 
in  colour  of  American  petroleum  than  the  substances  first  employed  in  the  manufac- 
ture of  crude  oil. 

7%e  probable  organic  origin  of  a  thdU  or  cannel. — ^The  Kimmeridge  shale  yielded  an 
oil  which  could  not  be  deodorised.  So  though  a  newly-diaooyered  Brora  shale  yields 
as  much  as  67  gallons  to  the  ton,  it  may  probably  be  used  only  for  the  purposes  of 
patent  fuel,  owing  to  the  phosphorus  it  contains,  derived  iiram  the  animals  whose  re- 
mains are  in  part  chemically  represented  by  its  oleaginous  contents.  So  also  of 
abundant  flagstone  bituminous  beds  of  the  Old  Bed  Sandstone  of  Orkney  and  the  North 
of  Scotland.  The  same  difficulty  has  been  experienced  with  the  Canadian  petroleum ; 
though  it  is  said  that  in  this  qiecial  material  tiie  art  of  the  refiner  has  overcome  the 
disagreeable  odour. 

The  close  proximity  of  coal  and  shale^  often  found  in  one  section,  is  of  great 
importance  in  diminishing  the  working  expenses  of  a  shale  oil-work.  In  Scotland, 
oil-makers  generally  also  mine  their  raw  products. 

What  it  a  Coal  f — A  strict  chemical  definition  of  coal  or  its  allies  has  as  yet  been 
attempted  in  vain.  Use  has  hitherto  ruled  the  distinguishing  nomenclature  of  coals. 
From  the  anthracite  to  the  cannel,  a  clear  gradation  may  be  traced.  But  here  we 
reach  a  once  mush  contested  border-land,  where  the  true  caaael  graduates  into  the 
shale.  The  advocates  of  separation  of  the  celebrated  TorbanehlU  auberal  from  the 
class  of  cannel  coals  mainly  contested  that,  unlike  these  bodies,  aAer  the  oil  or  gas 
had  been  taken  from  them,  it  left  no  useful  cc|(e  containing  an  appreciable  percentage 
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of  fixed  caibon ;  its  sole  reddnnm  is  a  useless  mass  of  day.  The  superior  cbaractei 
of  the  American  petroleum,  as  veil  as  the  high  prices  ruling  for  gas  material,  hare 
caused  cannels,  lignite,  peat,  as  well  as  many  caking  coals,  to  be  disregarded  as  oil- 
produdag  materials.  At  the  same  time,  the  technologist  should  note  the  physical  and 
chemical  capkbilities  of  such  bodies  for  producing  ous  for  other  than  domestic  uses. 
Br.  Ereleigh  has  proposed  to  manufacture  gas  firmn  oil  distilled  first  from  ordinary 
coal  by  a  special  apparatus.  Messrs.  Odling  and  Keats,  in  reporting  on  this  process 
for  the  Patent  Gas  Oompany,  state  that  in  tkeii  experiments,  silkstone  coal  gave  16'4 
gallons  of  tar  and  oil  per  ton ;  Clay  cross  main,  11-9  gallons ;  and  Felaw  main,  13-9 
gallons :  or  a  mean  of  14  gallons.  They  obtained  from  one  ton  of  coal  9,500  cubicfeet 
of  23-candle  ms,  and  from  14  gallons  of  oil  the  produce  of  this  600  cubic  feet  of  25- 
candle  gas.  Though  the  American  oil-veils  may  be  said  to  have  shut  up  the  poat- 
-works  of  the  Continent,  lignite  is  distilled  there  often  specially  for  the  extraction  of 
paraffin. 

A  natural  transiUon  &om  petroleum  to  shale  is  exhibited,  for  instance,  in  the  exten- 
sive  gum-beds  near  Hamilton,  Canada  West.  The  viscous  asphaltum  may  be  only  the 
fluid  native  naphtha  changed  by  atmospheric  oxidation  ;  and,  at  least,  some  beds  of 
anthmcite  may  be  only  farther  steps  m  the  same  series  of  changes.  Attempts  to 
extract  their  proximate  constituents  from  these  bodies  by  solvents  have  been  as  fruit- 
less as  those  made  on  coals.  Indeed,  the  recant  experiments  of  Berthollet  appear  to 
show  that  the  various  hydrocarbons  of  coal-tar,  and  probably  those  also  in  crude  shale 
oil,  do  not  exist  individually  in  the  materials  whence  those  bodies  are  extracted,  but 
depend  on  difierent  temperatures  applied  in  distillation.  By  synthesis,  Berthollet 
obtained  benzine  £com  acetylene ;  ethylene  &om  acetylene  and  hydrogen ;  styrolene 
from  ethylene  and  benzine ;  and  naphthaline  from  ethylene  and  styrolene.  Inversely, 
by  the  application  of  a  red  heat  on  toluene,  xylene,  and  cumeve,  they  were  decomposed 
into  hydrogen,  formene,  acetylene,  ethylene,  benzine,  toluene,  xylene,  cnmene,  styrolene, 
naphthaline,  anthracene,  and  chiysene.  The  gas-maker  notes  a  strange  individuality 
in  the  yield  of  special  materials.  The  Newcastle  coal-tar  abounds  in  naphthaline  ; 
the  Wigan  cannel  is  specially  rich  in  benzine  and  carbolic  add.  So  the  oil-maker 
prefers  crude  tar  from  Uie  lower  carboniferous  shales ;  specially,  because  they  give  a 
white  odourless  burning-oil ;  though  other  crude  oils  are  cheaper,  yield  more  pi^affin, 
or  may  better  suit  appUcations  to  patent  fuel,  metallurgy,  or  gas-making,  ^^bably 
more  accurate  knewledge  of  the  different  effects  of  heating  in  this  manufacture  may 
enable  the  oil-maker  to  extract  equally  good  tar  from  any  oil-yielding  material; 
and  likewise  to  obtain  in  gas-making  tcwa  shales  all  the  peculiar  products  of  cannel 
coals. 

Oil-shales,  like  cannel  coals,  have  a  yellow-brownish  streak ;  are  easily  cut  with  a 
knife  ;  and  often  exhibit  a  subconchoSidid  fracture.  The  '  curley '  bands  have  a  black 
glossy  external  appearance ;  and  are  curiously  bent  into  a  series  of  corrugated  foldings. 
They  yield  most  oil ;  and  are  usually  mixed  with  thick  seams  of  poorly  oleaginous 
shales.  In  some  parts  of  Linlithgowdiire,  these  shales  are  changed  into  a  kind  of  black 
chalk  ;  apparently  in  consequence  of  the  trap  rocks. 

What  an  Mineral  Oils? — To  understand  mineral  oil-maUng,  it  is  necessary  to 
consult  some  good  table  of  temperatures,  such  as  Fonillet's. 

The  black  heat  or  low-red  heat  of  oU-making  ranges  betwixt  500°  and  900<>  F., 
while  the  taU  cherry-red  or  dark-yellow  red  heats,  so  necessary  in  coal-gas  manu&c- 
ture,  exceed  1000°.  Shale-tar  floats  on  the  eurfsoe  of  water ;  whereas,  coal-tar  being 
of  a  higher  density,  sinks  in  it.  Crude  mineral-oil  may  be  as  high  as  940°  in  sp.  gr ; 
but  the  shale-tar  preferred  for  oQ-making  usually  ranges  from  840°  sp.  gr.  to  800° 
sp.gr. 

Cmdeoil  is  really  a  series  of  oils  held  together  by  links  destroyed  in  distillation. 
But  the  separate  oils  may  be  variously  utilised,  in  accordance  with  their  several 
physical  and  chemical  properties.  Yet,  as  they  all  are  hydrocarbons,  they  cannot  take 
the  place  of  oxygenated  oils  of  animal  or  vegetable  origin  used  by  painters  or  soap- 
makers.  Mineral  turpentine,  the  only  apparent  exception,  is  used  by  varnish-makers, 
not  from  its  drying  properties,  but  from  its  speedily  evaporating  altogether  out  of  the 
paint-solution  in  which  it  was  mixed. 

Mineral  oils  in  lam^. — They  wsie  first  introduced  as  illuminants  along  with  the 
now  familiar  German  lamp;  and  they  have  largely  displaced  lamps  using  other 
vegetable  or  animal  oils  from  their  greater  convenience,  and  fiom  the  superior 
brilliancy  and  cheapness  of  the  light  given,  defiant  gas  mainly  is  thus  given  m  the 
remotest  hamlet,  under  circumstances  of  the  easiest  management.  From  the  vapori- 
sable  nature  of  the  oil,  a  lamp  is  supplied  surpassing  most  previous  similar  contrivances 
in  photogenic  power.  Continued  amplication  of  ingenious  minds  has  reduced  the 
glass  nuisance  to  a  minimum,  whilst  it  is  now  the  fault  of  tlie  purchaser  should  he 
emidoy  a  dangerous  oil.    Dr.  Frankland  gives  the  following  results  of  experiments  of 
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the  qMaatities  of  different  bodies  neoesiaiy  to  give  the  same  amonnt  of  light,  di«- 
regarding  luminosity : — 

Young's  paraffin  oil 4*53  litres. 

American  pebtolenm.  No.  1 5'70     „ 

„  „         No.  2 6'88     „ 

Paraffin  candles 8*42  kilos. 

Spermaceti  candles  .......  10'S7     » 

Wax  „ lX-96     „ 

Stearine  , 12-60     » 

Tallow  l«-80     „ 

Dr.  Macadam  ['Bo;pl  Scottish  Sodety  of  Azts,'  toL  viii.  1871]  compared  the 
photogenic  power  of  mineral  oil  irith  its  animal  and  regetable  riTals  with  tne  follow- 
ing results : — 


I    TUneot 
)      bnmisg 


HaU^nny  dip  or  tallow  candle 
Three-&ithing    „  „ 

Penny  „  „ 

Composite  candle  (average)   . 
Paraffin  candle  (arerage)       .        . 

Common  flat-iBick  lanqu  : 

Sptxm  oil 

Bape*  „ 

Whale  „ 


Sperm  oil 
Bape    „ 
Whale  „ 


Argand  lamp» : 


taonn 
3 

J* 

4-27 

8-59 
6-84 
9fi 

•69 
1-26 
1-67 


Ocmlle- 
power 


u 

1* 
11 

1-49 

1-806 

1-05 

•9 

13 

1183 
9-8 


Coat 


rf. 

4 

J 
1 
1 
1 

1 
1 
1 

1 
1 
1 


In  a  oottage-lamp,  paraffin-oil  at  2t.  per  gallon  bnmed  for  9  hours  with  a  luminosity 
of  6-candle  power  for  a  Id.,  and  in  a  parlour-lamp  this  oil  burned  for  6  hours,  giving 
9-candle  power  for  the  same  price ;  while  it  burned  the  same  money  value  in  the 
dining-room  lamp  in  4}  hours  giving  12-candle  power. 

In  setting  it  against  coal-gas,  Dr.  Macadam  assumes  the  high  candle-power  given 
by  Scotch  gas  companies,  and  he  takes  a  moderate  price  which  is  not  now  likely  to 
prevail.  Assuming  gas  to  sell  at  5s.  per  1,000  cubic  feet,  and  to  have  a  Inminosity  of 
28  candles,  he  finds  gas  cheaper  than  paraffin  oil,  if  consumed  at  No.  3  jet ;  but  should 
gas  cost  5Jr.  id.  per  1,000  cubic  feet,  the  two  iUnminating  agents  are  equaL  When 
this  high  candle-power  of  gas  is  withdrawn  they  are  also  equivalent  in  price  and 
luminosity.  Paraffin  oil  is  as  cheap  as  gas  when  the  latter  is  consumed  at  No.  3  jet, 
and  its  cost  is  la.  per  1,000  cubic  feet;  while  its  luminosity  is  24-70-candIe  power; 
or  at  No.  4  jet  when  the  same-priced  gas  is  of  21'63-candle  power;  or  at  No.  5  jet 
when  it  is  only  20-candle  power. 

Silber  proposes  to  bum  oils  in  rooms  ttam  permanent  pendants,  just  as  we  do  gas; 
and  with  n)ecial  contrivances  for  the  purpose  has  attained  very  marked  results. 
[*  Journal  of  the  Society  of  Arts,'  voL  zix.  p.  88.]  Using  petroleum  of  sp.  gr.  796  he 
obtained  an  illuminating  power  perhaps  20  per  cent,  greater  than  the  London 
coal-gas,  which  is  given  to  the  consumer  at  from  12  to  16  candles ;  though  with 
gas  at  34.  9d.  per  1,000  cubic  feet  the  cost  of  petroleum  was  10  to  20  per  cent, 
greater  than  the  gas.  But  by  an  alteration  in  the  argand  the  illuminating  power  was 
increased  from  40  to  60  per  cent,  more  than  at  first.  So  though  colza  lamp  costs  five 
times  as  much  as  the  gas ;  Valentin's  esperiments  gave  with  Silber's  lamp  a  li^t 
equivalent  to  a  saving  of  600  per  cent.  Mr.  Slbsr  is  now  adapting  his  lamp  to  use 
the  heavier  and  safer  mineral  oils.    See  Sdlbib  Light. 

Ute  of  mineral  oUt  in  gas-maUng. — ^It  has  been  proposed  to  use  mineral  oils  in  gas- 
making  either  by  na^hthalieing  the  poor  gas- made  from  ordinary  coal,  or  by  the  con- 
version of  the  rich,  oily  hydrocarbons  into  permanent  gas. 

1.  Beautiful  results  have  been  obtained  by  passing  the  gas  through  oils,  whether  of 
heavier  or  lighter  specific  gravity.  The  objectdons  of  smell,  and  the  tendency  of  oil 
to  return  to  its  original  state,  have  militated  against  the  extensive  use  of  this  method 
in  domestic  circles.    It  appears  generally  necessary  that  the  carburetter  be  as  close  as 
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ponibla  to  the  gas-jet  A  modified  caiboretter  has  been  Bnccessfully  employed  doae 
to  the  burner  on  the  Edinburgh  street  lampii. 

2.  The  conversion  of  oil  into  a  permanent  gas  long  baffled  inTenCors.  The  fact,  too,' 
that  irhen  oil  was  so  decomposed  it  usually  deposited  much  of  its  carbon  as  coke  on 
the  sides  of  the  retort,  was  a  standing  difficulty.  Many  modifications  of  water-gas, 
to  be  introduced  eo  as  again  to  take  up  thi^ carbon,  and  also  to  supply  cheaply  an 
additional  volume  of  gas,  were  usually  proposed.  The  patent  records  contain  many 
fruitless  schemes;  but  Ilessrs.  Keats  and  Odling  report  that  by  Dr.  Eveleigh's 
process,  worked  ont  by  the  Patent  Qas  Company,  a  permanent  gas  has  been  formed 
singularly  free  from  impurities,  and  of  25-candle  lighting  power.  The  present 
position  of  gaswork  economics  do  not,  according  to  these  gentlemen,  warrant  the  hope 
that  the  process  will  be  extensively  used  in  large  cities,  but  it  may  be  available  m 
the  country  and  abroad. 

The  rising  value  of  cannel  coals  has  induced  gas-makers  to. inquire  whether  mineral 
oils  might  be  used  as  sources  of  auxiliary  supply  in  ordinary  gas  retorts,  whether 
admitted  per  $t,  or  made  into  a  patent-fuel  composition.  Mr.  Cilssite:^,  of  Dalkeith, 
when  introducing  oil  alone  into  a  retort,  obtained  in  one  experiment  16,904  cubic  feet, 
and  in  another  18,600  cubic  feet,  with  respective  illuminating  powers  of  38'd  and 
23'S5  candles.  The  illuminating  power  in  another  experiment  was  only  12  candles, 
but  the  yield  increased  to  28,300  cubic  feet  When  30  gallons— or  284  lbs. — of  oil 
were  mixed  with  splint  coal  in  a  clay  retort,  the  yield  was  increased  from  10,000  to 
12,600  cubic  feet,  and  the  illuminating  power  fzom  14  candles  ta  25*89  candles. 
When  42  gallons  of  oil  were  used  with  1  ton  of  coal,  13,140  cubic  feet  of  28-59-candle 
gas  were  obtained. 

As  we  have  already  seen,  shale  is  very  widely  distributed  thronghont  the  geological 
formations ;  and  shale,  which  is  useless  for  oil-making  from  poorness  of  yield  and 
probable  organic  origin,  may  be  used  for  gas-making.  Specially  should  the  gaswork 
be  planted  where  the  shale  is  mined,  and  the  manufacture  led  in  by  pipes  to  the  town 
where  it  is  to  be  used.  During  the  winter  of  1872  many  Scotch  gas  companies  used 
ordinary  oil-shale  brought  into  their  works  from  a  distance. 

Paraffin  and  petroleum  residues  have  been  utilised  in  small  gasworks  supplying 
railway-stations  or  private  residences  in  Germany.  The  stuff  is  pumped  up  by 
clock-work  into  a  retort  capable  of  making  200  cubic  feet  of  gas  in  an  bear,  which 
contains  only  0'69  per  cent  of  impurities  in  the  hundred  parts.  The  gas  consists 
chiefly  of  acetylene ;  and  it  is  burned  from  jets  consuming  per  hour  from  a  ^  of 
a  cubic  foot  to  2  cubic  feet ;  but  200  cubic  feet  of  this  gas  equal  1,000  cubic  feet  of 
coal-gas.  Convenience  rather  than  cost  of  material  instigates  the  erection  of  such 
woru. 

Petroleum  has  been  successfully  employed  in  small  towns  and  villages  of  Canada 
and  the  United  States  for  gas-ma!king.  The  method  usually  adopted  is  to  mix  its 
vapours  with  that  of  water  passing  over  red-hot  charcoal  or  iron.  Yonle,  Hind,  and 
Thomson  found  10  cubic  meters  of  the  gas  equal  in  intensity  and  cheapness  to  40 
cubic  meters  of  coal-gas.  Besides,  the  manuiacture  consumes  much  less  time.  See 
Naphtha. 

Minend  oils  at  liquid  fad. — The  proposal  to  use  such  oils  for  raising  steam  excited 
great  interest  when  first  proposed.  Many  contrivances  were  patented  and  experiments 
undertaken,  though  without  the  happy  issue  anticipated.  The  following  ritrnni  of 
onr  knowledge  on  this  subject  is  mainly  derived  mm.  the  evidence  of  Dr.  B.  Paul 
given  before  the  Boyal  Cummission  on  Coal  Supply. 

The  materials  which  have  been  suggested  as  fhel  are :  Petroleum  in  a  crude  state, 
with  a  specific  gravity  &om  800O  to  860° ;  crude  paraffin  oil  of  sp.  gr.  860""  to  900* ; 
heavy  oils,  the  waste  products  from  the  distillery  known  as  '  bottoms,'  '  foots,'  &c. ; 
dead  oil,  or  creasote  of  coal-tar  distiller,  sp.  gr.  1060°.  All  these  substances  are  much 
more  highly  inflammable  than  coal,  Crude  petroleum  and  paraffin-oil  stand  at  the 
top  of  the  list  in  this  respect ;  dead  oil  at  the  foot 


Crude  petroleum  . 

Crude  paraffin-oil 
Heavy  oil  ttam  either  . 

Coal    .       .       . 


Weigtit  of  1  cnlilo  loot 


lbs. 

fiom  49-8 

to  63-6 

63-5 

660 

from  62-0 

to  600 


Tolnmsof  Ifam 


cablo  feet 
44-97  to 
41-86 
41-86 
40-00 
4307 
37-33 


Voi,m. 


SP 
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The  next  table  shorn  the  oalniflo  power  and  evaporatlTe  efficacy  of  liqnid  foel  aa 
oompaied  with  ooal. 


Qauitt^  of 

Fori  ponnd  of 

Total  qnantltf 
ofbeatgenented 

QQUiUt7  o(  heat 

aTiUkble  tor 
piodnobig  Bteam 

mterbmted 

from«0<>ta 

113°  P.,  ud  cot- 

Tertad  into  •team 

at  313°  F. 

Temperatom  of 
fine  or  flame 

hutnnltai 

heat  naiu 

Ita. 

o 

Grade  petroleum  . 

30,000 

16.847' 

16 

4846 

Cinde  mineral  ml 

20,000 

16,847' 

15 

4646 

Heavy  oil  ttam  dther  . 

20,000 

16,847' 

16 

4646 

Dead  oil  or  creasote 

16,628 

14,667' 

IS 

4496 

Coal    ...       { 

from  1S,890 

10,000* 

8-06 

2500 

to  14,888 

10,817 

»-67« 

ThoB  oils  may  effect  a  saving  of  from  35  to  40  per  cent,  of  the  space  ocenpied  by  a 
coal  of  equal  steam-prodndng  power.  Not  only  would  more  space  be  available  for 
cargo,  but  also  fewer  hands  wonld  be  required.  And  in  war-ships,  steam  would  be 
more  quickly  raised ;  they  could  sail  without  smoke,  and  could  keep  to  sea  for  a  longer 
time.  But  against  this,  most  of  the  oils  proposed  to  be  employed  giro  off  yapouis 
even  in  the  cold ;  and  these,  when  mixed  in  certain  proportions  with  the  atmosphere 
are  violently  explosive.  Then  relative  price  must  always  be  a  great  stumbling-block 
in  the  introduction  of  this  new  agency ;  when  coal  rises  to  5t.  or  6/.  per  ton  the 
average  prices  of  crude  mineral  oil  or  petroleum,  the  question  will  bo  a  practicable 
one.  Improvements  in  retorts,  cheapening  the  cost  of  crude  mineral  oil,  will  also 
obviate  this  difficulty.  [See  Fabaffih.I  Creasote,  estimated  as  worth  22s.  per  ton, 
has  been  advantageously  used  as  a  liquia  fuel. 

To  use  liquid  fuel  effectively,  perfect  combnstion  immediately  under  the  steam- 
boiler  must  be  obtained,  so  that  smoke  is  prevented  and  the  full  heat  or  evaporative 
capacity  of  the  fuel  realised.  The  best  coal-oils  rarely  contain  more  than  30  per  cent, 
of  volatile  matter ;  but  in  those  most  suitable  for  steam  fuel  the  quantity  is  very  much 
less. 

Bichardaon's  method  of  applying  liquid  fuel  was  tested  at  the  Woolwich  Dockyard 
on  July  6,  1866,  under  tho  supervision  of  Hr.  Lloyd,  engineer-in-ciiief  of  the  Navy. 
The  ratioHoU  of  this  plan  is  to  employ  steam-jets  with  the  application  of  liquid  fuel 
below  the  steam-boiler.  In  these  trials  much  smoke  was  produced,  and  the  tubes  of 
the  boiler  rendered  very  foul  by  deposition  of  s<x>t  in  them.  The  average  results  gave 
an  evaporation  of  18'2  lbs.  of  water  per  1  lb.  of  oil  consumed ;  tho  variations  ranged 
from  714  lbs.  to  1838  lbs.  of  water;  treated  from  100°  to  212°  F.;  and  converted 
into  steam  at  212°  F.  In  the  most  snccessfnl  trials  the  evaporation  was  veiy  low. 
Now  average  results  have  been  obtained  with  cool  of  an  evaporation  of  8  lbs.  of  water 
to  1  lb.  of  the  fuel,  and  much  higher  figures  are  not  exceptional. 

In  Field's  improved  method,  the  oil  flowing  from  a  reservoir  is  projected  into  the 
heating  furnace  below  the  boiler  along  with  a  jet  of  high-pressure  steam,  introduced 
in  the  form  of  spray.  As  many  as  19  lbs.  of  evaporative  power  have  been  quoted  as 
the  fruit  of  this  patent,  but  13  to  16  lbs.  of  water  evaporated  per  lb.  of  oil  consumed, 
are  likelier  figures. 

By  Dorsett's  patent  the  <ul  is  first  vapotisod  beforo  entering  the  heating  furnace ; 

■  It  b  aanuned  that  th«ae  oUs  an  bnmed  vlth  only  ]nst  enough  of  air  for  the  purpoeai  of  oombas- 
Uon,_uid  that  Qw  fomaoe-gu  la  dlachsrged  at  (S00°  F. 

*  The  ooal  Is  burnt  as  usual,  «lth  twice  the  air  neoessaiy  for  oombnatlon. 

*  The  evapotatiTe  dutr  given  in  the  above  and  iubseqnent  table  Is  ptohablj  Ugher  than  that 
aetuallr  obtained  on  an  average  In  iteam-Teaela  to  the  extent  of  20  per  oent. ;  the  aotnal  dot;  ob- 
tained being  nsnaUy  leven  pounds  of  water  oonverted  into  steam  per  lb.  of  coal. 

The  following  table  exhiblte  the  relative  elBcacr  of  liquid  fuel  and  ooal  aa  steam  tnal,  In  relation  to 
'  tlie  epaoe  tbey  ocoapy  reapeottrely  : — 


IcnUoliwtot 

Qoantitj  of  water  beated  from  S0°  to 
SirF. 

Behrtive  steam  pto- 
dnoisg  c^nblllW  of 
a  given  bslk  of  fuel 

Omde  petiolenm  ev^ontad      .      . 
Omde  mineral  on        .... 
Heav;  oil  from  eUhar  .... 
Dead  oil  from  creaaote        .     ..       . 
Ooal  as  stowed  in  bnnkeis  .       .       . 

cable  feet 

trsmll-Mtolt-8S 

„    1I-84  „  IS-M 

„     U-84  „  U-4i 

about  ISSO 
from  7-i8  to  8-M 

1-M         •»! 
l-SS          ••• 
!•«*          •«« 
l-<g        1-00 
1-00          •» 
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and  while  it  ii  beinff  borned  nnder  the  boiler,  the  elastic  force  of  heated  vaponr  ig 
made  to  produce  a  blast  of  air  so  as  to  ensure  perfect  combustion.  This  was  first 
applied  in  a  coal-tar  distillery.  The  time  for  running  a  charge  of  tar  through  the 
Uiua  was  thus  reduced  &om  24  to  12  hours.  And  the  stills  so  fired  do  not  require  so 
frequent  repairs  as  those  worked  with  coal.  Indeed,  such  applications  of  heavy 
oil  appear  to  be  very  economical.  In  Mr.  Miller's  Works,  Bumford  Street,  Glasgow, 
a  cou  of  dead  oil,  valued  at  Id.  or  2d.  per  gallon,  appears  to  do  the  work  of  I|  ton  of 
coal  at  least. 

In  certain  metoUurgie  operations  at  Woolwich,  about  8  cwts.  of  Itquid  faA  were 
fbnnd  equal  in  value  to  a  ton  of  coal.  One-fourth  or  one-flfth  of  the  time  occupied 
in  heating  with  coal  was  saved,  and  a  smaller  number  of  ftimaces  were  required.  In 
heating  a  half-inch  plate,  4  or  6  minutes  served  with  liquid  Aiel  in  opposition  to 
15  or  20  minutes  with  eoa).  While  a  four-inch  armour-plate  took  3  hours  in 
heating  with  coal,  a  very  much  bettor  article  was  completed  in  38  minutes  with  liquid 
fuel. 

The  different  Mineral  Oilt. — The  nomenclature  of  mineral  oils  is  very  obscure.  It 
has  partly  originated  from  scientific  discoverers  ;  partly  from  tar-distillers  who  have 
been  struck  by  the  similarity  of  the  educts  from  retorts  or  stills  to  those  with  which 
they  have  been  familiar;  and  partly  from  the  trade-marks  of  merchants,  Eupion, 
phot^en,  kerosene,  Cambrian  oil,  shale  oil,  Boghead  naphtha,  shale-naphtha  or  oil, 
paraffin  oil,  coal  oil,  are  all  synonymous  for  vie  article  used  in  the  German  lamp. 
Then,  again,  all  oils  too  high  in  sp.  gr.  to  be  used  in  such  lamps  were  ranked  as 
lubricating.  But  recent  improTements  in  lamps  for  burning  these  heavy  oils  have 
caused  the  intermediate  oilo,  betwixt  830°  and  880°,  to  be  sub-classed  as  lamp  oils, 
lighthouse  oils,  railway- carriage  oils,  according  to  their  several  specific  gravities. 
Blue  oils  or  green  oils  are  the  refiner's  terms  for  certain  of  his  intermediate  products 
which  used  to  be  in  demand  by  grease-makers  or  printing-ink  manufacturers.  He 
describes  other  bye-products,  as  soda-tar  and  acid-tar ;  but  we  are  in  ignorance  as  to 
the  true  chemical  nature  of  these  bodies.  Hard  and  soft  paraffin  correctly  enough 
describe  the  solids  sold  respectively  to  the  candle-  or  the  lucifer-match-maker. 
'  Foots,'  '  bottoms,'  or  such  like  names,  have  been  borrowed  from  the  tar-distiller  to 
signify  the  refuse  products  of  the  stills.  *  Scales '  expressively  denotes  the  paraffin 
pressed  from  the  blue  oil,  to  be  subsequently  refined.  '  Naphtha '  incorrectly  desig- 
nates the  first  product  of  the  distillation  of  coal-  or  shale-tar,  as  the  aniline-maker 
cannot  find  in  the  latter  benzol,  the  foundation  of  his  specialty.  '  Ckike,'  however, 
truly  describes  a  valuable  bye-product  obtainable  at  several  stages  of  mineial-oil 
refining. 
'  The  prefix  '  paraffin,'  either  to  the  lamp-oil  or  to  mineral  machinery-oil,  is  a  mis- 
nomer, as  there  is  none  of  that  substance  in  either  of  these  bodies.  The  proximate 
constituents  of  petroleum  are  the  paraffin  series  ;  but  mineral  oils  only  contain  ^th 
or  Jth  of  these,  their  chief  constituente  being  the  olefiant-gas  series. 

Shale-tar,  a  local  designation  for  crude  oil,  is  correct  enough  when  limited  to  the 
producto  of  destructive  distillation  by  a  low  red-heat,  of  sp.  gr.  840°  upwards.  But  a 
tar  sinking  in  water  might  be  obtained  by  the  application  of  a  bright  oherry-red  heat 
in  distilling  shale ;  and  the  converse  is  true  of  coal.  The  following  scheme  expresses 
to  the  eye  the  order  of  production  of  the  various  products : — 

Yield  from  dut&latUm  qf  Crude  00  obtaiitedfrom  Coal  or  Shale,  or  from  Petrokuvt 
got  from  natural  Springe. 

IBaonnBD  Sfibits  or  BxNxna. 
1,  Bubhuco  Oil. 
2.  Acid  Tab  Bmoins. 
3.  Soda  Tab  Hxsiddbs. 

^r.  ^:?.:l~'^o'^:.^.-\   1.  CUDB  Pahat™.   n.  Bhpikkd  Pabatfik. 

Macbikbbt  Oil. 


[HAjT  Oii^  rectified,  be- -1        ^  PABArrot.    fl. 

sjde«^j^elding  2  and  s|  ^  j^^  On~^    {2; 


Residues  may  be  used  for  greases,  gas-making,  patent  ftiels,  &c.  Gases  may  be 
used  for  heating. 

Bxcept  in  the  case  of  the  crude  oil,  which  is  of  a  dark  greenish,  viscous  nature, 
analogous  to  tar,  of  the  intermediate  blue  and  green  oils,  which  are  sufficiently  desig- 
nated by  their  appellations,  all  the  liquid  products  are  now  made  as  near  water-white 
as  possihU.  A  bumiiig  ml  is  reckoned  perfect  in  colour  not  only  when  it  attains  such 
purity,  but  when  it  also  has  the  bluish  opalescence  so  charncteristio  of  refined 
petroleum.  No  doubt  refiners  here  pander  to  a  popular  prejudice ;  for  in  striving 
after  this  standard  cf  colour  they  diminish  the  burning  quabtiei  of  their  oils. 
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.  The  merit  of  the  common  Oeiman  lamp,  whose  introdnction  rendered  -these  oils 
capable  of  domestic  use,  ie  in  the  introduction  of  so  much  air  aa  thoroughly  to  con- 
sume therery  great  amount  of  carbon  disengagedinthdr  combustion.  The  sp.  gr.  830° 
appears  to  indicate  the  highest  number,  in  weight  of  the  oil,  capable  of  being  con- 
sumed with  comfort  in  such  lamps.  But  inventors,  such  as  Doty  and  Silber,  have 
striven  with  some  success  to  utilise  the  intermediate  oils  up  to  888°,  the  recognised 
standard  of  superior  mineral  machinery-oil.  All  such  oils  possess  higher  lumiuoaty 
and  safe^.  The  varied  lamps  for  these  purposes  differ  from  the  one  used  for  common 
burning  oil  in  admitting  more  air,  so  as  to  counteract  the  soot  caused  by  tiie  greater 
amount  of  carbon  disengaged ;  and  in  adapting  the  shape  of  the  lamp  and  the  wicks, 
so  as  to  cause  those  heavier  oils  easily  to  ascend  them.  The  refiner  is  content  to  give 
all  BQch  higher  oils  a  lemon-straw  colour.  So,  in  a  very  general  way,  it  may  be  said 
that  specifia  gravity  and  flash-point  are  the  distingoishiMC  features  of  the  different 
products  of  destructive  distillation  at  a  low  red  heat,  'fua  relative  figures  of  the 
hydrometer  only  may  be  token  as  distinctive  approximations  of  these  different  oils. 


BpeaUIognvttj 

nuh-point 

•F«hr. 

Crude  oil       ...        . 

860  to  890 

76 

Mineral  spirit 

740  „  800 

68  to  76 

Burning  oil   .        .        .        . 

810  „  825 

116  „  126 

Intermediate 

880  „  840 

293 

„          railway  lampa  . 

860 

•  •• 

Lubricating  ...        . 

888  to  890 

820 

Lubricating  OiU. — Br.  Wallace  reports  that  in  nine  experiments  on  lubricating  oils 
there  was  a  varying  specific  gravity  fiom  881°  to  900°;  and  the  flash-points  ran  &om 
293°  to  388°  Fahr.  In  seven  experiments  the  flash-point  was  over  300°  Fahr.  As 
with  the  lighter  oils,  specific  gravity  is  no  d  priori  test  of  safety.  The  highest  specific 
gravity  amongst  the  samples  900°  had  the  comparatively  low  flash-point  309° :  another 
sample  20°  in  sp.  gr.  below  this  was  only  minus  1°  Fahr.  in  flash-point;  whilst 
another  sample,  10°  in  sp.  gr.,  below  the  first  was  19°  Fahr.  in  flash-point  above  it. 
The  following  are  the  specific  gravities  and  flash-points  of  some  well-known  &tty 
oils : — 

S.  Q,         F.-P. 
o  'Ttht. 

Whale  ml  (best) 028  492 

Cloth  oU  (wool  oil)        .        .        .        .917  320 

Olive  oil 917  420 

„       (gemiine)         ....    920  600 

Bapeeeed  oil 913  440 

LardoU 914  660 

TallowoU 916  490 

Mr.  Gellatley's  experiments  on  cotton-waste  steeped  in  various  oils  ('British  Asso- 
ciation Beport,  1872 ')  appear  to  show  that  where  a  liability  to  high  heats  exists  in 
using  machines,  mineral  oils  are  si^er  than  the  older  ones.  Manu&etnrers  are  pain- 
fully aware  of  the  liability  to  spontaneous  ignition  of  cotton-waste  which  has  been 
soaked  with  such  a  rapid  oxidiser  as  linseed  oiL  Again,  at  a  particular  stage  of 
oalico-printing  with  Turkey-red,  the  batch  is  saturated  with  olive  oil ;  and  it  cannot 
be  allowed  to  lie  for  more  than  an  hour  without  danger  of  spontaneous  ignition. 

For  a  discussion  of  the  firing-points  of  burning  oils,  and  their  relative  dangers,  see 
Ka?btha. 

PrqMration  of  Crude  OU. — When  be^nning  the  manu&cture  near  Bathgate,  Mr. 
Young  used  Torbanehill  mineral  as  his  raw  material,  though  he  was  previously  aware 
that  any  cannel  would  equally  have  served  his  purpose.  But  by  the  competition  of  gas- 
makers  they  have  withdrawn  all  such  bituminous  substances  from  the  oil-maker's 
Qiarket  (see  FxBi^tTs) ;  and  even  shale  is  now  subj  ect  to  a  similar  rival  element.  Shale 
is  distilled  in  either  horizontal  or  vertical  retorts  of  cast  iron.  The  charge  of  the 
horizontal  retort  is  made  in  either  the  twelve  or  twenty-fbur  hours,  and  varies  from 
6  to  12  cwts.  Vertical  retorts  hold  about  a  ton  of  shale,  but  are  continuous ;  the 
charge  is  fed  through  a  hopper  at  the  top,  and  drawn  out  at  the  foot  when  exhausted, 
above  a  tiay  filled  with  water.  Machinery  has  been  introduced  in  some  Scotch 
works  for  filling  and  discharging  the  retorts.  With  horizontal  retorts  it  is  not  re- 
quisite to  break  the  shale  into  small  pieces  the  size  of  a  hen's  egg  as  specified  by 
Young.    A  Can's  stone-breaker  usually  effects  this  for  the  vertieal  retorts.    Scotch 
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makers  reckon  atesm  as  an  indispensaUe  a4jnnct  in  the  distillation  of  crude  oils. 
Experience  bae  prored  Torbaneliill  mineral  to  gire  120  gallons  per  ton  'with  steam, 
and  only  90  ^llons  withont  it.  Shale  yields  40  gallons  with  steam,  and  30  g^ons 
without  it.  ^  The  dif^nce  in  yield  of  finished  products  iq  75  to  76  per  cent,  of  the 
two  crude  oils  resj>ectiTel^  manufactured.  In  rertical  crude  the  proportion  of  mineral 
spirits  and  burmng  ml  is  less  than  in  horizontal,  but  3  per  cent,  more  parafBji  is 
obtained. 

Ptayication  of  tin  Crude  Oil. — The  cmde  oil  issues  as  raponr  into  the  condensers ; 
it  ^ors  out  at  their  extremity,  as  a  mixed  liquid  of  oil  and  water,  into  the  separator. 
This  is  a  wooden  cylinder,  4  feet  high  and  3  feet  broad.  Through  this  barrel  an 
iron  syphon  passes ;  this  emerges  at  Uie  side,  a  few  inches  from  the  top,  and  termi- 
nates about  8  inches  from  the  bottom.  The  ammonia-water  soon  mnks  under  the 
crude  oil,  with  which  it  is  mixed  on  entering,  by  its  higher  specific  gravity ;  whence 
it  is  drawn  off  by  the  above  syphon.  Almost  at  the  top  of  the  separator  is  another 
aperture,  to  serve  as  an  educt  for  the  cmde  oil. 

The  ammonia-water  is  next  converted  by  the  usual  manu&cturing  methods  of  sdlls 
and  evaporating-pans,  into  sulphate  of  ammonia.  Some  shales  yield  8  to  10  lbs.  of 
the  sulpnate  per  ton,  whilst  others  give  as  much  as  16  lbs.  to  the  ton. 

The  crude  oil  is  now  transferred  to  the  refinery  by  one  of  the  series  of  underground 
pipes,  in  connection  with  the  centrifugal  pump  worked  hj  steam  which  now  forms  so 
integral  a  part  in  the  economy  of  the  establi^unent.  The  oil  refinery,  with  tanks  in 
which  centrifugal  reyolying-stirrers,  often  only  2  feet  in  diameter,  more  by  steam  in 
iron  vessels  10  feet  in  diameter,  and  agitate  the  oil  with  either  sulphuric  acid  or  soda. 
About  200  revolutions  are  made  in  a  minute,  and  so  a  quarter-of-an -hour's  agitation 
of  the  oil  serves,  instead  of  the  night's  work  of  early  refining.  There  are  also  settling 
tanks,  and  a  series  of  iron-pipes,  which  connects  the  oil  with  the  stills  outside,  intro- 
duces the  vitriol  and  soda  used  in  purifying,  or  removes  the  vitriol  and  soda  tars  from 
the  treated  oils ;  all  are  subordinated  to  the  main  steam-pump.  Indeed,  throughout 
the  varied  processes  the  steam-engine  as  much  as  possible  supplants  mere  manual 
toil ;  intelligent  superintendence  being  only  required  iiom  the  few  artisans  on  the 
establishment.  The  paraffin-house  is  usually  distinct  from  the  oil-refinery ;  it  may 
contain  only  presses  for  making  '  scales,'  or  uie  varied  apparatus  for  the  manufacture 
of  refined  paraffin.  In  either  case,  if  the  establishment  is  large  it  is  associated  with 
cooling-drums  and  an  ice-machine,  all  of  which,  along  with  ue  presses,  aro  worked 
by  steam-power.  In  many  large  refineries  the  mineral  spirits  aro  refined  in  a  sepa- 
rate building  in  connection  with  the  paraffin-house.  This  is  for  greater  safety  from 
fire,  which  is  sedulously  guarded  against  by  the  adoption  of  iron  doors,  roofing,  pro- 
hibition of  smoking,  use  of  covered  lights,  and  such  like  appliances,  throughout  the 
entire  establishment. 

The  following  is  a  diagrammatic  sketch  of  the  various  distillations  of  crude  oil  in  its 
manufacture  into  burning  oil : — 

Csosa  On.  noH  Sspabatob. 

nan  DurnuAnoit, 
OMCs-rtot  oU.  Coke  in  Bottom  of  Still. 

20°  lower  in  sp.  gr.  than  crude.  7  per  cent  of  oil  converted  into  this,  used 

as  fuel,  or  drawn  off  as  tor  for  patent 
ftael, 
Fint  WatMng,  Second  Washing. 

6  per  cent,  brown  vitriol,  sp.  gr.  1-745.        4  per  cent,  caustic  soda,  sp.  gr.  1-300. 
May  stand  over  a  nig^t  in  tank.  Stilted  for  an  hour. 

nOOMD  DISmULTIUK. 

Hard  Watking.  Fourth  Washing. 

1  per  cent,  ordinary  commercial  vitiioL  3  per  cent,  caustic  soda,  sp.  gr.  1*300. 

THntD  sunixAnoK. 
jyU  Washing.  .  Sixth  Washing. 

i  per  cent,  ordinary  commercial  Titriol.  i  per  cent,  cfiustic  soda,  sp.-gr,  1*300. 

Product. — Ordinary  burning  dL 

wovaxB  BVtaunaox. 
Seventh  Washing,  Eighth  Washing. 

2  to  3  per  cent  commercial  vitriol.  With  very  dilute  caustic  soda. 

This  last  product,  termed  «Mt«  horse  oil,  in  sold  in  competition  with  the  American 
petioleom. 
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Caat-iiOD  bUIIs  an  still  preferred  by  some  for  the  first  distillation ;  but  the  mbae- 
qaent  ones  are  usaalljr  peijbimed  in  large  malleable  iron  boilers  of  abont  1,000  gallcms 
capadtjr. 

Boning  Mineral  SpiriU. — Hnch  care  is  requisite  in  separatii^  oil*  which  issue 
£rom  the  stills  of  sncn  varied  specific  gravities.  Were  the  light  minocal  ipirit,  at 
'  naphtha '  of  the  works,  to  enter  largely  into  either  the  boming,  or  at  all  into  the 
lubricating  oil,  then  would  perish  their  reputation  for  safety. 

The  na^tha  is  first  sent  over  by  steam  from  the  boiler,  containing  oil  in  tha  second 
stage  of  distillation.  After  bang  treated  with  J  per  cent,  of  sulphuric  acid,  and  neu- 
traUsed  witli  alkali,  it  is  distilled  again,  by  steam  this  time,  at  18  lbs.  to  the  square 
inch,  and  conducted  by  pipes  down  the  sides  of  the  still  filled  with  na^tha,  but 
playing  freely  into  it  through  punctures  in  the  pipes  covering  the  bottom.  The  liquid 
IB  now  ready  for  use  in  the  paraffin-house,  or  for  the  special  purposes  to  which  it  nas 
been  applied  in  various  aits. 

The  Separating-home  and  Pretture-itUU. — ^At  Addievell  thecontenta  of  all  the  stills 
are  conducted  into  a  separaUng-house,  containing  15  separators,  leading  to  as  many 
tanks  outside.  Here  a  man,  by  the  aid  of  hydrometers,  sends  the  oils  into  these  varied 
receptacles,  according  to  their  specific  gravities.  Until  lately  burning  and  lubricating 
oils  were  the  two  marketable  products,  and  the  question  rose.  How  to  utilise  the  great 
quantity  of  intermediates  ?  As  a  result  of  elaborate  laboratory  experiments,  the  appli- 
cation of  pressure  to  oils  was  found  to  diminish  their  gravity ;  so  preesuro-stills  have 
been  introduced.  A  pressure  of  15  lbs.  on  the  square  inch  diminishes  the  specific 
gravity  80°.  Thus  intermediate  oils  can  readily  be  converted  into  burning  oil. 
Large  malleable  iron  stills,  with  pressure-gauges  and  loaded  safety-valves,  with  like- 
wise a  valve  at  the  neck  of  the  still,  are  employed  for  this  purpose.  The  pressure  on 
the  oil-vapours  themselves  answers ;  hence  when  the  still  is  put  in  action  the  valve  is 
turned  on  at  the  neck,  and  the  fires  beneath  well  stoked  till  the  pressure  required  is 
indicated  on  the  gauge,  when  the  oil-vapours  are  allowed  to  flow  into  the  condenser. 

Messrs.  Henderson  and  Cooke  have  been  able  to  dispense,  at  Oakbank,  with  the 
tedious  process  of  settling  and  its  multitudinous  tanks,  by  simply  agitating  the  oil, 
after  it  has  come  from  the  soda  stirring-tank,  with  ground-glass  or  fuller's  earth.  This 
process  is  patented. 

Preparation  qf  LuhricaUng  Oil  and  Paraffin. — ^The  blue  oils  with  paraffin  scales  are 
(eparated  from  the  btiming  oil  in  the  refinery  after  its  treatment  succeeding  the  second 
distillation,  and  pumped  up  into  a  tank  on  the  roof  of  the  paraffin-refinery.  It  is  then 
sent  through  Henderson's  cooling-drum,  where  the  scale-paraffin  crystallises  out  from 
the  slobbery  liquid.  It  is  now  subjected  in  canvas  bags  to  two  hydraulic  pressures, 
whence  commercial '  scales '  are  obtained,  and  heavy  oil  containing  soft  parkin ;  this 
again  is  separated  by  ingress  into  another  cooling-drum,  where  it  meets  a  brine-solu- 
tion of  22°  or  24°  Fahr.,  from  Kirk's  ice-machine.  The  soil  paraffin  is  thus  thoroughly 
taken  out  of  its  containing-liqnid,  which  is  now  to  be  made  into  lubricating  oiL  It  is 
subjected  to  a — 

Firtt  WaMng.  Second  WaMng. 

2  pet  cent,  of  vitriol.    Strength  as  before.       1  pa  cent  caustic  soda. 

DisntunoK. 
TUrd  Watkktg.  Fourth  Walking. 

3  per  cent,  of  vitriol.  1  per  cent  caustic  soda. 
It  is  then  finiihad,  thooj^  it  is  sometimes  again  distilled. 

PitaPABATioii  ov  BBFimm  VtsLuntvK  fbom  ScAUt. 
Pint  Waehing.  First  Cooling  in  Drum. 

|rd  per  cent,  of  its  volnme  of  hot  naphtha. 

rauT  DBBSSniO. 
Second  Wathing.  Second  Coding  in  Drum. 

As  before, 

8SC0KD  nuBsnra. 
Tiitd  WaMng.  Third  Cooling  m  Drum. 

THIBD  PKKSSIXO. 

Thtth.  Boiled  wHi  bone-black  injacketted  tteam4>aih. 

Twelfth.  Fdtertd  through  Swedish  Notting-paptr  in  a  tteam-jaeketted  filler,  and  run 
into  tragi. 

Tliirteinth,  It  vu^  again  be  boiled  in  a  Jacketted  iteam-itill,  loaito  egpd  aU  odour 
of  mineral  tj^irid. 
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AecordinA;  to  theprice  of  candle  wanted,  the  tenth  prooew  may  succeed  either  the  fint, 
second,  or  tniid  pressing. 

From  the  washings  which  flow  from  the  paraffin  when  under  hydranlic  pressure, 
soft  paraffin,  mnchnsed  in  Incifer-match-making,  and  horning  oil,  or  spirits,  for  ro-uas 
in  the  process,  are  recovered.  The  spirits  used  must  not  be  too  light ;  those  baring  a 
■pedfic  gravity  of  74S°  were  once  used  at  Addiewell,  but  strong  electric  sparks  were 
emitted  from  the  cooling-drums ;  and  hence  there  was  constant  liability  to  firos.  A 
specific  gravity  of  766°  may  be  safely  used.  For  a  new  way  of  mano&cturing  this 
beautiful  material,  see  the  article  Fabaitik. 

KirKi  Stfiigeralor,  invented  to  meet  Mr.  Young's  necessities  in  this  manufacture, 
works  on  the  principle  that  just  as  force  is  exerted  air  loses  heat.  _  By  a  series  of 
pistons  and  plungers  air  is  expanded,  and  then  rarefied.  During  this  rarefaction  so 
much  beat  is  extracted  that  a  cold  current,  sufficient  to  form  ice,  is  produced.  Such 
machines  are  made  to  make  1  to  4  tons  in  the  24  hours.  In  the  paraffin-refinery  a 
solution  of  common  salt  in  water  receives  the  cold  current ;  this  is  more  easily  mani- 
pulated than  ice. 

Hmieraon'a  CoaUng-drum  (Spec.,  aj>.  1870,  No.  3310)  is  now  preferred  to  that  of 
Eirk.  It  is  the  instrument  by  which  the  cold  current  is  applied  to  the  paraffin, 
either  in  separating  it  from  the  lubricating  oil  or  before  bagging. 

Host  refineries  recover  the  caustic  soda  from  the  soda-tar  by  the  usual  methods 
pursued  in  that  manu&ctuie.  At  Oakbank  Works  Mr.  Henderson  has  an  ingenious 
plan  by  which  he  first  separates  the  vitriol  used  in  washing  the  oils  from  the  tars,  to 
re-transfer  it  for  use  in  manufacturing  sulphate  of  ammonia.  The  now  neutral  tar  is 
conducted  by  a  pipe,  within  which  is  anouier  containing  steam,  to  the  still-fumaces, 
and  burned  as  mei  It  is  first  projected  on  a  hearth  above  the  ordinary  furnaces 
where  it  is  coked,  and  then  allowed  to  fall  down  into  the  ordinary  furnace.  Half  of 
the  fine  oil-stills  are  thus  fired,  and  all  the  available  tar  is  thus  used  up.  The  stills 
stand  much  longer  than  if  they  had  been  heated  by  ordinary  coals.  There  is  thus  no 
just  cause  why  oil-refiners  should  subject  themselves  to  vexatious  actions  for  liver 
pollution. — ^A.  T. 

8SAKOT,  or  SOKAMOXS  KaATHSB.    See  Leatbib. 

SKAVOKAX  OZ&.  A  good  oil  obtained  in  CSiina  from  the  Brauiea  cMnauit. 
SeeCoxcA. 

SBAWX  WAjrerAOTDBa.  Shawls  were  originally,  and  still  continue  to  be 
woven  in  the  centre  of  India,  from  the  fine  silky  wool  of  the  Thibet  goat ;  and  the 
most  precious  of  them  still  come  from  Cashmere.  The  wool  is  beautifully  rich  and 
soft  to  the  touch,  and  is  superior  to  the  finrat  Continental  lamb's-wool.  It  is  also 
divisible  into  qualities.  The  source  from  which  this  article  of  apparel  has  sprung  is 
well  known  to  be  the  ancient  and  beautifdl  fabric  of  the  valley  of  Cashmere,  where  the 
excellence  of  the  raw  material  stands  unrivalled,  although  its  manufacture  has  been, 
and  still  is,  carefully  prosecuted  in  many  other  parts  of  ue  world.  The  great  beauty 
of  the  eastern  tissue,  considering  the  rudeness  of  the  machinery  employed,  as  com- 
pared with  that  which  is  now  available  to  the  European  manu&cturer,  is  a  marvel  in 
the  eyes  of  the  most  experienced. 

The  following  information,  which  has  been  communicated  (1874)  by  a  well-knowii 
London  firm,  will  prove  of  interest : — 

'The  importance  of  the  London  public  sales  of 'India  shawls  has  greatiy  diminished 
of  late  years,  owing  to  the  establishment  in  Tmritzir  of  agencies  of  ue  principal  Faris 
shawl-denlers.  Shawls  are  in  consequence  bought  on  the  spot  by  these  representatives 
of  the  Faris  firms,  and  forwarded  direct  to  their  principals  in  Faris,  thus  escaping  the 
London  market.  We  continue  to  hold  public  sales  twice  a  year,  as  usual,  in  June  and 
December ;  but  unfortunately,  they  are  now  for  the  reason  explained  above,  shorn  of 
much  of  their  former  interest  and  importance  by  the  direct  trading  between  Fans  and 
the  India  shawl-districts ;  these  French  buyers  naturally  secure  all  the  more  desirable 
shawls,  and  those  which  are  left,  or  passed  over,  are  sent  to  the  London  sales.  Some  few 
years  ago,  say  during  the  IS  or  20  years  preceiding  1862-3,  the  sales  were  of  consider- 
able magnitude  and  importance,  and  used  to  range  in  value  from  100,0002.  to  140,0002., 
every  sale:  but  after  1863,  they  rapidly  declined,  and  ceased  to  be  held  during  the 
Franco-Oerman  war ;  after  that  epoch  we  revived  the  sales,  and  they  continue,  hut 
their  value  now  is  reduced  to  from  30,0002.  to  40,0002.  a  sale,  and  contain  very  few 
riehthauit. 

■  The  highest  value  of  Oaehmere  shawls  is  from  1002.  to  1402.  each,  maximum  coat, 
and  of  the  good  ordinary  Cashmere  402.  to  802.  There  are  no  such  prices  as  10,000  franca 
for  a  shawl ;  such  a  price  may  have  existed  in  bygone  days,  but  not  of  late  years.  We 
have  in  exceptional  times  (in  past  years)  obteined  from  1602.  to  2202.,  per  shawl  for  a 
few  long  shawls  in  public  sale,  but  they  were  shawls  of  the  grandest  kind,  and  such  as 
it  would  be  impoasiDle  to  obtain  now.  Furthermore,  the  competition  among  the  shawl* 
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dealers  in  Paris,  Lyons,  Bordeaux,  &c.,  is  so  great  that  they  -work  for  close  profits,  and 
first-class  shawls  may  be  bought  in  Pans  or  in  London  for  2,600  to  5,000  francs  in 
Paris ;  or  from  1002.  to  2002.  here. 

'  Fashion  is  against  shawls  for  the  moment,  since  the  intni4u<^°ii  "^  the  "  costume  " 
dresses,  and  they  are  hardly  worn  ;  this  necessitates  serere  holding  by  the  wealthy 
Paris  dealers ;  we  estimate  the  money  yalne  of  shawls  in  the  hands  of  the  half-dozen 
leading  Paris  shawl  firms,  at  the  present  moment  at  little,  if  at  all,  short,  of  half  & 
million  ittrling. 

'  During  the  Franco-Qerman  war,  shawls  were  hurried  orer  to  our  care  by  the  Paris 
dealers,  for  safety,  and  we  receiyed  between  300,000/.  and  400,0001.  worth  in  this  way. 
Those  were  safely  lodged  at  the  Dock  warehonses,  and  upon  the  return  of  peace,  were 
sent  back  by  us  to  the  various  owners  in  Paris ;  there  was  no  pressure  to  sell  them 
daring  all  that  time,  the  shawl-dealers  being  all  wealthy  men,  and  among  the  first 
merchants  in  Paris.' 

The  manufacture  of  shawls  was  first  begun  in  this  country,  at  Norwich,  by  Mr. 
Barrow  and  Alderman  Watson,  in  1784.  They  copied  the  Indian  style,  but  the  pro- 
cess was  rery  slow,  and  the  result  consequently  costly.  Hr.  John  Eurey,  of  Norwich, 
followed  up  the  enterprise  with  Piedmont  silk  warp  and  fine  worsted  shoot ;  but  the 
designs  were  darned  by  hand.  It  was  not  until  1806  that  a  shawl  was  produced  en- 
tirely by  the  loom  at  Norwich.  In  Paisley  and  Edinburgh  the  manufecture  was  in- 
troduced about  the  same  time.  At  Paisley  the  manufacture  is  still  continued,  especi- 
ally the  manufacture  of  shawls  of  the  Indian  pattern,  from  real  Cashmere  wooL  In 
1802,  a  manufacture  of  shawls  was  commenced  in  Paris,  and  this  led  Jacquard  to  the 
invention  of  his  loom  (see  Jacquabd  Look),  with  which  now  all  kinds  of  shawls  are 
woven.  For  the  mode  of  manufacture,  the  respective  articles,  SnJC,  Tbxtius  Fabbics, 
and  Wbavixq  will  be  sufficiently  descriptive. 

The  varieties  of  shawls  produced  may  be  grouped  as  follow : — 

Woven  shawls  of  Ifulia,  or  of  Indian  style,  made  in  Europe. 

Barlge  shmels,  made  of  wool :  an  imitation  of  shawls  made  in  the  Pyrenees,  by  the 
peasantry  of  a  place  so  called. 

Crape  shawls,  made  of  silk,  in  imitation  of  the  Chinese  &brics. 

Grenadines,  made  of  silk  of  a  peculiar  twisC 

Livantines  and  Albanians,  maae  of  silk  and  spun  silk,  to  reeemble  the  scarves  worn 
in  the  Levant  and  Albania. 

Chenille  shawls;  a  novel  application  of  silk,  frequently  comUned  with  cotton. 

ClUnt  shawls;  a  printed  warp  before  weaving. 

Woollen  shawls  ;  ordinary  kinds. 

Tartan  plaids.  The  manu&cture  of  these  appears  to  be  Very  andent  In  1570, 
an  ancient  Scottish  manuscript  gives  a  list  of  the  colours  of  the  plaids  worn  by  the 
dififerent  clans.  In  1747,  the  weaving  of  this  distinctive  dress  was  prohibited  by  Act 
of  Parliament,  and  the  grey  shepherd's  mauds  were  made  instead.  In  1782,  this  Act 
was  repealed ;  but  tartans  did  not  become  fashionable  until  the  visit  of  George  IV. 
to  Scotland,  in  1822;  after  which,  the  Stirling  &ncy  plaids  began  to  bo  made. 
In  1 828,  clan-tartan  shawls  became  fashionable,  and  the  Galashiels  weavers  took  up  the 
trade.  Paisley  commenced  to  weave  these  shawls  about  twenty  or  thirty*  years 
ago,  and  it  has  since  then  extended  to  many  other  parts,  both  at  home  and  in  other 
conntries. 

BKKajmro.    See  Blsacbiko. 

SRSATHnra  or  unPS.  The  process  of  coppering  vessels  has  been  generally 
adopted  in  order  to  protect  their  bottoms  from  the  injurious  efiects  of  insects  in  hot 
countries,  and  to  prevent  the  adherence  of  barnacles,  &c  which  greatly  impede  the 
progress  of  the  vessels.  It  has,  however,  been  open  to  objections,  for  not  only  is  the 
prime  cost  of  the  material  ^reat,  but  tJ;e  expense  of  rolling  it  into  sheets,  and  the 
frequent  renewal  of  parts  which  had  been  injured  during  the  voyage,  make  this  copper 
covering  a  serious  item  in  the  enienses  attendant  upon  fitting-out  ships. 

In  order  to  make  the  application  of  copper  still  more  general.  Sir  Humphry  Davy 
turned  his  attention  to  the  subject,  and  endeavoured  to  devise  some-method  of  counter- 
acting the  rapid  oxidation  whidi  takes  place  on  its  exposure  to  the  sea-water,  as  it  is 
rare  for  the  copper-bottom  of  a  ship  to  last  longer  than  five  or  six  yeurs.  Experiment 
proved  to  Sir  U.  Davy  that  if  a  portion  of  zinc  were  applied  to  the  copper  it  would 
by  its  electrical  relations  prevent  the  process  of  oxidation  in  the  copper.  A  vessel 
aheathed  with  copper  and  zinc  plates  was  accordingly  sent  a  voj-age  tc  a  distant  part  of 
the  world,  from  whence  it  returned  with  its  copper  perfectly  uninjured  Tjy  the  salt  water, 
but  in  as  foul  a  state  as  if  there  had  been  no  sheathing  upon  the  bottom  of  the  vessel. 
The  presence  of  the  zinc  had  prevented  the  oxidation  of  the  copper  which  was 
necessary  to  resist  the  marine  deposit.  The  problem,  therefore,  still  remained  to  be 
solved,  whether  any  metallic  composition  could  bo  found  for  the  sheathing  of  shi^ 
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capable  of  pTeventiog  tlie  twttom  from  foaling,  and  at  the  same  time  resisting  the 
process  of  oxidation.  To  the  solution  of  this  problem  Mr.  Muntz,  tvho  was  a  metal- 
Toiler  at  Birmingham,  directed  his  attention,  and  commenced  a  series  of  experiments, 
irhich  resulted  in  his  taUng  ont  a  patent  in  1832.  This  invention,  slowly,  but 
steadily,  attracted  the  notice  of  the  shipping  interest  of  the  conntry,  and  it  appeared 
that  in  1834,  in  the  port  of  London,  twenty  ships  were  sheathed  with  metal  prepared 
by  Mnntz's  patent  process.  The  number  gradually  increased,  until  in  1843  there  were 
in  the  same  port  257  vessels  sheathed  with  the  new  composition,  and  now  it  is  very 
generally  used.  The  improved  metal  sheathing  is  a  mixture  of  copper  and  zinc,  which 
IS  cheaper  than  copper,  more  easily  worked,  and  lasts  longer  than  the  pure  metal.  In 
the  specification  of  Mr.  Muntz's  patent,  the  nature  of  his  invention  is  thus  described : 
'  I  take  that  quality  of  copper  known  to  the  trade  by  the  appellation  of  "  best  selected 
copper,"  and  that  quality  of  zinc  known  in  England  as  "  foreign  dnc,"  and  melt  them 
together  in  the  usual  manner,  in  any  proportions  between  60  per  cent,  of  copper  to  60 
per  cent,  of  zinc,  and  63  per  cent,  of  copper  to  37  per  cent,  of  zinc,  both  of  which 
extremes,  and  all  intermediate  proportions,  will  roll  at  a  red  heat ;  but,  as  too  large 
a  proportion  of  copper  increases  the  difficulty  of  working  the  metal,  and  too  large  a 
proportion  of  zinc  renders  the  metal  too  hard  when  cold,  and  not  sufficiently  liable  to 
oxidation,  I  prefer  the  alloy  to  consist  of  about  60  per  cent,  of  copper  to  10  per  cent, 
of  zinc'    See  Mdntc  Metal. 

Various  unctuous  preparations  and  paints  have  been  introdnced  for  the  purpose  of 
coating  the  sheathing  on  the  bottoms  of  ships.  The  secret  of  all  of  them  is  the  presence 
of  a  metallic  oxide  which  is  offensive  to  both  the  vegetable  and  animal  organisms. 

SBB&XiS,    Hollow  projectiles  filled  with  combustible  materials.    See  Artoxebt. 

■RaXXiS  Ol*  MO&XiVSOA.  Many  of  these  are  used  ibr  ornamental  mann- 
facture.     They  will  be  found  described  under  Caubo. 

anMRxrymMM.   SeeWim. 

SBH^.  a  mirur't  term.  As  used  in  Alston  Moor  and  the  Northern  mines,  a  tl^t 
is  the  quantity  of  lead  ore  contained  in  six  or  eight  waggons,  and  amounts  to  about 
240  kibbles  of  14  quarts  each;  each  waggon  in  a  six-waggon  'shift'  contains  40 
snch  kibbles ;  while  in  an  eight-waggon  '  shift '  each  waggon  contains  only  30  kibbles. 
In  collieries  a  tMft  is  tho  time  during  which  the  men  work  in  the  pit 

BRIWOSIwa.    Condensing  the  iron  bloom  by  heavy  hammers.    See  Isoir. 

•BOBBTi  properly  so-called,  is  the  refuse  of  the  willowing  and  scribbling  process 
in  the  preparation  of  mango  and  wo<d,  and  is  sold  in  large  quantities  for  manure. 

SHOSMXJIO.  Shodea  (related  to  the  Qerman  »ck«ttei%,  '  to  pour  forth ')  are  loose 
stones ;  applied  to  such  as  are  of  a  mineral  character.  Shodeing,  is  tracing  those  loose 
stones  from  the  valley  in  which  they  may  be  found  up  to  the  mineral  lode  ftom  which 
they  have  possibly  at  some  remote  time  been  temoved.  In  this  manner  many  mineral 
lodes  are  discovered. 

BIMMKA,  Clay  coloured  by  the  peroxide  of  iron  and  manganese.  Itis  known  as 
raw  and  burnt  Sienna,  according  to  the  treatment  it  has  received.  It  is  a  good 
artists'  colour. 

wnsn  KZOBT.  There  is  so  mnch  that  is  interesting  in  the  progress  of  the 
inquiry,  which  resulted  eventually  in  the  production  of  the  Silber  light  lamps  that,  we 
areploased,  at  finding  ourselves  in  a  position  to  give  a  succinct  record  of  that  progress. 

IJie  first  invention  of  interest  dated  from  December  20,  1869,  and  is  a  method  of  in- 
dicating time  at  night.  The  figures  of  the  hours  are  marked  upon  a  glass  globe,  which 
revolves,  by  means  of  clockwork,  around  a  stationary  index.  At  night,  any  ordinary 
night-light  is  placed  in  a  little  glass  tumbler  which  fits  upon  a  platform,  and  is 
enclosed  by  a  chimney,  around  which  the  globe  revolves,  the  figures  then  bmng 
illuminated  from  within. 

The  lamp  used  for  this  purpose  is  constructed  upon  the  moderator  prindple,  but 
with  a  burner  in  which  mineral  oil  may  be  used  with  safety.  The  moderator  lamp 
could  be  used,  but  the  disadvantages  arising  from  the  liability  of  its  pumps  and  springs 
to  get  out  of  repair,  and  from  the  inconvenience  of  having  to  wind  it  up  every  four  or 
five  hours,  led  to  a  search  for  the  means  of  maintaining  the  oil-supply  at  a  constant 
level,  not  only  in  one  burner,  but  in  any  number  that  might  be  required.  In  a  patent 
dated  May  20,  1870,  Mr.  Silber  devised  the  following  plan : — A  ball-cock  similar  to 
those  used  in  all  water-cisterns,  but  with  a  china  fioat,  and  a  new  joint  which  connects 
it  with  the  elbow,  and  which,  when  properly  constrncted  and  adjusted,  will  work  as 
correctly  as  a  clock  movement.  The  china  float  is  not  affected  by  either  mineral, 
vegetable,  or  animal  oil ;  and  it  overcomes  the  difficulty  of  produang  a  float  which 
wiU  act  as  readily  on  petroleum  as  on  water,  notwithstanding  the  bghtness  of  the 
former,  which  is  to  water  as  790  to  1,000.  The  china  fioat  is  a  circular  double  convex 
disc,  pierced  with  a  hole  in  the  centre.  Into  this  hole  is  fixed  a  pece  of  hard  wood  to 
which  the  arm  or  lever  is  attached  by  means  of  a  metal  pin. 
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By  the  means  adopted,  it  is  piopoEed  to  tim  any  combiutiUe  oil,  in  a  manner 
similar  to  that  of  ^la,  the  oil  flo^nng  from  a  reserroir  placed  at  some  elevated  point, 
and  from  it  supplying  any  number  of  lamps.  In  the  case  of  nsing  petroleum  or  any 
easily  inflammable  oil,  certain  precautions  particularised  in  the  patent,  am  adopted. 
Sufficient  for  our  present  purpose  to  say  that  &om  the  reservoir  the  combustible  bquid 
is  conducted  (Jig.  1761)  to  the  receiving  box  H,  through  a  branch  pipe  n,  widened  out 
into  a  box  at  p,  and  terminating  in  a  tap  o,  that  is  to  say,  x,  is  a  branch  pipe,  which 
leads  £n>m  the  cistern  through  the  filtering  box  r  and  tap  a,  into  the  receiving  box  or 
chamber  e.  The  box  f  and  tap  o  form,  in  effect,  portions  of  the  service  or  supply- 
pipe  leading  from  the  main  service  ;  or,  in  other  words,  the  branch  e,  box  F,  and  tap 
o  ibnn  a  service  or  supply  pipe.  The  filtering  box  f,  which  is  cotmected  with  the 
branch  b,  is  also  attachwi  to  the  back  of  the  chamber  H,  and  it  contains  a  partition  or 
diaphragm  /,  made  uf  wire-^aujEa  or  perforated  metal ;  ^  is  an  opening  at  the  bottom 
of  the  box  F  (closed  by  a  joint,  nut,  or  screw  cap  o>')  for  removal  of  subsidence  or 
deposit  from  time  to  time,  o  is  a  tap  connected  with  and  leading  from  the  box  f,  and 
forming  the  termination  of  the  service  or  supply  pipe.  This  tap  o  leads  £rom  the  box 
F  into  the  chamber  h.  The  pipe  >  opens  into  the  box  f  below  Uie  partition/,  and  the 
tap  Q  opens  out  of  that  box  at  a  point  above  the  partition/,  so  that  the  oil  or  liquid  in 
passing  from  £  to  o  is  filtered  by  its  passage  through  /.  H  is  a  vessel  or  chamber 
which  contains  a  float-valve  for  opening  and  closing  the  pipe  a.  I  is  or  are  (one,  two, 
(a  more)  pipes,  which  lead  from  the  vessel  H,  and  communicate  with  burners  t.  )  is 
an  overflow  pipe  leading  from  the  interior  of  the  chamber  H  into  the  waste  pipe.  The 
oil  or  liquid  in  the  tank  will,  by  the  law  of  equilibrium  of  fluids,  flow  through  the 
branch  pipe  b  into  the  filtering  hax  f,  and  passing  through  the  diaphragm/ therein,  it 
will  rise  into  and  flow  through  the  tap  o  into  the  chambiu  H,  the  tap  of  pipe  o  being 
open,  because  the  float  hereinafter  described  will  bo  depressed  while  the  chamber  b  is 
empty,  and  it  will  rise  when  the  chamber  H  is  filled  with  oil  or  liquid  to  a  certain 
level  or  height.  From  this  chamber  H  the  oil  or  liquid  will  flow  through  the  pipes  t 
and  through  the  conduits  communicating  therewith  (arms,  brackets,  pendants,  as  the 
case  may  be),  to  the  burners  where  snch  oil  or  liqoid  is  to  be  burnt  and  used  for 
illuminating  purposes, 
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In  a  communication  made  to  the  Society  of  Arts 
on  December  21,  1870,  Mr.'  Silber  proposed  by 
arrangements  of  this  kind  to  light  private  houses, 
towns,  or  factories. 

In  the  course  of  experiments  upon  combnotion 
of  petroleum,  it  was  fonnd  that,  by  permitting  the 
oil  to  remain  below  a  certain  level  in  the  burner, 
a  greatly-increased  illumination  was  obtained  with 
a  diminished  consumption  of  the  oil,  which  is  ' 
then  vapourised  in  the  upper  part  of  the  bnmer, 
before  it  reaches  the  flame,  and  is  consumed  at 
the  top  of  the  wiek.  By  this  method  no  residue 
is  ever  left  in  the  burner  itself. 

The  arrangement  of  this  burner  will  be  seen  in  fig.  1763.  A  is  the  case  or  body  of 
tlie  lamp.  The  lamp  contains  a  number  of  concentric  chambers.  The  outermost 
chamoer  B  contains  the  oil  or  combustible  liquid  to  be  supplied  to  the  burner,  c  is  a 
tubular  or  annular  space  into  which  aiz  is  fed  and  through  which  it  diculates ;  it 
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fonns  an  air-jacket  » is  the  irick-case,  that  is  to  sa^ ,  an  ioaer  oonoentnc,  annidar, 
or  tubolar  chamber,  which  boldg  the  trick  and  which  receives  oil  or  combustible 
material  from  the  chamber  b,  tlirough  the  pipe  e,  which  traverses  the  air-jacket  c,  and 
forma  the  oommunication  between  the  chunber  B  and  the  wick-case  s.  The  lower 
portion  of  the  wick  dips  into  the  oil-anpplj  through  the  pipe  n  from  the  chamber  B. 
o  are  air-tubes  inserted  concentrically  within  the  chambers  B,  c,  n.  They  consist 
of  tubes  held  by  struts  t.    These  tubes  ore  preferably  bell-mouthed  at  top. 

It  will  be  observed  that  the  air-jacket  c  is  interposed  between  the  oil-chamber  B  and 
the  wick-case  D,  so  as  to  keep  the  oil  and  wick  sufficiently  cool  and  prevent  the  undue 
or  immature  evaporation  of  tlie  oil. 

Air  is  supplied  to  the  air-jacket  c  and  to  the  internal  air-tubes  o  from  a  chamber  B, 
which  is  in  a  space  within  the  case  a,  at  the  foot  of  the  lamp,  which  is  supplied  with 
air  through  orifices  of  plain  or  ornamental  shape  h,  k,  h,  i  is  the  feed-hole  for  supply- 
ing the  chamber  b  with  oil  or  combustible  liquid ;  j  is  a  screw-cap  which  closes  the 
feed  hole ;  j'^  is  an  air-bole  through  the  plug  of  the  screw-cap  J,  forming  a  vent  to  the 
chamber  b  ;  ^  is  a  perforated  conical  cap  surrounding  the  wick ;  /  is  a  conical  annular 
cap  perfoiatod  only  near  the  lower  part,  l'^  also  surrounding  the  wick.  There  are  in- 
tervals for  the  passage  of  currents  of  air  between  the  wiok-case  D,  the  conra  k,  I,  and 
the  outer  shell  or  case  A><  of  the  burner.  M,  mx,  are  the  ordinary  key  and  rack  for 
raisiug  and  lowering  the  wick. 

The  next  difficulty  to  be  overcome  was  to  produce  a  steady  li^t,  of  a  colour  pleasing 
to  the  eye,  and,  at  the  same  time,  to  secure  the  complete  combostion  of  the  oil  em- 
ployed. In  the  ordinary  circular  or  Aigand  burner,  the  current  of  air  produced  by 
the  flame  passes  so  rapidly  over  the  exposed  part  and  surface  of  the  wick,  that  it 
carries  off  with  it  much  partially-consumed  oil ;  and  snch  a  bnmer,  if  lighted  for  any 
length  of  time  io  a  close  room,  very  perceptibly  contaminates  the  atmosiuiere.  In  the 
burners  described,  it  will  be  observed  that  a  tube  or  tubes  are  placed  within  the  wick- 
case  ;  and  these  tubes  divide  the  current  of  air  in  the  interior  of  the  flame,  and  permit 
the  atmospheric  oxygen  to  mix  tndj  with  the  carbon,  not  only  at  the  top  of  the  wick, 
but  also  higher  up,  about  and  above  the  centre  of  the  flame.  By  this  means  a  light 
of  nnifbrm  white  colour  is  obtained,  and  _ 

3  inches  high.    Moreover,  the  insertion  '  ' 

of  tubes  aonits  of  an  increase  of  the 
diameter  of  the  burner.  In  this  inven- 
tion, the  patentee  claims  two  things: 
first,  the  conversion  of  the  oil  into  vapour 
before  it  reaches  the  top  of  the  wick; 
secondly,  the  admission  of  air  by  the 
inner  tube,  specially  to  the  upper  part  of 
the  flame,  where  it  gives  a  fresh  impulse 
to,  and  completes  the  combustion  of  vola- 
tilised matter  that  might  otherwise  be 
carried  off  nnconsumed.  The  conversion 
into  vapour  is  effected  by  separating  the 
bulk  of  the  oil  from  the  wick-case,  and 
by  admitting  to  the  latter  only  a  few 
drops  at  a  time.  The  heat  generated  by 
the  flame  is  imparted  to  the  metal  at  the 
top  of  the  burner,  and  is  thus  commu- 
nicated to  the  wick-case,  where  it  at  least 
partially  volatilises  the  small  quantity 
of  oil  contained  therein. 

Another  patent,  dated  December  19, 
1870,  refers  to  a  roof-lamp  for  railway 
carriages,  in  which  the  bulk  of  the  oil 
Is  kept  not  only  outside  the  lamp,  bnt 
also  outside  the  carriage,  and  thus  nearly 
at  the  temperature  of  the  air.  In  all 
previous  roof-lamps  the  oil  is  contained 
within  the  lamp,  and  soon  becomes  greatly  heated.  A*,  A*,  is  the  body  of  the  lamp, 
which  consists  of  two  main  portions,  one  fitting  on  the  other.  The  lower  portion  aX 
is  the  glass,  or  as  it  is  technically  called  '  globe,'  though  it  is  not  precisely  of  a 
globular  form  as  ordinarily  used.  It  is  made  of  glass  held  in  a  metal  f^me  a^. 
The  upper  portion  a'  is  of  metal.  Brackets  are  fixed  to  the  body  of  the  lamp, 
and  prqect  outward  &om  the  same.  On  these  brackets  rests  an  annular  receiver  or 
receptacle  or  oil-holder  c,  intended  to  receive  the  oil  for  supplying  the  burner  of 
the  lamp.    This  receiver  c  is  therefore  on  the  oaleido  of  the  lamp,  and  its  outer  surfaca 
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is  tbna  bathed  \rith  the  cireuiumlnent  sir,  so  tlist  tlis  i^  in  the  reoeiver  is  kept 
at  the  temperature  of  such  circumambient  air,  aud  ie  thus  prevented  from  being 
unduly  heated,  whereby  the  danger  Jiitherto  apprehended  from  burning  mineral 
oils  in  such  lamps  is  prevented,  e  is  a  screw-cap,  which  closes  the  feed  hole  by  which 
oil  is  admitted  into  the  receiver  c ;  D  is  a  pipe  by  which  the  oil  flows  from  the  recmver 
o  to  a  chamber  or  socket  B,  which  holds  tne  burner  f.  The  pipe  v  passes  from  the 
outside  receiver  o  into  the  body  of  the  lamp,  o  is  an  arm  connected  at  one  end  with 
the  socket  B,  and  at  the  other  with  the  body  of  the  lamp.  It  (as  well  as  the  pipe  d,) 
supports  the  socket  k.  The  bamer  f  holds  a  wick,  which  at  its  lower  end  dips  into  the 
oil  in  the  socket  b,  and  thus  receives  its  supply.  The  apparatus  ^  F,  is  shown  as 
constructed  in  fig.  1763.  h  is  a  glass  chimney  held  in  a  galleiy  or  groove;  t  is  a 
metal  chimney  which  surrounds  the  chimney  h  to  a  certain  height,  and  at  a  little 
distance  &om  it.  The  chimney  i  protects  the  chimney  h,  and  the  flame,  from  sudden 
draught  or  currents  of  air.  j  is  a  reflector  of  silvered-copper,  which  throws  the  rays 
downward  ;  it  is  connected  with  the  pipe  D  by  a  bracket,  and  it  carries  little  uprights 
yx,  through  which  pass  rods  J*  for  holding  the  chimney  i  in  place ;  h.  A,  are  springs 
which  hold  the  chimney  H  flrmly,  and  prevent  it  from  oscillating  or  being  shifted  out 
of  place ;  t,  tap  for  regulating  the  flow  of  oil  towards  the  bnrner ;  I,  I,  are  sir-holes 
in  the  part  a^  of  the  Irady  of  the  lamp  ;  they  receive  air  through  a  channel  formed  by 
flanges  i.,  z>^,  vrhidx  are  in  a  piece  with  the  body  of  the  lamp ;  a'  is  a  dome  or  cap, 
which  surmounts  the  lamp,  and  has  over  it  a  cap  a,  fixed  on  a  perforated  cylinder  q", 
formed  of  perforated  metal  or  wire-doth,  and  having  an  interior  space  as  shown ;  q, 
short  air-pipe  or  chimney  fixed  in  the  cap  a*  ;  m*,  m',  m*,  concentric  wind-guaids  or 
cowls  for  protecting  the  light  from  gusts  of  air,  and  for  allowing  the  aeriform  or 
fuliginous  products  of  combustion  to  escape  into  the  external  atmosphere ;  nt'  is 
a  diaphragm  attached  to  the  cap  m*,  and  acting  as  a  deflector  to  guide  the  said 
products  into  the  open  air ;  m*  is  a  cap  attached  to  the  cowl  m',  for  guiding  the 
smoke  outwards ;  p,  p,  are  Ings,  through  which  pass  the  ends  of  a  handle  p,  which 
are  hooked.  On  uie  lugs  are  tails,  which  pass  through  the  cap  Q,  and  support  the 
parts  Q,  m*,  m',  g. 

Another  arrangement,  patented  July  81,  1871,  relates  to  street,  signal,  and  carriage 
lamps,  and  afibrds  a  means  of  keeping  the  oil-supply  contained  in  tiiem  at  the  tem- 
perature of  the  atmosphere,  by  surrounding  the  receptacle  with  an  air-jacket.  By  this 
means  the  flame  is  prevented  from  rising,  and  the  lamps  may  be  left  burning,  without 
any  attention  for  24  hours  or  more.  The  reaiaon  for  not  separating  the  bulk  of  the  oil, 
as  in  railway  roof-lamps,  and  inserting  a  small  cup  for  present  supply  in  the  centre, 
is  that  the  available  space,  in  those  now  under  consideration,  is  too  limited  for  this 
purpose ;  and  also  that,  in  street  lamps,  the  oil  receptacle  would  cast  an  objocCionaUe 
shadow.  In  all  other  closed  lamps,  in  which  mineral  oils  are  used,  the  oil  becomes 
bested,  and  upon  this  the  flame  rises  and  becomes 
'^  smoky,  diminishing  the  light,  fouling  the  chimney,  and 

increasing  the  consumption  of  oil  very  considenbly. 

Another  important  point  in  all  lamps  intended  for 
use  in  the  open  air,  is  to  establish  such  an  equilibrium 
within  the  lantern  Uiat  no  more  air  will  flnd  admittsoce 
than  is  necessary  f(»  the  support  of  the  flame,  and  that 
there  shall  be  no  disturbing  down-draught  firom  the 
top  or  sides.  This  is  eflbcted  by  the  use  of  a'  top  or 
cowl,  which  entirely  excludes  down-dlsnght.  Lamps 
fitted  with  these  cowls,  and  with  no  other  protection, 
have  been  in  use  in  the  carriages  of  the  Metropolitan 
Bailvray,  and  on  lines  on  which  a  very  high  speed  haa 
been  maintained,  and  they  have  burnt  quite  steadily, 
the  flame  bein^  absolutely  unaffected  by  the  motion. 

Fig.  1764  is  an  elevation,  partly  in  section,  of  a 
street  lamp  constructed  according  to  Silber^s  invention. 
A  is  the  case  of  the  lamp,  consisting,  as  is  tisnal,  of  a 
glazed  frame,  one  side  of  which  forms  a  door,  but  the 
case  is  formed  open  at  bottom  instead  of  being  closed  as 
ilsuaf,  the  bottom  of  the  oil-holder  closing  the  case 
when  the  lamp  is  in  its  place  within  it.  The  lamp, 
which  is  detachable  from  the  case,  so  as  to  be  readily 
placed  in  it  and  taken  ont  of  it,  consists  of  an  oil- 
holder  B,  and  a  burner  or  wick-holder  c,  which  is  inserted  in,  and  commnnicatM 
with  the  interior  ot  the  oil-holder  B.  D  is  a  jacket  or  casing,  which  is  connected  widi 
the  oil-holder  B,  by  ties  or  struts  at  intervals,  and  which  surrounds  the  oil-holder  on 
all  sides  except  at  the  bottom,  and  also  except  at  a  small  portion  of  the  top.    Tba 
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contoai  of  the  jadutOTcadogo  foUovs  or  conreeponda  vith  that  of  the  oil-holder 
which  it  surrounds,  t  is  the  space  between  the  jacket  and  the  oil-holder :  it  forms 
a  space  or  passage  for  the  circulation  of  air,  which  enters  at  the  bottom  this  space 
or  passage,  and  Ilso  through  air-holes  «,  e,  formed  in  the  lower  part  of  the  casing  d. 
B  is  a  short  tube,  socket,  or  ferrule,  fitted  in  the  space  T,  and  attached  to  the  oil-holder 
B  and  casing  s  to  receive  the  burner  or  wick'holdcr  c,  the  wick  passing  at  bottom 
into  the  oil-holder  B.  The  burner  or  wick-holder  c,  with  its  key  k  and  chimney,  are 
of  ordinary  construction ;  g,  g,  are  ordinary  air-holes  at  the  lower  part  of  the  sboll 
of  the  burner.  The  lamp  rests  by  the  bottom  edge  of  the  jacket  or  casing  D,  on  ai 
ledge  p,  fixed  on  t^e  insiae  of  the  frame  of  the  case  a  ;  this  ledge  thus  supports  the 
whole  lamp  in  the  case,  and  tlie  case  is  closed  at  bottom  by  the  bottom  of  the 
oil-holder  b,  except  at  the  space  v  left  open  between  the  casing  D  and  the  sides 
of  the  oil-holder  B,  for  the  circulation  of  air,  which  bathes  the  oil-holder  as  described, 
keeps  it  cool,  and  allows  of  the  light  being  maintained  equal  and  steady  for  a 
number  of  hours  in  the  case  or  frame.  Air-holes  e  may  be  sometimes  formed  in 
the  sides,  and  sometimes  in  the  top  of  the  casing  or  jacket  D,  as  well  as  io  the  lower 
edge  thereof. 

Improrements  in  gas-burners  hsTe  been  founded  upon  combinations  already  de- 
scribed for  supplying  the  flame  in  the  proper  place  with  the  precise  quantity  of  atmo- 
spheric air  required  for  complete  combustion.  The  inventor  of  this  light  directs 
attention  to  the  curious  influence  exerted  By  the  height  of  the  chimney  upon  the 
illumination  aflbrded  by  a  given  quantity  of  gas.  If  the  height  <£  the  chimney  be 
increased  frora.  S  to  10  mcbes,  the  light  produced  appears  to  the  unassisted  eye  to  be 
whiter  and  better  for  the  change.  But  when  accurately  measured  by  the  photometer, 
we  find  that  the  light  is  actually  diminished  by  one  half,  and,  at  the  same  time,  the 
consumption  of  gas  is  considerably  increased.  A  similar  infiuence  is  exerted  by  the 
shape  of  the  chimney ;  for  if  we  place  the  chimney  of  a  common  moderator  lamp  over 
a  gas-burner  the  same  result  is  obtained. 

Experiment  has  also  shown  that  there  is  no  gun,  as  compared,  with  an  Argand 
in  the  employment  of  a  double  fiat-wicked  or  '  duplex '  burner.  If  we  take  a  duplex- 
burner,  each  wick  of  a  given  width,  and  a  circular  burner  of  such  dimensions  that  its 
wick,  if  cut  in  two,  would  be  precisely  equal  to  the  two  wicks  of  the  duplex,  and  if  we 
test  both  burners  under  the  same  conditions,  their  illuminating  power  and  consumption 
will  be  found  to  be  precisely  equal.  This  simple  experiment  could  not  have  been  tried 
before  the  modem  duplex-burner  was  perfected ;  for  two  separate  fiat  burners,  each 
with  a  single  wick,  show  a  totally  different  result.  The  bodies  of  the  burners  prevent 
the  fiames  fix>m  being  brought  into  sufficiently  close  approximation. 

Hany  attempts  have  been  made,  all  more  or  less  unsuccessful,  to  bum  oils  or  gas 
without  a  chimney,  and  to  convey  air  to  the  burner  through  apertures  somewhere,  in 
the  lantern,  and  from  thence  through  tubes  or  chambers  to  the  fiames.  These  attempts 
are  thought  by  Mr.  Silber  to  have  been  wrong  in  principle,  because  the  air-tracks  in 
all  of  them,  however  circuitous,  have  been  continuous  and  unbroken.  If  we  take  a 
rigid  tube  of  whatever  form,  and  twist  it  into  any  niuuber  of  turns  or  coils,  and  then 
blow  into  it,  we  shall  find  that  the  forcible  exit  of  air  at  one  end  will  be  simultaneous 
with  its  forcible  entrance  at  the  other.  In  the  same  way,  a  lamp  with  a  continuous 
air-track,  if  moving  with  a  train  or  vessel,  is  exposed  to  sudden  rushes  of  air  upon  the 
flame ;  and,  even  if  standing  still,  similar  rushes  will  be  produced  by  alterations  in  the 
force  or  direction  of  the  wind,  or  by  any  other  atmospheric  disturbance.  The  Silbet 
lamp,  in  the  first  place,  receives  its  air  supply  tiom  above,  and  neither  movement  nor 
atmospheric  disturbance  exerts  much  influence  on  the  rate  at  which  air  descends 
throngh  an  aperture.  This  rata  is  mainly  governed  by  that  of  the  escape  of  the  hot 
air,  which  has  its  outlet  within  the  circle  of  ingress  of  the  fresh  supply.  The  entering 
cold  air  is  met,  a  few  inches  below  the  aperture  wbich  gives  it  admission,  by  a  solid 
metal  top  or  inner  roof,  which  becomes  heated  when  the  lamp  has  been  burning  for  a 
few  minutes.  A  slit  at  one  end  of  this  inner  roof  allows  the  slightly-warmed  and 
rarefied  air  to  proceed  onwards  whenever  it  can  find  opportunity;  &t  is  to  say,  just 
as  rapidly  as  the  exit  of  the  exhausted  or  consumed  air  makes  room  for  it.  On  its 
course  it  passes  over  the  receptacle  in  which  the  supply  of  oil  is  stored,  and  keeps  this 
at  a  moderate  and  regulated  temperature ;  then  between  this  receptacle  and  the  inner 
side  of  the  outer  pert  of  the  lamp ;  and,  lastly,  beneath  the  chamber  to  which  the 
liuroer  is  fixed,  &om  whence  it  flnds  admission  to  the  flame.  The  height  of  the  wick 
is  regulated  without  opening  the  lantern ;  and  these  lantems  having  no  opening  at 
their  lower  part,  are  especially  valuable  for  use  on  board  ship.  You  will  observe  that 
there  is  no  possibility  under  this  arrangement  of  a  continuous  current  of  air  driven  in 
any  one  direction,  but  that  the  air  can  only  diffiise  itself  gradually,  and  in  proportion 
to  the  room  made  for  it,  through  a  succession  of  chambers  which  effectually  break  up 
its  continuity,    Hareorer,  the  capacity  of  the  chamber  is  so  calculated  th^  no  note 
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tit  Mn  enter  the  lantern  than  is  leqaired  for  tbe  maintenanos  of  proper  oom> 
bnetion. 

With  reference  to  the  coit  of  artiilcial  light  from  oil,  obtained  by  the  Silber  gystem, 
and  compared  with  the  coit  of  gaa,  we  have  the  evidenoe  of  Mr.  William  Valentine, 
who  say* : — 

'The  principle  inToIved  in  the  oongtruction  allows  of  the  burning  either  of  mineral, 
vegetable,  or  animal  oils,  and  of  oils  which  hitherto  bare  never  been  burnt  to  advantage, 
(ndi  as  the  so-called  heavy  mineral  oils. 

•  The  same  principle  is  equally  applicable  to  ordinary  moderator  lamps,  with  tho 
additional  advantage  that  largely-increased  lights  can  now  be  constructed  on  the  prin- 
dple  of  the  moderator  lamp  burning  colza  or  mineral  oils. 

'  The  light  produced  by  the  bamen  constructed  on  these  new  principles  is  whiter 
and  steadier  than  any  ligbt  I  am  acquainted  with;  and  the  increase  in  tlie  illuminating 
power,  as  compared  with  that  flrom  ordinary  burners  hitherto  in  use,  is  fiilly  equal  to 
from  40  to  50  per  cent  without  any  increased  consumption  of  oil. 

'  Uy  experiments  show  that  a  ligbt  can  be  produced  from  mineral  oils  40  to  50  per 
cent,  cheaper  than  the  same  light  ifrom  coal-gas,  costing  3>.  Od.  per  1,000  cubic  foot. 

■Experience  has  shown  that -the  burning  of  properly-porifled  mineral  oil  has  no 
detrimental  effect  upon  animal  and  vegetable  life.' 

It  is  known  that  the  volatilisation  of  colza  or  other  vegetable  oil  cannot  be  properly 
effected  if  the  oil  is  allowed  to  ascend  in  excessive  quantity  to  the  top  of  the  wick. 
On  this  account,  instead  of  allowing  the  oil  to  overflow  the  top  of  the  wick-case,  as  it 
does  in  ordinary  moderators,  Mr.  Suber  drills  holes  through  tlie  case  about  a  quarter 
of  an  inch  below  the  top.  The  overflow  in  the  Silber  lamps  takes  place  by  means  of 
these  holes,  and  combustion  is  carried  on  with  only  a  small  portion  of  the  wick  raised 
above  the  case.  By  this  arrangement  also,  the  wiek  is  preserved  for  a  much  longer 
time  than  when  it  is  exposed  to  the  atmosphere  as  in  ordinary  moderators. 

Signal-lamps  for  railway  and  other  purposes  are  constructed  of  two  parts :  the  outer 
casing,  or  lantern ;  and  the  inner  part,  or  lamp  proper.  Generally  speaking,  the  lantern 
is  a  fixture,  from  which  the  lamp  is  withdrawn  to  be  trimmed  and  lighted.  In  the  Silber 
signal-lamp,  the  lamp  proper  is  so  portable  that  a  man  can  carry  three  or  four  in  his 
hands  at  once,  either  l4;hted  or  nnlighted,  in  any  weather.  Whilst  thus  carried  the 
lamp  remains  effectually  closed ;  but  as  soon  as  it  is  in  its  place  within  the  lantern,  it 
is  opened  at  the  top  by  the  fallins  of  a  self-acting  handle,  so  as  to  allow  the  escape  of 
tiie  products  of  combustion.  This  self-acting  handle  is  a  very  important  matter, 
because  it  prevents  mistakes,  which  freqnenUy  happen  with  other  lamps,  from  the 
man  forgetting  to  open  the  top.  Such  negligence  causes  the  lamp  to  go  out  as  soon 
as  it  has  consumed  the  limited  supply  of  air  enclosed  in  it,  and  then  of  course,  although 
the  lamp  is  supposed  to  be  in  action,  no  signal  is  displayed,  and  serious  mischief  may 
result 

Another  advantage  is,  that  the  oil-reservoir  of  these  lamps  drops  through  the  inner 
shell  of  the  lamp,  and  is  kept  cool  by  being  exposed  to  wind  and  weather,  while  the 
flame  is  perfectly  protected. 

nnrnmiiiv  xawmmu.   See  Fx.ax  and  Lomr. 

8Z&BX<    Quarts,  or  pure  flint    See  Siuca. 

8IUO&  or  SSUtOIO  AOIB*  SiO*.  This  substance  exists  nearly  pure  in  rock- 
crystal,  chalcedony,  opal,  agate,  and  many  other  minerals ;  and  it  is  an  important 
constituent  of  a  very  large  class  of  minerals.    See  Aoate  ;  Opal  ;  Quabtz. 

It  may  be  obtained  perfecUypure  by  precipitation  from  any  of  its  combinations. 
Klicic  acid  forms  a  class  of  salts  termed  silicates,  which  are  generally  formed  by 
faring  silicic  acid  with  the  bases.  Those  silicates  in  which  the  acid  predominates  are 
insoluble  in  water,  and  constitute  the  diflferent  varieties  of  glass.    See  Giass. 

Becent  researches  have  shown  that  dystallised  silica  exists  in  nature  under  three 
distinct  forms:  (1)  Qaartr,  cnstallising  in  the  hexagonal  system,  with  sp.  gr.  2-6; 
(2)  TVidgmite,  crystallising  in  tke  same  system,  but  with  different  parameters,  and  with 
sp.  gr.  2-3  ;  (3)  Mmanite,  belonging  to  the  rhombic  system,  and  having  a  sp.  gr.  of  2-24. 

&me  cnrious  natural  deposits  of  silica  are  found  in  nature.  Way  discovered  at 
Famham  large  deposits  of  silica,  in  the  condition  in  which  it  is  readily  soluble  in  hot 
solutions  of  caustic  potash,  or  soda.  These  beds  are  situated  at  the  base  of  the  chalk 
formations,  between  the  Upper  Qreensand  and  the  Gault  Clay.  Hr.  Way  proposed 
to  employ  those  beds  as  a  convenient  source  of  silicate  of  lime  for  agricnltural  pur- 
poses. He  found  that  a  mixture  of  slaked  lime  with  the  powdered  r^,  when  made 
into  a  thin  pasta  and  left  for  some  weeks,  is  entirely  converted  into  silicate  of  lime. 
The  action  is  promoted  by  the  presence  of  2  or  3  per  cent  of  carbonate  of  soda ;  the 
latter  spearing  to  act  as  the  carrier  between  the  silica  and  the  lime.  Similar  deposits 
had  been  previously  found  by  Sauvage  in  the  Department  des  Ardennes. 

Sifieeous  deposits  are  often  formed  from  warm  springs.    In  the  Island  of  Teiedrs 
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a  dtposit  of  this  Icind  contains  77*05  of  silicic  acid.  The  hot  springs  of  Kew  Zealand 
deposit  a  cmst  containing  75  of  silica ;  and  some  springs  in  the  Azores  leave  precipi- 
tated a  stratum  containing  67'6  of  silica.  In  the  Steamboat  Springs  in  California 
lemarkable  deposits  of  suica,  associated  'with  metallic  sulphides,  are  in  oonrse  of 
formation. 

The  Dines  sand,  Glamorganshire,  is  remarlable.  Some  samples  are  actually  pure 
rilica„and  most  of  it  gives  91*95  of  silicic  acid :  the  sand  of  Penderyn,  in  the  same 
oounty,  giving  94*06  silica.  A  similar  deposit  is  found  near  Llandudno,  in  North 
Wales.    See  Stonb,  AnTmcm. 

■Z&XOATa  FAIVTS.  Cnrions  local  deposits  of  almost  pure  silica  have  been 
discovered  near  Llandudno,  in  North  Wales.  The  deposit  lies  in  a  basin,  at  a  con- 
siderable level  above  the  sea,  and  appears  to  form  the  bod  of  a  small  lake.  Tho 
silica  bed  has  a  thickness  of  several  feet,  and  overlies  a  deposit  of  greater  thickness, 
but  less  purity.  The  foUotring  analysis  has  been  made  tiiereof : — Silica,  79  parts ; 
water,  13 ;  oxide  of  iron,  3  ;  alumina,  4;  magnesia,  1. 

This  material  is  unique,  and  poiisesses  a  wide  range  of  usefulness  in  the  arts  and 
manufactures.  It  would  be  especially  suited  for  producing  ciystal  glass,  and  in  the 
manufacture  of  porcelain,  if  the  small  percentage  of  oxide  of  iron  were  removed  from 
it.  Again,  chemists  report  that  this  earth  is  a  peculiar  and  interesting  material,  and 
is  almost  pure  silica  thoroughly  calcined,  reduced  to  such  an  impalpable  powder  as  to 
be,  without  further  treatment,  fit  to  be  employed  in  various  ways. 

The  material,  when  excavated,  is  freely  washed  in  w.iter,  which  holds  it  in  partial 
Buspenaon,  and  is  then  allowed  to  dry,  when  iz  becomes  brilliantly  white,  and  is  more 
finely  divided  than  could  be  done  by  mechanical  means.  At  present  the  use  made 
thereof  is  in  the  production  of  paint.  Before  being  so  used  the  water  is  dried  out,  so 
that  the  base  of  the  paint  contains  S2  per  cent,  of  pure  silica.  For  this  purpose  it  is 
especially  suitable,  as  it  miles  freely  with  the  pigments  and  oils,  and  is  worked  with 
the  greatest  ease.  Moreover,  it  entirely  resists  the  action  of  acid,  and  the  effect 
of  heat,  and,  when  laid  on,  becomes  extremely  hard  and  polished  on  the  surface;  no 
small  advantages. 

The  Silicate  Paint  Company  (Fenwick  Street,  Liveipool),  supply  this  useful  paint 
Its  preservative  influence,  in  shielding  sensitive  materials  from  the  destructive  action 
of  heat  and  flame  in  cunilagrntions  is  insisted  on,  but  surely  a  mere  coating  of  silica 
cannot  possess  any  extraordinary  power  in  this  respect. 

The  Silicate  Faint  Company  also  manufacture  a  wator-inraoflng  solution  from  this 
peculiar  silica,  which,  when  applied  to  the  interior  or  exterior  of  houses,  entirely  ex- 
cludes damp.  The  silica  is  conveyed  into  the  pores  of  the  brick,  plaster,  stone,  or 
other  material,  and  the  action  of  the  air  causes  it  to  petrify  and  return  to  its  original 
condition.    See  Stoks,  Abtifioiai.. 

SZ&ZCa.TX8ATZOS,    The  process  of  impregnating  bodies  with  silica. 

■XLZOATBS.  Compounds  of  silicic  acid  (tUica,  oxide  of  lilicon  or  tUicium),  with 
earthy,  alkaline,  or  metallic  bases.  In  mineralogical  arrangements  these  have  been 
divided  into  anhydrous  silicates,  which  include,  as  Sana  classifies  them,  the  augite 
section,  the  garnet  section,  the  mica  section,  the  felspar  section,  and  some  others  ;  and 
the  hydrous  tHicates,  which  include  the  talc  section,  the  serpmline  section,  the  chlorite 
section,  the  calamine  section,  the  datholite,  and  others. 

SXUOSOVS  OamifTB.  An  interesting  paper  on  hydraulic  cements  was 
submitted  to  the  Academy  of  Sciences  by  M.  F.  Kuhlmann,  showing  the  advantage 
that  may  bo  derived  from  the  combination  of  silicates  with  mortars  and  cements  in 
general,  and  especially  with  those  that  are  intended  to  resist  the  action  of  sea-water. 
It  is  well  known  that  the  first  effect,  of  water  on  cements  is  that  of  forming  hydrates ; 
after  which  a  gradual  contraction  takes  place,  producing  a  degree  of  hardness,  which 
increases  in  proportion  as  the  contraction  is  slower,  and  there  is  more  silex  or  alumina 
in  the  cement.  Now,  M.  Kuhlmann  has  observed  that  if  alumina  or  its  silicate,  or  else 
magnesia,  whether  caustic  or  carbonated,  be  kneaded  into  a  paste  with  a  solution  of 
silicate  of  potash  or  soda,  the  compounds  resulting  therefrom  will  bear  a  perfect  resem- 
blance to  tne  natural  silicates,  such  as  felspar,  talcose  slate,  magnesite,  &c.,  and  will, 
by  repose  and  slow  contraction,  become  hard  and  semi-transparent,  resisting  in  a  high 
degree  the  erosive  effects  of  water.  If  slaked  lime  be  added  to  the  said  compounds 
they  acquire  the  properties  of  hydraulic  cements.  M.  Vicat,  jnnr.,  having  shown  that 
calcined  magnesia  added  to  a  cement  would  resist  the  action  of  sulphate  of  magnesia, 
IiL  Kuhlmann  endeavoured  to  turn  this  observation  to  account,  by  mixing  cal- 
cined dolomites  (which  contain  magnesia)  with  mortar,  containing  the  alkaline 
silicates.  This  composition  he  found  very  advantageous,  since  most  of  the  salts  con- 
tained in  sea-water  must  contribute  towards  the  preservation  of  such  cements.  In 
fact,  the  chloride  of  magnesium,  as  well  as  tho  sulphate  of  magnesia,  will  be  decom- 
posed and  form  a  layer  of  ailicata  fS  magnesia  on  the  snrface  at  the  cement;  in  the 
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tune  manner,  the  anlphate  of  lime  must,  being  in  contact  with  the  silicate  of  potash 
or  soda,  form  a  silicate  of  lime ;  and  all  these  silicataa  strongly  resist  the  action  of 
sea-vater.  As  for  sea-salt,  which  is  a  chloride  of  sodium,  M.  Kuhlmann  proved  that, 
in  the  proportion  in  which  it  exists  in  sea-water,  it  will  elowly  decompose  the  silicate 
of  potash  contained  in  the  cement,  and  leave  the  silez  tree.  The  compositions  pro- 
posed have  therefore  the  singulajr  property,  not  only  of  resisting  Uie  action  -r>f 
sea-water,  but  of  actually  becoming  more  insoluble  the  longer  they  are  in  contact 
with  it.  A  cement  composed  of  80  parts  of  rich  lime,  60  of  sand,  16  of  on- 
calcined  clay,  and  5  of  powdered  silicate  of  potash,  is  recommended  by  If.  Kuhlmann 
as  having  all  the  requisite  hydraulic  properties,  especially  for  cisterns  intended  for 
spring-water.  In  marine  cnnstructions  care  should  be  taken  to  add  an  excess  of 
silicate  to  those  portions  of  cement  which  are  exposed  to  the  immediate  contact  of 
the  sea.    See  Etdbacuc  Ckhbnts. 

Bansome's  artificial  stone  is  prepared  by  cementing  sand  with  soluble  silica, 
or  silicate  of  potash,  and  decomposing  this  salt  with  muriate  of  lime.  See  Stonb, 
AsTincui. 

■S&XOOar,  or  SZXXOZOM.  The  base  of  silica  oi  flint  It  was  first  obtained  by 
Berzelitts  in  1823.  Silicon  is  obtained  by  heating  the  double  fiuoride  of  potassium 
and  silicon  with  sufficient  potassium  to  combine  with  the  whole  of  the  finorino,  and 
afterwards  washing  the  mass  with  cold  water,  until  no  alkaline  reaction  is  observable, 
then  boiling  with  water  to  decompose  any  of  the  donble  fluoride  which  may  not  have 
been  acted  upon,  and  finally  washing  the  silicon  perfectly  with  hot  water. 

Silicon  is  a  dark-brown  powder,  heavier  than  water,  infusible  before  the  blowpipe, 
non-Tolatile,  increasing  in  density  when  considerably  heated.  Silicon  exists  in  three 
distinct  forms:  amorphons,  graphitoidal,  and  diwoond-lika.  Silicon,  boron,  and 
carbon,  indeed,  exhibit  great  similari^. 

•nuc  BUUruraOTUma.  (Fabric  d»  toU,  Fr. ;  8eida\fabTik,  Oer.)  This 
may  be  divided  into  two  branches :  1.  the  production  of  raw  mlk;  2.  its  filature  and 
preparation  in  the  mill,  for  the  purposes  of  the  weaver.  The  threads,  as  spun  by  the 
silkworm,  itnd  wonnd  up  in  its  cocoon,  are  all  twins,  in  consequence  of  the  twin 
orifice  in  the  lip  of  the  insect  through  which  they  an  projected.  These  two 
threads  are  laid  parallel  to  each  other,  and  are  glued  more  or  less  evenly  together  by 
a  kind  of  f;lossy  varnish,  which  also  envelopes  them,  constituting  nearly  25  per  cent. 
of  their  weight  Each  nltimate  filament  measures  about  j^  ($  an  inch  in  average 
fine  silk,  and  the  pair  measures  of  course  fblly  ^4n  of  an  inch.  In  the  raw  silk,  as 
imported  from  Italy,  France,  China,  &c.,  several  ofthese  twin  filaments  are  slightly 
twisted  and  agglutinated  to  form  one  thread,  called  single. 

The  specific  gravity  of  silk  is  1-300,  water  being  1-000.  It  is  by  &r  the  most  tena- 
cious or  the  strongest  of  all  textile  fibres,  a  tlu^d  of  it  of  a  certain  diameter  being 
nearly  three  times  stroqger  than  a  thread  of  fiax,  and  twice  stronger  than  hemp. 
Some  varieties  of  silk  are  perfectly  white,  but  the  general  colour  is  a  golden  yellow. 

The  production  of  silk  was  unknown  in  Europe  till  the  sixth  centnry,  when  two 
monks,  who  brought  some  eggs  of  the  silkworm  from  China  or  India  to  Constanti- 
nople, were  encouraged  to  breed  the  insect,  and  cultivate  its  cocoons,  by  the  Emperor 
Justinian.  Several  silk  manufactures  wero  in  consequence  established  in  Athens, 
Thebes,  and  Corinth,  not  only  for  rearing  the  worm  upon  mulberry-leaves,  but  for 
nnirinding  its  cocoons,  for  twisting  their  filaments  into  stronger  threads,  and  weaving 
these  into  robes.  The  Venetians  having  then  and  long  afterwards  intimate  commer- 
cial relations  with  the  Greek  Empire,  supplied  the  whole  of  western  Europe  with  silk 
goods,  and  derived  great  riches  from  the  trade. 

About  1130,  Soger  II.,  king  of  Sicily,  set  up  a  silk  manufacture  at  Palermo,  and 
another  in  Calabna,  conducted  by  artisans  whom  he  had  seized  and  carried  off  as 
prisoners  of  war  in  his  expedition  to  the  Holy  Land.  From  these  countries,  the  silk 
industry  soon  spread  throughout  Italy.  It  seems  to  have  been  introduced  into  Spain 
at  a  very  early  period,  by  the  Moors,  particularly  in  Murcia,  Cordova,  and  Granada. 
The  last  town,  indeed,  possessed  a  fiourishing  silk  trade  when  it  was  taken  by  Fer- 
dinand in  the  15th  century.  The  French  having  been  supplied  with  workmen  from 
Hilan,  commenced,  in  1521,  the  silk  manufacture;  but  it  was  not  till  1661  that  thoy 
began  successfully  to  produce  the  silk  itself,  when  Traucat  a  working  gardener  at 
Kismes,  formed  the  first  nursery  of  white  mulberry-trees,  and  with  such  success,  that 
in  a  few  years  he  was  enabled  to  propagate  them  over  many  of  the  southern  prsvinces 
of  France.  Prior  to  this  time,  some  French  noblemen  on  their  return  tiom  the  con- 
quest of  Naples,  had  introdnced  a  few  silkworms  -with  the  mulberry  into  Dauphiny ; 
but  the  business  had  not  prospered  in  their  hands.  The  mulbeny-plantations  were 
greatly  encouraged  by  Henry  Iv. ;  and  since  then  they  have  been  the  source  of  most 
beiieflcial  employment  to  the  French  people.  James  I.  was  most  solicitous  to  iutio- 
dnce  the  breeding  of  rilkworm*  into  England,  and  in  a  speech  from  the  throne  h« 
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sarnMtly  tecommended  his  (ubjeets  to  plant  mnlbesny-trees ;  but  he  totally  &Ued 
in  the  project.  This  conntry  does  not  seem  well  adapted  for  this  species  of 
husbandry,  on  account  of  the  great  pioTalence  of  blighting  east  winds  during  the 
months  of  April  and  May,  when  the  worms  require  a  plentiful  supply  of  miilberry- 
leares.  The  manu&ctore  of  silk  goods,  however,  made  great  progress  during  that 
Icing's  peaceful  and  pompous  reign.  In  1629  it  had  become  so  considerable  in  Ix)ndoa 
that  the  silk-throwsters  of  the  city  and  suburbs  were  formed  into  a  public  corporation. 
So  early  as  1661  they  employed  40,000  persons.  The  revocation  of  the  £dict  of 
Nant^  in  1685,  contributed  in  a  rema^able  manner  to  the  increase  of  the  English 
silk  trade,  by  the  influx  of  a  large  colony  of  skilful  French  weavers,  who  settled  in 
Spitalflalds.  The  ^leat  silk-thiowing  mill  mounted  at  Derby,  in  1719,  also  served  to 
promote  the  extension  of  this  branch  of  manufacture ;  for  soon  afterwards,  in  the  year 
1730,  the  English  silk  goods  bore  a  higher  price  in  Italy  than  those  made  by  the 
Italians,  accc^ng  to  the  testimony  of  ^ysler. 

The  ordinary  nlkworm,  called  by  entomologists  Bombyx  mori,  is,  like  its  kindred 
species,  subject  to  four  metamorphoses.  The  egg,  fostered  by  the  genial  warmth  of 
spring,  sends  forth  a  caterpillar,  which,  in  its  progressive  enlargement^  casts  its  skin 
either  three  or  four  times,  according  to  the  variety  of  the  insect.  Having  acquired  its 
full  size  in  the  course  of  25  or  80  days,  and  ceasing  to  eat  during  the  remainder 
of  its  life,  it  begins  to  discharge  a  viscid  secretion,  in  the  form  of  twin  filaments, 
from  tubes  opening  on  the  under  lip,  which  harden  in  the  air.  These  threads  are 
coiled  into  an  ovoid  nest  ronnd  itself,  called  a  cocoon,  which  serves  as  a  defence 
against  living  enemies  and  changes  of  temperature.  Here  it  soon  changes  into  the 
chrysalis  or  nymph  state,  in  which  it  lies  swaddled,  as  it  were,  for  about  15  or  20 
days.  Then  it  bursts  its  cerements,  and  comes  forth  ftimished  with  appropriate 
wings,  antennae,  and  feet,  for  living  in  its  new  element,  the  atmosphere.  The  male  and 
the  female  moths  couple  together  at  this  time,  and  terminate  their  union  by  a  speedy 
death,  their  whole  existence  being  limited  to  two  months.  The  cocoons  are  com- 
pletely formed  in  the  course  of  three  or  four  days ;  the  finest  being  reserved  as  seed- 
worms.  From  these  cocoons,  after  an  interval  of  18  qp  20  days,  the  moth  makes  its 
appearance,  perforating  its  tomb  by  knocking  with  its  head  against  one  end  of  the 
cocoon,  after  softening  it  with  saliva,  and  thus  rendering  the  filaments  more  easily 
torn  asunder  by  its  daws.  Such  moths  or  aurelias  are  collected  and  placed  upon  a 
piece  of  soft  cloth,  where  they  couple  and  lay  their  eggs. 

The  eggs,  or  grains  as  they  are  usually  termed,  are  enveloped  in  a  liquid  which 
causes  them  to  adhere  to  the  piece  of  doth  or  paper  on  which  the  female  lays  them. 
From  this  glue  they  are  readily  freed,  by  dipping  them  in  cold  .water,  and  wiping 
them  dry.  They  are  best  preserved  in  the  ovum  state  at  a  temperature  of  about  65°  F. 
If  the  beat  of  spring  advances  rapidly  in  April,  it  must  not  be  suffered  to  act  on  the 
eggs,  otherwise  it  might  hatch  the  caterpillars  long  before  the  mulberry  has  sent  forth 
its  leaves  to  nourish  them.  Another  reason  for  keeping  back  their  incubation  is,  that 
they  mxj  be  hatched  together  in  large  broods,  and  not  by  small  numbers  in  succes- 
sion. The  eggs  are  m^e  up  into  small  packets,  of  an  ounce,  or  somewhat  more, 
which  in  the  south  of  France  are  generally  attached  to  the  girdles  of  the  women 
during  the  day,  and  placed  under  their  pillows  at  night.  They  are,  of  course,  care- 
fully examined  from  time  to  time.  In  large  esteblishments,  they  are  placed  in  an 
appropriate  stove-room,  where  they  are  exposed  to  a  temperature  gradualljy  increased 
till  it  reaches  the  86th  degree  of  Fahrenheit's  scale,  which  temperature  it  must  not 
exceed.  Aided  by  this  heat,  natore  completes  her  mysterious  work  of  incubation  in 
eight  or  ten  days.  The  teeming  eggs  are  now  covered  with  a  sheet  of  paper  pierced 
with  numerous  boles,  about  ^th  of  an  inch  in  diameter.  Through  these  apertures  the 
new-hatched  worms  creep  upwards  instinctively,  to  get  at  the  tender  mulbeny-Ieaves 
strewed  over  the  paper. 

The  nursery  where  the  worms  are  reared  is  called  by  the  French  a  magnanUre  ;  it 
ought  to  be  a  well-aired  chamber,  &ee  from  damp,  excess  of  cold  or  heat,  rats  and 
other  vermin.  It  should  be  ventilated  occasionally,  to  purify  the  atmosphere  from 
the  noisome  emanations  produced  by  the  excremente  of  the  caterpillars  and  the  decayed 
leaves.  The  scafiblding  of  the  widcer-work  shelves  should  be  substantial ;  and  they 
should  be  from  16  to  18  inches  apart.  A  separate  small  apartment  should  be  allotted 
to  the  sickly  worms.  Immediately  before  each  moulting,  the  appetite  of  the  worms 
begins  to  flag ;  it  ceases  altogether  at  that  period  of  cutaneous  metamorphosis,^  but 
revives  speedily  after  the  skin  is  fairly  cast,  because  the  internal  parts  of  the  animal 
ore  thereby  allowed  freely  to  develope  themselves.  At  the  end  of  the  second  age^ 
the  worms  are  half  an  inch  long ;  and  should  then  be  transferred  from  the  small  room 
in  which  they  were  first  hatched,  into  the  proper  apartment  where  they  are  to  be 
brought  to  maturity  and  set  to  spin  their  balls.  On  occasion  of  changing  their  abode, 
thev  mnst  be  well  cleansed  &om  the  litter,  laid  upon  beds  of  fresh  leaves,  andsupplisd 
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irith  an  abundance  of  food  eveiy  six  homis  in  saoceasion.  In  shifting  their  bed,  a 
piece  of  networi:  being  laid  over  the  wicker-plates,  and  ooveMd  with  leaves,  the 
worms  will  creep  up  over  them ;  when  they  may  be  transfored  in  a  body  upon  the 
net  The  litter,  as  well  as  the  sickly  worms,  may  tbos  be  readily  removed,  without 
handling  a  single  healthy  coe.  After  the  third  age,  they  may  be  fed  with  entire  leaves; 
because  they  are  now  exceedingly  voracious,  and  must  not  be  subsequently  stinted  in 
their  diet.  The  exposure  of  chloride  of  lime,  spread  thin  upon  plates,  to  the  air  of  the 
moffnaitiire,  has  been  found  useful  in  counteracting  the  tsndmey  which  sometimes 
appears  of  an  epidemie  disease  among  tjie  silkworms,  from  the  fotid  exhalations  of 
the  dead  and  dying, 

When  they  have  ceased  to  eat,  either  im  the  fouzth  or  fifth  age,  aeooiding  to  the 
variety  of  the  bombi/x,  and  iriieB  they  display  ike  spinning  instinct  by  crawling  up 
among  the  twigs  of  heath,  &c,  they  are  not  long  in  beginning  to  construct  their 
cocoons,  by  throwing  the  thread  in  diffownt  directions,  so  as  to  form  the  floss, 
JSoadle,  ot  outer  open  network,  which  oonstitntes  the  bourn  at  silk  fbr  carding  and 
spinning. 

The  cocoons  destined  for  fllature,  must  not  be  allowed  to  remun  for  many  days 
with  the  worms  alive  with  them;  fw  should  the  chrysalis  have  leisure  to  grow 
mature  or  come  out,  the  filaments  at  (me  end  woold  be  cut  through,  and  thus  loee 
almost  all  their  value.  It  is  ther^bre  necessary  to  extinguish  the  life  of  the  animal 
by  heat,  which  is  done  either  by  exposing  the  cocoons  for  a  few  days  to  sunshine,  by 
placing  them  in  a  hot  oven,  or  in  the  steam  of  boiling  water.  A  heat  of  802°  "F&hi.  is 
BufBcient  for  efibcting  this  purpose,  and  it  may  be  best  administeied  by  pIuDging  tin 
cases  filled  with  the  cocoons  into  water  heated  to  that  pitch. 

80  pounds  French  ( -  88  BngL)  of  cocoons,  are  the  average  produce  from  one  ounce 
of  eggs,  or  100  bom  an  ounce  and  a  quarter ;  but  H.  Folser  of  Alsace  obtained 
no  less  than  166  pounds.  The  silk  obtained  from  a  eoeoon  is  ttom  760  to  1,150  feet 
long.  The  varnish  by  which  the  coils  are  glued  slightly  together,  is  soluble  in  wann 
water. 

The  silk  husbandry,  as  it  may  be  called,  is  comjdeted  in  France  within  edx  weeks 
from  the  end  of  April,  and  thus  affords  the  most  rapid  of  agrieultoral  retnnis, 
requiring  merely  the  advance  of  a  little  capital  for  the  purchase  of  uie  leaf.  In  buying 
up  cocoons,  and  in  the  filature,  indeed,  capital  may  be  often  laid  out  to  great  advan- 
tage. The  most  hazardons  period  in  tile  process  of  bleeding  the  worms,  is  at  the  tfaird 
and  fourth  moulting ;  for  upon  the  sixth  day  of  the  third  age,  and  the  seventh  day 
of  the  fourth,  they  in  general  eat  nothing  at  all.  On  the  first  day  of  the  fourth  age, 
the  worms  proceeding  Horn  one  ounce  MF  eggs  will,  according  to  Bonafons,  consume 
upon  an  average  twenty-three  pounds  and  a  quarter  of  mulberry-leaves ;  on  the  first 
of  the  fifth  age,  they  will  consume  forty-two  pounds ;  on  the  sixth  day  of  the  same 
age,  they  acquire  their  maximum  voracity,  devouring  no  less  than  228  pounds.  ¥tata 
this  date  their  appetite  continually  decreases,  till  on  the  tenth  day  of  this  age  they 
consume  only  fifty-six  pounds.  The  space  which  they  occupy  upon  the  wicker-taUes, 
being  at  their  birth  only  nine  .feet  square,  becomes  eventually  239  feet.  In  general, 
the  more  food  they  consume  the  more  silk  will  they  produce. 

A  mulbeny-tree  is  valued,  in  Provence,  at  fhim  6a.  to  lOd. ;  it  is  planted  out  of  the 
nurseiy  at  four  years  of  age ;  it  is  begun  to  be  stripped  in  the  fifth  year,  and  afibrds 
an  increasing  crop  of  leaves  till  the  twentieth.  It  yields  frwa  1  ewt.  to  80  owts.  of 
leaves,  according  to  its  magnitude  and  mode  of  cultivation.  One  ounce  of  silkworm 
eggs  is  worth  in  France  about  2^  francs ;  it  requires  iox  its  due  development  into 
cocoons  about  IS  cwts.  of  mulberry-leaves,  i^ch  cost  upon  an  average  8  francs  per 
cwt.  in  a  favourable  season.  One  ounce  of  eggs  is  calculated,  as  I  have  said,  to  pro- 
duce from  80  to  100  pounds  of  cocoons,  of  the  value  of  1  fr.  26  centimes  per  pound, 
or  126  francs  in  the  whole.  About  8  pounds  of  reeled  raw  silk,  worth  18  francs  a 
pound,  are  obtained  from  these  100  pounds  of  cocoons. 

There  are  three  denominations  of  raw  silk :  vis.,  oi^^ansine,  tram*  (shnte  or  tram), 
and  floss.  Organzine  serves  for  the  warp  of  the  bitat  silk  stuA,  and  is  considerably 
twisted ;  tram  is  made  usually  from  inferior  silk,  and  is  very  slightly  twisted,  in  order 
that  it  may  spread  more,  and  cover  better  in  the  weft ;  floss,  or  bourre,  consists  of  the 
shorter  broken  silk,  which  is  carded  and  spun  like  cotton.  Organsine  and  trama 
may  contain  from  8  to  30  twin  filaments  of  the  worm ;  t^e  former  possesses  a  double 
twist,  the  component  filaments  being  first  twisted  in  one  direction,  and  the  compound 
thread  in  the  opposite ;  the  latter  receives  merely  a  slender  single  twist.  Each  twin 
filament  gradually  diminishes  in  thickness  and  strength,  from  the  surfbcs  of  the 
cocoon,  where  the  animal  begins  its  work  in  a  state  of  vigour,  to  the  centre,  where  it 
finishes  it,  in  a  state  of  debility  and  exhaustion ;  because  it  can  receive  no  food  from 
the  moment  of  its  beginning  to  spin  by  spouting  forth  its  silky  substance.  The 
winder  is  attentive  to  &is  progressive  attenuation,  and  introduces  the  eommenoement 
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of  some  cocoons  to  compensate  for  the  terminatioo  of  others.    The  qoality  of  raw  silk 
depends,  therefore,  veaj  mnch  npon  the  skill  and  care  bectowed  npon  its  filature. 

The  quality  of  the  ra'w  silk  is  determined  by  first  -winding  off  400  ells  of  it,  equal 
to  475  meters,  round  a  drum  one  ell  in  circnmferenoe,  and  then  weighing  that 
length.  The  weight  is  expressed  in  grains,  24  of  which  constitute  one  denier ;  34 
deniers  eonstitnta  one  ounce ;  and  16  ounces  make  one  pound,  poida  d»  nan.  This  is 
the  Lyons  rule  for  valuing  silk.  The  weight  of  a  thread  of  raw  silk  400  ells  long, 
is  two  grains  and  a  half^  when  five  twin  fihmients  have  been  reeled  and  associated 
together. 

£aw  silk  is  so  absorbent  of  moisture,  that  it  maybe  increaaed  ten  per  cent  in 
weight  by  this  means.  This  property  has  led  to  falsifications ;  which  are  detected 
by  enclosing  weighed  portions  of  the  suspected  silk  in  a  wire-cloth  cage,  and  exposing 
it  to  a  stove  heat  of  about  78°  Fahr.  for  twenty-four  hours,  with  a  current  of  air. 
The  loss  of  weight  which  it  thereby  undergoes,  demonstrates  the  amount  of  the  &aud. 
There  is  an  office  in  Lyons  called  Uie  Condition,  where  this  assay  is  made,  and  by  the 
report  of  which  the  silk  is  bought  and  sold.  The  law  of  France  requires,  that  all  the 
silk  tried  by  the  Condition  must  b«  worked  up  into  fabrics  in  that  country.  It  has 
been  lately  noticed  that  a  still  more  serious  falsification  of  silks  has  been  made  in 
France.  The  silks  are  treated  with  astringent  vegetable  decoctions,  and  then  with 
salts  of  iron — the  cyanides  and,  in  some  cases,  iodides  being  also  used.  It  is  stated 
that  the  weight  of  Uie  silk  can  be,  by  this  process,  more  than  doubled.  At  the  same 
time  it  is  considerably  deteriorated  in  quality ;  and  if  a  flame  is  applied  to  it,  it  bums 
like  tinder.    It  is  found  also,  in  some  cases,  to  be  spontaneously  combustible. 

Smturland. — There  are  silk-stuff  factories  in  the  canton  of  £&le  :  but  the  trade  of 
this  town  lies  in  the  manufacture  of  silk-ribbon?.  In  this  and  the  neighbouring 
canton  of  B&le-Champagne  there  are  about  4,000  looms,  which  give  employment 
to  16,000  workmen,  as  weavers,  dyers,  &c.  TVTannal  kbonr  is  extremely  cheap, 
enabling  the  manufacturer  to  sell  at  a  very  low  rate.  The  greater  number  of  the 
mannfacturers  of  this  canton  employ  their  own  capital,  and  have  not  to  snrmount 
those  difficulties  and  disadvantages  inseparable  from  the  emplojyment  of  borrowed 
principal.  The  chief  articles  of  manu&cture  are  plain  taffeta,  nbbons,  plain  satin, 
and  figured  ribbons:  in  all  these  articles,  BAle  maintains  an  incontestable  supe- 
riority. 

The  silk  trade  in  Switzerland  has  grown  and  prospered  without  the  ud  of  protec- 
tive duties,  and  it  is  a  remarkable  fact  that  the  difficulties  occasioned  by  the  high 
prohibitive  customs,  instead  of  being  prejudicial,  have  been  of  advantage,  by  increasing 
the  active  genius  and  emulation  of  the  mannfacturers,  and  inducing  them  to  seek  more 
distant  and  more  favourable  outlets  for  their  goods.  The  morality,  activity,  and 
commercial  knowledge  of  the  Swiss  may  be  considered  the  basis  of  their  success. 

The  production  of  silk  is  conducted  on  the  most  important  scale  in  the  Lombardo- 
Venetian  States ;  next  in  order  of  importance  comes  the  lyvA :  the  same  business 
is  also  carried  on  in  the  military  ftontier,  QSrz  and  Chtadiska,  and  also  in  Istria  and 
Trieste,  in  Dalmatia  and  south  of  Hungary.  Trials  have  likewise  been  made  in  Lower 
Austria,  Bohemia,  and  Camiola. 

The  cocoons  are  prepared  at  the  reeling  establishment  into  raw  silk.  From  the 
result  of  inquiries,  it  would  appear  that  Lombardy  comprises  8,060  reeling  establish- 
ments.  The  entire  production  amounts  to  2,612,000  Vienna  lbs. ;  and  since  12  lbs. 
of  cocoons  yield  1  lb.  of  raw  silk,  there  are  required  for  this  aggregate  of  raw  silk 
300,400  ewts.  of  cocoons.  The  quantity  of  cocoons  required  in  excess  of  the  quantity 
produced,  an  excess  of  nearly  60,000  cwts.,  is  covered  by  the  production  of  the  Vene- 
tian provinces,  chiefly  by  that  of  Verona, 

Within  the  province  of  Venice,  the  reeling  establishments  are  also  numerona,  The 
nearest  approximation  in  reference  to  this  matter  is  obtained  by  taking  the  extent  of 
the  production  at  one-half  of  that  in  Lombardy.  The  remainder  of  the  cocoons  pro- 
duced in  the  province  undergo  ftirther  preparation  in  Lombardy,  and  partly  in  the 
Tyrol  also ;  whilst  a  portion  of  those  obtained  in  Gorz  and  Qradiska,  as  well  as  in 
Istria,  are  prepared  in  Venetian  reeling  establishments. 

The  whole  production  of  raw  silk  obtained  in  the  Austrian  monarchy  is  about 
4,108,700  lbs.  The  number  of  working  hands  employed  in  the  reeling  establishments 
is  not  less  than  160,000.  Besides  the  products  luready  enumerated,  about  900  cwts. 
of  cocoons  are  annually  imparted  into  Xombaidy,  principally  from  Switzerland  and 
the  neighbouring  Italian  States,  and  are  prepared  in  the  Lombardy  reeling  establish- 
ments. 

The  raw  silk  undergoes  fHirther  preparation  in  the  throwing  mills ;  but  the  whole 
mass  of  the  production  is  not  thus  worked  up  within  the  monarchy,  for  the  exports 
of  raw  silk  are  found  considerably  to  exceed  the  imports. 

There  are  in  the  Tyrol  above  56  throwing  mills,  with  135,047  spindles;  85,688 
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of  irtiich  latter  an  for  gpinning,  and  39,461  for  tvisting.  In  theu  milU  600  men 
and  1,200  'women  and  childien  are  employed.  The  production  there,  incladiog 
that  of  the  smaUer  throwing  mills,  which  give  occupation  to  600  workmen,  amount* 
to  220,400  Vienna  lbs.  of  thrown  silk,  for  which  231,400  Vienna  Ibe.  of  raw  silk  hare 
to  be  woAed  up. 

The  mechanism  of  the  silk  filature,  as  improved  .in  ftenoe,  is  very  ingenious. 
Figt.  1766  and  1768  exhibit  it  in  plan  and  longitudinal  view,  a  is  an  obloiig  copper 
basin  containing  water  heated  by  a  store  or  by  steam.  It  is  usually  divided  by 
transverse  partitions  into  several  compartments,  containing  20  cocoons,  of  which 
there  are  five  in  one  group,  as  shown  in  the  figure,    b,  b,  are  wire*  with  hooks  or 

1766 


eyleta  at  their  ends,  through  which  the  filaments  run,  apart,  and  are  kept  from 
ravelling,  c,  c,  the  points  where  the  filaments  cross  and  rub  each  other,  on  purpose 
to  dean  their  sux&ces.  <2  is  a  spiral  groove,  working  upon  a  pin-pinnt,  to  give  the 
traverse  motion  alternately  to  nght  and  left,  whereby  the  thnad  is  spread  evenly 
over  the  sur&ce  of  the  reel «.  /,/,  are  the  puUeys,  which  by  means  of  erada  transmit 
the  rotatory  movement  of  the  cnrlinder  d  to  the  reel  «.  y  is  a  frietaon  lever  or  tnmUer, 
for  lighteung  or  slackening  the  endless  cord,  in  the  act  of  starting  or  stopping  the 
winding  operation.  Every  apartment  of  a  large  filature  contains  usually  a  aeries  of 
such  reals  as  the  above,  all  driven  by  one  prime  mover ;  eiM^  of  which,  however, 
may,  by  means  of  the  tumbler-lever,  be  stopped  at  pleasure.  The  reeler  is  careful 
to  remove  any  slight  adhesions  by  tiie  application  of  a  brush  in  the  progress  of  her 
work. 

The  expense  of  reeling  the  excellent  Cevennes  lilk  is  only  3  firaacs  and  60  centimas 
par  Alaia  pound ;  ^m  4  to  6  cocoons  going  to  one  thread.  That  pound  is  92  hun- 
dredtha  of  our  avoirdupois  pound.  In  Italy,  the  cost  of  reeling  silk  is  much  higher, 
being  7  Italian  livres  per  pound,  when  8  to  4  cocoons  go  to  the  formation  of  one 
thread ;  and  6  livres  when  there  are  from  4  to  6  cocoons.  The  first  of  these  raw 
silks  will  have  a  titn  of  20  to  24  denisrs ;  the  last,  of  24  to  28.  If  6  to  6  cocoons  so 
to  one  thread,  the  titre  will  be  &om  26  to  82  deniers,  according  to  the  qualilgr  of  the 
coooons.  The  Italian  livre  is  worth  7id.  English.  The  woman  employed  at  the 
kettle  receives  one  livre  and  five  sous  per  day ;  and  the  girl  who  turns  the  reel  gets 
thirteen  sous  a  day ;  both  receiving  board  and  lodging  in  addition.  In  June,  July, 
and  August,  they  work  16  hours  a  day,  and  then  they  wind  a  rubo  or  ten  pounds 
weight  of  cocoons,  which  yield  .from  l-6th  to  l-6th  of  silk,  when  the  quality  is  good. 
The  whole  expenses  amount  to  from  6  or  7  livres  upon  eveiy  ten  pounds  of  cocoons ; 
which  is  about  2«.  6d.  per  English  pound  of  raw  silk. 

The  raw  silk,  as  imported  into  this  country  in  hanks  from  the  filatures,  requires 
to  be  regularly  wound  upon  bobbins,  doubled,  twisted,  and  reeled  in  our  silk-mills. 
These  processes  are  called  throwing  silk,  and  their  proprietors  ate  called  silk  ihnmitert ; 
terms  probably  derived  from  the  appearance  of  swinging  or  toasiiig  which  the  silk- 
threads  exhibit  during  their  rapid  movements  among  the  machinery  <3  the  mills. 

It  was  in  Manchester  that  tnrowing-millE  received  the  greatest  improvement  upon 
the  ancient  Italian  plan,  which  had  been  originally  introduced  into  this  country  by 
Sir  Thomas  Lombe,  and  erected  at  Derbj^.  That  improvement  is  chiefly  due  to  the 
eminent  factory  engineers,  Messrs.  Pairbaim  and  Lillis,  who  tiansferred  to  silk  the 
elegant  mechanism  of  the  throstle,  so  well  known  in  the  cotton  trade.   Still,  throughout 
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the  silk  districts  of  France  the  throwing-inills  are  generally  umall,  not  many  of  them 
tumine  off  more  than  1,000  pounds  of  otganzine  per  annnm,  and  not  involying  6,000/. 
of  capital.  The  areiage  price  of  throwing  organzine  in  that  ootmtry,  where  the 
throwster  is  not  answerable  for  loss,  is  7  fr^cs ;  of  throwing  trame^  bom  4  fr.  to  fi  £r. 
(per  kilogramme  ?)  Where  the  throwster  is  aocoontable  for  loss,  the  price  is  from 
10  fr.  to  11  fr.  for  orgaiixine,  and  firom  6  to  7  for  trame.  In  Italy,  throwing  adds 
Zt.9d.io  the  price  of  raw  silk,  upon  an  aveia^.  It  seems  probable,  from  the  perfec- 
tion and  speed  of  the  silk-throwing  machinery  in  this  country,  as  about  to  be  described, 
that  the  cost  of  converting  a  pound  of  raw  sUk  either  into  oiganzine  or  trame  must  be 
considerably  under  any  of  tiie  above  sums. 

The  flrst  process  to  which  the  silk  is  sul^'ected,  is  winding  the  skeins,  as  imported, 
off  upon  bobbins.  The  mechanism  which  ^fects  this  winding  off  and  on,  is  techni- 
cally called  the  engine,  at  swift.  The  bobbins  to  which  the  silk  is  trtuuferred,  are 
wooden  flinders,  of  such  thickness  as  may  not  injure  the  silk  by  sudden  flexure,  and 
which  may  also  receiTe  a  great  length  ai  thread  without  having  their  diameter 
materially  increased,  or  their  surface  velocity  changed.    Fiff.  1767  is  an  end  view  of 


the  silk-throwing  machine,  or  engine,  in  which  the  two  large  hexagonal  reds,  culled 
swifts,  are  seen  in  section,  as  well  as  the  table  between  them,  to  which  the  bobbins 
and  impelline  mechanism  are  attached.  The  skeins  are  put  upon  these  reels,  &om 
which  uie  si&  is  gradually  unwound  by  the  traction  of  the  revolving  bobbins.  One 
principal  object  of  attention,  is  to  distribute  the  thread  over  the  length  of  the  bobbin- 
blinder  in  a  spiral  or  oblique  direction,  so  that  the  end  of  the  slender  sami-tiansparent 
uread  may  be  readily  fbnnd  when  it  breaks.  As  the  bobbins  revolve  with  xinifcirm 
velooify,  they  would  soon  wind  on  too  fast,  were  their  diameters  so  small  at  flrst  as  to 
become  greatly  thicker  when  they  are  filled.  They  are  tiierefore  made  large,  are 
not  covered  tmck,  but  are  frequently  changed.  The  motion  is  communicated  to  that 
end  of  the  engine  shown  in  the  figure. 

The  wooden  table  a,  shown  here  in  cross  section,  is  (cinetimes  of  great  length, 
extending  20  feet,  or  more,  according  to  the  size  of  the  apartment.  Upon  this  the 
skeins  are  laid  oat.  It  is  supported  by  the  two  strong  slanting  lera  B,  b,  to  which  the 
bearings  of  the  light  reels  o  are  made  fast.  These  reels  are  callM  iw\fta,  apparently 
by  the  same  etymological  casuistry  as  luctu  a  non  lucendo,  for  they  turn  with  reluctant 
and  irregular  slowness ;  yet  they  do  their  work  much  quicker  than  any  of  the  old 
apparatus,  and  in  this  respect  may  deserve  their  name.  At  every  eighth  ot  tenth  leg 
there  is  a  projecting  horizontal  piece  D,  which  carries  at  its  end  another  horizontal 
bar  a,  called  the  luiee-rail,  at  right  angles  to  the  former.  This  protects  the  slender 
teela  or  swifts  from  the  knees  of  the  operatires. 

These  swifts  have  a  strong  wooden  shaft  b,  with  an  iron  axis  paaaiDg  longitudinally 


Digitized  by 


Google 


?90 


SILK  MANUFACTURE 


tiuongh  it,  loond  which  they  revolve,  in  brass  bearings  fixed  near  to  the  middle  of 
the  legs  B.  TTpoD  the  middle  cf  the  shaft  b,  a  loose  ring  is  hung,  shown  under  c,  in 
Jijf.  1768,  to  wnieh  a  light  weight  d,  is  sospended,  tot  imparting  friction  to  the  reel, 
and  tlins  prerenting  it  from  taming  lonnd,  unless  it  be  drawn  with  a  gentle  force, 
such  as  the  tisetion  of  the  thread  in  the  act  of  winding  upon  the  bobbin. 

fiff.  17684b  a  ttont  riew  of  the  engine,    b,  b,  are  the  legs,  placed  at  their  appro- 
priate diitanoes  (scale  1)  inch  to  the  foot) ;  c,  c,  an  the  sinAs.    By  comparing /jrs. 


spokee,  to  stay  them,  and  to  keep  the  cord  tight,    b  is 


1768  and_  1769,  the  stmctoie  of  the  swifts  will  be  fully  understood.  From  the  wooden 
shaft  b,  six  slender  wooden  (or  iron)  spokes  e,  e,  proceed,  at  equal  angles  to  each  other ; 

which  are  bound  together 
1760  I  by  a  cord  /,  near  their 

free  ends,  upon  the  trans- 
Terse  line  /,  of  which 
cord,  the  silk  thread  is 
woond  in  a  hexagonal 
form;  due  tension  being 
given  to  the  drenmforen- 
tial  cords,  by  sliding  th«n 
out  firom  the  centre. 
Slender  wooden  rods  ar« 
set  between  each  pair  of 

--       ,  „  one  of  the  two  hormmtal 

shafts,  placed  npoD  each  side  of  the  engine,  to  which  are  affixed  a  nomlmr  of  light 
iron  piuleys  a,  ^  (shown  on  a  double  scale  in  J^.  1769).  These  serve,  by  friction,  to 
drive  the  bobbins  which  rest  upon  their  peripheries. 

To  the  table  a,  fig.  1767,  are  screwed  the  light  cast-iron  slot  bearings,  i,  i,  wherein 
the  horizontal  spindles  or  ^wers  rest,  upon  which  the  bobbins  revolve.  The  8|nndle8 
(see  r,  fig.  1771,)  oanjr  upon  one  end  a  little  wooden  pulley  A,  whereby  they  press  and 
revolve  upon  the  larger  driving  pulleys  g,  of  the  shaft  B.  These  pulleys  are  called 
stare  by  our  workmen.  The  other  ends  of  the  spindles,  or  skewers,  are  cut  into  screws, 
for  attaching  the  swivel-nuts  »  (^.  1771),  by  which  the  bobbins  i,  x  {fig.  1768),  are 
made  fast  tp  their  respective  S}Hndles.  Besides  the  slots,  above  described,  in  which 
the  spindles  rest  when  their  friction  pulleys  A,  are  in  contact  with  the  moving  stars 
g,  there  is  another  set  of  slots  in  the  bearings,  into  which  the  ends  of  the  spindles 
may  be  occasionally  laid,  so  as  to  be  above  the  line  of  contact  of  the  rubbing  periphenr 
of  the  star  g,  in  case  the  thread  of  an^  bobbin  breaks.  Whenever  the  girl  has  mended 
the  thread,  she  replaces  the  bobbin-spindle  in  its  deeper  slot-bearings,  thereby  bringing 
its  pulley  once  more  into  contact  with  the  star,  and  causing  it  to  revolve. 
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o  (fig.  1768)  18  a  long  rnler  or  bar  of  wood,  which  is  Bnpported  npon  every  Mghth  or 
twelfth  leg  B,  B.  (The  flgtcre  being,  for  oonrenieDoe  of  the  pag«,  contmcted  in  length, 
■hows  it  at  erery  sixth  leg.)    To  the  edge  of  that  bar  the  smooth  g^ass-roda  k,  ate 


^ 


made  fast,  over  which  the  threads  glide  fStam  the  swifts,  in  their  way  to  the  bobbins. 
B  (fig.  1770)  is  the  guide-bar,  which  has  a  slow  traverse  or  seesaw  motion,  sliding  in 
slots  at  the  top  of  the  legs  b,  where  they  support  the  bars  G.  Upon  the  goide-bar  H, 
the  gnide-pieees  I,  I,  are  made  fast.  These  consist  of  two  narrow,  thin,  npright  pistes 
of  iron,  placed  endwise  together,  their  contigaous  edges  being  smooth,  parallel,  and 
capable  of  approximation  to  any  degree  by  a  screw,  so  as  to  increase  or  diminish  at 
pleasure  the  ordinary  width  of  the  vertical  slit  that  separates  them.  Through  this 
slit  the  silk  thread  mast  pass,  and,  if  rough  or  knotty,  will  be  either  cleaned  or 
broken ;  in  the  latter  case,  it  is  neatly  mendea>by  the  attendant  girl. 

The  motions  of  the  various  parts  of  the  engine  are  given  as  follows : — ^Upon  the  end 
of  the  machine,  represented  in^.  1767,  there  are  attached  to  the  shafts  s  (fig.  1768), 
the  berel-wheds  1  and  2,  which  are  set  in  motion  by  the  bevel-wheels  8  and  4,  respec- 
tively. These  latter  wheels  are  fixed  upon  the  shaft  m,fig.  1767  ;  m  Is  moved  by  the 
main  steam-shaft  which  runs  parallel  to  it,  and  at  the  same  height  through  the  length 
of  the  engine  apartment,  so  as  to  drive  the  whole  range  of  the  machines,  d  is  a  loose 
wheel  or  pulley  upon  the  shait  m,  working  in  gear  with  a  wheel  npon  the  steam-shaft, 
and  which  may  be  connected  by  the  clutch  n,  through  the  hand-lever  or  gearing-rod  o 
(figi.  1767  and  1768),  when  the  engine  is  to  be  set  at  work.  6  is  a  spur-wheel  upon 
the  shi^.m,  by  which  the  stud-wheel  7,  is  driven,  in  order  to  give  the  traverse  motion 
to  the  gnide-bar  h.  This  wheel  is  represented,  with  its  appendages,  in  double  size, 
figt.  1772  and  1773,  with  its  boss  upon  a  stnd  p,  secured  to  the  bracket  q.  In  an 
eccentric  hole  of  the  same  boss,  another  stud  r,  revolves,  upon  which  the  little  wheel  t, 
is  fixed.  This  wheel  s  is  in  gear  with  a  pinion  cut  upon  the  end  of  the  fixed  stud  p ; 
and  upon  it  is  screwed  the  liUle  crank  t,  whose  collar  is  connected  by  two  rods  u  (figt. 
1767  and  1768),  to  a  cross-piece  «,  which 
unites  the  two  arms  le,  that  are  fixed  upon 
the  guide-bar  H,  on  both  sides  of  the 
machine.  By  the  revolution  of  wheel  7, 
the  wheel  i  will  cause  the  pinion  of  the 
fixed  stnd  p  to  turn  round.  If  that  wheel 
bear  to  the  pinion  the  proportion  of  4  to  I, 
then  the  wheel  »  will  make,  at  each  revo- 
lution of  the  wheel  7,  one-fourth  of  a  re- 
volution ;  whereby  the  crank  t  will  also 
rotate  through  one-fonrth  of  a  tarn,  so  as 
to  be  brought  nearer  to  the  centre  of  the 
stnd,  and  to  draw  the  guide-bar  so  much  less  to  one  side  of  its  mean  position.  At  the 
next  revolution  of  wheel  7,  the  crank  t  will  move  through  another  quadrant,  and  come 
still  nearer  to  the  central  position,  drawing  the  guide-bars  still  less  aside,  and  there- 
fore causing  the  bobbins  to  wind  on  more  thread  in  their  middle  than  towards  their 
ends.  The  contrary  effect  would  ensue,  were  the  guide-bars  moved  by  a  single  or 
simple  crank.  After  four  revolutions  of  the  wheel  7,  the  crank  t  will  stand  once  more 
as  shown  in  fig.  1774,  having  moved  the  bar  H  through  the  whole  extent  of  its 
traverse.  The  bobbins,  when  filled,  have  the  appearance  represented  in  fig.  1774; 
the  thread  having  been  laid  on  them  all  the  time  in  diagonal  lines,  so  as  never  to 
coincide  with  each  other.  , 

Doubling  is  the  next  operation  of  the  silk-throwster.  In  this  process,  the  threads  of 
two  or  three  of  the  bobbins,  filled  as  above,  are  wonnd  together  in  contact  upon  a 
single  bobbin.    An  ingenious  device  is  here  employed  to  stop  the  winding-on  the 
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moment  that  one  of  these  parallel  tlmada  happens  to  break.  Instead  of  the  swifta  or 
Teele,  a  creel  is  here  moanted  for  receiving  the  bobbins  from  the  former  machine,  two 
or  thzea  being  placed  in  one  line  orer  each  other,  according  as  the  threads  are  to  be 
doubled  or  trebled.  Though  this  machine  is  in  many  respects  like  the  mffine,  it  has 
some  additional  parts,  whereby  the  bobbins  are  set  at  rest,  as  above  mentioned,  when 
one  of  the  doubling-threads  gets  broken. 

Fiff.  1776  is  an  end  view,  from  which  it  will  be  perceived  that  the  machine  is,  like 
the  preceding^  a  double  one,  with  two  working  sides. 

.Fy.  1776  is  a  front  view  of  a  considerable  portion  of  the  machine. 

Fiff.  1777  shows  part  of  a  cross  section,  to  explain  minutely  the  mode  of  winding 
npon  a  single  bobbin. 

Fig,  1779  is  the  plan  of  the  parts  shown  in  Jig.  1777 ;  these  two  figures  being  drawn 
to  double  the  scale  of.^«.  1775  and  1776. 


A,  Kfig*'  1775  and  1776,  are  the  end  frames,  connected  at  their  tops  by  a  wooden 
stretcher,  or  bar-beam,  a,  which  extends  through  the  whole  length  of  the  machine ; 
this  bar  is  shown  also  mfigt.  1777  and  1770. 


B,  B,  are  Uie  creels  upon  each  side  of  the  machine,  or  bobbin-bearers,  resting  upon 
wooden  heams  or  boards,  made  fast  to  the  arms  or  brackets  c,  about  the  middle  of  the 
frames  a. 
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D,  D,  are  two  horizontal  iron  shafts,  which  perrode  the  whole  machine,  and  cany  a 
series  of  li^t  moveable  palleys,  called  start,  o,  e  (Jias.  1777,  1779),  which  serre  to 
drive  the  bobbins  b,  whcee  fixed  pulleys  rest  upon  theu  peripheries,  and  are  therefore 
turned  simply  by  friction. 
These    bobbins   are   screwed  '777 

by  swivel-nuts,  «,  e,  upon 
spindles,  as  in  the  siUc-engine. 
Besides  the  small  friction- 
pulley,  or  boss,  d,  seen  beet  in 
fiff.  1779,  by  which  they  rest 
upon  the  star-pulleys  e,  c,  a 
little  ratchet-wneel,  /,  ia  at- 
tached to  the  other  end  of  each 
bobbin.  This  is  also  shown 
by  itself  at/,  in  ;%r.  1778. 

The  spodles,  with  their 
bobbins,  revolve  in  two  slot- 
bearings,  r,  p,  Jig.  1779, 
serewed  to  the  btuvbeam  a, 
which  is  supported  by  two 
or  three  intermediate  npright 
frames,  such  as  jj.  The  slot- 
bearings  ¥  have  also  a  second  slot,  Sn  which  the  spindle  with  the  bobbin  is  Uud  at  rest, 
out  of  contact  of  the  star-wheel,  while  its  broken  thread  is  being  mended,  a  is  the 
guide-bar  (to  which  the  cleaner  slit-pieces,  g,  g,  are  attached),  for  making  tiie  thread 
traverse  to  the  right  and  the  left,  for  its  proper  distribution  over  tiie  siuface  of  the 
bobbin.  The  guide-bar  of  the  doubling-madiine  is  moved  wiUi  a  slower  traverse 
than  in  the  engine ;  otherwise,  in  consequence  of  the  diflbrent  obliquities  of  the  paths, 
the  single  threads  would  be  readily  broken.  A,  A,  is  a  pair  of  smooth  rods  of  iron  or 
brass,  placed  parallel  to  each  of  toe  two  sides  of  the  machine,  and  made  fast  to  the 
standards  h,  h,  which  are  screwed  to  brackets  projecting  from  tjie  frames  a,  t!.  Over 
these  rods  the  silk  threads  glide,  in  their  passage  to  the  guide-wires  g,  g,  and  the 
bobbins  s, 

I,  I,  is  the  lever-board  upon  each  side  of  the  machine,  upon  which  the  sUght  brass 
beaxings  or  fulcmms  t,  t,  one  for  each  bobbin  in  the  creel,  are  made  fast  Oliis  board 
bears  the  baUmet-lmer  k,  I,  with  the/oUers  n,  n,  n,  which  act  as  dexterous  fingers,  and 
stop  the  bobbin  from  winding-on  the  instant  a  thread  may  chance  to  break.  The  levers 
k,  t,  swing  upon  a  fine  wiroaxis,  which  passes  throngh  their  props  t,  t,  their  arms  being 
shaped  rectangularly,  as  shown  at  k.  Id  (Jig.  1779).  The  arm  I  being  heavier  than  the 
arm  k,  natnrally  rests  upon  the  ridge-bar 
m,  of  the  lever-board  i.  n,  n,  n,  are 
tfaiee  wires,  resting  at  one  of  their  ends 
upon  the  axis  of  the  fulcrum  t,  t,  ard 
having  each  of  their  other  hooked  ends  U 
suspended  by  one  of  the  silk  threads,  as 
it  passes  over  the  front  steel  rod  h,  and 
under  V.  These  faller-wires,  or  stop- 
fingers,  are  guided  truly  in  their  up- 
and-down  motions  with  uie  thread,  by  a 
cleaner-plat  o,  having  a  vertical  ijit  in 
its  middle.  Hence,  whenever  any  thread 
happens  to  break,  in  its  way  to  a  wind- 
ing-on bobbin  h,  tiie  wire  »,  which  hung 
by  its  eyelet  end  to  that  thread,  as  it 
passed  through  between  the  steel  rods  in 
the  line  of  a,  hi,  falls  upon  the  lighter 

arm  of  tlie  baJance-lever  k,  I,  weighs  down  that  arm  k,  consequently  jerks  up  the  arm  2, 
which  pitches  its  tip  or  end  into  one  of  the  three  nottjies  of  the  racket  or  catch-wheel 
/  {figs.  1778  and  1779),  fixed  to  the  end  of  the  bobbin.  Thus  its  motion  is  instan- 
taneously arrested,  till  the  girl  has  had  leisure  to  mend  the  thread,  when  she  again 
hangs  up  the  faller-wire  »,  and  restores  the  lever  k,  I,  to  its  horizontal  position.  If, 
meanwhile,  she  took  occasion  to  remove  the  winding-bobbin  out  of  the  sunk  slot-bearing, 
where  pulley  d  touches  the  stof^wheel  o,  into  the  right-hand  upper  slot  of  repose,  she 
must  now  shift  it  into  its  slot  of  rotation. 

The  motions  are  given  to  the  doubling-machine  in  a  very  simple  way.  Upon  the 
end  of  the  frame,  represented  in  fig.  1775,  the  shafts  bear  two  spor-iHieels,  1  and  2, 
which  work  into  each  other.    To  tne  wheel  1  is  attached  the  bevel-wheel  3,  driven  by 
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another  berel-weeel  4  {fig.  1776),  fixed  to  a  shaft  that  eztanda  tha -whole  length  of  the 
aiMrtment,  and  leomM,  theteforc,  to  driTS  a  whole  tange  of  maefainei.  The  iriiNl  4 
may  ba  pot  in  gear  with  the  shaft,  bj  a  dateh-  and  gear-handle,  as  in  the  sUk-oi^Mf, 
andf  thereby  it  drires  two  shafts,  by  tiie  one  transmimng  its  morement  to  the  other. 

The  trsTerae-motion  of  the  gnide-bar  a  is  etbcted  as  follows: — Upon  one  of  the 
shafts  D,  then  is  a  bevel-wheel  fi,  dnTing  the  bevel-wheel  6,  upon  the  to«  of  the 
upright  shaft  9  {Jig.  1776,  to  the  right  of  the  middle) ;  whence  the  nntion  is  trans- 
mitted to  the  hoinaontal  shaft  o  below,  by  means  of  the  Iwval-wheds  7  and  8.  Upon 
this  shaft ;,  thare  is  a  heart-wheel  r,  working  against  a  roller  whidi  is  fixed  to  the  and 
of  the  lever  s,  whose  fUemm  is  at  t,fi^.  1776.  The  other  end  <kf  the  lever  s,  is  con- 
nected by  two  rods  (diown  by  dotted  bnes  in  fig.  1776)  to  a  biaaa  pises  which  joins 
the  arms  u  {fig.  1 776\  of  the  gnide-bars  o.  To  the  same  cross-pieoe  a  cord  is  attached, 
which  goes'oTar  a  roller  «,  and  snspends  a  weight  w,  by  means  of  lAoA  the  lerer  i, 
is  pressed  into  contact  with  the  heart-wheel  r.  The  nilcmm  (,  of  the  lever  >,  is  a 
shaft  which  is  tamed  somewhat  excentric,  and  has  a  very  slow  rotatoiy  motion. 
Thns  t^e  guide-bar,  after  each  traverse,  necessarily  winds  the  silk  in  variable  lines  to 
the  side  of  the  preceding  threads. 

The  motion  is  givMi  to  this  shaft  in  the  fallowing  way : — Upon  the  horisontal  shaft 
q,  there  is  a  bevel-wheel  g  {figi.  1776  and  1776),  which  drives  the  wheel  10  npon  the 
shaftx;  on  whose  upper  end,  the  worm  y  works  on  the  wheel  11, made  fast  to  the 
said  excentric  shaft  t ;  round  which  the  lever  s,  swings  or  osdUates,  causing  the  gnide- 
bars  to  traverse. 

Tke  Spmning  8ilk-miU.~Tbt  machine  which  twists  the  silk  threads,  either  in  their 

mngle  or  doabled  state,  is  called  the 
spinning-miU.  When  the  raw  sin^^es 
are  first  twisted  in  one  direction. 
next  doubled,  and  then  twisted  to- 
gether in  the  opposite  direction,  an 
exoeediagly  wirr,  compact  thread,  is 
pradnced,  eallea  organemt.  In  the 
nnnnii^;4nill,  dther  the  singles  or 
^  the  doubled  si^  while  being  nn- 
wonnd  finm  one  set  of  bobbins,  and 
wound  upon  another  set,  is  subjected 
to  a  regular  twisting  operation ;  in 
which  process  the  thnad  is  eon- 
dneted  as  usual  through  guides,  and 
coiled  diagonally  upon  the  bobbins 
by  a  proper  mecbanism. 

Fig.  1780  exhibits  an  end-view 
of  the  spinning-mill ;  in  which  four 
wosUng  lines  are  shown ;  two  tiers 
upon  each  side,  one  above  the  other. 
Some  spinning  -  mills  have  three 
working  tiers  u^  each  side ;  but 
as  the  nisfaest  tier  must  be  reached 
by  a  ladder  o^  platibrm,  this  con- 
stmetion  is  oonsidered  by  many  to 
be  injndidons. 

Fig.  1781  is  a  ftent  view,  where, 
as  in .  the  ibrmer  figure,  the  two 
working  lines  are  shown. 

Fig.  1782,  is  a  eross  ssetioo  of  a 
part  of  the  madtine,  to  illustrate 
the  construction  and  play  of  the 
working  parts ;  figt.  1788,  1780,  are  other  views  of  fig.  1782. 

Fig.  1784,  shows  a  single  part  of  the  machine,  by  which  the  bobbins  are«aade  to 
revolve. 

Figt.  1788  and  1786,  show  a  different  mode  of  giving  the  ttaverse  to  the  guide-bars, 
than  that  represented  in  fig.  1782. 

Figt.  1786  and  1787,  show  the  shape  of  the  fall  bobbins,  produced  by  the  action  of 
these  two  different  traverse  motions. 

The  upper  part  of  the  machine  bdng  exactly  the  same  as  the  xuder  part,  it  will  be 
Kuffident  to  explain  the  construction  and  operation  of  <Hie  of  them. 

A,  A,  are  the  end  upright  frames  or  standards,  between  which  are  two  or  three 
intsimediate  standards,  according  to  the  length  of  the  machine.  They  are  all  con- 
nected at  their  sides  by  beams  b  and  c,  which  extend  the  whole  length  of  the  machines. 
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J),  D,  are  the  spindlee,  -vhoga  top  bearings  a,  a,  are  made  fast  to  the  beams  b,  and  their 
bottoms  turn  m  hard  brass  steps,  fixed  to  the  bar  c.  These  two  bars  together  an 
called  by  the  -workmen  the  spindle-box.  The  standards  a,  a,  ore  bound  with  cross- 
bars M,  K. 

c,  e,  are  the  wharres  or  whorls,  tamed  by  a  band  fitom  the  horizontal  tin  t^linder 
in  the  lines  ot-B,fig.  1781,  lying  in  the  middle  lines  between  the  two  parallel  rows 
of  spindles  »,  n,  f,  r,  are  the  bobbins  containing  the  untwisted  donble  silk,  which  are 
simply  pressed  down  upon  the  taper  end  of  the  spindles,  d,  d,  are  little  flyers,  or 
forked  wings  of  wire,  attached  to  washers  of  wood,  which  revolre  loose  upon  the  tops 
of  the  said  bobbins  t,  and  ronnd  the  spindles.  One  of  the  wings  is  sometimes  bent 
upwards,  to  serve  as  a  gnide  to  the  silk,  as  shown  by  dotted  lines  in^.  1782.  e, «,  are 
pieces  of  wood  passed  upon  the  tops  of  the  spindles,  to  prevent  the  %er8  from  starting 
off  by  the  centrifugal  force,  a  are  horizontal  shafts  bearing  a  number  of  little  spur- 
wheels/,/.  H  are  slot-bearings,  similar  to  those  of  the  doubling-machine,  which  are 
fixed  to  the  end  and  middle  fnmee.  In  these  slots,  the  light  square  cast-iron  shafts 
or  spindles  ^,  fig.  1784,  are  laid,  on  whose  end  the  spur-wheel  h  is  cast ;  and  when  the 
shaft  ff  lies  in  flie  front  slot  of  its  bearing,  it  is  in  gear  with  the  wheel  /,  upon  the 
shaft  o ;  bnt  when  it  is  laid  in  the  back  slot,  it  is  out  of  gear,  and  at  rest,  See  r,  v, 
Jiff.  1780. 


Upon  these  little  cast-iron  shafts  or  spmdlos  ff.fiff.  1784,  the  bobbins  or  blocks  i,  ore 
thrust,  for  receiving  by  winding-on  the  twisted  or  spun  silk.  These  blocks  are  made 
of  a  lacge  diameter,  in  order  that  the  silk  fibres  may  not  be  too  mnch  bent ;  and  they 
are  bnt  slightly  filled  at  each  successive  charge,  lest,  by  increasing  their  diameter 
too  mnch,  they  should  produce  too  rapid  an  increase  in  the  rate  of  winding,  with 
proportional  <£minution  in  the  twist,  and  risk  of  stretching  or  tearing  the  silk.  They 
are  therefore  the  more  frequently  changed.  K,  x,  are  the  guide-bars,  with  the  guides 
t,  i,  through  which  the  silk  passes,  being  drawn  by  the  revolving  bobbins  i,  and 
delivered  or  laid  on  by  the  flyers  d,  d,  from  the  rotatory  twisting-bobbins  F.  The 
operation  of  the  machine  is  therefore  simple,  and  the  motions  are  given  to  the  parts  in 
a  manner  equally  so. 

Upon  the  shaft  of  the  tin  cylinder  or  drum,  exterior  to  the  f^ame,  the  usual  fast 
and  loose  pulleys  or  riggers,  l,  l',  are  mounted,  for  drivijig  the  whole  machine. 
These  riggers  are  often  called  steam-pulleys  by  the  workmen,  from  their  being  con- 
nected by  bands  with  the  steam-driven  shaft  of  the  factory.    In  order  to  allow  the 
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riggen  npon  the  shsfta  of  the  npper  and  the  nndar  dnmui  to  be  driren  from  the  eame 
palley  upon  the  main  shaft,  the  axis  of  the  nnder  drmn  ia  prolonged  at  i,  i.',  and 


1782 


rapported  at  its  end,  dinetly  bam  the  floor,  by 
an  npright  bearing.  Upon  the  shafts  ot  the 
tin  cylinders  there  ia  alio  a  fly-wheel,  x,  to 
equalise  the  motion.  Upon  the  other  ends  of 
these  shafts,  namely,  at  the  end  of  the  spinning 
mill,  represented  in  fy.  1782,  the  pinions  1,  are 
fixed,  which  drive  the  wheds  3,  by  means  of 
the  intermediate  or  canier-vhed,  2,  called  also 
the  plate-wheel,  &om  its  being  hollowed  some- 
what like  a  trencher,  1  is  called  the  change 
pinion,  because  it  is  changed  for  another  of  a 
diflerent  size  and  different  nnmber  of  teeth, 
when  a  change  in  the  velocity  of  wheels  2  and 
3  is  to  be  made.  To  allow  a  greater  or  smaller 
pinion  to  be  applied  at  1,  the  wheel  2  is 
moimted  upon  a  stud  k,  whicji  ia  moveable  in 
a  slot  concentric  with  the  axis  of  the  wheel  3. 
This  slot  is  a  branch  from  tJie  cross-bar  k. 
The  smaller  the  change-pinion  is,  the  nearer 
will  the  stud  k  apprcach  to  the  vertical  line 
joining  the  centres  of  wheels  1  and  3  ;  and  the 
more  slowly  will  the  plat&-wheel  2  be  driven. 
To  the  spur-wheel  3,  a  bevel-wheel  4,  is  fixed, 
with  which  the  other  also  revolves  loose  npon 
a  stnd.  The  bevel-wheel  6,  upon  the  shaft  (  is 
driven  by  the  bevel-wheel  4 ;  and  it  communi- 
cates motion,  by  the  bevel-wheels  6  and  7.  to 
each  of  the  horizontal  shafts  o,  o,  extencfing 
along  the  upper  and  under  tiers  of  the  machine. 
At  the  left-hand  side  of  the  top  part  at  Jiff.  1781, 
the  two  wheels  6  and  7  txt  omitted,  on  purpose 
to  show  the  bearings  of  the  shaft  o,  as  also  the 
slot-bearings  for  carrying  the  shafts  or  skewers 
of  the  bobbins. 

If  it  be  desired  to  communicate  twist  in  the 
opporite  direction  to  that  which  would  be  given 
by  the  actual  arrangement  of  the  wheels,  it  is 
necessary  merely  to  transpose  tlie  carrier-wheel 
2,  tcom  Its  present  position  on  the  right  hand  of 
pinion  1,  to  the  left  of  it,  and  to  drive  the  tin  cylinder  by  a  crossed  or  close  strap, 
instead  of  a  straight  or  open  one. 

The  traverse  motion  of  the  guide  is  even  here  in  a  rimilar  way  to  that  of  the 
engine  (Jy.  1766).  Near  one  of  the  middle  or  cross-frames  of  the  machine  (see  Jiff. 
1782),  uie  wheel  /,  in  gear  with  a  spur-wheel  A,  npon  one  of  the  block-shafts,  drives 
also  a  spni-wheel  m,  that  revolves  npon  a  stud,  to  which  wheel  is  fixed  a  bevel-wheel 
n,  in  gear  with  the  bevel-wheel  o.    To  wheel  o,  the  same  mechanism  is  attached 

~    iToi  "  ^^  described  under 

^<"*         Jigt.  1780  and  1781,  and 

n    which   is    here    marked 

with  the  same  letters. 

To  the  crank-knob  r, 
fff.  1782,  a  rod,  x,  is  at- 
tached, which  moves  or 
traverses  the  guide-bar 
belonj^ng  to  that  part  of 
the  ma^ne  :  to  each 
machine  one  such  appa- 
ratus iA  fitted.  In  J^t. 
1788  and  1785,  another 
mode  of  traversing  the 
guide-bar  is  shown,  which 
,,  18  generally  used  for  the 

coarser  qualities  of  silk.  Near  to  one  of  the  middle  finunes,  one  of  the  wheels  /,  in 
gear  wiUi  the  spur-whiel  m,  and  the  bevel-wheel  »,  both  revolving  on  one  stnd, 
gives  motion  also  to  the  wheel  o,  fixed  upon  a  shaft  a',  at  whose  oUier  end  the 
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elliptieal  whael  V  is  fixed,  which  drivea  a  second  elliptical  wheel  e',  in  such  a  way 

that  the  larger  diameter  of  the  one  plajs  in  gear  with  the  smaller  diameter  of 

the  other ;  the  teeth  being  so  cnt  as  to  talte  into  each  other 

in  all  positions.    The  oank-piece  cl  is  screwed  npon  the 

&ce  of  the  wheel  (/,  at  snch  a  distance  from  its  centre  as 

may  he  necssuiy  to  give  the  desired  length  of  traverse 

motion  to  the  gnide-har,  for  laying  the  siUc  spirally  npon 

the  blocks.    The  purpose  of  the  elliptical  wheel  is  to  modify 

the  simple  otank-motion,  which  would  wind  on  more  silk  at  the  ends  of  the  bobbins 

than  in  their  middle,  and  to  e£&ct  an  equality  of  wiAding-on  over  the  whole  surface 

1788  1 


i 


of  the  blocks.    In  fip.  1785,  the  ellipiaeal  wheels  are  shown  in  float,  to  illustrate 

their  mode  of  operating  upon  each  other. 
Vig.  1786,  is  a  block  fiUed  by  the  motion  of  the  exoentric,  fig.  1783 ;  «ai.fig.  1787, 

is  a  block  fiUed  by  the  elliptic^  mechanism.    As  the  length  irftiie  motiomi  of  the  bar 

in  the  latter  construction  remains  the  same  during  the  whole  operation,  the  silk,  as  it 

is  wound  on  the  blocks,  will  uide  over  tiie  edges,  and 
thereby  fiodnee  the  flat  ends  of  the  barrel  in  ^.  1 786. 
The  conical  ends  of  the  block  (Jig.  1787)  are  pro- 
duced by  the  continually-shortened  motions  of  the 
gnide-bu,  as  the  stnd  approaches  in  its  sun-and- 
planet  rotation,  nearer  to  the  general  centre. 

Figt.  1788  and  1789  are  two  different  views  of  the 
differential  mechanism  described  under^.  1782. 


1789 


:i.  J 
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The  bent  wire  s,  fig.  1782,  is  called  the  gnide-iion.  It  is  attached  at  one  end  to 
the  piTOt  of  the  sun-and-planet  wheel-work  t,  »,  o,  and  at  the  other  to  the  guide-bar 
f,f,fig.  1781.  The  silk  threads  pass  through  the  guides,  as  aliMdy  explained.  By 
the  motion  communicated  to  the  guide-bar  {gmder),  the  diamond-pattern  is  produced, 
as  shown  iafy.  1786. 

The  aak  Automaiie  IM. 

In  this  mMi-hinA,  the  rilk  is  unwound  from  the  blocks  of  the  throwing-mill,  and 
formed  into  hanks  for  the  market.  The  blocks  being  of  a  large  size,  would  be 
productiTe  of  much  friction,  if  made  to  revolve  upon  skewers  thrust  through  them, 
and  would  cause  fluent  breakage  of  the  silk.  They  are,  therefore,  set  with  their 
axes  upright  npon  a  board,  and  the  silk  is  drawn  from  their  surface,  just  as  the  weft 
is  from  a  cop  in  the  shuttle.  On  this  account  the  previous  winding-on  must  be  exe- 
cuted in  a  very  regular  manner,  and  preferably  as  represented  iafig.  1786. 

Fig.  1790,  is  a  front  view  of  the  reel ;  little  more  than  one-half  of  it  being  shown^ 

Fig.  1791,  is  an  end  view.  Here  .the  steam-pulleys  are  omitted,  for  fear  of  obstruct- 
ing the  view  of  the  more  essential  parts,  a,  a,  are  the  two  end  f^smings,  connected 
by  mahogany  stretchers,  which  form  the  table  B,  for  receiving  the  bobbins  c,  c,  which 
are  sometimes  weighted  at  top  with  a  lump  of  lead  to  prevent  their  tumbling,  n  |S 
the  reel,  consisting  of  four  long  laths  of  wood,  which  are  fixed  upon  iron  frames, 
attached  to  an  octagonal  wooden  shaft.  The  arm  which  sustains  one  of  these  laths  is 
capable  of  being  bent  inwards  by  loosening  a  tightening  hook,  so  as  to  permit  the 
hanks,  when  finished,  to  be  taken  o^  as  in  every  common  reel. 

The  machine  consists  of  two  equal  parts  coupled  together  at  a,  to  facilitate  the 
lemoval  of  the  silk  from  either  half  of  the  reel ;  the  attendant  first  lifting  the  one  pert 
and  then  tiie  other,    b,  is  the  guide-bar,  which  by  a  traverse  motion  causes  the  silk 
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to  be  wound  on  in  a  crosi  dizaction.  b  and  0  are  the  wiN-^des,  and  d  are  little 
levan  lying  upon  the  clotb-oo7ered  guide-bar  b.  The  silk  in  ite  way  from  the  block 
to  the  reel,  passes  under  these  levers,  by  which  it  is  cleaned  from  loose  fibres. 


rriTwiiriiTTW 


HUM 


On  the  other  end  of  tlw  abaft  of  the  reel,  the  epnr-wheel  1  is  fixed,  which  deriTes 
motion  60m  wheel  i,  attached  to  the  shaft  of  the  steam-pulley  f.  Upon  the  same 
shaft  there  is  a  berel-wheel  3,  which  impels  the  wheel  4  upon  the  shaft  e;  to  whose 

end  a  plate  is  attached,  to  which  the  crank  /  is 
screwed,  in  such  a  way  as  to  give  the  proper 
length  of  traTerse  motion  to  the  gnide-bar  b, 
connected  to  that  crank  or  szcentric  stud  by 
the  jointed  rod  g.  Upon  the  shaft  of  the 
steam-pulleys  r,  there  is  a  worm  or  endless 
screw,  to  the  left  of  /,  Jig.  1790,  which  works 
in  a  wheel  6,  attached  10  the  short  upright 
shaft  h  {fig.  1791).  At  the  end  of  h  there  is 
another  worm,  which  works  in  a  wheel,  8 ; 
on  whose  circumferenoe  there  ii  a  stud,  t,  which 
stnkes  onoe  at  every  revolution  against  an  arm 
attached  to  a  bell,  seen  to  the  left,  o;  thus 
aanonncing  to  the  reel-tanteir  that  a  maaanied 
length  of  silk  has  been  wound  upon  her  leaL 
e,  is  a  rod  or  handle,  by  which  the  fork  i,  with 
the  strap,  may  be  movid  npon  the  fast  at  looae 
pulley,  so  as  to  set  on  or  arrest  the  motion  at 
pleasure. 

Throwsters  submit  their  silk  to  soonring  and 
steaming  processes.  They  soak  the  hanks,  as 
impoitea,  in  lukewarm  soap-water  in  a  tub; 
but  the  bobbins  of  the  twisted  single  silk  from 
the  sinnning  mill  are  enclosed  within  a  wooden 
cheat  and  exposed  to  the  opening  action  of 
steam  for  about  ten  minutes.  They  are  then 
immersed  in  a  cistern  of  warm  water,  from 
which  they  are  transferred  to  the  doubling- 
frame. 

The  wages  of  the  work-people  in  the  silk-throwing  mills  of  Italv  are  about  one-half 
of  their  wages  in  Manchester ;  but  this  diftrence  is  much  more  than  counterbalanced 
by  the  superior  machinery  of  our  mills. 
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There  is  a  peculiar  kind  of  «ilk  called  marabout,  oontaining  generally  tliree  threads, 
made  from  the  vhite  Kori  rav  eilk.  From  its  whiteness,  it  takes  the  most  lively  and 
delicate  colours  without  the  discharge  of  its  gum.  After  being  made  into  tram  by 
the  single  twist  upon  the  spinning  mill,  it  is  reeled  into  banks,  and  sent  to  the  dyer 
without  ftirther  jnreparation.  After  being  dyed,  the  throwster  re-winds  and  re-twists 
it  upon  the  spinning  mill,  in  order  to  give  it  the  whip-oord  hardness  which  constitutes 
the  peeuliar  ieatare  of  marabout.  Tho  cost  of  the  raw  Kovi  silk  is  19<.  6d.  a  pound : 
of  tSrowing  it  into  tram,  it.  Od.;  ot  dyeing,  2«. ;  of  le-winding  and  re-twisting,  after 
it  has  been  dyed,  about  6*. ;  of  waste,  2«.,  or  10  per  cent :  the  total  of  which  sum  is 
31<. ;  being  the  price  of  one  pound  of  mambout  in  1832. 

As  neatly  as  can  be  ascertained,  the  following  is  a  corred:  statement  of  the  present 
condition  cf  onr  cillc-manu&ctnie  (1874): — 

The  number  of  silk  factories  in  ^igland  and  Wales  are :  Spinning,  227 ;  weaving, 
890 ;  spinning  and  weaving,  39 ;  others,  86  :  total,  692.  Scotland :  scanning  and 
weaving,  4.    Total  in  the  TJnited  Kingdom,  696  factories. 

The  number  of  spindles  in  the  United  Kingdom  being :  Spinning,  940,148 ; 
doubling,  190,298. 

The  number  of  power-looms,  12,378. 

The  motive  horse-power  of  the  machinery  employed  being:  Steam,  7,604;  water, 
985. 

Total  number  ofpersons  employed,  48,124. 

At  pcesent  the  United  Kingdom  thraws  its  supply  of  the  raw  material  for  manufac- 
ture principally  from  the  Ewt  Indies ;  and  ^ance,  Italy,  Turkey,  and  China,  also 
supply  a  considerable  amount  About  20  yean  since,  the  annual  imports  for  home 
consumption  amounted  to  4,734,756  lbs. 

In  1867,  the  quantity  of  12,077,981  lbs.-  of  silk  in  its  several  conditions  of  raw, 
waste,  and  thrown,  was  imported  into  this  eountty. 

The  following  represents  our  Import  trade  in  silk  for  the  year  1873 : — 

« 
Knubs,  or  husks,  and  waste        .        .         31,816  ewts.        value    460,128 

Baw 6,446,21<  lbs.  0,768,188 

Thrown 108,794   „  196,025 

Silk  Mtmtffaeturet. 

■    Of  countries  out  of  Europe value    284,889 

n  conntriaa  in  Europe 4,762,692 

„  velvet,  plain  or  figured 691,597 

„  ribbons 1,705,420 

„       „       other  kinds 621,494 

„  plush,  used  for  hats 27,781 

„  manu&ctnres  of  silk,  or  of  rilk  mixed  with  other  mate- 
rials, nnenumerated 1,981,556 

Btportto/aUkinniZ. 

Yalne 

Thrown,  Twist  or  Yam 1,667,546 

Mmufaeiura. 

Taids 

Broad  stuA  of  silk  or  satin                  .    1,696,606  331,293 

Handkerchiefs,  soarfe,  and  shawls                 —  246,826 

Bibbons  of  all  kinds            ...         —  282,033 

Uee, —  281,436 

Unenumerated —  660,622 

Of  Silk  and  other  materials : — 

Broad  stuffs 1,287,107  196,078 

Othnkinds —  90,118 

Silk  imported  in  1874. 

lbs.  Valna 

From  China 2,666,764  ^£1,996,203 

„     British  India      .                       690,871  568,908 

„     Egypt         ....        149,086  180,681 

„     Other  countries  .        .        .    2,446,717  3,321,814 

Total.        .        .        .    6,943,438  6,017,646 
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SUIe  manufaaturet  imported  in  1974  from  countries  in  Europe. 


Broad  stn£& 


Ribbons,  silk  and  satin 


Bibbons,  other  kinds . 


I 


Fiom  Fmnoe  .        .    of  the  valne  of  4,940,309 
Belgium        .  „  2,271,803 

Other  countries  „       '         118,M8 


Total 


7,329,074 


fFrom  Trance  .        .    of  the  value  of  1,829,039 
I      „     Other  coontries  „  246,843 


Total 


8,075,882 


From  Belgium 


IFroi 


Other  countries 
Total 


of  the  value  of    200, 1 30 
239,619 


439,749 


<y  «0WiMm  <mt  <tf  Europe  of  the  value  of  :e237,736. 
^k  nuan^faeturt,  Exports  in  1874. 


WhoByofaUk 
Broad  stuA  of  silk  oi  satin 
Thrown,  twist  or  yam 
Handkerchieb,  Bcar&  and  shawls 
Bibbons  of  all  sorts  .        . 
Of  silk  and  other  materials 


cjxsxmsiQ:!  <i^  caii^ 


Yards  Valns 

2,811,846  :e4fi8,422 

1,029,682 

387,509 

207,256 

862,442 

V,  for  angling,  is  made  as  follows : — Select  a  number  of  the  best 
and  largest  silkworms,  just  when  they  are  beginning  to  spin ;  which  is  known  by  their 
refusing  to  eat,  and  having  a  fine  silk  thread  hanging  fiom  their  mouths.  Immerse 
them  in  strong  vinegar,  and  cover  them  closely  for  twelve  hours,  if  .the  weather  be 
warm,  but  two  or  uree  hours  longer,  if  ^t  be  cool.  When  taken  out,  and  pulled 
.  -  „  asunder,  two  transparent  guts  will  be 

a  nvJ  b  observed,  of  a  yellow-green  colour,  as 

thick  as  a  small  straw,  bent  double. 
The  rest  of  the  entrails  resembles 
boiled  spinage,  and  therefore  can  occa- 
sion no  mist^e  as  to  the  silk-gut  If 
this  be  soft,  or  break  upon  stretching 
it,  it  is  a  proof  that  the  worm  has  not 
been  Icmg  enough  under  the  influence 
of  the  vinegar.  When  the  gut  is  fit  to 
draw  out,  the  one  end  of  it  is  to  be 
dipped  into  the  vinegar,  and  the  other 
end  is  to  be  stretched  gently  to  the 
proper  length.  When  thus  drawn  out. 
It  must  be  kept  extended  on  a  thin 
[nece  of  board,  by  putting  its  ex- 
tremities into  slits  in  the  end  of  the 
wood,  or  fastening  them  to  pins,  and 
then  exposed  in  the  sun  to  dry.  Thus  genuine  silk-gut  is  made  in  Spain.  From  the 
manner  in  which  it  is  dried,  the  ends  are  always  more  or  less  compressed  or  attenuated. 
In  ^.1792,  a  is  the  silkworm;  i,  the  worm  torn  asunder  ;  i>,  c,  the  guts ;  <2,<;,aboard 
slit  at  the  ends,  with  the  gat  to  dry ;  /,/,  boards  with  .wooden  pegs,  for  the  same 
purpose. 

SZIiVBK  {Jroent,  Fr. ;  SUlur,  Oer.)  was  formerly  called  a  j>«r/«:<  metal,  because 
heat  alone  revived  its  oxide,  and  because  it  could  pass  unchanged  through  trials  by 
fire,  which  apparently  destroyed  most  other  metals.  The  distinctions,  perfect,  im- 
perfect, and  noble,  are  now  rejected. 

When  pure  and  polished,  silver  is  the  brightest  of  the  metals.  Its  specific  gravity 
in  the  ingot  is  10-47 ;  but,  when  condensed  under  the  hammer  or  in  the  coining-press, 
it  becomes  10'6.  It  melts  at  a  bright  red  heat,  at  a  temperature  estimated  by  some  as 
equal  to  1873°  Fahr.  It  is  exce^ngly  malleable  and  ductile,  affording  leaves  not 
more  than  ^s^ss  °^  ^^  '"'^  thick,  and  wire  far  finer  than  a  human  hair. 

By  Siokingens  experiments,  its  tenacity  is,  to  that  of  gold  and  platinum,  as  the 
number  19,  16,  and  26|;  so  that  it  has  an  intermediate  strength  between  these  two 
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metals.  Pore  atmospheric  air  does  not  affect  silTer,  but  that  of  honses  impregnated 
•with  sulphuretted  hydrogen  eoon  tarnishes  it  with  a  film  of  brown  sulphide.  It  is 
distinguished  chemically  from  gold  and  platinum  by  its  ready  solubility  in  nitric  acid, 
and  from  almost  all  other  metals,  by  its  saline  solutions  affording  a  curdy  precipitate 
with  a  most  minute  quantity  of  sea-salt  or  any  soluble  chloride. 

The  atomic  weight  of  silver  is  108 ;  its  chemical  symbol  is  Ag  (aiymtum). 

Silver  occurs  in  nature  under  many  forms : — 

1.  Native  tilver  possesses  most  of  the  above  properties ;  yet,  on  account  of  its  being 
more  or  less  alloyed  with  other  metals,  it  differs  a  little  in  malleability,  lustre,  density, 
&C,  It  sometimes  occurs  ciystallised  in  octahedrons,  in  cubes,  and  cubo-octahedrons. 
At  other  times  it  is  found  in  dendritic  shapes,  or  arborescences,  resulting  from  minute 
crystals  implanted  upon  each  other.  But  more  usually  it  presents  itself  in  small 
grains  without  determinable  form,  or  in  amorphous  masses  of  various  magnitude. 

The  gangues  (mineral  matrices)  of  native  silver  are  so  numerous,  that  it  may  be 
said  to  occur  in  all  kinds  of  rock.  At  one  time  it  appears  as  if  filtered  into  their 
fissures,  at  another  as  having  v^tated  on  their  snr&oe,  and  at  a  third,  as  if  impasted 
in  their  substance.     Snch  varieties  are  met  with  principally  in  the  mines  of  Peru. 

The  native  metal  is  found  in  almost  all  the  silver  mines  now  worked ;  but  especially 
in  those  of  Kongsberg  in  Norway,  in  carbonate  and  fluoride  of  calcium,  &c. ;  at 
Schlangenberg  }n  Siberia,  in  sulphate  of  baryta  ;  at  Allimont,  in  a  ferruginous  clay, 
&c.     The  mines  of  Chili  and  Peru  have  yielded  large  quantities  of  native  silver. 

The  metals  most  usually  associated  with  silver  in  the  native  alloy,  are  gold,  copper, 
arsenic,  and  iron.  At  Andreasberg  and  Guadalcanal  it  has  been  found  alloyed  with 
about  five  per  cent,  of  arsenic    The  auriferous  native  silver  is  the  rarest. 

2.  Antimonial  silver,  or  DyuratUe. — This  rare  ore  is  destitute  of  malleability, 
and  very  brittle ;  spec  grav.  9'5.  It  melts  before  the  blowpipe,  and  afibids  white 
fumes  of  oxide  of  antimony:  being  readily  distinguished  from  arsenical  iron  and  arsenical 
cobalt  by  its  lamellar  fracture.  It  consists  of  from  76  to  84  per  cent,  of  silver,  and 
from  24  to  16  of  antimony. 

3.  Argentite,  Sidpkide  of  lilver  or  Silver  glance. — This  is  an  opaque  substance,  of 
a  dark-grey  or  leaden  hue ;  slightly  malleable,  and  easily  cut  with  a  knife,  when 
it  betrays  a  metallic  lustre.  The  silver  is  easily  separated  by  the  blowpipe.  It  con- 
sists of  IS  of  sulphur  to  80  of  silver,  by  experiment;  18  to  87  are  the  theoretic  propor- 
tions. Its  specific  gravity  is  6-9.  It  occurs  ciystallised  in  cubes,  and  is  found  in 
the  mines  of  Freiberg  in  Saxony,  Joachimsthal  in  Bohemia,  Schemnitz  in  Hungary, 
and  Mexico. 

4.  Pyrttrgvrite,  Bed  Silver  ore.  Ruby  Blende,  or  Jntimoniaied  tulpkide  of  stiver,  is  an 
ore  remarkable  for  its  lustra,  colour,  and  the  variety  of  its  forms.  It  is  friable,  easily 
scraped  by  the  knife,  and  afibrds  a  powder  of  a  lively  crimson-red.  Its  colour  in  mass 
is  brilliant  red,  dark  red,  or  even  metallic  reddish-black.  It  ciystallises  in  a  variety 
of  hexagonal  forms.  Its  constituents  are  :  silver  from  56  to  62  ;  antimony  &om  20  to 
24 ;  sulphur  from  16  to  18.  It  is  found  in  almost  all  silver  mines ;  but  principally 
in  those  of  Freiberg,  Andreasberg,  and  QuadalcanaL 

6.  Proustite,  Light  Bed  Silver  ore,  or  Arsenical  suiphide  of  silver,  is  a  similar  but 
rarer  mineral,  in  which  arsenic  takes  the  place  of  antimony. 

6.  Stephanite,  or  Black  sulphide  of  siiver,\B  a  blackish,  brittle  mineral,  affording 
globules  of  silver  at  the  blowpipe.  It  is  found  at  AlUmont  and  at  Freiberg ;  but 
more  abundantly  in  the  silver  mines  of  Peru  and  Mexico.   The  Spaniards  call  it  negrillo. 

7.  PolybaiUe  is  a  sulphide  of  silver  and  copper,  generally  with  antimony  and 
aisenic    It  occurs  in  Mexico,  Chili,  Nevada,  and  Idaho. 

8.  Stembergtte  is  a  rare  sulphide  of  silver  and  iron. 

9.  Chloride  of  silver,  or  Horn  silver. — In  consequence  of  its  semi-transparent  aspetl, 
its  yellowish  or  greenish  colour,  and  such  softness  that  it  may  be  cut  with  the  nail, 
this  oro  has  been  compared  to  horn,  and  may  be  easily  recognised.  It  melts  at  the 
Same  of  a  candle,  and  may  be  reduced  when  heated  along  with  iron  or  black  fiox.  It 
is  occasionally  crystallised  in  forms  belonging  to  the  cubic  system ;  but  occurs  chiefly 
in  irregular  &rms,  sometimes  covering  the  native  silver  with  a  thick  crust,  as  in  Peru 
and  Mexico.  Its  density  is  only  4*74.  It  is  found  is  considerable  quantities  at  North 
Dolcoath  in  Cornwall. 

Chloride  of  silver  sometimes  contains  60  or  70  per  cant,  of  day ;  and  is  than  called 
'  butter-milk  ore '  by  the  German  miners. 

10.  Bromide  of  silver  or  Bromyrite,  and  Iodide  of  silver  or  lodyriie,  occur  in  tha 
mines  of  Chili  and  Mexico ;  whilst  a  mineral  called  Smbolite,  which  is  a  chloro- 
bromide  of  silver,  is  found  inther  abimdantiy  in  some  of  the  mines  of  Chili. 

11.  Carbonate  of  silver,  or  &ibite,  is  a  mineral  of  doubtful  occurrence. 

Large  quantities  of  silver  are  annually  obtained  in  this  country,  and  in  tha  lead- 
producing  districts  of  Europe,  by  the  treatment  of  argentifisrous  galena ;  but  the  New 
Vol.  UL  3  F 
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Continant,  vhich  produces  for  the  most  part  ores  containing  but  a  smaU  raoporticD  of 
lead,  is  estimated  to  Aimish  tvelve  times  more  sUver  than  the  Old.    See  LbId. 

silver  has  been  produced  in  the  following  countries : — 

Xorwojf. — The  mines  of  Kongsberg  weie  discovered  in  1623,  and  they  have  been 
worked,  almost  continuously,  up  to  the  present  time,  their  aTerage  annual  produce 
being  about  18,000  lbs.  troy. 

Bungary,  Traniylvania,  and  the  Banat,  are  stated  to  produce  about  92,000  lbs.  of 
silver  annually. 

BuMmg  and  Boitmia. — The  mines  near  Freiberg  are  the  most  important. 

The  ARnet  oftht  Harts  produce  about  28,000  lbs.  troy  of  silver  annually ;  while 
those  of  the  Alf»  produce  aauJl  quantities. 

Fr<mo*  has  no  nlrer  mines  of  impoctance. 

In  /^potn,  the  mines  of  Guadalcanal  and  Caialla  haT«  been  hi|dily  productive.  The 
total  TOoduce  of  the  Spanish  silver  mines,  in  20  years,  was  8,200^)00  Spanish  ounces. 

In  North  America,  the  mines  of  Mexico  are  the  most  ancient,  and  the  silver  lodes 
the  most  remarkable.  The  vein  called  the  Veta  Madre,  of  Guanaxuato,  was  often  200 
feet  in  width,  and  that  of  Zaeatecas  is  sometimes  75  feet  wide.  Humboldt  stated  the 
production  of  silver  in  Mexico,  in  1789,  to  have  been  7,314,844  lbs.  troy.  There  are 
about  sixteen  silver  mines  produdug  silver  ore  at  the  present  time  in  Hexico ;  the 
ores  varying  from  65  ounces  to  81  ounces  of  silver  to  the  ton.  The  Heal  del  Monte 
Company  produced  annually  silver  to  the  value  of  three  millions  and  a  half  of  dollars. 

Nevada. — The  discovery  of  silver  in  this  region  dates  only  from  1869 ;  but  the  pro- 
duction of  silver  and  gidd  has  been  immense,  often  rising  to  nearly  800,000  tons  of  ore 
per  annum ;  sometimes  yielding  silver  to  the  value  of  160  dollars  per  ton,  and  seldom 
of  less  value  than  28  dollars.  There  are  numerous  other  districts,  which  space  will 
not  aUow  us  to  mention.  See  'The  IGniiig  and  Metallurgy  of  Gold  and  Silver,'  by 
J.  Arthur  Phillips,  for  fiill  accounts  of  the  Korth  American  silver  mines. 

South  Ameriea. — The  silver  mines  are  confined  to  the  Bepablios  of  Peru,  Bolivia, 
and  Chili.  The  mines  of  Cerro  de  Pasco  are  the  most  celebrated  in  Peru,  the  principal 
ores  being  known  as  pacoa ;  these  are  ferruginous  earths,  containing  varying  amounts 
of  silver.  These  mines  were  discovered  in  1630,  and  are  still  bemg  worked,  upon  a 
small  scale.  The  production  of  silver,  in  Peru,  has  been  estimated  at  299,000  lbs.  ttoy, 

SoUttia. — ^The  mines  of  Potosi,  which  once  formed  a  portion  of  the  vieeroyalty  of 
Buenos  Ayres,  ara  now  included  in  this  republic  Thirty-two  veins  have  been  wo^ed 
in  this  historical  mine,  which  was  discovered  in  1645,  with  great  profit,  and  numerous 
smaller  ones,  with  more  or  less  advantage.  In  the  province  of  Potosi,  according  to 
Whitney,  the  United  States  G^logist,  there  were,  when  he  visited  the  district,  1,800 
abandoned  mines,  and  only  26  at  work ;  in  other  parts,  there  were  2,866  mines  aban- 
doned, and  only  40  at  work. 

ChUi. — The  most  important  silver  mines  of  Chili  are  those  in  the  neighbourhood  of 
Copiapo.  Chlorides  of  silver  are  the  most  abundant  ores,  but  there  are  also  arsenides 
and  sulphides,  the  ore  containing  from  100  to  260  ounces  of  silver  to  the  ton.  Chili 
appeals  to  have  produced  in  seven  years  1,760,000  lbs.  ot  silver. 

New  Oranada. — The  Santa  Anna  mines,  in  the  province  of  Hariquita,  have  been 
long  celebrated.  They  produced  1,366,466  ounces  of  silver  between  1862  and  1864. 
Since  that  time,  the  production  has  been  limited. 

Itexiean  Amaigamation  Procett. — The  following  description  of  the  extraction  and 
treatment  of  silver  ores  in  Mexico  is  derived  from  a  paper  published  by  Mr.  3.  A. 
Phillips,  who  for  some  years  acted  as  manager  for  the  firm  of  John  Taylor  and  Sons. 
His  excellent  description  may  be  applied  to  the  amalgamation  process,  as  carried  out 
in  other  places. 

We  may  previously  state  some  of  the  peculiar  features  observable  in  the  working  of 
the  mines  of  Mexico,  confining  our  attention  to  the  mines  of  Guanaxuato,  Zaeatecas 
(including  Fresnillo),  and  Beal  del  Monte.  The  mines  of  Guanaxuato  are  situated 
upon  one  vein  of  great  length  and  width.  It  should  be  understood  that  this  vein, 
like  all  mineral  veins,  is  not  TOodnctive  of  silver  ore  thronghont  its  whole  extent,  but 
the  ore  occurs  in  branches  an?  bunches,  leaving  intermediate  spaces  of  dead  or  unpro- 
ductive ground ;  and,  as  an  ordinary  mine-level  seldom  exceeds  6  feet  in  width,  it  is 
clear  that  a  level  like  this  would  not  explore  a  vein  of  such  dimensions  as  that  of 
Guanaxuato,  while  the  expense  of  cross-catting,  as  miners  term  it,  would  require  more 
capital  than  the  owners  of  the  mine  were  willing  to  risk,  or  able,  in  many  instances,  to 
spare.  Hence,  there  sprang  up  in  Guanaxuato  a  system  of  working  well  adapted  to 
the  circumstances  noticed,  and  being  based  upon  the  principle  that  tiie  hope  of  reward 
acts  as  a  stimulus  to  exertion,  was  attended  with  the  best  effects,  and  led  to  the 
discovery  of  some  of  the  richest  deposits  of  ore. 

This  system  is  called  that  of  the  bvteonei  or  'seekers,'  who  are  the  woridng 
miners.  These  men,  at  their  own  risk,  work  in  the  mines  under  certain  restrictions  ; 
and  following  up  such  indications  as  may  appear  to  them  favourable,  oftentimes  meet 
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vith  a  valoaUe  comM  ot  oxe,  but  frequently  work  for  months,  earning  ecaicely 
enongh  for  bare  subsistence.  Wbile  thus  employed  the  biuoon  receives  half  the 
prod  ace  of  the  ore  he  breaks ;  and  it  may  be  r^dily  conceived  that  if  he  should  fall 
in  with  a  rich  deposit,  his  ^ins  should  be  very  large :  thus,  instances  have  been 
known  where  a  man  has  obtained,  in  this  way,  1,000  or  1,500  dollars  in  a  month. 

The  owners  of  the  mine,  however,  have  the  option  of  takiAg  away  such  a 
discovery  ih>m  the  hands  of  the  miner,  after  a  short  notice,  and  working  it  on  their 
own  account,  or,  as  it  is  termed,  hacimula  account,  when  they  pay  the  miners  a  dollar 
per  day  each,  without  any  sliare  of  the  ore.  To  do  this,  however,  the  mine  must  be 
rich,  and  as  it  is,  a  very  large  portion  of  the  ore  in  Ouanazuato  is  raised  by  the  but- 
cona,  who  divide  the  produce  equally  with  the  owners. 

The  ore,  being  broken  and  separated  as  much  as  possible  from  the  rodcy  parts 
underground,  is  tied  up  in  the  oota»  of  bullocks'  hides,  which  are  drawn  to  the 
■niface  by  the  maUieatet,  in  the  same  manner  as  the  water.  In  some  of  the 
Onanaxnato  mioee,  labourers  are  employed  to  take  the  ore  to  the  surfsce,  and  these 
will  cany  on  their  backs  from  2  to  3  cwts.,  and  perform  several  journeys  in  a  day 
from  the  bottom  of  a  mine  400  or  fiOO  yards  in  depth.  At  the  mine  al  Mellado 
there  is  a  very  excellent  double  tiamroad,  on  an  inclined  plane  of  timber,  upon 
which  the  ore  is  drawn  up  in  wafj^ons  to  a  height  of  200  varas  from  the  bottom 
of  the  mine,  where  the  diagonal  301ns  the  perpendicular  shaft  at  about  the  same 
depth  from  die  snr&ce:  each  carriage  will  contam  160  arrobas  of  2A  lbs.  each.  The 
power  applied  is  that  of  a  malacate  working  nndeiground ;  and  here  at  300  yards 
from  the  snr&ce,  and  shut  out  from  the  light  of  day,  one  is  surprised  to  behold 
a  storehouse  and  stabling,  with  all  the  necessary  appurtenances  for  tnirty-siz  horses, 
employed  in  moving  the  machine  above  mentioned,  nine  horses  working  at  a  time. 

Having  thought  the  ore  to  the  surface,  it  is  conveyed  to  the  mine-yard,  and 
placed  in  separate  heaps,  under  the  eye  of  the  biuoon  or  miner,  who  prepares  it  for 
sale.  At  a  stated  time  the  auctioneer  appears,  accompanied  by  a  ckrk ;  he  walks 
round  to  the  heaps  of  ore  in  succession,  and  sells  them  in  the  following  manner : — 

Standing  before  the  heap  of  ore  to  which  he  invites  attention,  those  who  come  to 
purchase  step  forward  and  whisper  into  his  ear  the  price  they  severally  ofier.  When 
all  have  done,  he  declares  aloud  the  name  of  the  higneet  bidder,  and  the  price,  which 
are  entered  in  a  book  by  the  clerk ;  and  the  same  process  is  followed  throughout  until 
all  the  ore  is  sold. 

The  practice  in  the  Seal  del  Monte  differs  from  both  the  others,  but  assimilates 
a  little  towards  the  Ouanaxuato  system,  inasmuch  as  the  miner  has  a  share  of  the  ore, 
called  partido.  This  partido  system  has  prevailed  from  a  very  early  period,  and  has 
led  to  many  broils  and  disturbances  with  the  miners. 

The  meuiod  of  extracting  the  silver  from  the  ore,  at  the  establishments  maintained 
forthat  purpose,  called  'haciendas  d»  ben^ficio,'  or  'haciendat  d»  Plata,'  of  which  there 
are  many  of  great  extent  in  the  country,  is  thus  carried  forward.  The  Haciendas 
Nueva  in  Fresnillo,  of  Sauceda  in  Zacatecas,  of  Barrera  in  Ouanaxuato,  and  of 
Begla  at  Heal  del  Monte,  are  the  principal  establishments  of  this  kind  at  present  in 
use.  That  in  Fresnillo  is  the  largest  used  for  amalgamation  only,  the  enter  walls 
being  402  varas  in  length  by  412  varas  in  width.  It  was  erected  at  a  cost  of  300,000 
dollars,  and  is  very  complete  in  all  its  arrangements. 

The  Hacienda  de  B^la  combines  very  extensive  smelting  woiks  with  those  for 
amalgamation. 

The  ore  being  placed  in  heap*  in  the  yard  is  broken  by  hammers  into  pieces  of 
moderate  siie,  and  carefully  picked ;  the  richer  parts  being  set  aside  for  smelting,  and 
the  poorer  for  amalgamation. 

In  the  smelting  process,  the  ore  after  being  crushed,  is  mixed  with  slag  or  remains 
from  former  smeltings,  litharge  or  oxide  of  lead,  and  a  little  iron  ore  and  lime. 
These  are  put  into  the  fiimace  with  charcoal,  and  the  silver  is  brought  down  with  the 
lead ;  the  two  metals  being  afterwards  separated  in  refining  ftimaces.  The  Oerman 
high  furnace  is  usually  employed,  although  the  Castilian  furnace  described  in  the 
article  on  Ls*]>,  would  piobably  be  found  preferable. 

It  is  estimated  that  about  an  eighth  part  of  the  silver  produced  in  Mexico  is  ob-. 
tained  by  smelting ;  but  as  only  the  richest  ores  are  subjected  to  this  process,  on 
account  of  the  expense,  which  is  from  162.  to  202.  per  ton,  except  in  a  metrict  like 
Zimapan,  where  lead  ore  is  abundant,  the  proportion  which  the  quantity  of  ore 
smelted  bears  when  compared  with  that  reduced  by  amalgamation  must  be  very 
small  indeed. 

The  process  of  amalgamation,  to  which  attention  is  now  more  particularly  directed, 
depends  upon  the  great  affinity  of  quicksilver  for  silver.  In  order,  however,  to  make 
this  known  properly  available,  certain  operations  are  requisite,  to  reduce  the  silver 
contained  in  the  ore  to  such  a  state  that  the  quicksilver  will  readily  combine  with  it 
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After  the  breaking  and  dressing  by  hand,  the  ore  is  cmshed,  dther  by  crashing- 
rollers  or  more  generally  by  stamps,  called  in  Mexico,  molinot.  The  stamps  are 
similar  in  principle  to  those  used  in  the  tin  mines  of  Cornwall,  bnt  not  so  powerful, 
and  are  worked  either  by  water-power  or  by  mules.  As  the  ore  in  crushed,  it  falls 
through  small  holes  of  about  the  size  of  a  pea,  perforated  in  strong  hides  stretched  in 
a  slope  on  either  side  of  the  machine  placed  over  a  pit  which  receives  the  fine  ore, 
from  whence  it  is  conveyed  to  the  arraatrta  or  grinding  mills. 

These  stamping  mills  are  sometimes  driven  by  a  small  breast  water-wheel,  of  five 
feet  diameter  and  one  foot  broad.  Fig.  1793  will  give  a  sufficient  idea  of  their  con- 
struction. The  long  horizontal  shaft,  fixed  on  the  axis  of  the  wheel,  is  famished  with 
6  or  6  rams  placed  at  different  situations  ronnd  the  shaft,  so  as  to  act  in  succession 

on  the  projecting  teeth  of  the 
upright  rods  or  pestles.  Each 
of  these  weighs  200  lbs.,  and 
woi^  in  a  corresponding  oblong 
mortar  of  stone  or  wood. 

The  artastre,  or  'tahona'  as 
it  is  called  in  the  northern  dis- 
tricts, is  exceedingly  simple,  bi'.t 
for  so  rude  a  machine  is  very 
effective.  Baron  Humboldt,  in 
alluding  to  it,  says  that  he  never 
saw  ore  so  finely  pulverised  as 
he  saw  it  in  Mexico.  In  Guan- 
nxnato,  where  there  is  much  gold 
in  the  ore,  this  is  particularly 
observable. 

The  arrastie  consists,  in  the 
first  place,  of  a  strong  wooden 
post  moving  on  a  spindle  in  a 
beam  above  it,  and  resting  on  an  iron  pivot  beneath,  turning  in  an  iron  socket  on 
the  top  of  a  small  post  of  hard  wood  which  rises  about  a  foot  above  the  ground  in  tlie 
centre  of  the  arrastre.    See  Obx  Dbbssinq, 

These  arrastres  are  usually  arranged  in  rows  in  a  large  gallery  or  shed,  as  will  be 
seen  by  reference  to^.  1794,  whieh  represents  the  gallery  of  the  Hacienda  of  Salgado. 
A  machine  has  been  introduced  at  Beal  del  Monte  which  has  superseded  the  old 
Mexican  arrastres.  This  machine  is  similar  in  principle  to  some  of  the  grinding 
mills  of  this  country,  and  to  the  trapiche  of  Peru.  It  consists  of  two  huge 
circular  edge  stones  faced  -mth  iron,  and  moving  over  iron  bottoms,  the  ore  being 
crashed  and  ground  with  water  between  the  two  metal-surfaces.  The  machine  is 
turned  by  twelve  mules  in  the  twenty-four  hours,  four  mules  working  at  a  time, 
and  the  quantity  ground  to  a  fine  slime  is  sixty  quintals,  or  about  ten  times  the 
quantity  ground  by  a  common  arrastre ;  and  there  is  reason  to  believe  that  the 
quantity  might  be  doubled  by  the  use  of  water-  or  steam-power,  as  the  number  of  re- 
volutions would  be  increased. 

The  ore  being  brought  into  a  finely-divided  state,  is  allowed  to  run  out  of  the 
arrastre  into  shallow  tanks  or  reservoirs,  where  it  remains  exposed  to  the  sun  until  a 
larger  portion  of  the  water  has  evaporated,  when  it  has  the  appearance  of  thick  mud  ; 
and  in  this  state  the  process  is  proceeded  with. 

The  lama  as  it  is  called,  or  slime,  is  now  laid  out  on  the  patio,  or  amalgamation- 
floor  (which  is  in  some  places  boarded,  and  in  others  pared  with  flat  stones),  in  large 
masses  called  tortas,  40  to  60  feet  in  diameter  and  about  a  foot  thick,  consisting  fre- 
quently of  60  or  70  tons  of  ore ;  and  so  extensive  are  the  floors  that  a  large  number 
of  these  tortas  are  seen  in  progress  at  the  same  time.  Thus,  at  the  Hacienda  de  Begla, 
the  patio,  which  is  boarded  and  carefully  caulked,  to  render  it  water-tight,  is  capable 
of  containing  ten  of  these  tortas,  of  about  60  tons  each  and  50  feet  in  diameter.  The 
Hacienda  de  Barrera  in  Guanaxuato  will  hold  eighteen  tortas  of  70  to  75  tons  each. 
The  Hacienda  Sauceda  at  Zacatecas  will  contain  twenty-four  tortas  of  60  tons  each  ; 
and  the  patio  floor  of  the  Hacienda  Nueva  at  Fresnillo  is  still  larger,  being  180  varas 
in  length  by  as  many  in  width,  and  capable  of  containing  sixty-four  tortas  of  70  tons 
each! 

Having  laid  out  the  masses  of  ore  in  the  patio,  the  operations  necessary  to  produce 
the  chemical  changes  commence.  The  first  ingredient  introduced  is  salt,  which  is 
put  into  the  torta  in  the  proportion  of  50  lbs.  to  every  ton  of  ore  (but  varying  in 
different  districts),  and  a  number  of  mules  are  made  to  tread  it,  so  that  it  may  become 
dissolved  in  the  water,  and  intimately  blended  with  the  mass.  On  the  following  day 
another  ingredient  is  introduced,  called  in  Mexico  magiitral.    It  is  common  copper 
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pyrites,  or  aulphide  of  copper  and  iron,  pulverised  and  calcined,  which  converts  it  into 
a  salpbate,  Aboat  26  lbs.  of  this  magistral  are  added  for  every  ton  of  ore  in  the  torta, 
and  ihe  mules  are  again  put  in,  and  tread  the  mass  for  several  hours.  Chemical  action 
now  commences :  the  salt,  magistral  and  metallic  sulphnrets  are  decomposed,  and  new 
combinations  are  in  progress.  Quicksilver  is  then  introduced,  being  spread  over  the 
torta  in  very  small  particles,  which  is  effected  by  passing  it  through  a  coarse  cloth. 
The  quantity  required  is  six  times  the  estimated  woght  of  the  silver  contained  in  the 
ore,  or  3  lbs.  for  every  marc  of  8  ozs. 

The  quicksilver  being  spread  over  the  surface,  the  mules  are  once  more  put  in,  and 
tread  the  whole  until  it  is  well  mixed.  This  treading  is  called  the  repaso,  and  is 
repeated  every  other  day,  or  less  often,  according  to  the  judgment  of  the  azoguero  or 
superintendent,  until  the  operation  is  completed. 

But  it  is  in  the  progress  of  the  operation  that  the  skill  of  the  azoguero  is  most 
required,  because  he  must  attend  to  certain  signs  or  appearances  which  present  them- 
selves to  him,  and  upon  which  depends  the  success  of  his  work,  whether  as  it  regards 
the  produce  of  silver  or  the  economy  of  quicksilver  and  other  materials  and  time. 
For  this  purpose  he  has  a  small  quantity  of  the  torta  put  on  one  side,  upon  which  he 
operates  before  adding  materials  to  the  torta  itself;  this  is  called  a  guia,  or  guide. 

1704 


In  order  to  ascertain  how  the  chemical  action  in  the  torta  proceeds,  he  collects  a 
small  quantity  of  the  slime  and  washes  it  in  n  small  bowl,  and  by  the  signs  presented 
by  the  quicksilver  and  amalgam  he,  from  his  practical  knowledge  of  the  subject,  is 
able  to  judge  as  to  the  state  of  the  torta ;  whether  it  requires  more  magistral  or 
quicksilver;  or  whether  it  has  had  too  much  magistral,  iu  which  case  it  is  hot,  and  a 
little  lime  must  be  put  in  to  decompose  the  excess  of  chloride  of  copper.  This 
simple  plan  is  termed  the  ientadura,  by  which  in  fact  the  azoguero  is  guided  through- 
out the  amalgamation  process. 

When  at  lengUi  he  finds  the  quicksilver  is  no  longer  absorbed,  the  operation  is 
considered  complete,  and  the  torta  rendida,  oi  ready  to  be  washed,  and  sometimes  lime 
is  added  to  stop  further  action.  A  large  quantity  of  quicksilver  is  then  thrown  in,  and 
is  called  el  baRo,  or  bath,  which  combining  with  the  amalgam,  causes  it  to  separate  the 
more  readily  from  the  slime  in  the  washing.  The  time  required  to  complete  the  pro- 
cess varies  from  ten  to  thirty  days ;  but  in  some  places  is  often  considerably  more, 
according  to  climate  and  the  nature  of  the  ore. 

The  amalgam  has  now  to  be  separated  from  the  mass,  which  is  done  at  Beal  del 
Monte  by  washing  it  in  a  largo  square  vat,  in  which  several  men  keep -constantly 
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BtimDg  it  with  thsir  feet,  while  at  the  same  time  a  stream  of  water  is  made  to  psdB 
throng.  By  this  means  the  lighter  particles  of  the  mud  flow  out  into  canals 
fami^ed  with  basins,  called  apuros,  to  catch  all  straj  amalgam  and  quicksilver,  and 
tiie  great  body  of  the  amalgam  remains  at  the  bottom  of  the  vat. 

In  Onanaxaato,  the  process  of  washing  is  more  perfect.  They  have  three  circnlar 
vats  called  tinaa,  in  which  the  ore  is  stirred  by  means  of  long  wooden  teeth  fixed  in 
cross  bars  attached  to  a  vertical  shaft,  the  whole  tnmed  by  a  simple  machine,  worked 
by  moles.  The  slime  has  to  pass  through  the  third  vat  before  being  carried  entirely 
away,  so  that  a  very  small  portion  indeed  of  the  amalgam  escapee.  The  process 
of  washing  is  somewhat  similar  in  Zacatecas,  but  there  they  use  but  one  tina  or  vat 

The  amalgam  is  carried  in  bowls  into  the  aeogveria,  where  it  is  subjected  to  strain- 
ing through  the  strong  canvas  bottom  of  a  leathern  bag.    The  hard  mass  left  in  the 

bag  is  moulded  into  wedge-shaped 
1795  1^  1796       m  masses  of  30  lbs.,  which  are  arranged 

in  the  burning  house  (Jiff.  1795),  to 
the  number  of  11 ,  upon  a  solid  copper 
stand,  called  Ixuo,  having  a  round 
hole  in  its  centre.  Over  this  row  of 
wedges  several  otheni  are  built ;  and 
the  whole  pile  is  called  piila.  Each 
circular  range  is  firmly  bound  round 
with  a  rope.  The  base  is  placed 
over  a  pipe  which  leads  to  a  small 
tank  of  water  for  condensing  the  quiL-kfiilrer ;  a  cyllndri(»l  space  being  left  in  the 
middle  of  the  piSa,  to  give  free  egress  to  the  mercurial  vapours. 

A  large  bell-shaped  cover,  called  capeUma,  is  now  hoisted  up,  and  carefully  lowered 
over  the  pina,  by  means  of  pulleys.  A  strong  late  of  ashes,  saltierra,  and  lama  is 
applied  to  its  lower  edge,  and  made  to  fit  very  closely  to  the  plate  on  which  the 
base  stands.  A  wall  of  fire-bricks  is  then  built  loosely  round  the  capellina,  and  this 
space  is  filled  with  burning  charcoal,  which  is  thrice  replenished,  to  keep  it  burning 
all  night.  After  the  heat  has  been  applied  20  honrs,  the  bricks  and  ashes  are  re- 
moved, the  luting  broken,  and  the  capellina  hoisted  up.  The  burned  silver  is  then 
found  in  a  hard  mass,  which  is  broken  up,  weighed,  and  carried  to  the  casting-house, 
to  be  formed  into  bars. 

It  will  be  observed  that  quicksilver  performs  a  very  important  part  in  tlie  process 
of  amalgamation,  the  silver  being  through  its  agency  collected  from  the  ore  :  but  this 
is  only  done  by  an  enormous  loss  of  its  own  bulk,  occasioned  in  part  mechanically 
from  its  minute  subdivision  through  such  an  immense  mass  of  matter,  but  principally 
from  the  chemical  action  upon  it  during  the  reducing  process.  The  consumption  of 
quicksilver  varies  in  different  districts,  according  to  the  nature  of  the  ores,  the  climate, 
and  the  practical  skill  attained  by  the  operator. 

In  some  places  and  on  some  ore  the  loss  of  qnicksilver  is  as  low  as  ten  ounces  for 
every  marc  of  silver  produced,  while  in  others  it  exceeds  20  ounces ;  the  average 
loss  may,  however,  be  taken  to  be  a  pound  of  quicksilver  for  every  half-ponnd  of  silver 
extracted. 

Gay-Lussac,  Boussinganlt,  Karsten,  and  several  other  chemists  of  note  have  offisied 
solutions  of  the  amalgamation  enigma  of  Mexico  and  Pern.  The  following  seema 
to  be  the  most  probable  rationale  of  the  successive  steps  of  the  process : — 

The  addition  of  the  magittral  (powder  of  the  roasted  copper  pyrites),  is  not  for  the 
purpose  of  (Usengaging  hydrochloric  acid  from  the  sea-salt  [ttUtigrra),  as  has  been 
supposed,  since  nothing  of  the  kind  actually  takes  place ;  but,  by  reciprocal  or  com- 
pound affinity,  it  serves  to  form  chloride  of  copper  and  chloride  of  iron,  upon  the 
one  hand,  and  sulphate  of  soda,  upon  the  other.  Were  sulphuric  acid  to  be  used 
instead  of  the  magistral,  as  certain  novices  have  prescribed,  it  would  certainly  prove 
injurious,  by  caxising  muriatic  acid  to  exhale.  Smce  the  ores  contain  only  at  times 
oxide  of  silver,  but  always  a  great  abundance  of  oxide  of  iron,  the  acid  would  partly 
carry  off  both,  but  leave  the  chloride  nf  silver  in  a  freer  state.  A  magistral,  such  as 
sulphate  of  iron,  which  is  not  in  a  condition  to  generate  the  chlorides,  will  not  suit 
the  present  purpose ;  only  such  metallic  sulphates  are  useful  as  are  ready  to  be  trans- 
formed into  chlorides  by  the  saltierra.  This  is  peculiarly  the  case  with  sulphate  of 
copper.  Its  proto-chloride  gives  up  chlorine  to  uio  silver,  becomes  in  consequence  a 
subchloride,  while  the  chloride  of  silver,  thus  formed,  is  revived,  and  amalgamated 
with  the  quicksilver  present,  by  electro-chemical  agency  which  is  excited  by  the 
aalme  menstruum ;  just  as  the  voltaic  pile  of  copper  and  silver  is  rendered  active  by 
a  solution  of  sea-salt.  A  portion  of  chloride  of  mercury  will  be  simultaneously 
formed,  to  be  decomposed  in  its  turn  by  the  sulphate  of  silver  resulting  i^om  the 
mutual  action  of  the  acidified  pyrites,  and  the  silver  or  its  oxide  in  the  ore.    An 
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addition  of  quicklimo  coonteracU  the  injurioos  efiect  of  too  much  magistral,  hj  de- 
composing the  regaltiiig  sulphate  of  copper.  QnicksilTer,  when  introduced  in  too  gresit 
Suantities,  is  apt  to  cool  the  mass  too  much,  and  thereby  enfeebles  the  operation  of 
le  proto-chloride  of  oeppor  npon  the  silver. 
Washoe  Amalgamation  Process. — The  system  of  amalgamation  largely  carried  out  in 
the  silyeT-trorks  at  Kevada,  was  originally  introduced  in  the  Washoe  district,  irhence 
it  derives  its  name.  The  ores  having  been  broken  by  Blake's  stone-breaker,  or  by 
hammers,  are  fed  into  a  Htamping-mill,  irhere  they  are  cmshed  wet.  The  stuff  dis- 
charged from  the  stamps  passes  to  the  settling-tanks,  in  -which  the  finely-suspended 
ore  is  allowed  to  subside.  It  is  then  ttansfcrred  to  the  amalgamators,  which  are 
nsnully  cast-iron  pans,  of  which  various  forms  have  been  constructed  by  Vamey  and 
'Wheeler,  Hepburn  and  Peterson,  and  othor  makers.  In  these  pans  the  ore  is  ground 
with  hot  water  and  mercury,  often  with  addition  of  certain  'chemicals,'  such  as 
common  salt  and  sulphate  of  copper.  The  impure  amalgam  is  discharged  from  the 
pan  into  the  separators  or  settlers,  where  it  is  cleansed,  and  whence  it  is  generally 
transferred  to  the  agitators.  The  superfluous  mercury  having  been  strained  away,  the 
clean  amalgam  is  retorted,  the  mercury  being  thus  distilled  dS,  whilst  the  silver 
remains  behind,  and  after  melting  is  cast  into  ingots. 
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Barrd  Amalgamation. — The  old  amalgamation- works  at  Halsbriicke,  near  Freiberg, 
for  the  treatment  of  silver  ores  by  mercury,  were  much  admired,  and  we  will  therefore 
give  a  sketch  of  their  farmer  arrangement.  It  should  be  mentioned,  however,  that  the 
barrel-amalgamation  process  has  not  been  worked  there  since  1866. 

Fig.  1797  presents  a  vertical  section  of  this  great  Usine  ot  Huttsntoeri,  subdivided 
into  four  main  deportments.  The  first,  a,  b,  is  devoted  to  the  preparation  and  rocwt- 
ing  of  the  matters  intended  for  amalgamation.  The  second,  b,  c,  is  occupied  with 
two  sucoessive  siflings  and  the  milling.  The  third,  c,  D,  includes  the  amalgamation 
apartment  above,  and  the  wash-house  of  the  residuums  below.  And  in  the  fourth, 
D,  B,  is  placed  the  distilling  apparatus,  where  the  amalgam  is  finally  delivered. 

1 .  In  division  A,  B ;  a,  a,  is  Uie  magazine  of  salt ;  b,  b,  is  the  hall  of  preparation  of 
the  ores ;  on  the  floor  of  which  they  are  sorted,  interstratifled,  and  mixed  with  salt ; 

0,  c,  are  the  roasting  furnaces;  in  each  of  which  we  see,  1,  the  fireplace;  2,  3,  the 
rererberatoiy  hearth,  divided  into  two  portions,  one  a  little  higher  than  the  other, 
and  more  distant  from  the  fireplace,  caUed  the  drier ;  the  materials  to  be  calcined 
fall  into  it  through  a  chimney,  6.  The  other  part,  2,  of  the  hearth  is  the  calcining 
area.  Above  the  furnace  are  chambers  of  sublimation,  4,  5,  for  condensing  any  vola- 
tile matters  which  may  escape  by  the  opening  7.    <  is  the  main  chimney. 

2.  In  the  division  B,  c,  we  have  d,  the  floor  for  the  coarse  sifting ;  beneath,  that 
for  the  fine  sieves;  from  which  the  matters  fall  into  the  hopper,  whence  they  pass 
down  to  g,  the  mill-houso,  in  which  they  are  ground  to  fiour,  exactly  as  in  a  corn- 
mill,  and  are  afterwards  bolted  through  sieves,    p,  f,  is  the  wheel -machinery. 

3.  The  compartment  c,  D,  is  the  amalgamation-hoase,  properly  speaking,  where  the 
casks  are  seen  in  their  places.     The  washing  of  the  residuums  is  effected  in  the  shop 

1,  below,    k,  k,  is  the  compartment  of  revolving  casks. 

i.  In  the  division  b,  e,  the  distillation  process  is  carried  on.  These  are  four  similar 
furnaces,  represented  in  different  states,  for  the  sake  of  illustration.  The  wooden 
drawer  is  seen  below,  supporting  the  cast-iron  basin,  in  which  the  tripod,  with  its 
candelabra  for  bearing  the  amalgam-saucers,  is  placed.    ;  is  a  store  chamber. 

At  B,  are  placed  the  pulleys  and  windlass  for  raising  the  roasted  ore,  to  bo  sifted 
and  ground ;  as  also  for  raising  the  milled  fiour,  to  be  transported  to  the  amalgama- 
tion-casks.  At  D,  tho  crnne  stands  for  raising  the  iron  bells  that  gotsi  the  amalgama- 
tion candelabra. 
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JDetailt  of  the  JmalganuUion  Proceit,  as  formtrUj  pnutiMd  at  BaMrieke.—iSl  ores 
oontaining  more  than  7  lbs.  of  lead,  or  1  lb.  of  coptxfr,  per  cent,  are  exelnded  tram,  this 
renving  operation  {Jn^iaekvet/ahm) ;  becanae  the  lead  voold  reader  the  amalgam 
very  impure,  and  the  copper  Tould  he  -wasted.  They  are  sorted  for  the  amalgama- 
tion in  such  a  Tray  that  the  mixture  of  the  poorer  and  richer  ores  may  contain  7^,  or, 
at  most,  8  loths  (of  ^  oz.  each)  of  silver  per  100  lbs.  The  most  usoal  constituents  of 
the  ores  are,  sulphur,  silver,  antimonial  silver  {SpatagUautilber),  bismuth,  snlphides 
of  arsenic,  of  copper,  iron,  lead,  nickel,  cobalt,  zinc,  with  several  earthy  minerals. 
It  is  essential  that  the  ores  to  be  amalgamated  shall  contain  a  certain  proportion  of 
sulphur,  in  order  that  they  may  decompose  enough  seansalt  in  the  roastmg  to  disen- 
gage as  much  chlorine  as  to  convert  all  the  silver  present  into  chloride.  With  this 
view,  ores  poor  in  sulphur  are  mixed  with  those  that  are  richer,  to  make  up  a  deter- 
minate average.  The  ore-poet  is  laid  upon  the  bed-floor,  in  a  rectangular  heap,  about 
17  ells  long  and  4}  ells  broad  (18  yards  and  3}) ;  and  upon  that  layer  the  requisite 
quantity  of  salt  is  let  down  izam  the  floor  abov^  through  a  wooden  fiinnel ;  40  ewts. 
of  salt  being  allotted  to  400  cwts.  of  ore.  The  heap  being  made  op  with  alternate 
strata  to  the  desired  magnitude,  must  be  then  well  mixed,  and  formed  into  small  bings, 
called  roatt-pottt,  weighing  eAch  from  3^  to  4}  cwts.  The  annual  consumption  of  Kilt 
at  Halsbriicke  was  6,000  cwts.,  supplied  by  the  Prussian  salt-works. 

Boatting  of  the  Amalgamation  Oref. — The  furnaces  appropriated  to  the  roasting  of 
the  ore-posts  are  of  a  reverberatoiy  class,  provided  with  soot-ehambeis.  They  are 
built  alongside  the  bed-floor,  and  connected  with  it  by  a  brick  tnnneL  The  prqiared 
ground-ore  (JSremeU)  is  spread  out  upon  the  hearth,  and  dried  with  incessant  turnings 
over ;  then  the  fire  is  raised  so  as  to  kindle  the  sulphur,  and  keep  the  ore  red  hot  for 
one  or  two  hours ;  during  which  time,  dense  white-grey  vapours  of  arsenic,  antimony, 
and  water,  are  exhaled.  The  desulphnration  next  begins,  with  the  appearance  of  a 
bine  flame.  This  continues  for  three  hours,  during  which  the  ignition  is  kept  np ; 
and  the  mass  is  diligently  turned  over,  in  order  to  present  new  surfaces,  and  prevent 
caking.  Whenever  sulphurous  acid  ceases  to  be  formed,  the  finishing  calcination  is 
to  be  commenced  with  increased  firing ;  the  object  being  now  to  decompose  the  sea- 
salt  by  means  of  the  metallic  sulphates  that  have  been  generated,  and  to  convert  them 
into  chlorides,  with  the  simultaneous  production  of  sulphate  of  soda.  The  stirrinf;  is 
to  be  continued  till  the  proofs  taken  tiava.  the  hearth  no  longer  betray  the  smell  of 
sulphurous,  but  of  hydrochloric  add  gas.  This  roasting  stage  commonly  lasts 
three  quarters  of  an  hour;  13  or  14  Aimacea  are  worked  at  the  same  time  at  Eals- 
brncke,  and  ecu;h  turns  out  in  a  week  upon  an  average  5  tons.  Out  of  the  NicU 
chambera  or  soot-vaults  of  the  furnaces,  nom  96  to  100  cwts.  of  ore-dust  are  obtained, 
containing  32  maics  (16  lbs.)  of  silver.  This  dust  is  to  be  treated  like  unroasted  ore. 
The  fdel  of  the  flrst  fire  is  pitcoal ;  of  the  finishing  one  fir- wood.  Of  the  former  1 15^ 
cubic  feet,  and  of  the  latter  294^,  are,  upon  an  average,  consumed  for  every  100  cwts. 
of  ore. 

During  the  last  roasting,  the  ore  increases  in  bulk  by  one-fourth,  becoming  in  con- 
sequence a  lighter  powder,  and  of  a  brown  colour.  When  this  process  is  completed, 
the  ore  is  raked  out  upon  the  stone  pavement,  allowed  to  cool,  then  screened  in  dose 
sieve-boxes,  in  order  to  separate  the  finer  powder  from  the  lumps.  These  are  to  be 
bruised,  mixed  with  sea-salt,  and  subjected  to  another  calcination.  The  finer  powder 
alone  is  taken  to  the  millstones,  of  which  there  are  14  pairs  in  the  establishment.  The 
stones  are  of  granite,  and  moke  from  100  to  120  ravolutions  per  minute.  The  rontted 
ore,  after  it  has  passed  through  the  bolter  of  the  mill,  must  be  as  impalpable  as  the 
finest  flour. 

7%«  Amalgamation. — ^This  ^the  Vergmeken)  is  performed  in  20  horizontal  casks, 
arranged  in  4  rows,  each  turning  upon  a  shaft  which  passes  through  its  axis ;  and  all 
driven  by  the  water-wheel  shown  in  the  middle  of  ^.  1797.  The  casks  an  2  feet 
10  inches  long,  2  feet  8  inches  wide,  inside  measure,  and  are  provided  with  iron 
ends.  The  staves  are  3}  inches  thick,  and  are  bound  together  with  iron  hoops.  They 
have  a  double  bung-hole,  one  formed  within  the  other,  secured  by  an  iron  plug 
fastened  with  screws.  They  are  fliled  by  means  of  a  wooden  spout  terminated  by  a 
canvas  hose;  through  which  10  cwts.  of  the  boiled  ore-flour  (Ertmehl)  are  intro- 
duced after  3  cwts.  of  water  have  been  poured  in.  To  this  mixture,  £rom  }  to  }  of  a 
cwt  of  pieces  of  iron,  1|  inch  square,  and  { thidc,  are  added.  When  these  pieces  get 
dissolved,  they  are  replaced  by  others.  The  casks  being  two-thirds  full,  are  set  to 
revolve  tor  1)  or  2  hours,  till  the  ore-powder  and  water  become  a  uniform  pap ; 
when  6  cwts.  of  quicksilver  are  poured  into  each  of  them.  The  casks  bang  again 
made  tight,  are  put  in  gear  with  the  driving  machinery,  and  kept  constantly  re- 
volving for  14  or  16  hours,  at  the  rate  of  20  or  22  turns  per  minute.  During  this 
time  they  are  twice  stopped  and  opened,  in  order  to  see  whether  the  pap  be  ct  the 
proper  consistence;  for  if  too  thick,  the  globules  of  qiu'eksilrer  do  not  readily 
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combine  \riUi  the  particles  of  ore ;  and  if  too  thin,  they  fall  and  rest  at  the  bottom. 
In  the  first  case  some  water  must  be  added;  in  the  second,  ore.  Suing  the 
rotation,  the  temperatnre  rises,  so  that  eyen  in  irinter  it  sometimes  stands  so  high  as 
104°  Fahr. 

The  chemical  changes  which  occur  in  the  casks  are  the  following : — The  metallic 
chlorides  present  in  the  roasted  ore  are  decomposed  by  the  iron,  whence  resalts 
chloride  of  iron,  whilst  the  protochloride  of  copper  is  reduced  partly  to  subchloride, 
and  partly  to  metallic  copper,  which  throw  down  metallic  silver.  The  mercury 
dissolTes  the  silver,  copper,  lead,  antimony,  in  a  complex  amalgam.  If  the  iron  is 
not  present  in  sufficient  quantity,  or  if  it  has  not  been  worked  with  the  oro  long 
enough  to  convert  the  cupric  chloride  into  a  cuprous  chloride,  previously  to  the 
addition  of  the  merouiy,  more  or  less  of  the  last  metal  will  be  wasted  by  its  con- 
version into  protochloride  (calomel).  The  water  holds  in  solution  sulphate  of  soda, 
undecompbeed  sea-salt,  with  chlorides  of  iron,  manganese,  &c. 

As  soon  as  the  revivification  is  complete,  the  casks  must  be  filled  with  water,  set  to 
revolve  slowly  (about  6  or  8  times  in  the  minute),  by  which  in  the  course  of  an  hour, 
or  an  hour  and  a  half  at  most,  a  great  part  of  the  amalgam  will  have  collected  at  the 
bottom  ;  and  in  consequence  of  the  dilution,  the  portion  of  hom-silver  held  in  solu- 
tion by  the  sea-salt  will  fall  down  and  be  decomposed.  Into  the  small  plug  in  the 
centre  of  the  bung,  a  tube  with  a  stopcock  is  now  to  be  inserted,  to  discharge  the 
amalgam  into  its  appropriate  chamber.  The  cock  must  be  stopped  whenever  the 
brown  muddy  residuum  begins  to  flow.  The  main  bung  being  then  opened,  the 
remaining  contents  of  the  casks  axe  emptied  into  the  waah-tun,  while  the  pieces  of 
iron  are  kept  back.  The  residuary  ore  is  found  to  be  deprived  of  its  silver  to  within 
^  or  ;^  of  an  ounce  per  cwt.  The  emptying  of  all  the  casks,  and  charging  them 
again,  takes  2  hours;  and  the  whole  process  is  finished  within  18  or  20  hours; 
namely,  1  hour  for  changing ;  14  to  16  hours  for  amalgamating ;  1|  hour  for  diluting ; 
1  hour  for  emptying.  In  14  days  3,200  cwts.  of  oro  are  amalgamated.  For  working 
100  cwts.  of  ore,  14^  lbs.  of  iron  are  required ;  and  for  ev^  pound  of  silver  obtained, 
3  ozs.  of  mercury  are  consnmed. 

Trials  have  been  made  to  condact  the  amalgamation-process  in  iron  casks,  heatod 
to  160°  or  160°  Fahrenheit,  over  a  fire ;  but  although  the  desilvering  whs  moro  com- 
plete, the  loss  of  mercury  was  so  much  greater  as  to  more  than  counterbalance  that 
advantage. 

Treatment  of  the  Amalgam. — It  is  first  received  in  a  moist  canvas  bag,  through 
which  the  thin  uncombined  quicksilver  spontaneously  passes.  The  bag  is  then  tied 
np  and  subjected  to  pressure.  Out  of  20  casks,  from  3  to  3^  cwts.  of  solid  amalgam 
are  thus  procured,  which  usually  consist  of  1  part  of  an  alloy,  containing  silver  of  1 2 
or  13  loiha  (in  16),  and  6  parts  of  quicksilver.  The  foreign  metals  in  that  alloy  nru 
copper,  lead,  f^lu,  antimony,  cobalt,  nickel,  bismuth,  zinc,  arsenic,  and  iron.  The 
filtered  quicksilver  contains  moreover  2  to  3  loths  of  silTer  in  the  cwt. 

Fig.  1798  represents  the  ap- 
paratus formerly  used  for  dis- 
tilling the  amalgam  in  the  Hals- 
briicke  works,  a  is  the  wooden 
drawer,  sliding  in  grooves  upon  . 
the  basis,  g;  b  is  an  open  basin 
or  box  of  cast  iron,  laid  in  the 
wooden  drawer;  y  is  a  kind  of 
iron  candelabrum,  supported  upon 
four  feet,  and  set  in  the  basin, 
b;  under  d  are  five  dishes  or 
plates,  of  wrought  iron,  witli  a 
hole  in  the  centre  of  ettch,  by 
which  they  aro  fitted  upon  the 
stem  of  the  candelabrum,  3  inches 
apart,  each  plate  being  successively  smaller  than  the  one  below  it.  3  indicates  a 
cast-iron  bell,  furnished  with  a  wronght-iron  frame  and  hook,  for  raising  it  by  means 
of  a  pulley  and  cord.  «  is  a  sheet-iron  door  for  closing  the  stove,  whenever  the  bell 
has  been  set  in  its  place. 

The  box,  a,  and  the  basin,  b,  above  it,  are  filled  witli  water,  which  must  be  con- 
tinually renewed,  through  a  pipe  in  the  side  of  the  wooden  box,  so  that  the  iron  basin 
may  be  kept  always  submersed  and  cooL  The  drawer,  a,  being  properly  placed,  and 
the  plates  under  d  being  charged  with  balls  of  amalgam  (weighing  altogether  3  cwts.). 
tlie  bell,  3,  is  to  be  let  down  into  the  water,  as  at  y,  and  rested  upon  the  lower  part  of 
the  candelabrum.  Upon  the  ledge,  1,  which  defines  the  bottom  of  the  fireplace,  a 
circular  plate  of  iron  is  laid,  having  a  hole  in  its  middle  for  the  bell  to  pats  through. 
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Upon  this  plate  chips  of  fir-wood  sre  kindled,  then  the  door,  «,  which  is  lined  with 
day,  is  dosed  and  luted  tight.  The  fhd  is  now  placed  in  the  vacant  space,  k,  round 
the  upper  part  of  the  bell.  The  Are  must  be  fed-ln  nuMt  gradnallj,  ifarst,  with  iait, 
then  with  charcoal ;  whenever  the  bell  gets  red,  the  mercunr  volatilises,  and  con- 
denses in  globules  into  the  bottom  of  the  basin,  b.  At  the  end  of  8  hours,  should  no 
more  drops  of  mercniy  be  heaid  to  fall  into  the  water,  the  fire  is  stopped.  When 
the  bell  has  become  oool,  it  is  lifted  off;  the  plates  are  removed  tcom  the  candelabrum, 
d  i  and  this  being  taken  out,  the  drawer,  a,  is  slid  away  from  the  furnace.  The  menmry 
is  drained,  dried,  and  sent  again  into  the  amalgamation-works.  The  silver  is  fused 
and  refined  by  cnpdlation. 

From  3  cwts.  of  amalgam,  distilled  under  the  bdl,  from  05  to  100  marcs  (^  lbs.)  of 
miertUber  (dish-silver)  are  procured,  containing  from  10  to  114  parts  of  fine  silver 
out  of  16  ;  one  fifth  part  of  the  metal  being  copper.  The  teller  silver  is  refined  in 
quantities  of  160  or  170  marcs,  in  black-lead  cmdbles  filled  within  two  inches  of 
their  brims,  and  submitted  to  brisk  ignition.  The  molten  mass  exhales  some  vaponrs, 
and  throws  up  a  liquid  slag,  which  being  skimmed  oS,  the  sur&ce  is  to  be  strewed 
over  with  charcoal-powder,  and  covered  with  a  lid.  The  heat  having  been  briskly 
urged  for  a  short  time,  the  charcoal  is  then  removed  along  with  any  fresh  slag 
that  may  have  risen,  in  order  to  observe  whether  the  vaponn  have  ceased.  If  not, 
fresh  charcoal  must  be  again  applied,  the  cmdble  must  be  covered,  and  the  heat  in- 
creased, till  fumes  ore  no  longer  produced,  and  the  snrfaoe  of  the  silver  becomes 
tranquiL  Finally,  the  alloy,  which  contains  a  little  gold,  and  much  copper,  being 
now  ftom  11  to  13  lothiff  (tlut  is,  holding  from  11  to  18  parts  of  fine  alver  in  16 
parts),  is  cast  into  iron  monld,s,  in  ingots  of  60  marcs.  The  loss  of  weight  by 
evaporation  and  skimming  of  the  slag  amounts  to  2  per  cent, ;  the  loss  in  silver  is 
inconsiderable. 

The  dost  from  the  furnace  {Tiegdofen)  is  collected  in  a  large  condensation  chamber 
of  the  chimney,  and  afford;  from*40  to  60  marcs  of  silver  per  cwt.  The  slags  and  old 
cmdbles  are  ground  and  sent  to  the  small  amalgamation  mill. 

The  earthy  residuum  of  the  amalgamation  casks  being  submitted  to  a  second  amal- 
gamation, affords  out  of  100  cwts.  abont  3  lbs.  of  coarse  silver.  This  is  first  fused 
along  wiUi  three  or  four  per  cent,  of  a  mixture  of  potash  and  calcined  Quicktah 
(impure  sulphate  of  soda),  and  then  refined.    The  supernatant  liquor  that  is  drown 
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out  of  the  tanks  in  which  the  contents  of  the  casks  are  allowed  to  settle,  consists 
chiefly  of  sulphate  of  soda,  along  with  some  common  salt,  sulphates  of  iron  and 
manganese,  and  a  little  phosphate,  arsenate,  and  fluoride  of  sodium.  The  earthy  de- 
posit contains  from  {-  to  Ands  of 
1801  -.lOfc—  a  loth  of  silver  per  cwt.,  but  no 

economical  method  of  extracting 
this  small  quantity  was  used. 

Argentifinous  or  riek  lead  is 
treated  in  Germany  by  the  cupel- 
lation  furnace  represented  in  figi. 
1799,  1800,  1801,  and  1802. 
These  figures  exhibit  the  cupella- 
tion  furnace  of  the  prindpal  smelt- 
ing work  in  the  Harts,  where  the 
following  parts  must  be  distin- 
guished :  (fig.  1801)  1,  masonry  of 
the  foundation  ;  2,  flues  for  the  escape  of  moistnre ;  3,  stone  covers  of  the  fines ;  4, 
bad  of  hard-rammed  scoriie ;  o,  bricks  set  on  edge,  to  form  the  permanent  arso  of 
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the  furnace ;  6,  the  sole,  fanned  of  wood-ashes,  washed,  dried,  and  beaten  down ; 
i,  dome  of  iron  plate,  moveable  by  a  crane,  and  susceptible  of  being  lined  two  inches 
thick  with  loam ;  n,  n,  tuyires  for  two  bellows,  t,  baring  valves  suspended  before 
their  orifices  to  breaJc  and  spread  the  blast ;  ;,  door  for  introducing  into  the  furnace 
the  charge  of  lead,  equal  to  84  quintals  at  a  time ;  i,  fig.  1800,  two  bellows,  like  those 
of  a  smith's  foige;  y,  door  of  the  fireplace,  through  which  billets  of  wood  are 
thrown  on  the  gn^;  x,  small 

aperture  or  door,  for  giving  issne  \      1802  "  ' 

to  the  frothy  scnm  of  the  cupel-  •'■^'E^ "  ^"^  '' 

lation,  and  the  litharge ;  7,  basin     — »  -^,i-t.^.. v^  '^^^■J^^/^\-~r      "^ ' 

of  safety,  usually  covered  with  ^^  /    J^^^^^l^  ^  i  ' 

a   sUme  slab,  over  which  the  r  ^Ar-^f     I^^^^^^^B^^ 

litharge  falls :  in  case  of  acci-  ^^^^^^^^^^1^^  ' 

dent  the  basin  is  laid  open  to  ,_       ^SBvHR^^I..'?'         x> 

admit  the  rich  lead.  %^^dBHt\     ^^^^F^^^^^^b^ 

The  following  is  the  mode  of  ^^^^ni^   ^^&^  "  i^'^S^^ 

conducting   the  cupellation :  —  ^^^;^?j  ^  [L^A    ^^Mfat^^^  Ji^-^^ 

Before  pntting  the  lead  into  the  '^^^IK     ^i**^"^'      ^ 

fbmace,  a  floor  is  made  in  it  of  WR^V*"*- »  -  '^V  * 

ashes  beaten  carefully  down  (see  HZTnX  V  yOv 

fig.  1801);  and  there  is  left  in  _^  .^.^..^.^  Yv    , 

the  centre  of  this  floor  a  circular  '   ' 

space,  somewhat  lower  than  the  rest  of  the  hearth,  where  the  silver  onght  to  gather 
at  the  end  of  the  operation.    The  cupel  is  fully  6  feet  in  diameter. 

In  forming  the  floor  of  a  cupel,  36  cubic  feet  of  washed  wood-ashes,  usually  got  from 
the  soap-works,  are  employed.  The  preparation  of  the  floor  requires  two  and  a  half 
hours'  work ;  and  when  it  is  completed,  and  the  moveable  dome  of  iron  plate  has  been 
lined  with  loam,  84  quintals  (cwts.)  of  lead  are  laid  on  the  floor,  42  quintals  being 
placed  in  the  part  of  the  furnace  &rthest  from  the  bellows,  and  42  near  to  the  fire- 
bridge ;  to  these,  scoriie  containing  lead  and  silver  are  added,  in  order  to  lose  nothing. 
The  moveable  lid  is  now  luted  on  the  furnace,  and  heat  is  slowly  applied  in  the  fire- 
place by  burning  fagots  of  fir-wood  ;  this  is  gradually  raised.  Section  fig.  1801,  is  in 
the  line  c,  d,  of^.  1802. 

At  the  end  of  three  hours,  the  whole  lead  being  melted,  the  instant  is  watched  for 
when  no  more  ebullition  can  be  perceived  on  the  surface  of  the  bath  or  melted  metal ; 
then,  but  not  sooner,  the  bellows  are  set  a-playing  on  the  surface  at  the  rate  of  four  or 
five  strokes  per  minute,  to  favour  the  oxidation. 

In  five  hours,  reckoned  from  the  commencement  of  the  process,  the  fire  is  smartly 
raised ;  when  a  gre^sh  froth  (Abttrich)  is  made  to  issue  from  the  small  aperture  x,  of 
the  furnace.  This  is  found  to  be  a  brittle  mixture  of  oxidised  metals  and  impurities. 
The  workman  now  glides  the  rake  over  the  surface  of  the  bath,  so  as  to  draw  the 
froth  out  of  the  furnace ;  and  as  it  issues,  powdered  charcoal  is  strewed  upon  it  at 
the  aperture  x,  to  cause  its  coagulation.  The  froth-skimming  lasts  for  about  an  hour 
and  a  half. 

After  this  time  the  litharge  begins  to  form,  and  it  is  also  led  off  by  a  small  opening 
X,  its  issue  being  aided  by  a  hook.  In  proportion  as  the  fioor  of  the  fnmace  gets 
impregnated  with  lithaige,  the  workman  digs  in  it  a  gutter  for  the  escape  of  the  liquid 
litharge  ;  it  falls  in  front  of  the  small  aperture,  and  concretes  in  stalactitic  forms. 

By  means  of  the  two  moveable  valves  suspended  before  the  tuy&res  n,  n  (fig.  1802), 
the  workman  can  direct  the  blast  as  he  wishes  over  the  sur&ce  of  the  metal.  The 
wind  should  be  made  to  cause  a  slight  curl  on  the  liquid,  so  as  to  produce  circular 
undnlations,  and  gradually  propel  a  portion  of  the  litharge  generated  towards  the 
edges  of  the  cupel,  and  allow  this  to  retain  its  shape  till  the  end  of  the  operation. 
The  stream  of  air  should  drive  the  greater  part  of  the  litharge  towards  the  small 
opening  x,  where  the  workman  deepens  the  outlet  for  it,  in  proportion  as  the  level  of 
the  metallic  bath  descends.  Litharge  is  thus  obtained  during  about  twelve  hours  ; 
after  which  period  the  cake  of  silver  begins  to  take  shape  in  the  centre  of  the  cupel. 

Towards  the  end  of  the  operation,  when  no  more  than  four  additional  quintals  of 
litharge  can  be  looked  for,  and  when  it  forms  solely  in  the  neighbourhood  of  the  silver 
coke  in  the  middle  of  the  floor,  great  caro  must  be  taken  to  set  apart  the  latter 
portions,  because  they  contain  silver.  About  this  period  the  fire  is  increased,  and  the 
workman  places  before  the  little  opening  x,  a  bridk,  to  serve  as  a  mound  against  the 
efflux  of  litharge.  The  use  of  this  brick  is, — I,  to  hinder  the  escape  of  the  silver  in 
case  of  any  accident ;  for  example,  should  an  explosion  take  place  in  the  furnace ; 
2,  to  reserve  a  maj^izine  of  litharge,  should  that  still  drculatiug.round  the  silver  cake 
be  suddenly  absorbed  by  the  cupel,  for  in  this  dilemma  the  litharge  must  bo  raked 
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back  on  the  nlyer ;  3,  to  prevent  the  escape  of  tlie  trater  that  nrnst  lie  thrown  on  the 
silver  at  the  end  of  the  process. 

When  the  argentiferous  litharge,  collected  io  the  above  small  magazine,  is  to  be 
removed,  it  is  let  out  in  the  form  of  a  jet,  by  the  dexteroos  use  of  the  iron  hook. 

Lastly,  after  tventy  hoars,  the  silver  cake  is  seen  to  be  well  formed,  and  nearly 
circular.  The  moment  for  stopping  the  fire  and  the  bellows  is  indicated  bytiie  sudden 
disappearance  of  the  coloured  particles  of  oxide  of  lead,  which,  in  the  latter  moments 
of  oxidation,  undulate  with  extreme  rapidity  over  the  slightly  convex  snrfiace  of  the 
silver-bath,  moving  from  the  centre  to  the  circumference.  The  phenomenon  of  their 
total  disappearance  is  called  the  lightning,  or  brightening  (jBlick).  Whenever  this 
occurs,  the  plate  of  silver  being  perfectly  clean,  there  is  introduced  into  the  furnace 
by  the  door  ;,  n  wooden  spout,  along  which  water,  previously  heated,  is  carefully 
poured  on  the  silver. 

The  cupellation  of  84  quintals  of  argentiferous  lead  takes  in  general  eighteen  or 
twenty  hours.  The  promptitude  of  the  operation  depends  on  tJhe  degree  of  parity  of 
the  leads  employed,  and  on  the  address  of  the  operator,  with  whom  also  lies  the 
economy  of  fuel.  A  good  workman  completes  the  cupellation  of  84  quintals  with 
300  billets,  each  equivalent  to  a  cubic  foot  and  ^ths  of  wood  (Harts  measure) ;  others 
consume  400  billets,  or  more.  In  general,  the  cupellation  of  100  quintals  of  lead, 
executed  at  the  rate  of  84  quintal  charges,  occasions  a  consumption  of  790  cubic  feet 
of  resinous  wood-billets. 

The  products  of  the  charge  are  as  follow : — 

1.  Silver,  holding  in  100  marcs,  7  marcs  and  3  loths  of  alloy  .  24  to  30  m.irc!'. 

2.  Pure  litharge,  containing  from  88  to  90  per  cent  of  lead    .  50  „  60quimti!s. 

3.  Impure  litharge,  holding  a  little  silver       .        .        .        .      2  „    6 

4.  Skimmings  of  the  cupellation 4  „    8 

5.  floor  of  the  furnace  impregnated  with  litharge  .        .        .  22  „  30 

The  marc  is  7  oz.  2  dwts.  4  grs.  English  troy;  and  the  loth  is  half  an  ounce.  16 
loths  make  a  maic.  100  lbs.  Cologne  are  equal  to  103  lbs.  avoirdupois ;  and  the  above 
quintal  contains  116  Cologne  lbs. 

The  loss  of  lead  inevitable  by  this  operation  is  estimated  at  4  parts  in  100.  It  has 
been  diminished  as  much  as  possible  in  the  Frankenscham  works  of  the  Hartz,  by 
leading  the  smoke  into  long  flues,  where  the  lead-fumes  are  oondensed  into  a  metallic 
soot. 


Seduction  of  the  litharge. — This  is  sometimes  executed  in  a  slog-hearth,  with  the 
aid  of  wood-charcoal. 

The  following  is  the  series  of  operations : — 

1.  The  fusion  of  the  schlich ;  2,  the  roasting  of  the  matts  under  a  shed,  and  their 
treatment  by  four  successive  smeltings ;  3,  the  treatment  of  the  resulting  black  cop- 
per ;  4,  the  liquation ;  5,  the  reliquation  (retituige) ;  6,  the  refining  of  the  capon ;  7, 
the  cupellation  of  the  silver ;  8,  the  reduction  of  the  litharge  into  lead.  The  fifth,  and 
sixth  processes  are  carried  on  at  the  smelting-works  of  Altenau. 

The  buildings  are  shown  at  A,  b,  c,  and  the  impelling  streiun  of  water  at  D  (fig. 
1803) :  the  upper  figure  being  the  elevation ;  the  lower,  the  plan  of  the  works. 

a,  is  a  melting  furnace,  with  a  cylinder  bellows  behind  it ;  b,  c,  d,  fumaeee  nmilar 
to  the  preceding,  with  wooden  bellows,  such  as  Jig.  1804 ;  e,  is  a  furnace  for  the  i 
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purpose,  vith  three  tnytnt,  ancl  a  cylioder  bello-ws ;/,  the  large  fdmace  of  fusion,  also 

with  three  tuyAres ;  y,  a  Airnace  with  seven  tuyeres,  now  seldom  used ;  A,  low  furnaces, 

like  the  English  slag-hearths 

(Krummo/en),  employed   for  ISOi 

working  the  last  matia;  i, 

slag-hearths  for  reducing  the 

litharge ;  m,  the  area  of  the 

liquation;    n,  n,  cupellation 

furnaces. 

X,  y,  a  floor  which  separates 
the  principal  smelting-houses 
into  two  stories;  the  mate- 
rials destined  for  charging 
the  furnaces  being  deposited 
in  beds  upon  the  upper  floor, 
to  which  they  are  carried 
by  means  of  two  inclined  planes,  terraced  in  front  of  the  range  of  buildings. 

Fig.  1806  represents  such  wooden  bellows,  consisting  of  two  chests  or  boxes,  fitted 
into  each  other;  the  upper  or  moving  one  being  called  the  fli/,  tlie  lower  or  fixed  one 
the  seat  {gite).  In  the  bottom  of  tiie  gSte  there  is  an  orifice  furnished  with  a  clack- 
ralye,  d,  opening  inwards  when  the  fly  is  mised,  and  shutting  when  it  falls.  In  order 
that  the  air  included  in  the 
capacity  of  the  two  chests 
may  have  no  other  outlet  than 
the  nose-pipe  m,  the  upper 
portion  of  the  eite  is  provided 
at  its   four  sides  with  small 

square  slips  of  wood,   c,  c,  c,     ^^^^IH  "~^^^^^B|  .     ,    '^';; 

which  are  pressed  against  the     ^^^^^|       ^^^^niM>    '^    •  ■~^f 
sides   of   the    fly  by  strong     ^H^^^^  [^^  ^^"'^""^''t^jt  wl 

springs  of  iron  wire,  b,  b,  b,      l^^l^^l  t ^^|P>»!X 

while  they  are  retained  upon 
the  gSte  by  means  of  small 
square  pieces  of  wood,  a,  a,  a,  a. 
Tne  latter  a,  a,  are  perforated  in  the  centre,  and  adjusted  upon  rectangular  stems, 
called  buchette*  ;  they  * 

are  attached,  at  their  |_q-  _  ^-  _  1806  j[-^/-p\  /-\ 
lower  ends,  to  the  up- 
right sides  of  the  gite 
o.  p  is  the  driving- 
shaft  of  a  water-wheel, 
which,  by  means  of 
cams  or  tappets,  de- 
presses the  fly,  while 
the  counterweight  a, 
raises  it  again. 

Figs.  1806  to  1809 
represent  the  mode- 
rately high  {demi- 
hauls,  or  half-blast) 
furnaces  employed  in 
the  works  of  the  Lower 
Hartz,  near  Qoelar,  for 
smelting  the  silvery 
lead  ore  extracted 
from  the  mine  of 
Bammelsbeig. 

Fig.  1806  is  the 
front  elevation  of  the 
twin  furnaces,  built  in 
one  body  of  masonry ; 
fig.  1807  is  a  plan 
taken  at  the  level  of 
the  tuyAres. 

J!)^«.  1808  and  1809 
exhibit    two  vertical 
sections;  the  former  in  the  line  a,  B,  the  latter  in  the  line  c,  9,  of /^.  1807.    In  thesa 
four  figures  the  following  objects  may  be  distinguished  :— 


If  07 
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a,  b,  e,  d,  a  balcony  or  platform,  which  leads  to  the  place  of  chaiginj^  *;*,/, 
wooden  stairs,  by  which  the  workmen  charging  mount  firam  the  ground,  p,  q,  of  the 
works,  to  the  platform ;  g,  h,  brickwork  of  the  furnaces;  t,  k,  wall  of  the  smelt- 

ing-works,  against  which   they  are 

supported ;  I,  upper  basin  of  recep- 
tion, hollowed  out  of  the  brasque  (or 
bed  of  ground  charcoal  and  clay)  6 ; 
m,  arch  of  the  tuyere  v,  by  which 
each  furnace  receives  the  blast  of  two 
bellows ;  »,  place  of  charging,  which 
takes  place  through  the  upper  orifice 
«,  0,  of  the  basin  »,  o,  v,  t,  of  the 
furnace  ;  t,  a  sloping  gutter,  seen  in 
fig.  1808,  formed  of  slates  cemented 
together  mth  clay. 

lu  figs.  1808  and  1809,  e  is  the 
brickwork  of  the  foundations ;  m,  con- 
duits for  the  exhalation  of  moisture ; 

4,  a  layer  of  slugs,  rammed  above ; 

5,  a  bed  of  clay,  rammed  above  the 
slags  ;  6,  a  brasque,  composed  of  one 

™        1809 


part  of  clay  and 
two  parts  of 
ground  charco:!!, 
which  forms  the 
sole  of  the  fur- 
nace. 

The  refinery 
furnace,  or  Tnib- 
hterd,  of  Fried- 
richsbiitte,  neu 
Tamowitz,  in 
Upper  Silesia,  ia 
represented  La 
figs.  1810  and 
1811.  a,  is  the 
bottom,  made  of 
slag  or  cinden; 
b,  the  founda- 
tion, of  fire- 
bricks ;  c,  the 
body  of  the 
hearth  proper, 
composed  of  a 
mixture  of  7 
parts  of  dolomite 
and  1  of  fire- 
clay, in  bulk  ; 
d,  the  grate  of 
the  air-furnace ; 
r,  the  fire- 
bridge ;  /,  the 
dome  or  cap, 
made  of  iron- 
plate  strength- 
ened with  bars, 
and  lined  with  clay-lute,  to  protect  the  metal  from  burning;  g,  tha  door  of  the  fire- 
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place ;  h,  the  ash-pit;  «,  the-  tap-hole ;  k,  h,  the  floe,  which  ia  divided  by  portitioaa 
into  seTeisl  channeU ;  I,  the  chimney ;  m,  a  damper-plate  for  regulating  the  draught ; 
u,  a  back  valve,  for  admitting  air  to  cool  the  furnace,  and  brushes  to  eweep  the 
fluee ;  o,  tuy&re  of  copper,  which  by  means  of  an  iron  wedge  may  be  sloped  more 
or  less  towards  the  hearth;  ji,  the  8ekn«gii«r,  a  round  piece  of  sheet  iron,  hung 
before  the  ey»  of  the  tny&re,  to  break  and  spread  the  blast ;  ;,  outlet  for  the  glassy 
litharge. 

Lime-marl  hsa  been  fonnd  to  answer  well  fast  miUiig  the  body  of  the  hearth-sole  as 
it  absorbs  litharge  freely,  without  combining  with  it  A  basin-shaped  hollow  is 
formed  in  the  centre,  for  leceiying  the  silver  at  the  end  of 
the  process;  and  a  gutter  is  made  across  the  hearth  for 
runmng  off  the  QWxt  or  fluid  litharge. 

t^.  1812  to  1811  represent  the  eliquation  hearth  of 
Neostadt  Fig.  1812  is  a  cross-section;  jig.  1813  is  a 
front  yiew;  and  jig.  1814  a  longitudinal  section.  It  is 
formed  by  two  walls,  a,  a,  Z\  feet  high,  placed  from  J  to  1 
foot  apart,   sloped  off  at  top  with  iion-plates,  3  inches 


1813 


thick  and  18  inches  broad,  called  Saigerschartm,  or  refining  plates,  b,  b,  inclined 
3  inches  towards  each  other  in  the  middle,  so  as  to  leave  at  the  lowest  point  a  slit 
2i  inches  wide  between  them,  through  which  the  lead,  as  it  sweats  out  by  the  heat, 
is  allowed  to  fidl  into  the  space  between  the  two  walls  c,  called  the  Saiga-gasse 
(sweating-gntter).  The  sole  of  this  diannel  slopes  down  to«rards  the  front,  so  that 
the  liquefied  metal  may  run  off  into  a  crucible  or  pot  Upon  one  of  the  long  sides, 
and  eaich  of  the  shorter  ones,  of  Uie  hearth  the  walls  d,  a,  are  raised  2  feet  high, 
and  upon  these  the  liquidation  lumps  rest;  upon  the  other  long  side,  where  there 
is  no  wall,  there  is  an  opening  for  admitting  these  lumps  into  the  hearth.  The 
openings  are  then  shut  witji  a  sheet-  or  cast-iron  plate  e,  wnich,  by  means  of  a  chain, 
pulley,  and  counter-weight,  may  be  easily  raised  and  lowered.  /  is  a  passage  for 
increasing  the  draught  of  air. 

Figt.  1815  and  1816  represent  the  refining  furnaces  of  Friedhricshutte,  near  Tar- 
nowits :  a,  is  the  fire-door ;  b,  the  grate  ;  c,  the  door  for  introducing  the  silver ;  d, 
the  moveable  test,  resting  upon  a  couple  of  iron  rods,  e,  e,  which  are  let  at  their  ends 
into  the  brickwork.    They  lie  lower  than  would  seem  to  be  necessary ;  but  this  is 


done  in  order  to  be  able  to  place  the  snrfiuse  of  the  test  at  any  desired  level,  by 
pUcing  tiles,  /,/,  under  it ;  a,  the  flue,  leading  to  a  chimney  18  feet  high.    For  the 
refining  of  100  marks  of  Blicktilber,  of  the  fineness  of  15i  loths  (half-ounces)  per 
cwt,  3  cubic  feet  of  pit-coal  are  required.    The  test  or  cupel  must  be  heated  before  ' 
the  impure  silver  and  soft  lead  are  put  into  it' 

At  these  smelting-houses  from  160  to  160  cwts.  of  Werkblei  or  work-lead  (lead  con- 
taining silver),  are  operated  on  at  a  time. 

EttracHon  ofSUvtrby  Wet  Procesies. — Of  late  years  several  wet  methods  of  ex- 
tracting silver  from  its  ores  and  from  metallurgical  products  have  been  so  successfully 


Digitized  by 


Google 


816 


SILYBB 


•mplogred  as  to  supplant,  in  many  cases,  the  old  processes  of  amalgamation  and  liqua- 
tion preTiously  deecribed.  The  prindral  wet  processes  vhich  have  been  largely  naed, 
are  uose  of  Augnstin,  Ziervogel,  and  Von  Patera. 

Augvtim't  Procus. — The  argentiferous  ore,  or  the  matt  or  r^;ulns,  is  first  roasted 
vith  common  salt,  whereby  the  silver  passes  into  the  state  of  chloride,  which  is  then 
dissolred  out  by  a  hot  concentrated  solution  of  salt ;  chloride  of  silrer  being  soluble  in 
hot  brine.  SVom  this  solution,  the  silver  is  precipitated  by  means  of  metallic  copper. 
Thi9  process  was  introduced  at  the  Mansfeld  Kupferschiefer  works,  in  Prussian  Saxony, 
by  Augustin,  in  1849,  but  was  abandoned  in  1867.  It  was  used  at  Freiberg,  in 
Saxony,  between  the  years  1840  and  1862. 

Zienoofti  Proceu. — By  roasting  the  argentiferous  oopper-matts,  from  the  smelting 
of  the  Kupferschiefer,  in  a  reverberatoiy  furnace,  the  iron  is  converted  into  sulphate, 
which  is  then  decomposed  and  yields  peroxide  of  iron ;  the  copper  also  forms  sulphate, 
which  is  afterwards  reduced  to  blade  oxide ;  bnd  in  like  manner,  the  silver  present  as 
sulphide  is  oxidised  to  the  state  of  sulphate.  When,  therefore,  the  roasted  product  is 
lixiviated  with  hot  water,  the  sulphate  of  silver  is  freely  dissolved  out,  whilst  the 
oxides  of  copper  and  iron  remain  insoluble.  The  silver  is  precipitated  in  the  metallic 
form  by  means  of  copper.  This  is  the  process  still  employed  at  the  Gottesbeldmungs- 
hiitte  Silver-extraction  works,  near  Mansfeld. 

Von  Patera's  Proceu. — This  method  is  based  on  a  suggestion  made  by  Dr.  Percy  in 
1 848.  The  ore  is  first  roasted  with  common  salt,  whereby  chloride  of  silver  is  directly 
formed,  and  this  chloride  is  then  dissolved  out  by  a  cold  dilute  solution  of  hypoanl- 
phite  of  soda.  The  silver  is  precipitated  from  this  solution  as  sulphide,  by  siddition 
of  sulphide  of  sodium ;  and  the  silver  sulphide  is  afterwards  reduced  to  metallic  silver 
by  heating  in  a  muffle-furnace.  This  piticess  was  introduced  by  Von  Patera  at  Joa- 
ehimstahl,  in  Bohemia,  in  1868,  and  is  believed  to  be  still  working, 

Sulphurio  Acid  Method. — Argentiferous  copper-matts  are  treated  with  hot  dilute 
sulphuric  add,  whereby  sulphate  of  copper  is  formed,  and  passes  into  solution,  whilst 
most  of  the  silver  and  gold  present  is  left  in  the  residues.  These  are  then  smelted 
with  lead-ores,  and  the  silver  extracted  from  the  argentiferous  lead.  This  process  is 
DOW  employed  at  Oker,  in  the  Ijower  Harts. 

Psttinson's  process  for  extracting  silver  from  argentiferous  lead  is  folly  described 
under  Silveb  ;  and  Claudet's  recent  process  for  recovering  silver  from  the  liquon 
obtained  in  the  wet  treatment  of  coppery  pyrites,  is  duly  noticed  under  Pybitbs. 

The  following  statement  of  the  production  of  silver  in  all  ports  of  the  world  is 
given  l^  Mr.  J.  Arthur  Phillips,  chiefly  on  the  authority  of  Import  and  Chevalier. 
See  Phillips's '  Gold  and  Silver ' :— 


Places 

18S« 
Uil.tK|y 

Bstio  per  cent. 

Russian  Empire 

Scandinavia 

Qreat  Britain 

Harts 

Pmaria 

Saxony       

Other  Oennan  States 

Austria 

France        

Italy , 

Spain 

Australia,  New  Zealand,  British  Columbia, 

and  Nova  Scotia 

ChiU 

Bolivia 

Peru 

New  Qranada 

Braal 

United  Statics     ...... 

Total  .... 

68,000 
16,000 
60,600 
28,000 
68,000 
80,000 
2,600 
92,000 
18,000 
26,000  ■ 
110,000 

9,600 

299,000 

186,000 

299,000 

16,000 

1.500 

1,700,000 

1,000,000 

1-6 
0-4 
1-6 
0-6 
1-7 
20 

2-2 
0-4 
0-6 
2-8 

0-2 
7-8 
3-3 
7-4 
0-4 
0-4 
423 
250 

4,017,000 

100 

'  Obtained  tram  tha  Island  of  Sardinia,  vhen  it  is  found  associated  with  galena* 
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ne  Pnduotum  of  Silver  m  tie  V»Ued  Kingdom  hat  baen  at/oUowt  in  the  iattfiw 

ytccre. 

England: 

I8M 

1870  - 

1871 

187S 

187S 

«■. 

on. 

on. 

on. 

oti. 

Cornwall        .... 

816,714 

292,046 

267.324 

207.710 

120,509 

BeTonnhire     . 

27,437 

24,706 

13,806 

10,392 

6,510 

Derbyshiie     . 

1,000 

960 

1,000 

1,000 

760 

Shn^pshiie 

••• 

*•• 

••• 

2,960 

2,400 

Yorlmhi™ 

990 

620 

805 

600 

1.500 

Omnberland    . 

26,236 

23,387 

47,179 

30,159 

16.176 

Westmoreland 

26,888 

28,096 

28.969 

17,620 

16,850 

Durham  and  Kortbombtfland. 
Wales: 
Caidiganshire.        . 

86,398 

78,742 

76,776 

72,176 

47,862 

66,146 

66,658 

46,980 

41.690 

39.869 

Oaersmrthenshire  . 

2,692 

2,365 

8,180 

8.382 

2.518 

Pembrokeslure 

4,060 

8.847 

1,872 

490 

1,341 

Badnorshire    . 

•  •• 

•  •> 

•  •• 

125 

Montgomervshire    . 
Merionethshire 

80,218 

•  •• 

42,670 
180 

48,146 

66.712 

64V957 
110 

SenUghshire . 
FUntshiie 

28,952 

26,612 

21,'805 

14,479 

11.339 

80,617 

27.746 

22.787 

18.650 

12,337 

Camarronshire       .        , 

480 

121 

447 

600 

2.082 

Isle  of  Man 

172,889 

172,528 

176.631 

146,483 

168.058 

Ireland      .... 

6,480 

2,816 

••• 

1.040 

4.420 

Scotland 

7,797 

6,680 

6,286 

6,900 

10,720 

Total      . 

• 

831,891 

784,662 

761,490 

628,920 

524,307 

The  Silver  &iporttd  m  1873  vat  at  fottotia  : 
Tons 

'Ftom  ^sin 887 

„    TJnited  States  of  America      .      1,479 

„     Mexico 106 

„    New  Qianad»       .  .        168 

„    Peni 691 

„    BoIiTia 4,270 

„    Chili 4,100 

„    Other  countries    .       .       .        806 


Total 


11,946 


Yalna 

£i2,000 

163.197 

16,019 

10.860 

45.027 

405,166 

842.066 

16,260 

1,020,593 


This  may  be  oonTenienUy  divided  into:  1.  The 
assaying  of  silver  ores ;    2.  The  assimng  of  silTez  and  its  aUoys. 

1.  The  oMoying  of  tilver  om. — The  ores  are  reduced  to  fine  powder,  and  passed 
through  a  sieve  of  80  holes  to  the  linear  inch,  and  any  residual  metalliferous  particles 
carefully  collected  and  submitted  to  a  separate  assay.  The  total  weight  of  the  sample 
is  ascertained,  in  order  that  the  proportion  of  silver  obtained  &om  the  residue  may  be 
calculated.  The  sifted  portion  is  well  mixed,  and  sabmitted  to  assay  by  one  of  the 
following  methods : — 

a.  Fution  Method. — This  process  is  conducted  in  crucibles,  in  an  air-fuinace  similar 
to  that  described  in^.  633.  p.  941,  vol.  i.    (See  Coppbb.) 

In  the  assay  of  silver  ores  not  containing  lead,  it  is  usual  to  obtain  the  silver  they 
afford  in  the  form  of  an  alloy  with  lead ;  and  this  is  subsequently  passed  to  the  cupel 
in  the  ordinal^  way.    For  the  assaying  of  lead  ores  containing  silver,  see  Lbab. 

O^  of  silver  in  which  the  associated  metals  exist  in  the  form  of  oxides  are  com', 
monly  fhsed  with  a  mixture  of  litharge  or  red  lead,  and  powdered  charcoal,  by  which 
an  alloy  of  lead  is  obtained,  which  is  afterwards  treated  by  cupellation.  The  amount 
of  litharge  employed  must  be  varied  according  to  circumstances,  as  the  resulting 
button  should  not  be  too  small,  since  in  that  case  a  portion  of  the  silver  might  be  lost 
in  the  slag ;  nor  too  large,  as  the  cupellation  would  then  occupy  a  longer  time. 

In  most  cases,  if  from  100  to  400  grains  of  ore  be  operated  on,  a  button  of  200 
gprains  will  be  a  convenient  weight  for  cupellation  ;  this  may  be  obtained  by  the  addi- 
tion of  400  grains  of  litharge,  and  from  7  to  8  grains  of  pnlveiised  charcoal.  This  is 
to  be  well  mixed  with  200  grains  of  carbonate  dT  soda,  and  introduced  into  an  earthen 
crucible,  of  which  it  shoold  not  All  more  than  one-half  the  capacity.    This  is  covered 
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by'  a  layer  of  boisx,  and  fiued  in  the  anay-fturnaee,  taking  can  to  lemore  it  fnun  ths 
flre  as  goon  as  a  perfectly  liquid  slag  has  been  obtained,  since  the  unredoced  litharge 
might  othenrise  cut  thiongh  the  crucible  and  spoil  the  assay.  When  cold,  the  pot  is 
broken,  and  the  button  of  lead  cupelled  in  the  ordinary  -way,  or  the  liquid-products 
an  poured  out  into  a  mould  (fig.  631,  see  Coppeb),  and  -when  cold,  the  slag  is  de- 
tached from  the  lead. 

In  Haa,  and  all  other  similar  experiments,  it  is  necessary  to  ascertain  the  proportion 
of  silver  contained  in  the  lead  obtained  from  the  litharge  used,  in  order  to  raika  the 
leqnisite  deduction  from  the  results  obtained.  When  other  minerals  than  ondes  are 
to  be  eocamined,  the  addition  of  charcoal  becomes  in  many  cases  unnecessary,  since 
litharge  readily  attacks  all  the  sulphides,  arsenio-snlphides,  &ci,  and  oxidises  manyof 
their  ecostitnents,  whilst  a  proportionate  quantity  of  metallie  lead- is  set  free.  The 
•lags  thos  formed  contain  the  excess  of  litharge,  and  the  button  of  alloy  obtained  is 
culled.  The  propoition  of  oxide  of  lead  to  be  added  to  ores  Of  this  description 
Taries  in  accordance  irith  the  amounts  of  oxidisable  substances  present ;  bnt  it  must 
always  be  added  in  excess  in  order  to  prevent  any  chanco'  of  less  of  silver  from  the 
action  of  sulphides  in  the  slags.  The  only  objection  to  this  method  of  assay  is  the 
large  quantity  of  lead  produced  for  cupellation,  since  iron  pyrites  <aflbrd  by  the  re- 
duction of  the  litharge  8^  parts  of  lead,  whilst  sulphide  of  antimony  and  grey  copper 
ore  yield  from  6  to  7  parts.  This  incooyenienoe  may  be  obTiated  by  the  previous 
oxidation  of  the  mineral,  either  by  roasting,  or  by  the  aid  of  nitre,  by  the  jadidous 
employment  of  irtiich,  buttons  of  elmoet  any  required  weight  may  be  abtiained.  Should 
this  reagent  be  employed  in  excess,  it  would  cause  the  oxidation  of  all  the  metallic 
and  combustible  substances  present,  not  even  excepting  the  silver.  When,  however, 
the  mixture  contains  at  tiie  same  time  a  large  excess  of  litharge,  and  the  qnantity  of 
nitre  added  is  not  sufficient  to  decompose  the  whole  of  the  sulphides,  a  reaction  takes 
place  between  the  undeeomposed  sul^de  and  the  oxide  of  lead  added, 'Whieh  gives 
rise  to  the  fbrmation  of  metallic  lead,  and  this  combining  with  the  silver,  affords  a 
button  of  alloy,  which  may  be  treated  by  cupellation,  .The  .quantity  of  nitre  to  be 
used  for  this  purpose  will  depend  on  the  nature  and  richness  of  the  ores  under  exami- 
nation ;  but  it  must  be  remembered  that  2^  parts  of  nitre  will  decompose  and  com- 
pletely oxidise  pure  iron  pyrites,  whilst  1}  and  |rds  of  its  weight  are  m  the  case  of 
sulphide  of  antimony  and  galena  respectiTely  sufficient.  In  cases  where  the  excess  of 
snlphnr  present  is  very  great,  a  partial' roasting  of  the  ore  is  preferable  to  the  addition 
of  a  large  quantity  of  nitre.  Instead  of  operating  accoiding  to  any  of  the  processes 
above  descnbed,  it  is  sometimes  found  advantageous  to  expel  the  whole  of  the  atsenio 
and  snli^ur,  by  a  eareftal  roasting,  and  then  to  fuse  the  residue  with  a  mixture  of  litharge, 
carbonate  of  soda,  and  borax,  tucing  care. to  add  a  softfcient  amount  of  some  reducing 
flux  to  obtain  a  button  of  convenient  size.  When,  in  addition  to  silver,  the  mineral 
operated  on  eontains  gold,  the  button  obtained  by  cupollation  will  consist  of  a  mixture 
m  these  metals,  which  may  be  separated  by  ihe  aid  ^nitric  acid.  See  Ooij>  Ass^Timi. 

h.  Scorificaiion  Method. — Tliis  process  is  conducted  in  a  muffle-furnace.  A  cup- 
shaped  vessel  or  scarifier  of  flre-clay  is  em^oyed,  whidi  varies  in  size  according  to  the 
1816a  qoanti^  of  ore  operated  on.    The  eoorilisr  represented  in 

jig.  1816  a  is  2^  inches  in  diameter  at  the  top,  and  the  in- 

.<-.. ^ — „ _v^  tonal  cavity  is  }  of  an  inch  in  depth.    Tongs  of  peculiar 

^^1        '  ''         J^¥^   fOWlbmBldaa,  and.  varying  from  2  feet  8  indies  to  8  feet 

^^^  r  "  >^9^  1  ™  1«>8^>  >^re  used  for  fining  the  soorifiers,  the  lower  leg 
^^^V^i-T'^n^P*^  ^  ''•"'8  divided  near  the  end  into  a  two-pronged  ftwk,  in 
^>^^^^^^^^  f  order  to  grasp  the' lower  part  of  the  vessel,  while  the  upper 
'•»V  ,;^^^^#^  / 1  leg  is  made  straight,  and  holds  it  firmly  on  the  upper  sor- 
'*  ^^)!!$)-^^^"* — "*  t»eii.  Scoriflcation  is  a  roasting-fusion  proorss.  The 
sn1{^ur  and  other  oxidisable  substances  present  are  roasted 
or  decomposed  by  the  oxide  of  lend  produced,  and  atmospheiio  air.  When  these  are 
decomposed,  the  oxide  of  lead  produces  a  fusible  slag  with  the  silica  and  other  matters 
present  in  the  ore.  The  silver  alloys  with  the  lead  retained  in  the  lo^r  part  of  the 
scorifier.  The  process  may  be  conducted  as  follows : — 60  or  100  ^.  of  the  finely- 
divided  ore  are  weighed  oat  and  transfiuied  to  the  soorifler.  The  ore  is  now  mixed  with 
about  half  of  the  finely-gtwnnlAled  lead  required  for  the  assay,  and  the  other  portion 
is  afterwards  placed  upon  the  top.  From  10  to  20  times  its  weight  of  lead  is  iise4 
according  to  the  nature  of  the  vein-stuff,  and  minerals  present;  a  small  quantity  of  borax 
is  also  added.  The  scorifier  is  now 'placed  in  a  muffle,  and  the  heat  increased  nntil 
fbsion  occurs.  The  door  of  the  muffle  is  now  partly  removed,  in  order  to  admit  mors 
nir,  and  allow  the  oxidation  of  the  lead  and  other  substances  to  proceed.  'When  the 
surfiioe  of  the  lead  is  covered  with  slag,  the  scorifier  is  removed,  and  its  oontoits  poured 
into  an  iron  mould,  see  fig.  684  (Copfbb).  When  cold,  the  slag  is  detached,  the  lead  sab- 
mitted  to  ei^eUation,  and  the  button  of  silver  weighed.    TIm  button  of  lead  Aould  be 
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•oft  and  mAllaable,  and  from  SOO  to  800  gta.  ia  weight ;  Ia];g«r  bvttoot  sbould  be  nduced 
in  veight  hj  necorifying.  Tha  ilag  thoold  be  hee  from  Bmall  lumps,  and  perfectly 
fased  before  ponring.  All  ulver  am  nay  be  assayed  l^  this  method,  and  sereial 
assays  made  at  one  time,  but  a  fusion-metiiod  is  prefcnable  for  ores  poor  in  silTSr. 
Where  a  nnmber  of  assays  are  made  by  the  scorification  pioceas,  a  muffle-fomace  of 
somewhat  larger  dimensions  is  eonstmcted  than  that  descnbed  uoder  the  Assaying  of 
Silver  Alloys.  With  poor  ores,  four  or  more  scoriflers  are  charged  with  weighed  par- 
tions  of  ore  and  lead,  and  the  remltiag  buttons  ot  lead  ledneed  to  one  button  by  ie> 
peoted  icorifieatioa,  uid  then  finally  cupelled.  Correetion  most  b*  mada  for  the  silver 
contained  in  the  amount  of  granulated  lead  employed. 

In  England  the  results  obtained  fh>m  the  assays  are  reported  to  ounces,  penny. 
wdghts,  and  grains  troy,  upon  the  statute  ton  of  2,240  lbs.  The  calenlations  may 
be  made  by  the  following  Table : — 

wfhWe  shovriag  the  vmght  of  »Uver  to  the  ton  of  ore  or  aUoy  oormponding  to  the  veight 
in  grain*  obUAudfrom  400  graini  of  tht  tubttante  operated  on. 


It  400  grains  glTe 
fine  metal, 

OnetanwUlTlald 

If  400  grains  gtre 
fine  metal. 

Onatonvffljlsld 

graliu 

,    osi.  dwti.  gn. 

grains 

OSS.  dwts.  gn. 

•001 

0      1     15 

•600 

49      0      0 

•002 

0      8      6 

•700 

67      3       8 

•008 

0      4    21 

■800 

66      6     16 

•004 

0      6    13 

•9Q0 

73     10      0 

•00ft 

0      8      4 

1-000 

81     13      8 

•006 

0      9    19 

1-600 

122    10      0 

•007 

0    11    10 

2000 

163      6    16 

■008 

0    13      1 

2^600 

204      8      8 

•009 

0    14    I« 

8-000 

246      0      0 

•010 

0    16      8 

3-600 

286    16    16 

•020 

1    12    16 

4000 

826    18      8 

•080 

2      9      0 

4-600 

867    10      0 

■040 

3      6      8 

6000 

408      6     16 

•060 

4      1    16 

6-600 

449      3      8 

•060 

4    18      0 

6000 

490      0      0 

•070 

5    14      8 

6-600 

680    16    16 

•080 

6    10    16 

7-900 

671    13      8 

•090 

7      7      0 

7-600      . 

612    10      0 

•100 

8      3      8 

8-000 

663      6    16 

•200 

16      6    16 

8-600 

694      8      8 

•800 

24    10      0 

9-000 

786      0      0 

•400 

32    13      8 

9-600 

775    18      6 

•500 

40    16    16 

10-000 

816    13      8    . 

2.  7ii<  Attaying  of  Silver  and  its  Mogt. — This  is  conducted  by  the  dry  and  wet 
methods. 

0.  Dry  Method— by  Oupellatum  (Ooupellaiion,  Fr. ;  Aitreiben  aufder  CapdU,  Qec.). 
The  assay  by  this  method  is  made  upon  a  cupel,  and  the  process  is  conducted  in  a 
cupellation-nimace,  or  a  muffle-furnace.  The  an  of  assaying  silver  by  the  cupel  is 
founded  upon  the  feeble  affinity  which  this  metal  has  for  oxygen,  in  comparison  with 
lead  and  copper,  and  other  metals ;  and  on  the  tendency  which  the  latter  metal  has  to 
oxidise  rapidly  in  contact  with  lead  at  a  high  temperature,  and  sink  with  it  into  any 
porous  earthy  vessel  in  a  thin  glassy  or  vitriform  state.  The  pcsous  vessel  may  be 
made  either  of  wood-ashes,  freed  from  their  soluble  matter  by  washing  with  water ; 
or,  preferably,  of  burned  bones,  or  bone-ash,  reduced  to  a  fina  powder.  The  cnpels 
allow  the  fused  oxides  to  be  absorbed  into  them  like  a  sponge,  but  are  impermeable  to 
the  particles  of  metals ;  and  thus  the  former  pass  readily  down  into  their  substance, 
while  the  latter  remain  upon  their  surface :  a  phenomenon  owing  to  the  ciienmstance 
of  the  oxides  moistening,  as  it  were,  the  bone-ash  powder,  whereas  the  metals  can 
contract  no  adherence  with  it  Hence  also  the  liquid  metals  preserve  a  hemispherical 
shape  in  the  cupels,  as  quicksilver  does  in  a  cup  of  glass,  while  the  fused  oxide  spreads 
over,  and  penetrates  their  substance,  like  water. 

If  we  put  into  a  cupel,  therefore,  two  metals,  of  which  thf  one  is  unalterable  in  the 
air,  the  other  susceptible  of  oxidisement,  and  of  producing  a  very  foible  oxide,  it  is 
obvious  that,  by  en)osing  both  to  a  proper  degree  of  heat,  we  shall  succeed  in 
iwpaiating  them.  We  skomld  also  suooead,  though  the  oxide  were  infusible,  by  placing 
it  in  contact  with  another  onei  which  may  render  it  f^Hbla.    In  both  cassfl,  however^ 
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the  metal  ttom  vhtch  we  iriBh  to  part  the  ozidee  must  not  be  ToUtile :  it  ihonld  alao 
melt,  and  form  a  button  at  the  heat  of  eopsllation ;  for,  otherwin,  it  vonld  continae 
disseminated,  attached  to  the  portion  of  oxide  Bprefid  orsr  the  enpel,  and  incapable  of 
being  collected. 

Furnace  and  Implgmentt. — ^The  cupellation-Ainiaee  and  implementa  need  for  assay- 
ing in  the  Boyal  Ilint  and  Qoldsmiths'  Hall,  in  the  City  of  London,  are  the  fol- 
lowing:— 

A.JL.kx(fig.  1817)  is  a  front  elevation  of  an  assay-furnace:  aa,  avieir  of  oneofthe 
two  iron  rollers  on  which  the  fbrnace  rests,  and  by  means  of  which  it  is  mored  for- 
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ward  or  backward ;  2,  the  ash-pit ;  e  a  are  the  ash-pit  dampers,  which  are  moved  in  a 
horizontal  direction  towards  each  other  for  regulating  the  draught  of  the  Airnace ;  d, 
the  door,  or  opening,  by  whidi  the  cnpds  and  assays  are  introduced  into  the  mnffle ; 
e,  a  moveable  funnel  or  chimney  by  which  the  draught  of  the  furnace  is  increased. 
B  B  B  B  (Jiff.  1818)  is  a  vertical  section  of  fiff,  1817 :  a  a,  end  view  of  the 

rollers ;  b,  the  ash-pit ;  e,  one 
of  the  ash-pit  dampers;  d, 
the  grate,  over  which  is  the 
plate  upon  which  the  mnffle 
rests,  and  which  is  covered 
with  loam  nearly  one  inch 
thick;  /,  the  muffle  in  sec- 
tion, representing  the  situa- 
tion of  the  cupels;  g,  the 
month-plate,  and  upon  it  are 
laid  pieces  of  charcoal,  which, 
during  the  process,  are  ignited,  and  heat  the  air  that  is  d!lowed  to  pass  over  the 
cupels,  as  will  be  more  fully  explained  in  the  sequel ;  h,  the  interior  of  the  furnace, 
exhibiting  the  fuel. 

The  t(4al  height  of  the  furnace  is  2  feet  6^  inches ;  from  the  bottom  to  the  grate, 
8  inches  ;  the  grate,  muffle,  plate,  and  bed  of  loam,  widi  which  it  is  covered,  S  inches ; 
item  the  npper  surface  of  the  grate  to  the  commencement  of  the  funnel,  «,  fig.  1817, 
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21^  inches ;  the  funnel  e,  S  inches.  The  square  of  the  furnace  which  receives  the 
muffle  and  fuel  is  11}  inahes  by  16  inches.  The  external  sides  of  the  ftamacears 
made  of  plates  of  wrought  iron,  and  are  lined  with  a  2-inch  flie-brick. 

c  0  c  c  {/Ig.  1819)  is  a  horizontal  section  of  the  furnace  over  the  grate,  showing  the 
width  of  the  mouth-piece,  or  plate  of  wrought  iron,  which  is  8  inches,  and  the  opening 
which  receives  the  muffle-plate. 
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^  tig.  1820  repreeenU  the  inii£Se  or  pot,  which  is  13  inches  long,  8  inchas  broad  in- 
ride ;  in  the  dear  6j  ;  in  height  4A  inside  measure,  and  nearly  6j  in  the  clear. 

Fig.  1821,  the  mnffle-plate,  which  is  of  the  same  size  as  the  bottom  of  Uie  mufSe. 

.Fy^.  1822  is  a  representation  of  the  sliding-door  of  the  month-plate,  as  shown  at  d, 
vafy.  1817. 

lig.  1823,  a  front  view  of  the  month-plate  or  piece,  d,fig.  1817. 

Ftg.  1824,  a  representation  of  the  mode  of  the  m^ing,  or  shntting-np,  iritlt  pieoei 
of  charcoal,  the  month  of  the  fkimace. 

F^.  182S,  the  teaser,  for  cleaning  the  grate. 

Fig.  1826,  a  larger  teaser,  which  is  inbroducsd  at  tile  top  of  the  fnmaee,for  keeping 
«  complete  supply  of  charcoal  around  the  muffle. 

Fig.  1827,  the  tongs  used  for  charging  the  assays  into  the  cnps. 

Fig.  1828  represents  a  hoard  of  wood  used  as  a  register,  and  is  divided  into  4fi  equal 
compartments,  upon  which  the  assays  are  placed  preTioualy  to  their  being  introduced 
into  the  furnace.  When  the  operation  is  performed,  the  cupels  are  placed  in  the  fur- 
nace in  situations  corresponding  to  these  assays  on  the  board.  By  this  means  all 
confusion  is  avoided,  and  without  this  regularity  it  would  be  impossible  to  preeerre 
the  accuracy  which  the  delicate  operations  of  the  assayer  require.  In  the  furnace 
above  described  45  assays  can  be  made  at  one  time.  Of  late  years  some  modifications 
and  improvements  have  been  introduced  in  the  above  fiimaces  in  the  Boyal  Hint  and 
other  assay  offices.     The  fiiel  employed  is  charcoal,  coke,  or  anthracite.    (See  Mimt.) 

We  now  proceed  to  a  deacin>tion  of  a  small  assay-furnace  invented  by  Messrs. 
An&ye  and  IVArcet,  of  Paris.  Tliey  termed  it,  U  petit  Foumeau  a  Coupelle.  Fig.  1829 
represents  this  furnace,  which  is  composed  of  a  chimney  or  pipe  of  wrought  iron,  a, 
and  of  the  furnace,  B.  It  is  17i  inches  high  and  7i  inches  wide.  The  furnace  is 
formed  of  three  pieces :  of  a  dome,  A ;  the  body  of  the  furnace,  b  ;  and  the  ash-pit,  c, 
which  is  used  as  the  base  of  the  furnace,  Jiga.  1829  and  1830.  The  principal  piece,  or 
body  of  the  ftimace,  b,  has  the  form  of  a  hollow  tower,  or  of  a  hollow  cylinder,  fiat- 
teneid  equally  at  the  two  opposite  sides  parallel  to  the  axis,  in  such  a  manner  that  the 
horizontal  section  is 
elliptical.  The  foot 
which  supports  it  is 
a  hollow  tmncated 
cone,  flattened  in  like 
manner  upon  the  two 
opposite  sides,  and 
having  consequently 
for  its  basis  two 
ellipses  of  different 
diameters:  the  small- 
est onght  to  be  equal 
to  that  of  the  fnmace, 
so  that  the  bottom  of 
the  latter  may  exactly 
flt  it  The  dome, 
which  forms  an  arch 
above  the  furnace,  has 
also  its  base  ellip- 
tical ;  whilst  that  of 
the  superior  oriflce, 
by  which  the  smoke 
goes  out,  preserves 
Uie  cylindrical  form. 
The  tube  of  wrought 
iron  is  18  inches 
long,  and  2|  inches 
in  mameter;  having 
one  of  its  ends  a 
little  enlarged,  and 
slightly  conical,  that 
it  may  be  exactly 
fitted  or  jointed  upon 
the  upper  part  of  the 
fumace^lome,  d  {Jig. 
1829).    At  tile  union  _ 

of  the  conical  and  cylindrical  parts  of  the  tube.there  is  placed  a  small  gallary  of  iron, 
«>  fS''  '820i  1B30.    (See  also  a  plan  of  it,  Jig,  1831).    This  gallery  is  both  ingenioua 
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and  useful.  Upoti  it  on  placed  ihe  cupels,  which  aie  tiias  annealed  during  the 
oidiiiai7  work  of  the  furnace,  tiut  thej  may  be  introduced  into  the  muffle  when  it 
is  brought  into  its  propw  degree  of  beat.  A  little  above  this  gallery  is  a  door,/  by 
'which,  n  thought  proper,  the  charcoal  oonld  be  introduced  into  the  furnace ;  aboTe 
that  there  is  placed,  at  g,  a  throttle- valve,  which  is  used  for  regulating  the  dnw^t 
of  the  furnace  at  pleasure.  Ifessre.  Aa&ye  and  D'Arcet  say,  that,  to  give  the  furnace 
the  aeosMaiy  degree  of  heat  to  aa  to  work  aMajs  of  gi^d,  the  tube  must  be  about 
18  inches  above  ue  gallery  for  annealing  or  heating  the  cnpels.  The  circular  apadng 
in  Uie  dome,  h  (Jig.  1829,  and  as  seen  n  section  fy.  1830),  is  nsed  to  introduce  the 
ehwcoal  inta  the  niMcs :  it  is  also  used  to  inepect  we  interior  of  the  fnmaoe,  and  to 
arrange  the  charcoal  round  the  mufBa.  This  opening  is  kept  shut  during  the  work- 
ing of  the  furnace,  with  the  taonth-f}iaae,  of  which  the  fKe  is  seen  at  n,  ^.  1830. 

The  section  of  the  fitmaoe,  jiff.  1880,  nreaeots  eeveial  opening  the  prinapal  of  iriiich 
is  that  of  the  muffle;  it  is  placed  at  t ;  itisshittwiththefMmiciieulardoor«»,^.1829, 
and  seen  in  the  sei^n  iii,fy.  1830.  In  f^ont  of  this  opening,  is  the  table  or  shelf 
npon  whidi  the  door  (rf  ^e  muffle  is  made  to  advance  or  recede.  The  letter  qtfy- 
1830,  ehows  the  &ce,  side,  and  croes-aeetion  of  the  shelf,  which  makes  part  of  the  tia- 
nace.  Immediately  nnder  the  shelf  is  a  horiaontal  slit,  I,  which  is  pieiued  at  the  level 
of  the  nppev  part  of  the  grate,  and  ned  for  the  introduction  of  a  slender  rod  of  iron, 
^  that  the  grate  may  be  eaaly  kept  dean.  This  opening  is  shut  at  pleasure,  by  the 
wedge  represented  at  k,Jifft.  1828  and  1830. 

Upon  the  back  of  tin  Annaoe  is  a  faoriiont^  a^i^  i>>  Jiff-  I9i0,  which  ssppoits  the 
ft»-bri(^  «,  and  npon  wUehthe  end  of  the  msffle,  if  necessary,  may  rest ;  «,  fy.  1830, 
is  the  opening  in  the  Attnaee  where  the  muffle  is  placed. 

The  plan  of  the  grate  at  the  flirnaoe  is  an  ellipse :  Jig.  1832  is  a  horizontal  view  of 
it  The  dimensions  of  that  ellipeis  detsrmine  Uie  general  form  of  the  furnace,  and 
thidmeaa  of  the  grate.  To  give  streagth  and  solidity  to  the  grate,  it  is  encircled  by 
a  bar  or  hoop  tk  iron.  Thrae  is  a  groare  in  which  Uie  hoop  of  iron  is  fixed.  The 
holes  of  the  grate  are  traneatad  oonee,  having  the  greater  base  below,  that  the  ashes 
may  more  easily  fall  into  the  ash-pit.  The  letter  v,Jiff.  1830,  shows  the  form  of  tfaeae 
holes.  The  grate  is  supported  by  a  small  bank  or  shelf,  making  part  of  the  famace, 
as  seen  at  a,  fig.  1830. 

The  ash-pit,  c,  has  an  opening,  y,  in  front,  ^.  1880 ;  and  is  shot  when  neosssaiy 
by  the  mouth-piece,  r,Jig».  1829  and  1830. 

To  g^ve  strength  and  sottdity  to  the  furnace,  it  is  bound  wkh  hoops  of  iiwi,  at 
bhbb,fiff.\Z%a. 
Pifft.  18SS,  1834,  1836,  are  views  of  the  muffle. 
F%g.  1836  is  a  view  of  a  crucible  for  annealing  gold. 

Fiat.  1837,  1888,  1830,  are  cupels  of  various  sizes,  to  be  used  in  the  furnace.  They 
are  the  same  as  those  used  by  assayers  in  their  ordinary  furnaces. 

Figs.  1840  and  1841  are  views  of  the  hand-shovels,  used  for  filling  the  Aimace  with 
charcoal ;  they  should  bo  mode  of  such  size  and  fomn  as  to  fit  the  opening  k,  in  Jig*. 
1829  and  1880. 

The  smaller  pincers  or  tongs,  by  which  the  assays  are  ehaiged  into  the  capek,  and 
by  which  the  latter  are  withdrawn  fiom  the  furnace,  as  well  as  the  teasorfor  cleansing 
the  gtate  of  the  furnace,  are  similar  to  those  used  at  the  British  Kint.     (See  Hun.) 

Cttptt.mould;  Cupelt. — The  cupels  used  in  the  assay  process  are  made  of  the  ashes  <tf 
bmut  bones  (phosphate  of  lime).  The  cupels  are  formed  in  a  cupel-mould  made  of 
cast  steel,  very  nicely  tnmed,  by  which  means  they  are  easily  freed  from  the  mould 
when  struck.  The  bone-ash  is  tued  moistened  with  a  qoantity  of  water,  sufficient  te 
make  the  particles  adhere  firmly  together.  The  circular  mould  is  filled,  and  pressed 
level  with  its  surface ;  after  which,  a  pestle  or  plug,  having  its  end  nioely  tumeil,  of  a 
convex  ahape,  and  of  a  sise  eqnal  to  the  degree  of  concavity  wished  to  be  made  in  the 
cupel  for  the  reception  of  the  assay,  is  plsoad  upon  the  ashes  in  the  mould,  and  stmck 
with  a  mallet  until  the  cupel  is  properly  formed.  These  cupels  are  allowed  to  dry  in 
the  air  for  some  time  before  they  are  used. 

The  assay  hy^  cupellation  may  be  conducted  aa  follows : — 

We  begin  this  assay  process  by  weighing,  in  a  delicate  balance,  a  certain  weight  of 
the  metallic  alloy ;  a  gramme  (  ^  16-432  gr.)  is  nsuallv  taken  in  France,  and  10  or  12 
grains  in  this  countiy.  Tito  weight  is  wrapped  up  in  a  slip  of  leod-foil  or  paper, 
should  it  consist  of  several  fragments ;  and  there  is  added  to  it  the  proportion  of  lead 
suitable  to  the  quality  of  alloy  to  be  assayed  ;  there  being  less  lead,  the  finer  the 
silver  is  presumed  to  be.  Those  who  are  much  in  the  habit  of  cupellation  can  make 
good  guesses  in  this  way.  If  too  much  lead  be  nsed  for  the  proportion  of  baser  metal 
present,  a  portion  of  the  silver  is  wasted  ;  but  if  too  little,  thou  the  whole  of  the  ccp- 
per  is  not  carried  off,  and  the  bsttoii  of  fine  silver  remains  more  or  lass  impure,    ^e 
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lead  mnst  Im,  in  all  caa«B,  as  free  as  pncticable  ftom  rilvn ;  otkenriM  errors  of  th^ 
moat  serious  kind  would  be  occasioned  in  the  assays. 

The  assay  is  then  placed  upon  a  cupel  -which  has  been  previoosly  heated  to  the 
proper  temperature  in  the  mufSe,  and  the  door  dosed.  Posion  immediately  oocnrs, 
and  the  cupellation  begins  when  the  uncovering,  or  removal  of  the  black  skin  of  oxide 
of  load  takes  place.  The  oxidation  of  the  lead  proceeds  rapidly,  and  the  spots  of  oxide 
formed  on  the  surface  are  rapidly  absorbed  by  the  cnpeL  Near  the  com]pletion  of  the 
assay  the  oxide  forms  thin  films  or  bands ;  and  when  the  surface  of  the  silver  becomes 
bright  and  immoveable ,  as  the  brightening  occors,  the  cupellation  is  finished.  The 
copel  is  now  allowed  to  remain  in  the  muffle  until  the  temperature  is  diminished  and 
the  silver  is  solid.  It  is  now  removed  from  the  mufBe,  and  when  cold  the  button  of 
silver  is  detached  from  the  cupel  by  a  pair  of  pliers  squeezed  or  hammered  on  the  side, 
the  under  surface  cleaned  by  means  of  a  hard  brush,  and  finally  weighed.  An  assay 
is  thought  to  be  good  when  the  bead  is  of  a  round  form,  if  its  upper  surface  is  brilliant 
and  cnstalline,  its  lower  surface  granular  and  dead  white,  and  if  it  separatee  readily 
from  the  cupel.  When  copper  is  present  the  oxide  of  copper  produced  forms  a  fusible 
compound  with  the  oxide  of  lead  and  passes  into  the  cupel.  The  proportion  of  lead 
added  varies  with  the  amount  of  copper  present  in  the  aUoy  operated  on. 


QuaiUi^  <lflead  to  b»  employed  for  CuptUaiioH  qf  Mloyt  tff  Copper  and  Silver 
(M.  D'Arcet). 

Allof 

heti  tat  lot  alloy 

lUUo  of  the  copptr 

aUvet 

Copper 

to  the  lead 

1000 

0 

i 

0 

960 

60 

i:70 

900 

100 

7 

i:6o 

800 

200 

10 

i:60 

700 

800 

13 
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600 

400 

14 

i:86 

600 

600 

16  or  17 

1 :82 

400 

600 

16  —  17 

nae-? 

300 

700 

16—17 

i:2a-» 

aoo 

800 

16  —  17 

1 :3o 

100 

900 

16—17 

1  :i7-8 

0 

1000 

16  —  17 

1 :  16 

Bismuth  may  be  used  as  a  substitute  for  lead  in  cupellation ;  two  parts  of  it  being 
neariy  equivalent  to  three  of  lead.  But  its  higher  price  prevents  its  introduction 
among  ossayers. 

During  the  process  of  cupellation,  a  portion  of  tlie  silTer  is  absorbed  by  the  oapel, 
varying  in  amount  according  to  the  temperature  and  the  quantity  of  lead  employed. 
This  loss  is  estimated  and  added  on  to  the  weight  of  the  button  of  silver  obtained. 
The  results  are  returned  on  1,000  parts  or  on  the  pound  tzoy.  It  is  also  customary 
to  report  the  assays  in  relation  to  standard.  For  example,  English  standard  silver 
contains  926  parts  of  silver  in  1,000  of  alloy.  If  the  result  obtained  was  920,  it  would 
be  reported  6  w.,  or  6  parts  in  1,000  worse  than  standard,  and  930  would  be  reported 
6  B.,  or  5  parts  better  than  standard. 

An  assay  may  prove  defective  for  several  reasons.  Sometimes  the  button  or  bead 
sends  forth  crystalline  vegetations  on  its  surface  with  such  force  as  to  make  one  sup- 
pose a  portion  of  the  silver  may  be  thrown  out  of  the  cupel,  technically  called 
*  fitting.'  When  the  surface  of  the  bead  is  dull  and  flat,  the  assay  is  considered  to 
have  been  too  hot,  and  it  indicates  a  loss  of  silver  in  fiunes.  When  the  tint  of  the 
bead  is  not  uniform,  when  its  inferior  surface  is  bubbly,  when  yellow  scales  of  oxide 
of  lead  remain  on  the  bottom  of  the  cupel,  and  the  bead  adheres  strongly  to  it, — by 
these  signs  it  is  judged  that  the  assay  has  been  too  cold,  and  that  the  silver  retains 
some  lead.  After  the  lead  is  put  into  the  cupel,  it  gets  immediately  covered  with  a 
coat  of  oxide,  which  resists  the  admission  of  the  silver  to  be  assayed  into  the  melted 
metal ;  so  that  the  alloy  cannot  form.  When  a  bit  of  silver  is  laid  on  a  lead-bath  in 
this  predicament,  we  see  it  swim  about  a  long  time  without  dissolving.  In  order  to 
avoid  this  result,  the  silver  is  wrapped  up  m  a  bit  of  paper;  and  the  carburetted 
hydrogen  generated  by  its  combustion  reduces  the  film  of  the  lead  oxide,  gives  the 
bath  immediately  a  boght  metallic  lustre,  and  enables  the  two  meCals  readily  to 
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combine.  As  the  heat  rises,  the  oxide  of  lead  tioTrs  Tonnd  about  OTer  tlie  gorfaee, 
till  it  is  absorbed  by  the  cnpeL  When  the  lead  is .  wasted  to  a  certain  degree,  a 
very  thin  film  of  it  only  remains  on  the  silver,  irhich  causes  the  iridescent  ajipeannca 
like  the  coloois  of  soap-bubbles:  a  phenomenon  called,  by  the  old  diemists, 
folgaration. 

When  the  cnpel  oools  in  the  progress  of  the  assay,  the  oxidation  of  the  lead 
ceases ;  and,  instead  of  a  reiy  liquid  yitreous  oxide,  an  imperfectly-melted  oxide  is 
formed,  which  the  cupel  cannot  absorb.  To  correct  a  cold  assay,  the  temperature  of 
the  fornace  ought  to  be  raised,  and  pieces  of  paper  put  into  the  cupel,  till  the  oxide  of 
lead  which  adheres  to  it  be  reduced.  On  keeping  up  the  heat,  the  assay  will  resume 
its  ordinaiy  train.  Pure  silver  is  more  liable  to  vegetate.  Some  traces  of  copper 
destroy  this  property,  which  is  obviously  due  to  the  oxygen  which  the  silver  can 
absorb  while  it  is  in  fusion,  and  which  u  disengaged  the  moment  it  solidifies.  An 
excess  of  lead,  by  removing  all  the  copper  at  an  early  stage,  tends  to  cause  the  v^e- 
tation.  The  brightening  is  caused  by  the  heat  evolved  when  the  button  passes  from 
the  liquid  to  tiie  solid  state.  Many  other  substances  present  the  same  phenomenon. 
In  the  above  operation  it  is  necessary  to  employ  lead  which  is  Tenr  pure,  or  at  least 
free  from  silver.  This  is  called  poor  lead.  The  lead  reduced  from  Fattinscm's 
' oxychloride '  is  very  free  from  silver;  the  lead  reduced  from  the  litharge  of  com- 
merce usually  contains  10  dwts.  or  more  of  silver  per  ton. 

2.  Wet  Methode.    (a.)  By  meant  of  a  Standard  Solutvm  qf  8aU  or  CUoride  qf 

Sodium The  process  by  the  humid  way,  recommended  at  the  BotoI  IGnt  in  1839,  and 

exhibited  as  to  its  principles  before  the  Bight  Honourable  •Tohn  Herries,  then  Master, 
in  1830,  has  all  the  precision  and  certainty  we  could  wish.  It  is  founded  on  the  well- 
known  property  which  silver  has,  when  dissolved  in  nitric  acid,  tobepreoipitiited  as  an 
insoluble  chloride  of  silver  by  a  solution  of  salt  or  by  muriatic  add ;  but,  instead  of 
determining  the  weight  of  the  chloride  of  silver,  we  take  the  quantity  oi  the  solution 
of  salt  which  has  been  necessary  for  the  precipitation  of  the  silver.  To  put  the  process 
in  execution,;  a  liquor  is  prepared  composed  of  water  and  salt  in  such  proportions  that 
1,000  measures  of  this  liquor  may  precipitate  completely  10  grains  of  silver,  perfectly 
pure  or  of  the  standard  1,000,  previously  dissolved  in  nitric  add.  The  liquor  thus 
prepared  gives,  immediately,  the  true  standard  of  any  alloy  whatever,  of  silver  and 
copper,  by  the  quantity  of  which  it  may  be  necessary  to  piedpitate  the  silver  in  a 
known  weight  of  this  alloy. 

The  process  by  the  humid  way  is,  so  to  speak,  independent  of  the  opemtor,  the  mani- 
pulations being  very  easy ;  and  the  term  of  the  operation  is  very  distinctly  announced 
by  the  absence  of  any  sensible  turbidity  on  the  addition  of  salt  to  the  silver  solution, 
while  there  remains  in  it  one  quarter  of  a  thousandth  of  metal.  The  process  is  not 
tedious,  and  in  experienced  hands  it  may  rival  the  cupel  in  rapi^ty;  it  has  the 
advantage  over  the  cupel  of  being  more  within  the  reach  of  ordinary  operators,  and 
of  not  requiring  a  long  apprenticeship.  It  is  particularly  useful  to  such  assayers 
as  have  only  a  few  assays  to  make  daily,  as  it  will  cost  them  very  little  time  and 
expense. 

By  ablating  briskly,  during  two  minutes,  tlie  liquid  rendered  milky  by  the  pre- 
cipitation of  the  chloride  of  silver,  it  may  be  suffidently  clarified  to  enable  us  to 
appredate,  after  a  few  moments  of  repose,  the  disturbance  that  can  be  produced  in 
it  by  the  addition  of  lOOOih  of  a  grain  of  silver.  The  presence  of  lead  and  copper, 
or  any  other  metal,  except  mercury,  has  no  perceptible  influence  on  the  quantity  of 
salt  necessary  to  predpitate  the  silver ;  that  is  to  say,  the  same  quantity  of  silver, 
pure  or  alloyed,  requires  for  its  predpitation  a  constant  quantity  of  the  solution  of 
salt 

Supposing  that  we  operate  upon  a  gramme  of  pure  silver,  the  solution  of  salt  ought 
to  be  such  mat  100  cubic  centimeters  may  predpitate  exactly  the  whole  of  the  silver. 
The  standard  of  an  alloy  is  givdn  by  the  number  of  thousandths  of  solution  of  salt 
necessaiy  to  jiredpitate  the  silver  contained  in  a  gramme  of  alloy. 

When  any  mercury  is  accidentally  present,  which  is  however,  a  rare  occurrence, 
it  is  made  obvious  by  the  prediutated  chloride  remaining  white  when  exposed  to 
daylight ;  whereas,  when  there  is  no  mercury  present,  it  becomes  speedily  first  grej 
and  then  purple.  Silver  so  contaminated  must  be  strongly  ignited  brfore  being 
assayed,  and  the  loss  of  weight  noted ;  or  a  cupel  assay  may  lie  had  recourse  to. 

The  following  is  a  description  of  the  process  and  apparatus  as  first  intiodueed  by 
Gay-Lussac: — 

Preparation  of  the  Normal  Solution  of  Salt  v)hen  it  ii  tiuaiured  hj/  WtigU. — Sup- 
posing the  salt  pure  as  well  as  the  water,  we  have  only  to  take  these  two  bodies  in 
the  proportion  of  0'5i37  k.  of  salt  to  99'4573  k.  of  water,  to  have  100  k.  of  solution, 
of  wnich  100  grammes  will  predpitate  exactly  one  gramme  of  silver.  But  instead  of 
pure  salt»  which  is  to  be  procured  wiUi  difSculty,  and  which  besides  may  be  altered 
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readily  by  abeorbinf;  tbe  bnmidity  of  the  air,  a  concentrated  solution  of  the  salt  of 
commeicfl  is  to  be  preferred,  of  whidi  a  large  quantity  ntay  be  prepared  at  a  time  to 
be  kept  in  reserve  for  nm,  as  it  is  wanted. 

Proration  of  tha  Normal  Solution  of  Salt  vjim  nuatvred  by  Vdumt. — The 
meantre  by  weight  Iiaa  the  advantage  of  being  independent  of  temperature,  of  having 
the  same  degree  of  precision  aa  the  balance,  and  of  not  standing  in  need  of  correction. 
The  measure  by  volume  has  not  all  these  advantages;  but,  by  giving  it  sufficient 
precision,  it  is  mors  rapid.  This  normal  solution  is  so  made,  that  a  volume  equal  to 
that  of  100  grammes  of  water,  or  100  cubic  centimeters,  at  a  determinate  temperature, 
may  precipitate  exactly  one  gramme  of  silver.  The  solution  may  be  kept  at  a  con- 
stant temperatore,  and  in  this  case  the  assay  stands  in  no  want  of  correction ;  or  if  its 
temperature  be  variable,  the  assay  must  be  corrected  according  to  its  influence.  These 
two  circumstances  make  no  change  in  the  principle  of  the  process,  but  they  are 
sufficiently  important  to  occasion  some  modifications  in  the  apparatus. 

We  readily  obtain  a  volume  of  100  cubic  centimeters  by  means  of  a  pipette,  Jiff. 
1841,  so  gauged,  that  when  filled  with  water  up  to  the  mark  a  b,  and  well  dried  at 
its  pdnt,  it  will  run  out,  at  a  continuous  efflux,  100  grammes  of  water  at  the  tem- 
perature of  15°  C.  (69°  F.)  We  say  purposely  at  one  efflux,  because  after  the  cessa- 
tion of  the  jet,  the  pipette  may  still  furnish  two  or  three  drops  of  liquid,  which  mxut 
not  be  counted  or  red:oned  upon.  The  weight  of  the  volume  of  the  normal  solution, 
taken  in  this  manner  with  suitable  precautions,  will  be  uniform  from  one  extreme  to 
another,  upon  two  centimeters  and  a  half,  at  most,  or  to  a  quarter  of  a  thousandth, 
and  the  difference  &om  the  mean  wiU  be  obviously  twice  less,  or  one  half.  Let  us 
indicate  the  most  simple  manner  of  taking  a  measure  of  the  normal  soluUon  of 
salt. 

After  having  immersed  the  beak,  c,  of  the  pipette  in  the  solution,  we  apply  suction, 
by  the  mouth,  to  the  upper  orifice,  and  thereby 
raise  the  liquid  to  d,  above  the  circular  line  a  b. 
We  next  apply  neatly  the  forefinger  of  one  hand 
to  this  orifice,  remove  the  pipette  from  the  liquid, 
and  seize  it  as  represented  in  fig.  1842.  The 
mark  a  b  being  placed  at  the  level  of  the  eye, 
we  make  the  surface  of  the  solution  become 
exactly  a  tangent  to  the  plane  a  b.  At  the  instant 
it  becomes  a  tangent,  we  leave  the  beak,  c,  of 
the  pipette  open,  by  taking  away  the  finger  that 
had  been  applied  to  it,  and  without  changing 
anything  else  in  the  position  of  the  hands,  we 
empty  it  into  the  bottle  which  should  receive  the 
solution,  taking  care  to  remove  it  whenever  the 
efflux  has  run  out. 

If,  after  filling  the  pipette  by  suction,  anyone 
should  find  a  difficulty  in  applying  tiie  fore- 
finger fast  enough  to  the  upper  oii&e  without 
letting  the  liquid  run  down  below  the  mark 
a  b,  he  should  remove  the  pipette  from  the 
solution  with  its  top  still  closed  with  his  tongue, 
then  apply  the  middle  finger  of  one  of  his  huids 
to  the  lower  orifice ;  after  which  he  may  with- 
draw his  tongue,  and  apply  the  forefinger  of 
the  other  hand  to  the  onfice  previously  wiped. 
This  method  of  obtaining  a  measure  of  normal 
colutinn  of  sea-salt  is  very  simple,  and  requires  no  complex  ^paratns;  but  we 
shall  indicate  another  manipulation  still  easier,  and  much  more  exact. 

In  this  new  pipcess  the  pipette  is  filled  firom  the  top  like  a  bottle,  instead  of  being 
filled  by  suction,  and  it  is  moreover  fixed.  Fig.  1843  represents  the  apparatus,  s 
and  d'  are  two  sockets,  separated  by  a  stopcock  b.  The  upper  one,  tapped  interiorly, 
receives  by  means  of  a  cork  stopper,  l,  the  tube  t,  which  admits  the  solntion  of  sea- 
aalt.  The  lower  socket  is  cemented  on  to  the  pipette ;  it  bears  a  small  air-cock  jt', 
and  a  screw-plug  v,  which  regulates  a  minnte  opening  intended  to  let  the  air  enter 
very  slowly  into  Uie  pipette.  Below  the  stopcock  it',  a  silver  tube,  w,  of  narrow 
diameter,  soldered  to  toe  socket,  leads  the  solution  into  the  pipette,  by  allowing  the 
air,  which  it  displaces,  to  escape  by  the  stopcock,  a'.  The  screw-plug,  with  the 
milled  head,  v,  replaces  the  ordinary  screw  by  which  the  key  of  the  stojicock  may 
be  made  to  press,  with  more  or  less  force,  upon  its  conical  seat 

Fuf.  1844  represents  a  side  view  of  the  apparatus  just  described.  We  here  remark 
an  air<ock  s,  and  an  opening  m.    At  tha  extremity  «,  of  the  same  figure,  the  oonical 
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Iiipe  T  MkUn  with  friction.    It  is  bjr  thia  pipe  Out  the  ait  it  raided  into  tlw  p!pett«k 

when  it  is  to  be  filled  ^m  its  beak. 

The  pipette  is  supported  by  two  horizontal  arms  K  x  {fig.  184fi)  moreable  about  • 
common  axis,  A  A,  and  capable  of  being  drawn  oat  or  shortened  by  the  aid  of  two 
longitudinal  slits.  They  are  fixed  steadily  by  two  screw-nuts,  e  ef,  and  their  distance 
may  be  varied  by  means  of  round  bits  of  wood  or  cork  interpoiMd,  or  eren  by  oppoate 
serew-nnts,  o  o'.  The  upper  arm  h  is  piercsd  wiUi  a  hole,  in  which  is  fixed,  by  the 
pressure  of  a  wooden  screw  «,  the  socket  of  the  pipette.  The  ccmespoading  hcje  of 
the  lower  arm  is  larger ;  and  the  beak  of  the  pipette  is  soppoited  in  it  by  a  cork  sto^ 
per,  L.  The  apparatus  is  fixed  by  its  tail-piece  f,  by  means  of  a  screw  to  th«  comer 
of  a  wall,  or  any  other  prop. 

Ihe  manner  of  filling  tne  pipette  is  rery  simple.  We  begin  by  applying  th*  fore- 
finger of  the  left  hand  to  the  lower  aperture,  e ;  we  then  open  the  two  atapeoeka  b  and 
b'.  Whenever  the  liquor  approaches  the  neck  of  the  pipette,  we  must  tamper  its 
influx,  and  when  it  has  arrived  at  some  millimeters  above  the  maik  a  b,  we  dose  the 
two  stopcocks,  and  remove  onr  forefinger.  We  have  now  nothing  more  to  do  than 
to  regulate  the  pipette ;  for  which  purpose  the  liquid  must  touch  the  line  a  b,  and  must 
sim^y  adhere  externally  to  the  beak  of  the  pipette. 

TluB  last  ciienmstanoe  is  easily  a^juoted.    Attar  takingaway  the  finger iHiichckwed 
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the  aperture  o  of  the  pipette,  we  ispjij  to  this 
orifice  a  moist  sponge,  m.  Jiff.  1846,  to  absorb 
the  superfluous  liquor  as  it  drops  ouL  Thie 
sponge  is  called  the  'handkerchief'  by  H.  Oay- 
Lussac  (mouehoir).  The  pipette  is  said  to  be 
wiped,  when  there  is  no  liquor  adhering  to  ita 
point  extoriorly, 

For  the  eouvenienoe  of  operating,  the  handker- 
chief  is  fixed  by  friction  in  a  tnbe  of  Un-plate, 
terminated  by  a  cnp,  open  at  bottom  to  1st 
the  dn^pings  flow  off  into  the  cistern  c,  to 
which  the  tube  is  soldered.  It  may  be  easily  removed  for  the  purpose  of  washing  it ; 
and,  if  necessary,  a  little  wedge  of  wood,  o,  can  raise  it  towards  the  pipette. 

To  complete  the  adjustment  of  the  pipette,  the  liquid  most  be  made  merely  to  deeeend 
to  the  mark  a,  b.  With  this  view,  and  whilst  the  handkerchief  is  applied  to  the  beak 
of  the  pipette,  the  air  must  be  allowed  to  enter  very  slowly,  by  unscrewing  the  plug  v, 
fig.  1 843 ;  and  at  tlio  moment  of  the  contact^  the  handkerchief  must  be  removed,  and  the 
bottle  F,  destined  to  receive  the  solution,  must  be  placed  bdow  the  orifice  of  the  pipette, 
fy.  1846.  As  the  motion  must  be  made  rapidly,  and  without  hesitation,  the  bottle  is 
I^ced  in  a  cylinder  of  tin-plate,  of  a  diameter  somewhiit  greater,  and  forming  one 
body  with  the  cistern  and  the  handkerchief.  The  whole  of  this  apparatus  has  for  a  Mais 
a  plate  of  tinned-iron,  moveable  between  the  wooden  rollers  b  b,  one  of  which  bears  a 
groove,  under  which  the  edge  of  the  plate  slips.  Its  traverses  are  fixed  by  two  abut- 
ments, b  b,  placed  so  that  when  it  is  stopped  by  one  of  thom,  the  beak  of  the  pipette 
corresponds  to  the  centre  of  the  neck  of  the  bottle,  or  is  a  tangent  to  the  handkerwiefL 
This  arrangement,  very  convenient  for  wiping  the  pipette,  and  emptying  it,  gives  the 
appaiatas  sufficient  solidity,  and  allows  of  its  being  t^csn  away,  and  replaced  without 
dwang^ng  anything.  It  is  obvions  that  it  is  of  advantage,  when  once  the  entry  of  the 
air  into  ^e  pipette  has  been  regulated  by  the  screw  v,  to  leave  it  constantly  open,  be- 
cause the  motion  from  the  handkerchief  to  the  bottle  is  performed  with  nifficienl; 
npidi^  to  prevent  a  drop  of  the  solution  fi»m  collecting  and  felling  down. 
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Timpetvturt  of  the  Solution. — After  having  described  the  raamier  of  acasniiog  by 
Tolome  the  normal  solntion  of  the  salt,  we  shall  indicate  the  most  conreoient  means 
of  taking  the  temperature.  The  thermometer  is  placed  in  a  tube  of  glass,  T,  fy.  1847i 
which  the  aolation  traTSfEes  to  orriTe  at  the  pipette.  It  is  suspended  in  it  by  a  piece  of 
cork,  groored  on  the  four  sides  to  affi>rd  passage  to  the  liquid.  The  scale  is  engrared 
upon  the  tube  itself,  and  is  repeated  at  the  opposite  side,  to  fix  the  eye  by  tht  coinci- 
dence of  this  double  division  at  the  level  of  the  thermometric  column.  The  tube  is 
joined  below  to  another  narrower  one,  through  which  it  is  attached  by  means  of  a  ooA 
stopper  B,  ih  the  socket  of  the  stopcock  of  the  pipette.  At  its  upper  port  it  is  cemented 
into  a  brass  socket,  screw-tapped  in  the  inside,  which  is  connected  in  its  tnm  by  a 
cock,  with  the  extremity,  also  tapped,  of  the  tube  above  t,  belonging  to  the  reaervmz 
of  the  normal  solution.  The  coiis  employed  here  as  connecting  links  between  Uie 
parts  of  the  apparatus,  give  them  a  certain  flexibility,  and  allow  ci  their  being  dis- 
mounted and  remotmted  ma  very  short  time ;  but  it  is  indispensable  to  make  them  be 
traversed  by  a  hollow  tube  of  glass  or  metal,  which  will  hinder  them  from  being 
crushed  by  the  pressure  they  are  exposed  to.  If  the  precaution  be  taken  to  gisase 
them  with  a  little  suet,  and  to  fill  their  pores,  they  will  sofier  no  leakage. 

For  the  preservation  of  the  normal  sohition  of  salt,  M.  Gay-Lussac  uses  a  cylindrical 
vessel  or  dnun  of  copper,  of  a  capacity  of  about  110  litres,  having  its  inside  covered 
with  a  resin-and-wax  cement  If  the  dnmi  contains  110  litres,  we  should  only  put 
105  into  it,  in  order  that  sufScient  space  may  be  left  for  agitating  the  liquor  without 
throwing  it  out.  According  to  the  principle  that  100  cuUc  eentimeten,  or  ^th  of  a 
litre  of  the  solution  should  contain  enongh  of  salt  to  precipitate  a  gramma  of  pure 
silver;  and,  admitting  moreover,  I3'616  for  the  equivalent  of  silver,  and  7*335  for 
that  of  salt,  we  shall  find  the  quantity  ct  pure  salt  tjiat  should  be  dissolved  in  the  105 
litres  of  water,  and  which  cairespenas  to  106  x  10~  1050  grammM  of  silver,  to  be,  by 
the  following  proportion  :— 

13-616  :  7-335::  1050  grammes  :  c- 680-83  grammes. 

And  as  the  solution  of  the  salt  of  conuaeioe,  formerly  mentioned,  eoatains  a|^«axima- 
tively  260  grammes  per  kilogmnme,  we  must  make  2279'3  grammes  of  this  aalntion 
to  have  660-88  grammes  of  salt.  The  mixture  being  peiilMtly  made,  the  tubas  and  the 
pipette  must  be  several  times  washed  by  running  the  aidntioo  throcigh  t^em,  aad 
trattdng  it  into  the  drum.  The  standard  of  the  solution  must  be  determiiMd  after  it 
has  been  well  agitated,  supposing  the  temperature  to  remain  nniform. 

To  arrive  more  conveniently  at  this  result,  we  begin  by  pmpariag  two  dedmal  aoln- 
tions ;  one  of  silver,  and  another  of  salt. 

The  decimal  solution  of  silver  is  obtained  by  dissolving  1  gramma  of  odver  in  nitric 
acid,  and  diluting  the  solution  with  water  till  its  volume  becomes  a  litre. 

The  decimal  solution  of  salt  may  be  obtained  by  dissolving  0-613  gramme  of  pure 
salt  in  water,  so  that  the  solution  E^ll  occupy  u  litre ,-  bat  we  shall  prepare  it  even 
with  the  normal  solution  irtiieh  we  wish  to  test,  by  mixing  a  measure  of  it  with  9 
measures  of  water ;  it  bein^  nndnstood  that  this  solution  is  not  rigonwsly  equivalent 
to  that  of  silver,  and  that  it  will  become  so  only  when  the  nonnal  solution  employed 
for  its  pieparadoD  shall  be  finally  c£  the  true  standaid.  Lastly,  we  prepare  before- 
hand several  stoppered  bottles,  is  each  ot  which  we  dissolve  1  gramme  of  silver  in  8 
or  10  grammes  of  nitric  acid.    For  brevity's  mke,  we  shall  call  these  '  tests.' 

Now,  to  investigate  the  standard  of  the  noimal  solution,  we  most  transfer  a  pipette 
of  it  into  one  of  tiieae  test-bottles ;  and  we  must  agitata  tlM  liquors  briskly  to  clarify 
them.  After  some  instants  of  repose,  we  poor  in  2  uionsandths  of  the  decimal  solution 
of  sah,  which  we  suppose  will  produce  a  predpitate.  The  normal  liquor  is  conse- 
quently too  feeble;  and  we  should  expect  this,  since  the  salt  employed  was  not 
perfaetly  pure.  We  agitate  and  add  2  fiesh  thousandths,  which  will  also  prodoee  a 
precipitate.  We  continue  thus,  by  successive  additions  of  2  thousandths  till  the  last 
produces  no  precipitation.  Suppose  that  we  have  added  16  thousandths:  the  last 
two  should  not  be  reckoned,  as  they  produced  no  pieci^tate;  the  fireceiding  two  ware 
necesBBKy,  but  only  in  part ;  that  is  to  say,  the  oseftil  thonsandths  added  are  above  12 
and  below  14,  or  otherwise  they  are  on  an  avera^  equal  to  13. 

Thus,  in  the  condition  of  the  normal  solntion,  we  require  1,018  parts  of  it  to 
precipitate  1  gramme  of  silver,  while  we  should  require  only  1,000.  We  shall  find 
the  qnantilnr  of  concentrated  solution  of  salt  that  we  should  add,  by  noting  that  the 
quantity  of  solution  of  salt,  at  first  employed,  vix.  2270-3  grammes,  produced  a 
standard  of  only  087  thousandths  =  1000  — 13 ;  and  by  using  the  following  proportion : 

987  :  2279-8::  13  :  irs30'02  grammes. 

This  quantity  of  the  strong  solntion  of  salt,  mixed  with  the  nonnal  solution  in  tlie 
'dnm,  inll  correct  its  standani,  and  we  shall  see  now  by  how  much. 
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Aft«F  baring  washed  tlie  tubas  and  the  pipette  inth  tii»  new  aolntion,  we  mart 
(epeat  the  experiment  upon  a  fresh  gramme  of  silTer.  We  shall  And,  for  example,  in 
proceeding  only  by  a  thousandth  at  a  time,  that  the  first  caas«s  a  precipitate,  but  not 
the  second.  The  standard  of  the  solution  is  still  too  weak,  and  is  comprised  between 
1000  and  1001 ;  that  is  to  say,  it  may  be  equal  to  1000^,  but  we  must  make  a  closer 
approximation. 

We  poor  into  the  test-bottle  2  thousandths  of  the  decimal  solotion  of  silTer,  whidi 
will  destroy  2  thousandths  of  salt,  and  the  operation  will  hare  retzograded  by 
2  thonsanduis ;  that  is  to  say,  it  will  be  brou^t  back  to  the  point  at  i^ch  it  was 
first  of  all.  If,  after  haying  cleared  up  the  liquor,  we  add  half  a  tiionaandth  of  the 
decimal  solution,  there  will  necessarily  be  a  precipitate,  as  we  knew  beforehand,  but  a 
second  will  cause  no  turbidity.  The  standard  of  the  normal  liquor  will  be  consequently 
comprehended  between  1000  and  1000),  or  equal  to  1000^. 

We  should  rest  content  with  this  standard ;  but  if  we  wish  to  correct  it,  we  may 
remark  that  the  two  quantiUes  of  solution  of  salt  added,  viz.  2279*3  gr.  +  30-02  gr.o 
2809-82  gr.,  have  prwluced  only  999-75  thousandths,  and  tliat  we  must  add  a  new 
quantity  of  it  corresponding  to  j-  of  a  thousandth.    We  make,  therefore,  the  propsrtion 

999-75:  2309-82  ::0'25:x. 

But  since  the  first  term  differs  rery  litUe  firom  1000,  we  may  content  oaiaelres  to 
hare  x  by  taking  the  ^  of  2309  32,  and  we  shall  find  0-677  gr.  for  the  quantity  of 
solution  of  salt  to  be  added  to  the  normal  solution. 

It  is  not  convenient  to  take  exactly  so  small  a  goantity  of  solution  of  salt  by 
the  balance,  but  we  shall  succeed  easily  b;^  the  following  process.  We  weigh  60 
grammes  of  this  solution,  and  we  dilute  it  with  water,  so  that  it  occupies  exactly  half 
a  litre,  or  600  centimeters  cube.  A  pipette  of  this  solution,  one  centimetar  cube  in 
Tolnme,  will  give  a  decigramme  of  the  primitive  solution,  and  as  such  a  small  pipette 
is  divided  into  twenty  drops,  each  drop^  for  example,  will  present  6  milligtanimes  of 
the. solution.  We  should  arrive  at  quantities  smaller  still  by  diluting  the  auntion  with 
a  VtoftT  quantity  of  water ;  but  greater  precision  -would  be  entirely  needless. 

The  testing  of  the  norm^  liquor  just  described  is,  in  reality,  less  tedious  than  might 
be  supposed.  It  deserves  also  to  be  remarked,  that  liquor  has  been  prepared  for  mors 
than  1,000  assays ;  and  that,  in  preparing  a  fresh  quantity,  we  shall  obtain  directly  its 
true  standard,  or  nearly  so,  if  w«  bear  in  mind  the  quantities  of  -water  and  solntion-  of 
salt  which  hare  been  employed. 

Correction  qf  the  Standard  of  the  NomuU  SobUion  of  Salt,  vihen  the  nmperature 
change*. — ^We  have  supposed,  in  determining  the  standard  of  the  normal  solntioa  of 
salt,  that  the  temperature  remained  uniform.  The  assays  made  in  such  circum- 
stances have  no  need  of  correction  ;  but  if  the  temperature  should  change,  the  same 
measnre  of  the  solution  will  not  contain  the  same  quantity  of  salt.  Supposing  that 
we  have  tested  the  solution  of  the  salt  at  the  temperature  of  16°  0. ;  if,  at  tlie  time  of 
making  the  experiment,  the  temperature  is  18°  C,  for  example,  the  solution  will  be 
too  weak  on  account  of  its  expansion,  and  the  pipette  -will  contain  less  of  it  by  weight; 
if,  on  the  contrary,  the  temperature  has  fallen  to  12°,  the  solution  -will  be  thereby 
concentrated,  and  -will  prove  too  strong.  It  is  therefore  proper  to  determine  the  cq> 
rection  necessary  to  be  made  for  any  variation  of  temperature. 

To  ascertain  Uiis  point,  the  temperature  of  the  solution  vt  salt  was  made  svooessiTdy, 
to  be  0,  6°,  10°,  16°,  20°,  26°,  and  80°  C,  and  three  pipettes  of  the  solution  were 
weighed  exactly  at  each  of  these  temperatnres.  The  third  of  these  weighings  gave  the 
mean  weight  of  a  pipette.  The  coixssponding  weights  of  a  pipette  of  the  solntion 
-were  afterwards  graphically  interpolated  from  degree  to  degree.  These  weights  fioim 
the  second  column  of  the  folio-wing  Table.  They  enable  as  to  correct  any  temperacura 
between  0°  and  80°  C.  (82°  and  86°  F.)  when  tJbe  solntion  of  salt  has  been  prepared 
in  the  same  limits. 

Let  us  suppose,  for  example,  that  the  solution  has  been  made  standard  at  16°,  and 
that  at  the  time  of  using  it,  the  temperature  has  become  18°.  We  see  by  the  second 
column  of  the  Table,  that  a  weight  of  a  measure  of  the  scrfution  is  100-099  gr.  at  16°, 
and  100-065  at  18° ;  the  difference,  0-034  gr.,  is  the  quantity  of  solntion  less  which 
has  been  really  taken ;  and  of  coarse  we  must  add  it  to  the  normal  measure,  in  order 
to  make  it  equal  to  one  thousand  milliimee.  If  the  temperature  of  the  solution  had 
fallen  to  10°  the  difitoence  of  the  weight  of  a  measure  from  10°  to  16°  -would  be 
0-019  gr.,  which  we  must,  on  the  contrary,  deduct  from  the  measure,  since  it  had 
Ijeen  taken  too  large.  These  differences  of  weight  of  a  measure  of  solution  at  16°, 
from  that  of  a  measure  at  any  other  temperature,  form  the  column  16°  of  the  table 
where  they  are  expressed  in  thousandths ;  they  are  inscribed  on  the  same  horixontal 
lines  as  to  the  temperatures  to  which  each  of  them  relates  with  the  sign  +  flue,  when 
they  most  be  added,  and  -with  the  sign  —  humim,  when  they  must  be  subtracted. 
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T(Mt  of  Correcikm/er  He  Variationt  in  th»  Temperatur*  qf  the  Normal  SyiUm 

of  the  Salt. 


Tempcnkton 

vrdght 

«• 

10» 

W 

W> 

280 

HOP 

degree* 

gram. 

mill. 

mill. 

mlU. 

mill. 

mill. 

mill. 

4 

100,109 

00 

-01 

+  01 

+  0-7 

+  1-7 

^■2-7 

5 

100,118 

00 

-0-1 

+  01 

+  0-7 

+  1-7 

+  2-8 

6 

100,116 

00 

00 

+  0-2 

+  0-8 

+  1-7 

+  2-8 

7 

100.118 

+  01 

00 

+  0-2 

+  0-8 

+  1-7 

+  2-8 

8 

100,120 

+  01 

0-0 

+  o-a 

+  0-8 

+  1-8 

+  2-8 

9 

100,120 

+  01 

0-0 

+  0-2 

+  0-8 

+  1-8 

+  2-8 

10 

100,118 

+  01 

00 

+  0-2 

+  0-8 

+  1-7 

+  2-8 

11 

100,116 

00 

0-0 

+  0-2 

+  0-8 

+  1-7 

+  2-8 

12 

100,114 

00 

00 

+  0-2 

+  0-8 

+  1-7 

+  2-8 

13 

100,110 

00 

-0-1 

+  0-1 

+  0-7 

+  1-7 

+  2-7 

U 

100,106 

-01 

-0-1 

+  0-1 

+  0-7 

+  1-6 

+  2-7 

15 

100,099 

-0-1 

-0-2 

-0-0 

+  0-6 

+  1-6 

+  2-6 

16 

100,090 

-0-2 

-0-3 

-01 

+  0-6 

+  1-6 

+  2-6 

17 

100,078 

-0-4 

-0-4 

-0-2 

+  0-4 

+  1-3 

+  2-4 

18 

100,065 

-0-5 

-0-5 

-0-3 

+  0-8 

+  1-2 

+  2-8 

19 

100,053 

-0-6 

-0-7 

-0-6 

+  01 

+  1-1 

+  2-2 

20 

100,030 

-0-7 

-0-8 

-0-6 

00 

+  1-0 

+  2-0 

21 

100,021 

-0-9 

-10 

-0-8 

-0-2 

+  0-8 

+  1-9 

22 

100.001 

-1-1 

-1-2 

-10 

-0-4 

+  0-6 

+  1-7 

2S 

09,983 

-1-3 

-1-4 

-1-2 

-0-6 

+  0-4 

+  1-6 

24 

09,964 

-1-5 

-1-6 

-1-4 

-0-8 

+  0-2 

+  1-3 

25 

99,044 

-1-7 

-1-7 

-1-6 

-10 

00 

+  1-1 

26 

99,924 

-1-0 

-1-9 

-1-8 

-1-2 

-0-2 

+  0-9 

27 

99,002 

-2-1 

-2-2 

-2-0 

-1-4 

-0-4 

+  0-7 

28 

99,879 

-2-3 

-2-4 

-2-2 

-1-6 

-1-6 

+  0-7 

29 

99,858 

-26 

-2-6 

-2-4 

-1-8 

-0-9 

+  0-2 

80 

29,836 

-2-8 

-2-8 

-2-6 

-2-0 

-11 

00 

The  eolTimiu  6°,  10°,  20",  25°,  86°,  liave  been  calculated  in  the  same  manner  far  the 
■cases  in  vhich  the  normal  solation  maj  have  been  giadnated  to  each  of  these  tem- 
peratures. Thus,  to  calculate  the  column  10°,  the  number  100-118  has  been  taken  in 
the  column  of  weights  for  a  term  of  departure,  and  its  difbrence  ftom  all  the  numbers 
of  the  same  column  has  been  sought. 

Seyeial  expedients  hare  been  employed  to  facilitate  and  abridge  the  manipulations. 
In  the  first  place,  the  bottles  for  testing  or  assaying  the  specimens  of  silver  should  all 
be  of  tile  same  height  and  of  the  same  diameter.  They  should  be  numbered  at  their 
top,  as  well  as  on  their  stoppers,  in  the  order  1,  2,  3,  &c.  They  may  be  ranged  sue- 
ceasively  in  tens ;  the  stoppers  of  the  same  series  being  placed  on  a  support  in  their 
proper  order.  Each  two  bottles  should,  in  their  turn,  be  placed  in  a  japanned  tin  case 
{/ig.  1848)  with  ten  compartments,  duly  numbered.  These  compartments  are  cut  out 
anteriorly  to  about  half  their  height,  to  allow. the  bottoms  of  the  bottles  to  be  seen. 
When  each  bottle  has  received  its  portion  of  alloy,  through  a  wide-beaked  funnel, 
there  must  be  poured  into  it  about  10  grammes  of  nitric  acid,  of  specific  gravity  1-28, 
with  a  pipette,  containing  that  quantity ;  it  is  then  exposed  to  the  heat  of  a  water- 
bath,  in  order  to  facilitate  tiie  solntion  of  the  alloy.  The  water-bath  is  an  oblong 
Tessel  made  of  tin-plate,  intended  to  receive  the  bottles.  It  has  a  moveable  double 
bottom,  pierced  with  small  holes  for  the  purpose  of  preventing  the  bottles  being  bro- 
ken, as  it  insulates  them  fh>m  the  bottom,  to  which  the  heat  is  applied.  The  solution 
is  rajnd ;  and,  since  it  emits  nitrons  vapours  in  abundance,  it  ought  to  be  carried  on 
binder  a  chimney. 

The  Jgitator. — Fiff.  1849  gives  a  suffidentlr  azaet  idea  of  it,  and  may  dispense  with 
a  lengdiened  deseri^ion.  It  has  ten  cyliniuical  compartments,  numbered  from  1  to 
10.  The  bottles,  after  the  solution  of  the  alloy,  are  arranged  in  it  in  the  order  of  their 
numbers.  The  agitator  is  then  placed  within  reach  of  the  pipette  intended  to  measure 
out  the  normal  solution  of  salt,  and  a  pipette  fall  of  this  solution  is  put  into  each  pliial. 
Each  is  then  closed  with  its  p:lass-8toppar,  previously  dipped  in  pure  water.  They  are 
ired  in  the  cells  of  the  agitator  by  springs.  The  agitator  is  then  suspended  to  a 
spring  s,  and,  seizing  it  with  both  hands,  the  operator  gives  an  alternating  rapid 
movement,  which  agitates  the  solution,  and  makes  it,  in  lees  than  a  minute,  as  limpid 
as  'water.    This  movement  is  Bometiates  promoted-  by  a  spiral  spring,  b,  fixed  to  the 
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agitator  and  the  gronad ;  but  thu  ii  seldom  made  me  of,  b«eaQM  it  ia  oouTenient  to 
be  able  to  traniport  the  agitator  from  one  place  to  another.    Wlien  the  agitation  is 
.„.„  flnished,  the  catches  are  released,  and 

the  bottles  are  placed  in  order  upon 
a  table  furnished  with  round  cells 
destined  to  receive  them  ,and  to  screen 
them.    'When  -we  place  the  bottles 
upon  this  table,  we  must  give  them  a 
brisk  circular  motion  to  collect  the 
chloride  of  silver  scattered  round 
their  sides ;  we  must  lift  out  their 
stoppers,  and  suspend  them  in  wire 
rings,  or  pincers.     We  next  pout 
a  ^ousaadth  of  the  decimal  solu- 
tion into  each  bottle ;   and  before 
this  operation  is  terminated,  there 
is  formed  in  the  first  bottle,  when 
there  ihould  be  a  precipitate,  a  ne- 
bulous stratum,  very  well  marked, 
of  about  a  centimeter  in  thickness. 
At  the  back  of  the  table  there  is  a 
black  board,  divided  into  compart- 
ments,  numbered  from   1   to   10, 
upon  each  d  which  we  made,  with 
chalk,   the    thousandths    of   the 
decimal  liquor  put  into  the  corre- 
sponding bottle.    The  thousandths 
of  salt,  which  indicate  an  augmen- 
tation of  standard,  are  preceded  hj 
the  sign  +  ,  and  the  thousandths  of 
nitrate  of  silver  by  the  edgn  — . 
When  the  assays  are  finished,  the 
liquor  of  each  bottle  is  to  be  poured 
into  a  large  vessel  in  which  a  slight 
excess  of  salt  is  kept ;  and  when 
it  is  tal\,  the  supernatant    clear 
liquid  most  be  run  oGT  with  a  nphon. 
Q3ie  chloride  of  silvei  may  be  ledooed  vithont  any  perceptible  loss.    After  having 
washed  it  well,  we  ixunerse  pieces  of  zinc  in  it,  and  add  sulphuric  scid  in  sofBcient 
qoantitv  to  keep  up  a  feeble  disengagement  of  hydrogen  gas.    The  mass  must  no^ 
be  toueksd.    In  a  few  days  the  sUver  is  oomi^t^y  reduced.  This  is  easily  recognised 
by  the  oolonr  and  aatnre  of  the  raoduet ;  or  by  treating  a  small  quantity  of  it  with 
water  of  ammonia,  we  shall  see  whether  there  be  any  cUoride  unreduced,  for  it  will 
be  dissolTed  by  the  ammonia,  and  will  again  appear  upon  saturating  the  ammonia 
with  an  acid.    The  chlorine  zemains  assooated  with  the  zinc  in  a  stats  of  solution. 
The  first  washings  of  the  reduced  silver  must  be  made  with  so  acidulous  water,  to 
dissolve  the  oxides  which  may  have  been  formed,  and  the  other  washings  with  com- 
mon water.    After  decanting  the  water  of  the  last  washing,  we  dry  the  mass,  and  add 
to  it  a  little  powdered  boruc    It  must  now  be  fused.    The  silver  being  in  a  bulky 
powder  is  to  be  pat  in  snooaesive  portions  into  a  erndble  as  it  sinks  down.    The  heat 
should  be  at  first  moderate ;  but  towards  ths  end  of  the  operation,  it  must  be  pretty 
strong,  to  bring  into  complete  fusion  the  silver  and  the  soorise,  and  to  effect  their 
eomjjete  srasiation.    In  case  it  should  be  supposed  that  the  whole  of  the  silver  had 
not  iMeo  reduced  by  the  sine,  a  littie  carbonate  (^  jxitssh  should  be  added  to  the  borax. 
The  silver  may  also  be  reduced  by  expoong  the  chloiide  to  a  strong  beat,  in  contact 
-with  ohalk  and  diareoal. 

The  following  remarks  by  M.  Gay-Lussac,  the  author  of  tho  above  method,  upon 
the  «Aet  of  a  little  mercury  in  the  humid  assay,  are  important: — 

It  is  well  known  that  chloride  of  silver  blsekeas  ths  more  readily  when  it  is  exposed 
to  an  intense  light,  and  that  even  in  the  diffiised  light  of  a  room  it  becomes  soon 
sensibly  coloured.  If  it  eontaias  4  to  5  thousandths  of  merouiy,  it  does  not 
Uaden;  it  remains  of  a  dead  white;  with  8  thousandths  of  mercuiy,  there  is  m> 
mailed  discdooring  in  difitased  light;  with  2  thonssndths  it  is  slight;  with  1  it 
is  much  more  madced,  but  still  it  is  much  less  intense  than  with  pure  chloride.  With 
half  a  thousandth  of  mercury  the  difibienoe  of  colour  is  not  remarkable,  and  is  per- 
ceived only  in  a  very  moderate  light  But  when  the  quantity  of  mercury  is  so  small 
that  it  CMmot  b*  detected  by  the  diflersnee  of  etlour  in  the  (Ailoride  of  silver,  it  may 
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be  wnderad  qnita  sridant  ty  s  rtaj  simple  proeen  of  coneentrntion.  Dissolve  one 
gmmme  of  tlie  silver  supposed  to  coDtain  a  qtiartar  of  a  thousandth  of  mercniy,  and 
&t  only  a  quarter  of  it  be  precipitated,  by  adding  a  qnnrter  of  the  common  salt  neces- 
sary to  precipitate  it  entirely.  In  thus  operating,  the  quarter  thousandth  of  mercury 
is  concentrated  in  a  quantity  of  chloride  of  silver  four  times  smaller :  it  is  as  if  the 
silver  having  been  entirely  precipitated,  four  times  as  mnch  mercury,  equal  to  2 
thousandths,  have  been  predpitatod  irith  it.  On  taking  two  grammes  of  silver,  and 
precipitating  only  a  quarter  by  common  salt,  the  precipitate  would  be,  with  respect  to 
the  chloride  of  silver,  as  if  it  amounted  to  4  thousiuidths.  By  this  process,  which 
occupies  only  five  minutes  because  exact  weighing  is  not  necessary,  one  tenth  of  a 
thonsandth  of  mercury  may  be  detected  in  silver.  It  is  not  nselesB  to  observe  that,  in 
making  these  experiments,  the  most  exact  manner  of  introdneiBg  small  quantities  of 
mercury  into  a  solution  of  silver,  is  to  wei^h  a  minute  globule  of  mercury,  and  to 
dissolve  it  in  nitric  acid,  diluting  the  solnuoa  so  that  it  may  contoin  as  many  cubic 
centimeters  as  the  globule  weighs  of  centigiammes.  Each  cubic  centimeter,  ta^n  by 
means  of  a  pipette,  will  contain  one  milligramme  of  mercuiy.  If  the  ingot  of  silver 
to  be  assayed  be  found  to  contain  a  greater  quantity  of  mercury — 1  thousandth,  for 
example — the  humid  process  ong^t,  in  this  case,  either  to  be  given  up  or  to  be  com- 
pared vrith  cupellation.  YThen  the  silver  contains  mercury,  the  solution  ftom  which 
the  mixed  chlorides  ore  precipitated  does  not  really  become  clear.  Silver  containing 
mercury,  put  into  a  small  crucible,  and  mixed  with  lamp-black,  to  prevent  the  volatil- 
isation of  the  silver,  was  heated  for  three-quarters  of  an  hour  in  a  muffle,  but  the 
silver  increased  sensibly  in  weight.  This  process  for  separating  the  mercniy,  there- 
fore, failed.  It  is  to  be  observed,  that  mercury  is  the  only  metal  which  has  thus  the 
power  of  disturbing  analysis  by  the  humid  way.  The  error  caused  by  the  presence  of 
mercury  may  be  avoided  by  the  addition  of  a  small  quantity  of  acetate  of  soda  to  the 
solution  of  the  stiver  in  nitric  add,  previous  to  tbe  addition  of  tiM  chloride  of  sodium, 
as  this  salt  prevents  the  precipitation  of  the  mercury. 

Knee  the  above  process  was  first  introduced  by  Qay-Lussoc,  several  modifications  in 
the  form  of  apparatus  and  other  details  have  been  introduced ;  but  the  principles 
upon  which  the  method  is  worked  are  essentially  the  same.  The  normal  solution  of 
salt  is  preserved  in  a  vessel  of  glass  or  stoneware,  instead  of  metal.  The  use  of  metal 
tubes  IS  dispensed  with.  Various  modes  of  filling  the  pipettes  &Dm  below  or  others 
wise  are  in  use.  Instead  of  the  thermometer  placed  within  the  tube  to  indicate  the 
temperature  of  the  salt-solution,  the  standard  is  verified  once  a.  day  .or  ofteier  if 
necessary  by  check  assays.  The  assay  of  silver,  or  silver  alloys  by  a  standard  solution 
of  salt  may  be  conducted  as  follows : — Ten  grs.  or  more  of  the  metal  according  to  cir- 
cumstances, is  weighed  out,  transferred  to  the  bottle,  dilute  nitric  aoid  mSied  and 
solution  eflictad  by  pladng  the  bottle  in  a  water-bath.  The  red  fumes  .are  expelled, 
and  the  solution  diluted  with  water.  The  bottle  is  now  placed  under  the  lower  end  of 
the  pipette,  1000  grs.  of  the  normal  solution  of  salt  (equal  to  ten  grs.  of  silver)  run  in, 
and  the  contents  briskly  shaken  until  clear.  Ten  grs.  of  the  decimal  solution  of  salt 
(1000  grs.  of  which  are  equal  to  1  gr.  of  silver)  is  now  added  ticm  a  pipette  and,  as 
predpitate  forms,  the  solution  is  again  shaken  until  clear.  This  process  is  repeated 
imtil  the  last  10  grs.  added,  does  not  produce  any  pred[Htate.  As  the  last  10  grs.  of 
decimal  solution  added  does  not  give  any  predpitate,  it  proves  that  it  is  in  excess ;  it 
is  therefore,  deducted  ftom  the  total  quantity  used,  and  also  the  half,  say  of  the 
previous  10  grs.  added,  as  it  is  obvious  that  the  previous  10  grs.  added  were  not 
suffident  to  precipitate  the  whole  of  the  silver.  For  example,  11  grs.  of  the  alloy 
require  1000  grs.  of  the  normal  solution,  and  50  grs.  of  the  decimal  solntion  of  salt,  for 
the  working  of  the  assay.  The  amount  found  necessary  is,  therefore,  36  grs.  of  the 
dedmal  solution,  which  is  equal  to  3'5  of  the  normal  solution,  which  added  on  to  the 
1000  grs.  makes  the  total  quantity  required  for  the  precipitation  of  the  silver  1008-5. 
Therefore — 
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The  weidit  of  alloy  operated  on  should  contain  about  1 0  grs.  of  silver.  The  contents 
of  silver  shonld,  therefore,  be  apprtndmately  determined  by  cupellation  ot  oUierwise 
before  submitting  it  to  assay  by  this  method.  It  is  also  desirable  to  take  a  quantity 
of  the  metal  for  the  assay,  so  as  to  require  the  decimal  solution  of  salt  to  complete 
it ;  by  this  means  the  error  noticed  by  Mulder  and  other  assayers  is  obviated.  However, 
ifit  is  found  in  the  -woiMng  of  an  anay  that  the  first  10  grs.  of  the  dedmal  solution 
of  laltdoea  not  yield  any  predpitate,  excess  of  the  dectmal  wdution  of  sUvei  (1000  gq. 
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of  which  contain  I  gr.  of  rilTer)  is  added,  and  the  assay  completed  as  before  irith  th» 
decimal  salt-solation.  The  measure  of  decimal  solution  of  salt  corresponding  to  the 
measure  of  the  decimal  solution  of  silrer  added,  is  deducted,  and  the  remainder  equals 
the  quantity  of  salt  solution  required  to  precipitate  the  silver  in  the  metal  operated  on. 
b.  By  MMgkmg  the  chloride  of  stjtier.— This  process  is  used  for  the  Indian  Mint 
assays,  special  apparatus  being  employed  to  carry  on  a  number  of  assays  at  ona 
time.  The  process  may  be  conducted  as  fblloirs : — A  portion  of  the  silver,  or  alloy,  ia 
accurately  veighed,  transferred  to  a  stoppered  bottle,  dilute  nitric  acid  added,  and 
solution  effected  by  heating  the  bottle  in  a  water-bath  or  otherwise.  When  decom- 
posed, the  solution  is  diluted  with  water,  hydrochloric  add  added  in  excess,  and  tho 
bottle  well  shaken  till  the  predpitatad  chloride  of  silver  collects,  and  the  solution  is 
clear.  The  bottle  is  now  mled  to  the  neck  with  water,  allowed  to  settle,  and  the  super- 
natant liquor  carefully  removed  by  means  of  a  glass  syphon.  The  bottle  is  again  filled 
with  water,  the  chloride  of  silver  allowed  to  settle,  and  the  solution  syphoned  off  as 
before.  Two  or  more  washings  are  made,  according  to  thepnrity  <^  the  silver  or 
alloy  operated  on.  The  bottle  is  now  inverted  over  a  small  Wedgwood  crucible,  and 
manipulated  until  the  whole  of  the  chloride  of  silver  is  collected  therein.  The 
cblonde  of  silver  is  now  broken  up  and  gently  stirred,  by  means  of  a  glass  rod,  until 
it  lies  evenly  at  the  bottom  of  the  crocible.  The  water  is  carefully  drained  o^  and 
the  crocible  heated  at  first  at  a  low  temperature,  and  afterwards  for  some  time  at  a 
temperature  of  about  300°  F.  When  the  chloride  of  silver  is  thoroughly  dried,  it  is 
allowed  to  cool,  and  then  carefully  transferred  to  the  skiff  of  the  assay  balance,  and 
weighed.  The  amount  of  chloride  <^  silver  obtained  from  a  known  wei^t  of  pure 
silver  by  working  under  similar  conditions  is  ascertained,  and  the  calcniatioos  made 
ttom  thu  data.  Special  weights  are  used  in  India,  to  facilitate  oaiculations.  The 
assay  weight  indicating  trom.  the  amount  of  chloride  of  ailrer  the  actual  quantity  of 
silver  [oeeent  in  1,000  psiti. 

SiLVlB  COWAOK  Uf  1873. 


Florins      . 

Weight 

Hnsibotot  pieces 

Tslne 

3,169,860,000 

5,966,740 

696,574      0 

Shillings    .        . 

1.179,860,000 

6,486,480 

824,324      0 

Sixpences  . 

899,600,000 

4,896,600 

109,890      0 

Fourpenoea 

262,000 

4,168 

69       6 

Threepences 

181,634,000 

4,069,528 

60,744      2 

Twopoioes.       . 

144,000 

4,762 

89     12 

Fence 

130,000 

7.920 

S3      0 

SZXiVaB,  BSOMnta  or  (AgBr),  is  occadonalljr  found  native.  If  a  soluble 
bromide  is  added  to  a  solution  of  nitrate  of  silver,  a  precipitate  of  bromide  of  silver  is 
formed  of  a  very  pale  yellow  colour.  This  salt  changes  readily  under  the  action  of 
the  solur  rays,  and  for  photographic  purposes  possesses  many  vray  important  pro- 
perties, of  which  photographers  have  not  availed  themselves.  This  is  mainly  owing 
to  the  neglect  of  sdentific  investigation  amongst  the  body  of  photographic  artists, 
which  is  exceedingly  to  be  regretted. 

•Bbvas,  ca&OXIsa  or,  (AgCl)  is  obtained  by  adding  hydrochloric  acid,  or 
any  soluble  diloride,  to  a  solution  of  nitrate  of  silver.  A  cur^y  predpitate  falls,  quito 
insoluble  in  water,  which  being  dried  and  heated  to  dull  redness,  fuses  into  a  semi- 
tiansparent  grey  mass,  called,  &om  its  appearance,  hom-eilver.  Chloride  of  nlver 
dissolves  reamly  in  water  of  ammonia,  and  crystallises  in  proportion  as  the  ammonia 
eivaporates.  It  is  not  decomposed  by  a  red  heat,  even  when  mixed  with  caldned 
charcoal ;  but  when  hydipgen  or  steam  is  passed  over  the  fused  chloride,  hydrochloric 
add  exhales,  and  silver  remains.  Wlien  rased  along  with  potash  (or  its  carbonate), 
the  silver  is  also  revived ;  while  oxygen  ^or  also  carbonic  add)  gas  is  liberated,  and 
chloride  of  potassium  is  formed.  Alkalme  solutions  do  not  decompose  chloride  of 
silver.  When  this  compound  is  exposed  to  light,  it  suffers  a  partial  decomposition, 
hydrochloric  add  being  disengaged. 

The  best  way  of  redudng  the  chloride  of  silver,  says  Uohr,  is  to  mix  it  with  one- 
third  of  its  wdgbt  of  colophony  (black  resin),  and  to  heat  the  mixture  moderately  in 
a  crudble  till  uie  fiame  ceases  to  have  a  greenish-blue  colour ;  then  suddenly  to  in- 
crease the  fire,  so  as  to  melt  the  metal  into  an  ingot. 

The  snbchloride  may  be  directly  formed  by  pouring  a  solution  of  proto-chloridv 
of  coppeE  or  iron  upon  nlver-leaf. 
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SXXiVBB,  OTAVnka  or.    See  Ctamidbs. 

8I&VBlt  nx.  Jbies  picta.  This  species  yields  the  Bnrgnndy  pitch  and  Stiasburg 
turpentine.    See  Abies. 

SUiVUMt  JTwiiMlJiATZVO.     See  FuuuKATlMO  Sij,tbb. 

■IJiVWt  (UtAVOa.    Sulphide  of  silver.    See  Siltkb. 

SZ&VXa,  BTPOBVXiVBXTB  OF.  AgO.SKI'.HO  {Al^WnPO*).  This  salt 
is  fonned  in  the  process  of  fixing  photographic  pictures  with  hypotulphite  of  soda. 
Solutions  of  the  hjrposulphite  of  soda,  potash,  or  lime,  which  are  bitter  salts,  dissolve 
chloride  of  silyer  into  liquids  possessing  a  remarkable  sweetness.  See  Eyposulfhitb 
OP  Soda. 

BXSiVWIMf  XOnira  OV.  (Agl.)  This  componnd  of  iodine  and  silver,  which  is 
obtained  when  a  solntion  of  an  iodide  is  added  to  nitrate  of  silver,  is  a  pale  yellow 
powder.  It  is  also  found  native,  bat  not  in  large  quantities.  This  silver  salt  is 
remarkable,  like  some  other  metallic  compounds,  for  changiDg  its  colour  alternatively 
with  heat  and  cold.  If  a  sheet  of  white  paper  be  washed  over  with  a  solution  of 
nitrate  of  silver,  and  afterwards  with  a  somewhat  dilute  solution  of  iodide  of  potas- 
sinm,  it  will  immediately  assume  the  pale  yellow  tint  of  the  cold  silver  iodide.  On 
placing  the  paper  before  the  fire,  it  will  change  colour  from  a  pale  primrose  to  a  gaudy 
brilliant  yellow,  like  the  sunflower ;  and  on  being  cooled,  it  will  again  resume  the 
primrose  hue.  These  alternations  may  be  repeated  indefinitely,  like  those  with  the 
salts  of  cobalt,  provided  too  great  a  heat  be  not  applied.  The  pressure  of  a  finger 
upon  the  hot  yellow  paper  makes  a  white  spot,  by  cooling  it  quickly.  Iodide  of  silver, 
when  quite  pure,  is  very  slowly  darkened  when  exposed  to  sunshine ;  but  if  in  com- 
bination with  an  organic  compound,  or  with  an  excess  of  nitrate  of  silver,  it  changes 
colour  with  much  rapidity.  From  this  property  it  furnishes  one  of  the  most  valuable 
of  our  photograpliic  agents.  It  is  the  active  material  in  the  calotype,  the  collodion, 
the  Daguerreotype,  and  other  processes,     See  Photoobafhy. 

BIKVaS,  WXTBATa  or.  AgO.NO' (AcWO*).  This  salt  was  known  to  Qeber, 
and  was  chiefly  used  in  medicine ;  bat  since  the  discovery  of- photography,  it  has  been 
made  on  a  very  large  scale.  It  is  found  in  commerce  in  two  different  forms,  viz. 
eiystallised,  and  in  sticks,  the  former  being  more  general ;  in  sticks  it  is  called  '  lunar 
caustic,'  and  is  used  by  the  surgeon.  It  is  prepared  by  digesting  metallic  silver  with 
moderately  strong  nitric  acid;  the  silver  speisdily  ussolves,  especially  if  heat  be 
applied.  Some  of  the  nitric  acid  is  decomposed,  yielding  oxygen  to  the  silver,  and 
liberating  binoxide  of  nitrc^n,  which,  in  contact  with  the  air,  abstracts  oxygen  and 
forms  red  vapours  of  hyponitric  add. 

The  clear  solution  is  evaporated,  either  to  the  crystallising  point  or  to  dryness ;  if 
for  etnutic,  it  is  fused  and  cast  into  sticks.  If  ordinary  stan^rd  silver  he  used,  the 
solution  will  contain  some  nitrate  of  copper ;  in  this  case  it  must  be  evaporated  to 
dryness,  and  gradually  heated  till  all  the  nitrate  of  copper  is  decomposed,  which  may  be 
known  by  taking  a  little  of  the  salt,  dissolving  in  water,  and  adding  excess  of  ammonia ; 
when,  if  copper  be  still  present,  the  solution  will  have  a  blue  tint.  When  all  the  copper 
is  thus  rendered  insoluble,  the  fused  mass  is  dissolved  in  distilled  water,  evaporated 
and  crystallised.  When  pure,  nitrate  of  silver  is  white ;  the  crystals  are  transparent, 
colourless,  hexagonal  tables,  or  right  rhombic  prisms,  very  soluble  in  water,  requiring 
only  their  own  weight  of  cold  water  and  half  uiat  quantity  of  boiling  water  for  solu- 
tion ;  they  ore  also  readily  soluble  in  hot  alcohol,  but  the  greater  portion  is  again 
deposited  on  cooling.  Nitrate  of  silver  possesses  a  strongly  metallic  and  bitter  taste. 
It  IS  not  deliquescent,  and  when  free  from  organic  matter  is  not  decomposed  by  light 
{Seanlan).  The  dark  colour  of  the  outside  of  the  ordinary  sticks  of  the  shops  is  caused 
by  the  decomposition  of  the  nitrate  by  the  paper  in  which  they  are  wraj^ed,  as  the 
presence  of  organic  matter  reduces  the  silver  to  the  metallic  state.  Nitrate  of  silver 
IS  frequently  adulterated  to  a  considerable  extent,  principally  with  nitrate  of  potash, 
bnt  sometimes  with  other  nitrates.  The  price  at  which  it  is  sometimes  sold  is  proof 
enough  that  it  is  largely  adulterated ;  for  instance,  it  may  sometimes  be  bought  for 
8«.  an  ounce ;  at  that  price  it  does  not  pay  for  the  silver  alone  that  should  ie  in  it :  we 
will  prove  this.  Eveiy  ounce  (437'5  grains)  of  pure  nitrate  of  silver  contains  278 
grains  of  pure  silver,  and  this  itself,  without  taking  notice  of  nitric  acid  and  time  of 
preparation,  is  worth  3s.  2d.  This  clearly  proves  there  must  be  considerable  adultera- 
tion ;  but  although  the  adulterating  substances  do  not  interfere  generally  with  the 
photographic  processes,  it  is  certain  that  no  advantage  can  be  gained  by  buying  it  at 
so  low  a  price.  The  way  to  detect  the  adulteration  is  to  precipitate  the  silver  by 
hydrochloric  acid,  and  evaporate  the  filtered  liquid  to  dryness,  when,  if  the  salt  is  pore, 
there  will  be  no  residue. 

As  many,  who  use  much  nitrate  of  silver  in  photography,  &c,  throw  away  the 
residues,  and  hence  in  course  of  time  waste  much  silver,  it  will  not  be  out  of  place 
here  to  show  how  it  may  be  saved  and  convnrted  again  into  nitrate  of  silver  fit  for  use. 
Vol-  in.  3  H 


Digitized  by 


Google 


834  SILVERING 

If  the  papers,  on  which  there  is  silver,  are  preseryed,  the  rilver  can  be  obtained  by 
merely  burning  them,  and  may  be  fosed  in  a  porcelain  crucible  into  one  Inmp.  In 
the  case  of  the  nitrate-of-silver  baths,  when  too  weak  for  farther  nse,  the  sUrer  may 
be  precipitated  in  the  form  of  chloride,  by  adding  hydioehlorie  acid.  Th«  chloride 
of  silTer  thus  obtained  may  be  easily  reducisd  to  the  metallic  state :  1st,  by  digesting 
the  moist  chloride  with  metallic  zinc  and  dilute  inlphurie  acid  ;  the  hydrogen  wiieh  is 
thus  liberated  reduces  the  silver  to  the  metallic  state,  which  remains  in  the  form  of 
a  black  powder,  and  when  well  washed  with  water  may  be  dissolved  in  nitric  acid, 
evaporated  and  crystallised.  2nd,  by  digesting  it  by  the  aid  of  heat  with  a  caustic 
alkali  and  tartaric  acid,  when  it  will  also  be  reduced  to  metallic  silver,  and  will  remain 
as  a  black  powder,  which  may  be  treated  as  above.  3rd,  by  collecting  the  predistated 
chloride  of  silver  on  a  filter,  washing  well  with  water,  and  drying  ;  the  dry  chloride 
is  then  mixed  with  four  or  five  times  its  weight  of  a  mixture  of  carbonate  of  potash 
and  carbonate  of  soda,  and  subjected  to  a  white  heat  in  a  pcicelain  crucible ;  the 
silver  will  be  reduced  to  the  metallic  state.  This  salt  is  used  not  only  in  photography, 
but  in  making  permanent  ink,  and  as  a  dye  for  the  hair. 

■XXiVaH,  OZZSaSAr.  There  are  two  oxides  of  silver:  the  protoxide  AgO 
(Ac*0)  and  the  peroxide  AgO*  (A^O).  The  first  is  obtained  by  adding  solution  of 
caustic  potash,  or  lime-water,  to  a  solution  of  nitrate  of  silver.  The  precipitate  has  a 
brownish-grey  colour,  which  darkens  when  dried,  and  contains  no  combined  water. 
Its  specific  gravity  is  7*143.  On  exposure  to  the  sun  it  gives  out  a  certain  quantity 
of  oxygen,  and  becomes  a  black  powder.  This  oxide  is  an  energetic  base ;  being 
slightly  soluble  in  pure  water,  reacting  like  the  alkalis  upon  reddened  litmus-paper, 
and  displacing,  from  their  combinations  with  the  alkalis,  a  portion  of  the  acids 
with  which  it  forms  insoluble  compounds.  It  is  insoluble  in  the  caustic  lyes  of 
potash  or  soda.  By  combination  witji  caustic  ammonia,  it  forms  fidntinating  tiloir. 
The  second,  or  peroxide,  is  formed  when  a  very  dilute  solution  of  nitrate  of  silver  is 
decomposed  by  the  Toltaio  current ;  dark  grey  lustrous  needles  of  the  peroxide  of 
silver  are  formed  around  the  positive  pole.     See  FnuaMATiKa  811.VBB. 

BI&VBB,  BUXiVRATa  OV,  Ag0.80>  (JLij'mo*)  may  be  prepared  by  boiling  sul- 
phuric acid  upon  the  metal.  It  dissolves  in  88  parts  of  boiling  water,  but  the  greater 
part  of  the  salt  crystallises  in  small  needles  as  the  solution  oools.  It  consists  of  118 
parts  of  oxide,  combined  with  40  parts  of  dry  acid. 

BZXWBt  SnbVBtraS  or,  of  which  several  exist  native,  may  be  readily  pre- 
pared by  fusing  the  constituents  together.  A  sulphide  forms  spontaneously  upon  the 
sur&ce  of  silver  exposed  to  the  air  of  inhabited  places.  The  tarnish  may  be  easily 
removed  by  rubbing  the  metal  with  a  solution  of  ohameleo*  mineral,  prepared  by  cal- 
cining peroxide  of  manganese  with  nitre.  Sulphide  of  silver  is  a  powerful  sulpho-base ; 
since  though  it  be  heated  to  redness  in  close  vessels,  it  retains  the  volatile  sulphides, 
whose  combinations  with  the  alkalis  are  decomposed  at  that  temperature.  It  consists 
of  87'04  of  silver  and  12-96  of  sulphur. 

BHiVlWi-TiW  ft  y  is  made  by  bealang  silver  out  very  thin,  in  precisely  the  same 
way  as  gold-leqfia  manufactured.    See  O01.D  BaATmo. 

BIXVBBnrO  is  the  art  of  covering  the  surfaces  of  bodies  with  a  thin  film  of 
silver.  This  is  now  effected  either  by  applying  thin  films  of  silver  mechanically  to 
the  article  to  be  silvered,  or  by  the  electro-metallurgical  process.  When  silver-leaf 
is  to  be  applied,  the  methods  prescribed  for  gold-leaf  are  suitable.  Among  the  metals, 
copper  or  brass  are  those  on  which  the  silverer  most  commonly  operates.  Iron  is 
seldom  silvered ;  but  the  processes  for  both  metals  are  essentially  the  same.  The 
white  alloy  of  nickel  is  now  often  plated. 

The  principal  steps  of  this  operation  are  the  following: — 

1.  The  tmoothing  down  the  sharp  edges,  and  polishing  the  snr&ee  of  the  copper; 
called  emorfiUr  by  the  French  artists. 

2.  The  annealing  ;  or,  making  the  piece  to  be  silvered  red  hot,  and  then  plunging 
it  in  a  very  dilute  nitric  acid,  till  it  be  bright  and  clean. 

3.  Pumicing  ;  or,  clearing  up  the  surface  with  pumice-stone  and  water. 

4.  The  viarming,  to  such  a  degree  merely  as,  when  it  touches  water,  it  may  make 
a  slight  hissing  sound ;  in  which  state  it  is  dipped  in  the  very  weak  aquafortis, 
whereby  it  acquires  minute  insensible  asperities,  sufficient  to  retain  the  silver-leaves 
that  are  to  be  applied. 

6.  The  hatchmg.  When  these  small  asperities  are  inadequate  for  giving  due  solidity 
to  the  silvering,  the  plane  surfaces  must  be  hatched  all  over  with  a  graving  tool ;  but 
the  chased  surfaces  need  not  be  touched. 

6.  The  blueing,  consists  in  heating  the  piece  till  its  copper  or  brass  colour  changes 
to  bine.  In  heating,  they  are  placM  in  not  tools  made  of  iron,  called  numdrina  in 
France. 

7.  The  charging,  the  workman's  term  for  silvering.     This  operation  consists  in 
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placing  the  silver-leaves  on  the  heated  piece,  and  fixing  them  to  its  surface  by 
Dumishers  of  steel,  of  various  forms.  The  workman  begins  by  applying  the  leaves 
double.  Should  any  part  darken  in  the  heating,  it  must  be  cleared  up  by  the  scratch- 
brnib. 

The  silverer  always  works  two  pieces  at  once ;  so  that  he  may  heat  the  one,  while 
burnishing  the  other.  After  applying  two  silver-leaves,  he  must  heat  up  the  piece 
to  the  same  degree,  as  at  first,  and  he  then  fixes  on  with  the  burnisher  four  addi- 
tional leaves  of  silver ;  and  he  goes  on  charging  in  the  same  way,  4  or  6  leaves  at  a 
time,  till  he  has  applied,  one  over  another,  30,  40,  SO,  or  60  leaves,  according  to  the 
desired  solidity  of  the  silvering.  He  then  burnishes  down  with  great  pressure  and 
address,  till  he  has  given  the  smrface  a  uniform  silveiy  aspect. 

Silvering  by  the  precipitated  ohlorid*  of  aUver. — The  white  curd  obtained  by  adding 
a  solution  of  common  salt  to  one  of  nitrate  of  silver  is  to  be  well  washed  and  dried. 
One  part  of  this  powder  is  to  be  mixed  with  3  parts  of  good  pearlasb,  1  of  washed 
whiting,  and  one  and  a  half  of  sea-salt  After  cleaning  the  surface  of  the  brass,  it  is 
to  be  lobbed  with  a  bit  of  soft  leather,  or  cork  moistened  with  water,  and  dipped  in 
the  above  powder.  After  the  ailveiing,  it  should  be  thoroughly  washed  with  water, 
dried,  and  immediately  varnished.  Some  use  a  mixture  of  1  part  of  the  silver  pre- 
cipitate, with  10  of  cream  of  tartar,  and  this  mixture  also  answers  very  welL 

Others  give  a  coating  of  silver  by  applying  with  friction,  in  the  moistened  state,  a 
mixture  of  1  part  of  silver-powder  precipitated  by  copper,  2  parts  of  cream  of  tartar, 
and  as  much  common  salt.  The  piece  must  be  immediately  washed  in  tepid  water 
very  faintly  alkalised,  then  in  slightly  warm  pure  water,  and  finally  wiped  dry  before 
the  fire. 

The  inferior  kinds  of  plated  buttons  get  their  silver  coating  in  the  following  way : — 

Two  ounces  of  chloride  of  silver  are  mixed  up  with  1  ounce  of  corrosive  sublimate, 
3  pounds  of  common  salt,  and  3  pounds  of  sulphate  of  zinc,  with  water,  into  a  paste. 
The  buttons  being  cleaned,  are  smeared  over  with  that  mixture,  and  exposed  to  a 
moderate  degree  of  heat,  which  is  eventually  raised  nearly  to  redness,  eo  as  to  expel 
the  mercury  from  the  amalgam  formed  by  the  reaction  of  the  horn-silver  and  the 
corrosive  sublimate.  The  copper  button  thus  acquires  a  silvery  surface,  which  is 
-  brightened  by  cleaning  and  burnishing.  See  Elxctbo-Hetaixvbgt. 
'     SZ&VaSXVO  or  0&A88.    SeeMotBOBS. 

BZMZ&OB.  A  name  given  to  a  rich-coloured  brass,  composed  of  3  oz.  of  zinc  to 
1  lb.  of  capper.    See  AixoT  and  Brass. 

BXKOMXMtt.  In  the  article  Blbaceino,  the  modern  and  most  approved  singeing 
apparatus  is  described.  The  old  furnace  for  singeing  cotton  goods  is  represented  in 
longitudinal  section.  Jig.  1850,  and  in  a  transverse  one  in  Jig,  1861.  a  is  t^e  fire- 
door  ;  b,  the  grate ;  c,  the  ashpit ;  d,  a  flue,  6  inches  broad  and  2^  high,  over  which 
a  hollow  semi-cylindrical  mass  of  cast  iron  e,  is  laid,  1  inch  thick  at  the  sides,  and 
2^  thick  at  the  top  curvature.  The  flame  passes  along  the  fire-fiue  d,  into  a  side 
owning/,  in  the  chimnepr.  The  goods  are  swept  swiftly  over  this  ignited  piece  of 
iron,  with  considerable  friction,  by  means  of  a  wooden  roller,  and  a  swing  frame  for 
raising  them  at  any  moment  out  of  contact. 


1861 


1850 


In  some  shops,  semi-cylinders  of  copper,  three-quarters  of  an  inch  thick,  have  been 
substituted  for  those  of  iron,  in  singeing  goods  prior  to  bleaching  them.  The  former 
last  three  months,  and  do  1,600  pieces  with  one  ton  of  coal ;  while  the  latter,  which 
are  an  inch  and  a  half  thick,  wear  out  in  a  week,  and  do  no  more  than  from  600  to 
600  pieces  with  the  same  weight  of  fuel. 

,  In  the  early  part  of  the  year  1818,  Mr.  Samuel  Hall  introduced  the  plan  iac 
removing  the  downy  fibres  of  the  cotton  thread  from  the  interstices  of  bobbinet 
lace,  or  muslins,  by  singeing  the  lace  with  the  fiame  of  a  gas-bnmer.  And  in  1828 
he  modified  this  process  by  causing  a  strong  current  of  air  to  draw  the  flame  of  the 
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gas  thtoogh  the  interstices  of  the  lace,  m  it  passes  ont  the  borner,  by  means  of  an 
aperture  in  a  tube  placed  immediately  above  the  row  of  gas-jets,  which  tube  commu- 
oicates  with  an  air-pump  or  exhauster. 

Fig,  1832  shows  the  construction  of  the  appaistua  complete,  and  manner  in  which 
it  operates :  a,  a,  is  a  gas-pipS)  supplied  by  an  ordinary  gasometer ;  from  this  pipe, 
seroral  small  ones  extend  upwards  to  the  long  burner  b,  b.  This  burner  is  a  hori- 
zontal tube,  perforated  with  many  small  holes  in  the  upper  side,  through  which, 
as  Jets,  the  gas  passes  ;  and  when  it  is  ignited,  the  bobbinet  lace,  or  other  material 
intended  to  be  singed,  is  extended  and  drawn  rapidly  OTer  the  flame,  by  means  of 
rollers,  which  are  not  shown  in  the  figure. 

The  simple  burning  of  the  gas,  even  with  a  draught  chimney,  is  found  not  to  be  at 
all  times  efficacious.  There  is  now  introduced  a  hollow  tubis  c,  e,  with  a  slit  or 
opening,  immediately  over  the  row  of  burners ;  and  this  tube,  by  means  of  the  pipes 
d,  d,  d,  communicates  with  the  pipe  e,  e,  e,  which  leads  to  the  exhausting  apparatus. 

This  exhausting  apparatus  consists  of  two  tanks,/ and  ^,  nearly  fiU^  with  water, 
and  two  inverted  boxes  or  vessels,  A  and  (,  whidi  are  suspended  by  rods  to  the 
vibrating  beamX;:  each  of  the  boxes  is  furnished  with  a  valve  opening  upwards; 
I,  I,  are  pipes  extending  from  the  horizontal  port  of  the  pipe  e,  up  into  the  boxes  or 
vessels  h  and  t,  which  pipes  have  valves  at  their  tops,  also  opening  upward.    When 
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the  vessel  A  descends,  the  water  in  the  tank  forces  out  the  air  contained  within  the 
vessel  at  the  valve  m ;  but  when  that  vessel  rises  again,  the  valve  m  being  closed,  the 
air  is  drawn  from  the  pi^  e,  through  the  pipe  I.  The  same  takes  place  in  the  vessel 
t,  irom  which  the  air  in  its  descent  is  expelled  through  the  valve  n,  and  in  its  ascent 
draws  the  air  through  the  pipe  I,  from  the  pipe  e.  By  those  means,  a  parti^  exhaus- 
tion is  effected  in  the  pipe  t,  «,  and  the  tube  c,  c;  to  supply  which,  the  air  rushes 
with  consideibble  force  through  the  long  opening  of  the  tube  c,  e,  and  carries  with  it 
the  fiame  of  tbe  gas-burners.  The  bobbinet  lace,  or  other  goods,  being  now  drawn 
over  the  flame  between  the  burner  b,  b,  and  the  exhausted  tube  c,  c,  by  means  of 
rollers,  as  above  said,  the  flame  of  the  gas  is  forced  through  tlie  interstices  of  the 
fabric,  and  all  the  fine  filaments  and  loose  fibres  of  the  thread  are  burnt  ofiT,  without 
damaging  the  substance  of  the  goods. 

To  adjust  the  draught  from  the  gas-burners,  there  are  stop-cocks  introduced  into 
several  of  the  pipes  d ;  and  to  regulate  the  action  of  the  exhausting  apparatus,  an  air 
vessel  o  is  suspended  by  a  cord  or  chain  passing  over  pulleys,  and  balanced  by  a 
weight  p.  There  is  also  a  scraper  introduced  into  the  tube  c,  which  is  made,  by 
any  convenient  contrivance,  to  revolve  and  slide  backwards  and  forwards,  for  tlie 
purpose  of  removing  any  light  matter  that  may  arise  from  the  goods  singed,  and 
which  would  otherwise  obstroct  the  air-passage.  Two  of  these  draught  tubes  e 
may  be  adapted  and  united  to  the  exhausting  apparatus,  when  a  double  row  of 
burners  is  employed,  and  the  inclination  of  me  flame  may  be  directed  upwards, 
downwards,  or  sideways,  according  to  the  position  of  the  slit  in  the  draught  tube,  by 
which  means  any  description  of  goods  may,  if  required,  be  singed  on  both  sides 
at  one  operation, 

■ZXa.  A  solution  of  gelatinous  matter,  usually  made  from  skin,  employed  for  the 
purpose  of  giving  adhesiveness  to  certain  substances,  which  could  not  be  othenrise 
secured  to  sur&ces.    See  Oeutqix  and  Qimk 
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ro  Aira  SIBUiCI  MAOBXHB.  The  process  of  sizing  and  dyeing  of 
jams  has  usually  been  effected  by  two  processes.  The  yam  was  dyed  in  the  We 
irarp,  and  in  that  state  each  thread  tras  not  equally  exposed  to  the  dye ;  and  then  the 
system  of  ball-'warp  sizing  was  adopted.  Dawson  and  Slater  have  recently  intioducc>d 
a  new  process,  by  which  the  yam  is  both  dyed  and  sized  at  the  same  time.  This  is 
efibcted  by  passing  the  yam  first  through  a  solu- 
tion of  the  colouring-matter,  and  the  mordant  held 
in  solution  by  some  add,  then  through  ammo- 
niacal  vapour,  and  lastly  through  the  size-box. 
The  process  is  as  follows: — ^Beginning  wiUi  the 
four-warp  roller  A  A  (at  the  right  hand  of  the 
machine  )  as  seen  in  Jig.  1863),  the  yam  passes 
thence  into  the  dye-yeesel  b,  over  three  guide- 
rollers  to  a  copper  cylinder  c,  thence  over  another 
guide-roller  to  a  second  copper  cylinder,  eventn- 
ally  coming  up  through  the  two  squeezing  rollen 
D,  at  the  end  of  the  dye-box.  It  may  be  obserred, 
that  the  copper  cylinders  can  be  raised  or  lowered 
in  the  dye-box  by  means  of  a  rack  and  pinion, 
and  that  the  small  circles  at  the  bottom  of  the 
dye-Tessel  represent  steam-pipes  for  boiling  the 
dye-liquor.  The  yam  then  passes  from  the  squeez- 
ing rollers  over  other  rollers  into  the  ammoniacal 
or  gas-chamber  e,  .which,  with  the  exception  of 
two  openings,  the  one  for  the  passing  in  of  the 
yarn,  and  the  other  for  letting  it  out,  is  wholly 
closed  by  the  lid  here  represented  in  the  centre  of 
the  chamber.  By  following  the  dotted  lines,  it 
will  be  perceiyed  that  herein  the  yam  passes  under 
and  over  four  guide-rollers  before  its  exit  from 
the  chamber,  it  being  during  the  passage  folly 
exposed  to  the  vapour  of  the  ammonia,  which  is 
introduced  by  means  of  the  fndnel  represented'  in 
the  centre.  Thence  the  yam  passes  into  the  next 
vessel  termed  the  washing-box  or  chamber,  over 
and  under  suitable  rollers  and  through  the  two 
squeezing  rollers  at  the  end,  there  being  a  perfo- 
rated pipe,  not  shown  in  the  drawing,  for  dis- 
charging water  on  to  the  yam.  Coming  out  of  the 
wasUng-box,  the  yam  continues  its  journey  over 
a  steam-drying  cylinder  f,  down  into  the  size-box 
o  below,  the  smsdler  circle  in  the  engraving  repre- 
senting a  guide-roller,  and  the  others  two  copper 
squeezing  rollers.  Then '  the  yam,  after  leaving 
the  squeezing  rollers,  passes  over  and  under  a 
larger  cylinder  E,  and  a  smaller  drying  cylinder  i, 
whence  it  is  conveyed  by  suitable  rollers  to  the 
weaver's  beam  as  marked. 

The  advantages  of  this  arrangement  are  that 
the  yarn  is  less  strained,  less  crossed,  and  in  a 
better  condition  for  weaving.  It  enters  the  size 
and  the  dye  in  the  form  of  a  sheet,  in  which  state 
each  thread  is  separated,  and  completely  sur- 
rounded by  the  dye,  and  afterwards  by  the  size ; 
the  result  is  uniformity  of  shade  and  an  absence  of 
streaky  or  uneven  places.  Not  only  so,  but  there 
is  a  great  saving  of  time,  for  warps  in  the  grey 
in  the  morning  may  be  dyed,  sized,  and  in  the  loom 
weaving  By  noon  of  the  same  day,  and  all  done  on 
the  manufacturer's  own  premises  and  under  his 
supervision,  contrasting  very  £ivourably  with  the  old  plan  of  getting  the  work  done  out 
of  doors.  By  that  system  the  time  that  elapses  from  sending  the  warps  to  the  dyer 
to  receiving  them  back  again  is  frequently  tun  days  to  a  fortnight,  whiui  necessitates 
the  keeping  of  a  larger  stock  than  is  requisite  by  the  new  plan,  when  aU.i8  done  in  a 
few  hours. 

To  illustrate  the  principle  of  these  improvements,  one  example  will  suffice.    Sup- 
pose that  a  black  dye  is  required;  a  coloured  solution  is  made  by  boiling  about  100 
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puts  of  logirood  of  good  qoality  in  600  part*  of  wstar;  titer  which  tvelTe  puts  of 
mlphate  of  iron  and  two  puts  of  snlphnric  acid  an  added.  A  snfBdent  qoantitj  of 
tliis  s<dntion  is  introdneed  into  the  aye-trough,  so  as  to  cover  the  rollers  therein. 
The  BOlntion  is  kept  on  the  boil  by  means  of  the  ooil  of  steam-piping  placed  at  the 
bottom,  and  the  yam  is  drawn  through  the  solntion,  and,  passing  thence  through  the 
chamber  containing  the  ammoniacal  Taponr  on  to  the  drying  cylinders,  it  ends  its 
course  on  the  loom-beam,  unless  otherwise  required.    See  Cauoo-Fjuxtiko. 

•XATM.  The  fishes  comprehended  under  the  genus  Baia.  There  are  many 
species,  the  most  common  being  the  blue  or  grey  sl^te.  Rata  batit.  Some  of  this 
species  weigh  as  much  as  200  lbs.  The  thomback,  or  rough  ray,  is  the  Saia  davata ; 
and  the  homelyn,  or  sand  ray,  Saia  miraUtv*.  All  three  are  good  eating ;  the  last  is 
the  most  common  in  our  markets. 

KMXK.  {Peau,  Ft. ;  Haut,  Oer.)  The  external  membrane  of  animal  bodies  con- 
sists of  three  layers :  1.  the  epidermis,  or  scarf-skin  (Oberhaut,  G«r.) ;  2,  the  vascular 
organ,  or  papillary  body,  which  performs  the  secretions ;  and  3,  the  true  skin 
(^Lederhaut,  Ger),  of  which  leather  is  made.  The  skin  proper,  or  dermoid  substance, 
is  a  tissue  of  innumerable  very  delicate  fibres,  crossing  each  other  in  every  possible 
direction,  with  small  orifices  between  them,  which  are  larger  on  its  intemtd  than  on 
its  external  surface.  The  conical  channels  thus  produced  are  not  straight,  but  oblique, 
and  filled  with  cellular  membrane ;  they  receive  vessels  and  nerves  which  pass  out 
through  the  skin  (cutU  vera),  and  are  distributed  upon  the  secretory  organ.  The 
fibrous  texture  of  the  skin  is  composed  of  the  same  animal-matter  as  the  serous 
membranes,  the  cartilages,  and  the  cellular  tissue ;  the  whole  possessing  the  property 
of  dissolving  in  boiling  water,  and  being,  theieby,  converted  into  glue.  The  ddns  of 
«nittntl«  are  imported  for  the  preparation  of  tvn,  tar  use,  and  ornament,  and  for  the 
manufacture  of  leather.    See  Qlub,  LaaTHiB,  Tan,  and  Fuss. 

In  187S  onr  ImporU  of  skins,  fbrs,  and  pelts  ware  as  follow : — 


Goat  and  kid,  undressed 

„  „    tanned,  tawed,  ot  dressed  . 

Seal 

Sheep  and  Iamb,  undressed 

„  „      tanned,  tawed,  or  dressed 

Unsnnmerated,  being  furs 

„  not  being  furs,  dressed  and  undressed 

Skins  luid  traa  manufactured 

Specimens  illustrative  of  natural  history  .        . 


Hnmbar 


1,868,895 
6,4S6,700 
876.077 
8,363,736 
3,760,610 
4,026,665 
3,768,970 


Taloe 


£ 

174,093 

823,087 

427,274 

1,322,848 

313,369 

419,104 

458,998 

30,677 

36,021 


(Laitier,  Fr. ;  Schlacke,  Ger.)  This  is  the  vitreous  mass  which  covers  the 
fused  metal  in  the  smelting-hearths.  In  the  iron-works  it  is  commonly  called  cinder. 
Slags  consist,  in  general,  or  bi-silicates  of  lime  and_ magnesia,  a.long  with  the  oxides  of 
iron  and  other  metals ;  being  analogous  in  composition,  and  having  the  same  dystsUine 
tcxm  in  some  cases  as  the  mineral  jn/roxene ;  in  others  as  that  of  olivine. 

The  following,  selected  from  the  analyses  of  Percy  and  Forbes,  show  the  composi- 
tion of  the  iron-furnace  slags : — 


Silica 

28-82 

42-06 

80-62 

8960 

Alumina         .... 

24-24 

12-98 

1611 

41-28 

Lime 

40-12 

33-53 

32-62 

0-47 

Magnesia        .... 

2-79 

1-06 

3-49 

0-35 

Protoxide  of  manganese . 

0-07 

2-26 

2-89 

113 

Protoxide  of  iron    . 

0-27 

4-94 

202 

48-43 

Sesquioxide  of  iron , 

•  •• 

•  •• 

•  •< 

1711 

Potash,  with  traces  of  soda     . 

0-64 

2-69 

106 

... 

Sulphate  of  lime     . 

0-26 

... 

... 

... 

Sulphide  of  calcium 

8-38   . 

1-03 

216 

... 

Phosphoric  acid 

0-81 

... 

1-34 

Solphide  of  iron 

■  •• 

... 

••. 

1-61 

Loss 

«•• 

019 

1-24 

... 

100-09 

100-00 

100-00 

101-33 
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Of  the  laat  of  these,  Dr.  Percy  remarks : — 

'  An  immeDse  quantity  of  iron  slag,  far  richer  than  manf/  iron,  ores,  is  annually 
thrown  away,  and  it  may  be  that  the  presence  of  phosphoric  acid  in  sensible  quantity 
is  one  of  the  causes  which  prerents  the  r»«melting  of  this  slag  to  advantage.  The 
ftui,  has  not  yet  soffleiently  attraeted  the  attention  of  those  engaged  in  the  mannfac- 
tore  of  iron.  The  discorery  of  a  method  of  extracting  economicsUy  good  iron  from 
these  rich  slags  would  be  of  great  advantage  to  the  oonntry,  and  conld  not  tail  amply 
to  reward  its  author.' 

Nnmerons  attempts  have  been  made  to  ntdlise  the  slags  prodoced  in  great  quantity 
from  onr  blast  fkirnaoes,  but  hitherto  no  process  appears  to  have  been  attentud  with 
success.  One  of  the  most  recent  attempts  has  been  that  of  Ur.  Charles  Wood,  of 
Middlesbro'.  He  employs  a  machine  for  caking  the  slag,  which  is  simply  a  horizontal 
rotative  table  on  which  tiie  slag  flowing  from  the  slag-spont  of  the  blast-fnmaoe  is  de- 
posited and  slowly  borne  ronnd  in  a  continnons  layer  of  &om  half  an  inch  to  three- 
quarters  of  an  inch  in  thickness.  The  table  is  composed  of  thick  slabs  of  iron  with 
water  flowing  fyeely  through  them  to  keep  them  cool.  The  thin  layer  of  slag  is  solidi- 
fled  by  the  cool  slabs,  then  water  is  allowed  to  flow  finely  on  it,  and  scrspera  placed 
athwart  the  table  break  the  friable  material  into  pieces  and  gather  it  right  away  into 
the  waggons.  Mr.  Wood  attempts  to  prove  by  comparative  statements  that  great 
economy  would  be  etbcted  by  the  use  of  the  caked  slag  and  slag-sand  as  concrete,  and 
of  the  slag-6and  mixed  with  lime  as  a  mortar.  The  slig-sand  is  prepared  by  allowing 
the  molten  slag  to  flow  from  the  furnace  into  a  rotating  drum  containing  water ;  the 
slag  falling  into  the  water  is  disintegrated  to  a  coarse  powdw. 

Blast-fnmaee  slags  have  been  much  used  for  road-mending,  but  they  do  not  answer  well 
on  account  of  their  extreme  brittleness.  This  fault  can,  however,  be  to  a  great  extent 
remedied  by  devitrifying  them.  This  is  done  by  allowing  them  to  cool  very  slowly. 
The  slag,  by  a  process  introduced  by  Mr.  Egleeton,  is  cast  in  huge  blocks,  which  ate 
then  sn^ected  to  pressure ;  after  the  blocks  are  cold  they  are  found  to  possess  much 
toughness,  and  are  said  to  furnish  an  excellent  material  for  road-making. 

for  many  years  past  the  slags  of  copper  firmaces  have  been  used  for  building 
purposes,  and  to  a  less  extent  the  slags  from  blast-fomaees.  Processes  are  now  being 
practised,  which  though  somewhat  complicated  and  troublesome,  furnish  blocks  which 
are  completely  impervious  to  damp,  possess  the  necessary  toughness,  and  ore  admirably 
suited  for  the  foundation  of  buildings. 

_  In  one  plan,  when  the  Aunace  is  tapped,  the  slag  is  allowed  to  run  into  a  semi- 
circdar  vessel,  which  being  on  wheels,  is  readily  brou^t  to  and  from  the  furnace.  At 
the  bottom  of  this  vessel,  is  a  layer  of  sand  and  ocdce  dust  three  centimeters  thick.  A 
bent  rake  or  paddle  is  then  employed  to  mix  thoroughly  the  slag  with  the  sand  and 
cinders,  nntil  the  gases  cease  to  be  evolved,  and  the  mass  is  nearly  solid.  The  semi- 
solid mass  is  then  ladled  into  moulds,  provided  with  iron  lids,  whidi  are  fixed  down  as 
soon  as  no  more  bubbles  of  gas  appear.  When  completely  solid,  but  while  still  red 
hot,  the  block  is  placed  in  an  annealing  oven,  and  covered  with  coke-dust,  so  that  the 
complete  cooling  shall  not  take  place  in  less  than  three  or  four  days. 

When  the  slag  contains  38  per  cent,  and  upwards  of  silica,  a  serviceable  building 
stone  can  be  obtained  from  it  by  simply  taking  care  that  the  annealing  process  in 
sufficiently  long.  This  is  in  some  works  effected  by  allowing  the  whole  of  the  slag  to 
run  down  a  shoot  into  a  pit  lined  with  sand  and  ashes,  with  which  it  is  also  covered 
up.  If  proper  precautions  have  been  taken  to  prevent  premature  chilling,  it  will  be 
nearly  ton  days  brfore  the  slag  is  sufficiently  pasty  to  allow  of  its  being  filled  into 
moulds.    The  blocks  are,  subsequently,  as  carefully  cooled  as  in  the  former  prxxiess. 

In  some  parte  of  Belgium  the  slag  is  met,  as  it  leaves  the  blast-Aimace,  by  a  stream 
of  water,  with  the  effect  of  breaking  it  up  into  a  powder  even  finer  than  sand.  This 
product  the  puddlers  use  for  making  the  moulds  for  their  pig-iron,  and  greatly  prefer 
It  to  sand.  A  kind  of  glass  is  also  made  byrunning  the  slag  on  iron  plates,  which  are 
afterwards  cooled  by  the  judicious  application  of  water.  The  slag-powder  is  also  used 
for  morter-making.  Very  rapid  hardening  is  s«d  to  be  thus  secured,  a  point  of  great 
importance  in  the  building  of  foundation-walls  and  all  subsoil  erections.  Bricks  are, 
in  some  parte  of  Europe,  glazed  by  powdering  them  with  slag  before  drying,  and 
afterwards  burning  them  out  of  contact  with  carbon.  The  glaze  Uius  produced  is  very 
perfect,  and  as  the  slags  are  of  different  colours  a  variety  of  tinte  are  obteined.  Tiles, 
drain-pipes,  and  earthenware  generally  may  be  thus  treated.  It  has  been  tried  how 
far  a  mixture  of  clay  and  granulated  slag  may  with  advantage  be  used  for  fire-bricks. 
Theresnlte  of  its  use  in  a  brass  furnace  are  said  to  have  been  exceedingly  satisfactory. 
8ZlA,TM,  {Ardoisa,  Fr. ;  Schie/er,  Ger.)  The  substences  belonging  to  this 
class  maj  be  distributed  into  the  following  species : — 1.  Mica^sehist,  occasionally  used 
for  covering  houses.  2.  Boofing  slate.  3.  Whet  slate.  4.  Polishing  slate.  5.  I>raw- 
ing  slate,  or  black  chalk.    6.  Adhesive  slate.    7.  Bitominoos  shale.    8.  Slate-day. 
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1.  lliea-tehut,  Rometimeg  called  Mica-date. — ^This  18  a  rock  oceapyhig  a  Tsst 
extent)  in  some  mountain  chains :  it  is  of  a  schistose  texture  composed  of  the  mineials 
mica  and  qnartz,  the  mica  being  generally  predominant. 

2.  Bo^fing-daie. — This  substance  is  closely  connected  with  mica-slate ;  so  thatonin- 
terrupted  transitions  maybe  found  between  Uiese  rocks  in  many  mountain  chains.  It  is 
a  simple  schistose  mass,  of  a  bluish-grey  or  greyish-black  colour,  of  Tarions  shades, 
and  a  shining,  somewhat  pearly  intornal  lustre  on  the  &ces,  but  of  a  dead  colour  in 
the  cross  frachire. 

This  slate  is  extensively  distributed  in  Oreat  Britain.  It  skirts  the  Hig^ilands  of 
Scotland,  from  Loch  Lomond  by  Callender,  Comrie,  and  Dunkeld ;  resting  on,  and 
gradually  passing  into  mica-slate  throughout  the  whole  of  that  territoiy.  Boofing- 
slate  occurs  on  the  western  side  of  England,  in  the  counties  of  Cornwall  and  Devon ; 
in  various  ports  of  North  Wales  and  A^lesea ;  in  the  north-east  parts  of  Yorkshire, 
near  Ingleton,  and  in  Swaledale ;  as  also  in  the  counties  of  Cumberland  and  Westmore- 
land. It  is  likewise  met  with  in  the  counties  of  Wicklow  and  other  mountoinoos 
districts  of  Ireland. 

All  the  best  beds  of  roofing-slate  improve  in  quality  as  they  lie  deeper  under  the 
snr&ce ;  near  to  which,  indeed,  they  have  little  value.  This  variety  of  slate  is  found 
in  the  Cambrian,  Silurian,  and  Devonian  formations. 

A  good  roofijig-slate  should  split  readily  into  thin  even  laminn :  it  should  not  be 
absorbent  of  water  either  on  its  face  or  endwise,  a  property  evinced  by  its  not  increasing 
perceptibly  in  weight  after  immersing  in  water ;  and  it  should  be  sound,  compact,  and 
not  apt  to  disintegrate  in  the  air.  The  slate  raised  at  Eisdale,  on  the  west  coast  of 
Argyleshire,  is  very  durable.  The  slates  of  Penrhyn  and  other  quarries  in  North 
Wales  are  very  celebrated ;  those  of  Delabole  in  Cornwall  are  also  well  known  and 
much  esteemed. 

CUaning  and  Dressing  qf  the  Slates. — The  splitter  begins  by  dividing  the  blocks,  cut 
lengthwise,  to  a  proper  size,  which  he  rests  on  end,  and  steadies  between  his  knees. 
He  uses  a  mallet  and  a  chisel,  which  he  introduces  into  the  stone  in  a  direction 
parallel  to  the  cleavage  planes.  By  this  means  be  reduces  it  into  manageable  pieces, 
he  gives  to  each  the  reijuisite  length,  by  cutting  cross  grooves  on  the  flat  face,  and 
then  striking  the  slab  with  the  chisel.  It  is  aftOTwards  split  into  thinner  sections,  by 
finer  chisels  dexterously  applied  to  the  edges.  The  slab  is  then  dressed  to  the  proper 
shape,  by  being  laid  on  a  block  of  wood,  and  having  its  projecting  parts  at  the  ends 
and  sides  cut  off  with  a  species  of  hatchet  or  chopping-knife.  It  deserves  to  be 
noticed  that  blocks  of  slate  may  lose  their  property  of  divisibility  into  thin  lamina. 
This  happens  from  long  exposure  to  the  air,  after  they  have  been  quarried.  The 
workmen  say,  then,  that  they  have  lost  their  waters.  For  this  reason,  the  number  of 
splitters  ought  to  be  always  proportionate  to  the  number  of  block-hewers.  Frost 
renders  the  blocks  more  fissile ;  but  a  supervening  thaw  renders  them  quite  re&actoty. 
A  new  £cost  restores  the  fcumlty  of  splitting,  though  not  to  the  same  degree ;  and  the 
workmen  therefore  avail  themselves  of  it  without  delay.  A  succession  of  frosts  and 
thaws  renders  the  quarried  blocks  quite  intractable. 

3.  Whet  date,  or  Turkey  hone,  is  a  slaty  rock,  containing  a  great  proportion  of  quartz, 
in  which  the  component  particles,  the  same  as  in  clay-slate  and  mica-slate,  but  in 
different  proportions,  are  so  very  small  as  to  be  indiscernible. 

4.  'Pohshing  date.  Colour,  cream-yellow,  in  alternate  stripes ;  massive ;  composition 
impalpable ;  principal  fracture,  slaty,  thin,  and  straight ;  cross  fracture,  fine  earthy ; 
feels  fine,  but  meagre ;  adheres  little,  if  at  all,  to  the  tongue ;  is  very  soil,  passing  into 
friable;  specific  gravity,  in  the  dry  state,  1-6  ;  when  imbued  with  moisture,  1*9.  It 
is  supposed  to  have  been  formed  from  the  ashes  of  burnt  coal.  It  is  found  at  Flanitz 
near  Zwickau,  and  at  Kutschlin  near  Bilin  in  Bohemia. 

6.  Drawing  slate,  or  Black  chalk,  has  a  greyish-black  colour ;  is  very  soft,  sectile, 
easily  broken,  and  adheres  slightly  to  the  tongne ;  spec  grav.  2*11.  The  streak  is 
glistening.  It  occurs  in  beds  in  primitive  and  transition  clay-slate ;  also  in  secondaty 
formations,  as  in  the  coal-measnres  of  most  countries.  It  is  used  in  ctayon-drawiug. 
Its  trace  upon  paper  is  regular  and  black.  The  best  kinds  are  found  in  Spain,  Italy, 
and  France.  Some  good  black  chalk  occurs  also  in  Oaemarvonshire  and  in  the  island 
oflslay. 

6,  Adhesive  elate  has  a  light  greenish-grey  colour,  is  easily  broken  or  exfoliated, 
has  a  shining  streak,  adheres  strongly  to  uie  tongue,  and  absorbs  water  rapidly,  with 
the  emission  of  air-bubbles  and  a  crackling  sound, 

_  7.  Bituminous  shaie  is  a  species  of  soft,  sectile  slate-clay,  much  impregnated  with 
bitumen,  which  occurs  in  the  coal-measures.    See  KommunaB  Shale,  and  Shales. 

8.  Slate-olat/  has  a  grey  or  greyish-yellow  colonr ;  is  massive,  with  a  dull  glim- 
mering lustre  from  spangles  of  mica  interspeised.  Its  slaty  fracture  approaches  at 
times  to  earthy ;  fragments,  tabular ;  soft,  sectile,  and  very  frangible ;  specific  gravity. 
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2*6.    It  adheres  to  the  tongue,  and  crumbLes  downVben  immersed  for  some  time  in 
iratar.    It  is  the  KUlat  of  the  Cornish  miners. 

In  addition  to  the  slates  properly  so  called,  many  fissile  rocks,  which  split  along 
planes  of  bedding  into  sufficiently  thin  slabs  to  be  used  for  roofing,,  are  popularly 
called  '  slates.'  Thus  the  Stone^field  date  is  a  thin-bedded  arenaceous  limestone,  at  the 
base  of  the  Great  Oolite,  largely  qoarried  at  Stonesfield,  in  Oxfordshire.  The  CoUet/- 
tceston  slate  is  a  similar  fissile  bmestone,  belonging  to  the  Lincolnshire  (Inferior) 
Oolite,  which  is  worked  at  OoUeyweston,  in  Northamptonshire,  and  is  much  used  by 
Sir  Gilbert  Scott  for  roofing  churches  built  in  the  Gothic  style.  The  Dueion  ilatt  is 
a  similar  material  occurring  in  the  Northampton  stods. 

8&A,TT  OXaAVAWL     See  Olbataob. 

BXJSas.  A  miner'g  term  for  a  dislocation  of  the  strata,  which  is  evidenced  by  the 
sliding  of  one  portion  of  the  rock  over  the  other.  These  slides  are  often,  but  not  always, 
filled  with  a  softer  matter  than  the  rock,  a  clay  in  a  greater  or  less  state  of  induration. 

BTiTg— 1PM.  The  name  given  to  smooth  striated  sur&ces  of  rocks  or  of 
mineral  lodes,  indicating  the  grinding  action  of  the  movement  of  heavy  masses.  Many 
polished  surfaces  are  called  slilcetuidet  to  which  the  term  is  evidentiy  inapplicable. 

SXdDP.  A  fracture  of  strata,  with  the  levels  of  the  relative  beds  altered  on  the 
opposite  sides  of  the  fracture  :  the  beds  are  thus  slipped  ont  of  their  wiginal  position. 

BSOZa.    The  common  name  for  lover.    See  a£bjb. 

BBCOXT.  A  beautiful  blue  glass  made  by  melting  cobalt  ore  with  flint  and  potash. 
It  is  largely  prepared  in  Saxony ;  for  an  account  of  its  mannfiustnre,  see  Cobalt.  The 
chemical  composition  of  a  specimen  of  Cterman  smalt  was  as  follows : — Silica,  6620 ; 
potash  and  soda,  16-31;  oxide  of  cobalt,  6'49;  alumina,  0'43 ;  oxide  of  iron,  0-24; 
arsenic,  a  trace ;  water,  &c.,  0-67. 
See  Cobalt. 
A  name  given  to  a  kind  of  fuller's  earth,  found  in  Lower  Styria. 

See  Cajauinb  ;  Zmc. 
The  processes  for  obtaining  the  metals  from  the  ores.    These  are 
described  under  theirrespective  heads.   See  Coppbe,  Ieon,  Lbab,  Silver,  Tin,  Zinc,  &c. 

BMOKS.  The  more  volatile  portions  of  coal,  passing  of^  charged  with  finely- 
divided  carbon,  at  a  comparatively  low  temperature. 

If  the  black  smoke,  -which  escapes  from  a  furnace  when  a  quantity  of  cold  coals  is 
thrown  in  upon  an  incandescent  mass,  can  be  made  to  pass  over  another  portion  of 
coal  in  active  combustion,  this  carbon  is  consumed,  i.e.  combined  with  atmospheric 
oxygen,  and  converted  into  carbonic  oxide,  which  bums,  producing  carbonic  acid ; 
and  it  therefore  eventually  escapes  as  colourless  vapour. 

One  great  cause,  and  perhaps  the  greatest  cause  of  the  annoyance  of  smoke  in  large 
towns  is  the  carelessness  of  the  man  supplying  fuel  to  the  fire.  Where  coal  is  abun- 
dant, the  stoker  usually  piles  an  unnecessary  quantity  of  fuel  upon  his  fire,  and  this 
has  the  effect  of  reducing  the  heat,  and  of  producing  dense  volumes  of  black  smoke. 
Where  coal  is  scarce  and  dear,  as  in  Comirall,  careful  stoking  leads  to  an  almost 
entire  absence  of  smoke.  A  small  quantity  of  coal  is  placed  in  front  of  the  fire  at  a 
time  ;  here  it  undergoes  a  coking  process,  the  volatile  carbon  passing  over  the  heated 
coal  is  burnt,  and  no  visible  smoke  escapes.  When  the  coal  is  thoroughly  coked,  it  is 
shovelled  in  over  the  fire,  and  a  fresh  portion  of  coal  is  placed  in  front,  to  undergo 
the  same  process. 

I^eve7ttion  of  Smoke. — The  attention  of  the  legislature  has  been  directed  to  this 
nuisance,  and  sundry  Acts  have  been  passed  to  regulate  and  reduce  the  evil.  The 
following  extract  from  the  '  Act  to  Amend  the  Smoke  Nuisance  Abatement  (Metro- 
polis) Act'  (16 &  17  Vict.  cap.  cxviii.)  August  20,  1863,  should  have  every  attention 
from  manufacturers : — 

*  Frem  and  after  the  1st  day  of  August  1864,  every  fbmace  employed  or  to  be 
employed  in  the  metropolis  in  the  wor^ng  of  engines  by  steam,  and  every  furnace 
employed  or  to  be  employed  in  any  mill,  factory,  printing-house,  dye-house,  iron- 
foundry,  glass-house,  distillery,  brew-house,  sugar-refinery,  bake-house,  gas-works, 
water-works,  or  other  buildings  used  for  the  purpose  of  trade  or  manufacture  -within 
the  metropolis  (although  a  steam-engine  be  not  used  or  employed  therein),  shall  in 
all  cases  be  constructed  or  altered  so  as  to  consume  or  burn  the  smoke  arising  from 
such  furnace  ;  and  if  any  person  shall,  after  the  1st  day  of  August  1864,  within  the 
metropolis,  use  any  such  furnace  which  shall  not  be  constructed  so  as  to  consume  or 
bum  its  o-wn  smoke,'  or  shall  so  negligently  use  any  such  fttmace,  as  that  the  smoke 
arising  therefrom  shall  not  be  effectually  consumed  or  burnt,  or  shall  carry  on  any 
trade  or  business  which  shall  occasion  any  noxious  or  (tensive  efSuvia,  or  otherwise 
annoy  the  neighbourhood  or  inhabitants,  withont  using  the  best  practical  means  for 
preventing  or  counteracting  such  smoke  or  other  annoyance,  every  person  so 
offending,  being  the  otener  or  occupier  of  the  premises,  or  Mmg  a  foreman  or  other 
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penott  employed  by  tuck  owur  or'ooBupier,  iball,  upon  s  sammary  eonvictioii  for  ench 
offence  before  any  jnBtice  or  jostices,  forfeit  and  pay  a  stun  not  more  than  St.  nor  leas 
than  40«.,  and  npon  a  second  oonyiction  for  snch  offence,  tJie  sum  of  IM.,  and  for 
each  subsequent  conviction,  a  sum  double  the  amount  of  the  penalty  imposed  for  the 
last  preceding  conviction:  provided  al-ways,  that  nothing  in  this  Act  shall  extend  or 
apply  to  any  glass-'workB  or  pottery-'works  established  and  existing  vrithin  the 
metropolis  before  the  passing  of  this  Act,  nith  the  exception,  however,  of  all  steam- 
engine  furnaces  and  slip-kiln  fiimaoes  employed  in  and  belonging  to  such  works 
respectively,  to  which  fnmaoes  the  piovisionB  of  this  Act  shall  extend  and  apply.' 

'  An  Act  to  Amend  the  Smoke  Nuisance  Abatement  (Metropolis)  Act,  1863.  (July 
29,  1856.)  'From  and  after  the  1st  day  of  January  1858,  the  above-mentioBed  pro- 
vision whereby  certain  furnaces  in  glass-woiks  and  pottery-woiks  were  exempted  from 
the  operation  of  the  said  Act  shall  be  repealed  ;  and  all  steam-reesels  plying  to  and 
&o  between  London  Bridge  and  any  place  on  the  river  Thames  to  the  westward  of 
the  Nore  Light  shall  be  sulHect  to  the  provisions  of  the  said  redted  Aet  relating  to 
steam-vessels  above  London  Bridge. 


'And  whereas  it  is  expedient  that  fbrnaees  employed  in  public  baths  and 
wosh-honses  ehoxild  be  indnded  within  the  provisions  of  the  said  recited  Act :  be  it 
enacted,  that  from  and  after  the  said  1st  day  of  Jannazy  1868,  every  fomaee  employed 
or  to  be  employed  in  any  such  public  baths  and  wash-houses  in  the  metropolis, 
althongh  the  same  shall  not  be  used  for  the  pnipoees  of  trade  or  manu&ctnre,  shall 
be,  ana  the  same  is  hereby  indnded  in  and  made  liable  to  all  the  provisions  of  the 
■aid  redted  Act' 

Among  the  numerous  inventions  which  hare  been  patented  for  electing  this  pnr- 
pose,  with  regard  to  steam-boilers  and  other  larpe  fnrnaces,  very  few  are  si^dently 
economical  or  effective.  The  first  person  who  investigated  this  sulnect  in  a  truly 
T^iloeophical  manner  was  Mr.  Charles  Wye  Williams,  managing  director  of  the 
Dublin  and  Liverpool  Steam  Navigation  Company,  and  he  also  has  had  the  merit  of 
constructing  many  fomaces,  both  for  marine  and  land  steam-engines,  which  thoroughly 
prevent  the  prodnction  of  smoke,  with  increased  energy  of  combustion,  and  a  more  or 
less  considerable  saving  of  fhel,  according  to  the  care  of  the  stiver.  He  specific 
invention,  for  which  he  obtained  a  patent  in  1840,  eonnsts  in  the  introduction  of  a 
proper  quantity  of  atmospheric  air  to  the  bridges  and  fiame-beds  of  the  fnrnaces, 
through  a  greater  number  of  small  orifices,  connected  with  a  common  pipe  or  canal, 
whose  area  can  be  increased  or  diminished  according  as  the  circumstances  of  complete 
combustion  may  require,  by  means  of  an  external  valve.  The  operation  of  the  air 
thns  passed  in  small  jets  into  the  half-burned  carbnretted  hydrogen  gases  over  the 
fires,  is  their  perfect  combustion,  the  development  of  all  the  heat  which  they  can 
produce,  and  the  entire  prevention  of  smoke.  One  of  the  many  ingenious  m^ods 
in  which  Hr.  Williams  has  carried  ont  the  prindples  of  what  he  .iustly  calls  his 
Aigand  fiunace,  is  represented  by  fig.  1864,  where  a  is  the  ash-pit  of  a  steam-boiler 
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famace ;  b  is  the  moatli  of  a  tabe  which  admits  the  external  ab  into  the  ehamher  or 
iron  box  of  distribntion,  e,  placed  immediately  beyond  the  fire-bridge,  ff,  and  before 
the  diffiuion  or  mixing  chamber,  /.  The  front  of  the  box  is  perforated  either  with 
round  or  oblong  orifices,  as  shown  in  the  two  small  figures  e,  e,  beneath  fig.  1864 ;  d, 
ia  the  fire-door,  which  may  hare  its  fire-brick  lining  also  perforated.  In  some  cases, 
the  fire-door  prefects  in  front,  and  it,  as  well  as  the  sides  and  arched  top  of  the  fire- 
place, are  constructed  of  perforated  fire-tiles,  enclosed  in  common  brickwork,  with  an  in- 
termediate space,  into  which  the  air  may  be  admitted  in  regulated  quantity  through  a 
moveable  -valre  in  the  door,  fire-places  of  this  latter  construction  perform  admirably 
without  smoke,  with  an  economy  of  one-seventh  of  the  coals  usually  consumed  in 
prodocing  a  like  amount  of  steam  from  an  oidinaiy  fbrnace ;  k  is  the  steam-boiler. 

Evidence  was  presented  some  years  ago  to  the  Smoke  Prevention  Committee  of  the 
House  of  Commons  of  the  successful  application  of  Hr.  WilUams'spstent  invention  to 
many  furnaces  of  the  largest  dimensions,  more  especially  by  Ur.  Hsnry  Houldsworth, 
of  Manchester,  who,  mounting  in  the  first  fine  a  pyrometrical  rod,  which  acted  on  an 
external  dial-index,  succeeded  in  observing  every  variation  of  temperature  produced 
by  varying  the  introduction  of  the  air-jets  into  the  mass  of  ignited  gases  passing  out  of 
the  furnace.  He  thereby  appeared  to  demonsizate,  that  20  per  cent,  more  heat  could 
be  obtained  ttcm  the  fuel,  when  Mr.  Williams's  plan  was  in  operation  than  when  the 
fire  was  left  to  bum  in  the  nsoal  way,  and  with  the  production  of  the  nsual  volumes 
of  smoke. 

It  should  be  borne  in  mind  that  anuumption  of  smoke  implies  cleanliness,  economy 
of  health,  and  economy  of  labour.  Are  not  these  sufficient  reasons  to  induce  manufac- 
turers to  use  the  best  means  possible  to  do  away  with  a  great  nuisance,  and  to  avoid 
the  waste  of  so  precious  a  commodity  as  coal,  for  a  time  may  come  when  we  shall 
have  cause  to  regret  our  extravagant  consumption  of  that  article  ?  We  have  shown 
that  the  cause  of  smoke  is  incomplete  combustion,  caused  either  by  the  want  of  a 
sufficient  quantity  of  air,  or  by  such  air  being  admitted  under  such  circumstances  that 
its  admission  is  worse  than  useless.  Experience  has  proved  that  there  are  but  few 
difficulties  in  constructing  arrangements  which  will  efiect  the  consumption  of  smoke ; 
but  desirable  as  the  process  is,  it  must  be  admitted  that  smoke-consuming  is  not 
found  to  be  economical,  although  it  is  in  every  sense  deeirable. 

By  means  of  Wright's  patent  emoke-oonsumer,  the  air  admitted  into  the  furnace 
is  regulated  by  a  self-acting  ventilating  door,  so  as  to  Aimish  the  necessary  amount 
of  oxygen  requisite  for  perfect  combustion.  The  air  is  also  difibsed  over  Uie  entire 
surface  of  the  fire.  By  this  apparatus,  a  partially-decomposed  and  nearly  red-hot 
jet  of  steam  is  projected  from  over  the  door  down  npon  the  incandescent  fuel. 
By  that  mecms  the  6ie  becomes  brighter,  not  damped,  as  it  would  be  were  wet  steam 
used,  and  not  only  causes  a  vacuum  in  the  furnace,  thereby  increasing  the  draught, 
but  effectually  prevents  the  cold  air  admitted  through  the  door  and  the  gases  distilled 
from  the  coal  from  touching  the  boiler-plates,  thus  avoiding — 

1.  The  cooling  of  the  boiler-plates  by  the  action  of  the  cold  air  striking  them,  and 
causing  the  continnal  expansion  and  contraction  of  the  metal,  which  is  so  injarions 
to  boilers. 

2.  The  gases  formed  by  the  first  action  of  the  hot  furnace  on  the  coal  thrown  in 
from  coming  in  contact  with  the  top  of  the  furnace  or  boiler-plates,  the  tempemtnre 
of  which  bebg  no  greater  than  that  of  the  couteuts  of  the  boiler,  can  only  cool  those 
gases  to  such  an  extent  that  their  combination  with  oxygen  cannot  take  place. 

Not  only  are  these  two  great  evils  avoided,  but  the  jet  of  steam  forces  the  gases 
distilled  ftom  the  coal  on  to  the  incandescent  fuel  nt  the  back  of  the  furnace, 
together  with  the  air  admitted  through  the  door,  thus  multiplying  the  points  of  contact 
ad  infinitum,  thereby  causing  instantaneous  combination  of  their  elements,  making 
the  combustion  as  perfect  as  it  can  be  in  a  manufacturing  point  of  view ;  and  ob- 
taining all  the  heat  that  the  combination  of  oxygen  with  the  hydrogen  and  carbon 
can  give.  The  smoke  is  never  allowed  to  pass  the  bridge  of  the  furnace ;  in  fact,  its 
forming  is  prevented.  The  apparatus  is  simple  and  efficient  in  its  action,  not  liable 
to  get  out  of  repair.  It  can  be  applied  in  two  days  at  the  utmost,  and  has  been  fire- 
qnently  fitted  in  one  day,  and  it  is  ada}>ted  for  every  description  of  furnace.  Under 
all  circumstances,  however,  it  hu  been  proved  that  careful  stoking  is  the  best  method 
for  preventing  the  escape  of  smoke. 

BKOXT  ^VASTZ.  A  variety  of  quarts  having  a  smoke-coloured  tint:  it  com- 
prises the  dove-brown  variety  of  cairngorms. 

80AV  is  a  chemical  compound,  manu&ctured  on  a  very  extensive  scale,  forming, 
accordingly,  a  considerable  article  of  commerce.  It  is  a  compound  resulting  from  the 
combination  of  certain  constitnents  derived  from  fats,  oils,  grease  of  various  kinds, 
both  animal  and  vegetable,  with  certain  salifiable  bases,  which,  in  detergent  soaps, 
are  potash  or  soda. 
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Oils  and  fiits  consist  chiefly  of  oleine  and  stearine,  as  in  talloir,  suet,  and  seveial 
Testable  fata ;  of  maigarine,  -which  occurs  in  animal  fits,  in  butter,  in  olire  and  other 
vegetable  oils ;  of  palmitine,  which  is  found  in  palm  oil ;  and  so  on  with  Taiions  other 
immediate  principles,  according  to  the  nature  of  the  fata  and  oils  employed  by  the  soap- 
maker.  Natural  fetty  substances,  however,  are  never  exclusively  formed  of  one  of 
these  principles,  but  are,  on  the  contraiy,  composed  of  several  of  them  in  various  pro- 
portions, oleine  alone  being  a  constant  constituent  in  all  of  them. 

Natural  or  neutral  &t8  and  oils,  chemically  considered,  are  really  salts,  sometimes 
called  '  glycerides ; '  that  is  to  say,  are  combinations  of  acids,  oleic,  stearic,  margaric, 
add,  &c,  with  the  oxide  of  a  hypothetical  radical  called  glyceryl. 

Sttarine  being,  therefore,  a  combination  of  stearic  add  with  oxide  of  glyceryl,  is  a 
stearete  of  oxide  of  glyceryl. 

OUine  is  a  combination  of  oleic  acid  with  oxide  of  glyceryl,  and  is,  therefore,  an 
oleate  of  oxide  of  glyceryl. 

Margarine  is  a  combination  of  margaric  acid  and  onde  of  glyceryl,  and  is,  there- 
fore, a  margarate  of  oxide  of  glyceiyl,  and  so  on  with  the  bther  constituents  of  fats 
and  oils. 

Glyearine  is  a  combination  of  oxide  of  glyceryl  with  water,  which,  in  that  case, 

ys  the  part  of  an  acid  to  form  a  hydrate  of  oxide  of  glyceryl  (glycerine). 

i^ow,  when  neutral  &t6  (namely,  oleine,  stearine,  margarine,  &c.,  or  the  fUa  ur  oils 
which  they  constitute)  are  treated  by  solutions  of  caustic  alkalis,  such  as  potash  or 
soda,  their  constituents  react  upon  each  other,  and  combine  with  the  potash  or  soda ; 
and  provided  too  great  an  excess  of  alkali  has  net  been  used,  the  fat  or  oil  dissolves  in 
the  alkaline  solution  into  a  syrupy  liquid,  which  on  cooling  forms  a  celatinons  mass 
which  is  nothing  else  than  an  aqueons  solution  of  soap  mixed  wiu  the  glycerine, 
which  the  treatment  has  set  free. 

The  following  equation,  in  which,  for  the  sake  of  simplidty,  one  of  these  principles 
only,  stearine,  and  soda  dissolved  in  water,  are  taken  as  examples,  will  clearly  illostrate 
this  interesting  reaction : — 

Stearine. 


'""r. 


I     —        % 

Stearate  of  oxide  of  glyceryl  +  soda  +  water 
=  stearate  of  soda  •)■  hydrate  of  oxide  of  glyceryl 


hard  soap.  glycerine. 

In  the  same  way : — 

Oleine. 


Oleate  of  oxide  of  glyceryl  +  soda  + -water 
=  oleate  of  soda  +  hydrate  of  oxide  of  glyceryl 


hard  soap.  glyearine. 

According  to  the  modem  vie-ws  of  chemists,  ho-wever,  glycerine  may  be  regarded  as 
propenylio  alcohol,  one  of  the  group  of  triatomic  alcohols.  The  natural  &ts  then 
become  triatomic  ethers  of  the  fatty  adds  ;  thus  stearine  (tristearine)  oouists  of  pro- 
penyl  tristearate.  All  soaps  are  metallic  salts  of  the  tMj  acids,  or  mixtures  of 
those  salts. 

Soaps  made  -with  soda  are  hard ;  those  made  with  potash  are  soft ;  the  degree  of 
hardness  being  so  much  greater  as  the  melting-point  of  the  fats  employed  in  their 
manufacture  is  higher,  hence  the  more  oleine  a  fatty  matter  contains,  the  softer  the 
soap  made  -with  it  -will  be,  and  vice  vertA,  The  softest  soap,  therefore,  would  be  that 
made  altogether  -with  oldne  (oldc  add)  and  potash  (oleate  of  potash) ;  the  hardest 
would  be  that  made  with  stearine  and  soda  (stearate  of  soda). 

The  fats  or  oils  employed  for  the  manufacture  of  soaps,  are  tallo-w,  suet,  pcdm  oil, 
cocoa-nut  oil,  kitchen  fat,  bone-grease,  horse  oil  or  fat,  lud,  butter,  train  oil,  seal  oil, 
and  other  fish  oils,  rape  oil,  poppy  oil,  linseed  and  hempseed  oil,  olive  oil,  oil  of 
almonds,  sesame,  and  ground-nut  oil,  and  rtein.  This  last  substance,  though 
veiy  soluble  in  alkaline  menstrua,  is  not,  however,  susceptible,  like  fats,  of  being 
transformed  into  an  add,  and  -will  not,  of  course,  saponiiy  or  form  a  proper  soap  by 
itself.  The  more  caustic  the  alkali  the  less  consistency  has  the  resinous  compound  which 
is  made  -with  it.  The  employment  of  caustic  alkalis,  however,  is  not  necessaiy  -with  it, 
since  it  dissolves  readily  in  aqueous  solutions  of  carbonated  alkalis,  but  even  with 
carbonate  of  soda  it  forms  only  a  visdd  mass,  owing  to  its  great  affinity  for  water,  so 
that  even  after  ha-ring  been  artificially  dried  in  an  oven,  and  thus  rendered  to  a  great 
extent  hard,  the  mass  deliquesces  again  spontaneously  by  exposure,  and  returns  to 
the  soft  state.  The  drying  oils,  sudh  ns  those  of  linseed  and  poppy,  prodoee  the 
softest  soaps.  > 
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We  said  that  by  boiling  &U  or  oils  irith  ad  aqueous  solution  of  potash  or  of  soda 
a  solution  of  soap  was  produced.  The  object  of  the  soap-maker  is  to  obtain  the  soap 
thus  produced  in  a  solid  form,  vhich  is  done  by  boiung  the  soapy  mass  so  as  to 
emporate  the  excess  of  \roter  to  such  a  point  that  the  soap  may  separata  from  the 
concentrated  liquor  and  float  on  the  surface  thereof  in  a  melted  state,  or  by  an 
admixture  of  common  salt,  soap  being  insoluble  in  lyes  of  a  certain  strength  or  degree 
t(  concentration,  and  in  solutions  of  common  salt  of  a  certain  strength,  the  glycerine 
remaining,  of  course,  in  solntion  in  the  liquor  below  the  separated  soap.  Such  is  the 
theory  of  soap-making ;  but  the  modut  operandi  followed  by  practical  soap-makers 
will  be  described  presently. 

On  the  Continent  olive  oil,  mixed  with  about  one-iifth  of  rape  oil,  is  principally 
used  in  making  hard  soap.  This  addition  of  rape  oil  is  always  resorted  to,  because 
oUts  oil  alone  yields  a  soap  so  hard  and  so  compact  that  it  dissolves  only  with 
difficulty  and  slowly  in  water,  which  is  not  the  case  with  rape  oil  and  other  oils  of  a 
similar  nature,  that  is  to  say,  with  oils  which  become  thick  and  viscid  by  exposure,  and 
which  on  that  account  are  called  drying  oils,  experience  having  taught  tlmt  the  oils 
which  dry  the  soonest  by  exposure,  yield  with  s(xia  a  softer  soap  than  that  made  with 
oils  which,  like  olive  oil,  remain  limpid  for  a  long  period  under  the  influence  of  the 
air.  The  admixture  of  rape  oil  has,  therefore,  the  effiet  of  modifying  the  degree  of 
hardness  of  the  soap,  and,  consequently,  of  promoting  its  solubility.  In  England  tallow 
is  used  instead  of  olive  oil ;  the  soap  resulting  from  its  treatment  with  soda  is  known 
under  the  name  of  curd  toap,  and  is  remarkable  for  the  extreme  difficulty  with  which 
it  dissolves  in  water.  The  small,  white,  cubic,  wax^,  stubborn  masses,  which  until  a 
few  years  ago  were  generally  met  with  on  the  washing-stand  of  bedrooms  in  hotels, 
and  which  for  an  indefinite  period  passed  on  from  traveller  to  traveller,  each  in  turn 
nnsncoessfuUy  attempting,  by  various  devices  and  cunning  immersions  in  water,  to  coax 
it  into  a  lather,  is  curd  soap.  Bape  or  linseed  oil,  added  in  certain  proportions  to  tallow, 
would  modify  this  extreme  hardness  and  difficult  solubility,  bnt  it  is  now  the  general 
practice  to  qualify  the  tallow  with  cocoa-nut  oil,  an  oil,  which,  converted  into  soap,  has 
the  property  of  absorbing  incredible  quantities  of  water,  so  that  the  soap  into  the 
manufacture  of  which  it  has  entered  lathers  immediately.  Cocoa-nut  oil,  however, 
acquires  by  saponification  a  most  disagreeable  odour  (due  to  the  formation  of  caprylio 
acid),  which  it  imparts  to  all  the  soaps  in  the  manufacture  of  which  it  enters,  an  odour 
which  persists  in  spite  of  any  perfume  which  may  be  added  to  mask  it. 

The  admixture  of  one-fourth  or  one-fifth  of  resin  with  tallow,  in  the  process  of 
saponification,  modifies  also  the  hardness  and  considerably  increases  the  solubility  of 
curd  soap,  and  this,  in  fact,  constitutes  the  best  yellow  soap. 

It  has  been  said  above  that  soap  was  more  or  less  hard  in  proportion  as  the  melting- 
point  of  the  fats  employed  in  its  manu&cture  was  higher  or  lower.  There  are  cer- 
tain fatty  substances,  technically  called  '  weak  goods,'  such  as  kitchen  fat,  bone-fat, 
horse  oil,  &c.,  which  conld  hardly  be  used  alone,  still  less  with  resin,  the  soap  which 
they  yield  being  too  soft,  and  melting  or  dissolving  away  too  rapidly  in  the  washing- 
tub.  This  led  the  writer  to  think,  that  if  a  means  conld  be  devised  of  artificially 
hardening  soap,  a  larger  class  of  oleaginous  and  fatty  substances  could  be  rendered 
available,  at  any  rate  to  a  greater  extent  than  they  theretofore  had  been,  and  that,  by 
thus  extending  the  resources  of  the  soap-boiler,  he  shotdd  be  enabled  to  produce  a  good 
and  useful  soap  from  the  cheapest  materials,  and  thus  convert  soaps  of  little  com- 
mercial value  into  useful  and  economical  products. 

In  making  experimente  with  this  view,  he  found  that  the  introduction  of  a  small 
quantity  of  melted  crystals  of  sulphate  of  soda  into  the  soap  answered  the  purpose 
admirably,  and  that  the  salt  in  recrystallising,  imparted  to  the  soap,  which  other- 
wise would  have  been  soft,  a  desirable  hardness,  and  prevented  its  being  wasted 
in  the  tub.  The  use  of  sulphate  of  soda  acts,  therefore,  inverselj/,  like  the  addition 
of  rape  oil,  or  linseed  oil,  or  of  resin  to  tallow,  in  the  mannfiacture  of  soap.  This 
process,  which  was  patented  in  1841,  has  been,  since  the  removal  of  the  duties  on 
soap,  extensively  employed  by  soap-makers,  and  continues  to  be  highly  approved 
of  by  tlie  public.  We  shall  describe  further  on  the  manner  of  practising  this  process, 
and  the  farther  improvemente  which  were  made  to  it  in  1855. 

Of  the  manvfacture  of  hard  soap. — The  &t  of  this  soap,  in  the  northern  countries 
of  Europe,  is  usually  tallow,  and  in  the  southern,  coarse  olive  oil.  Different  species 
of  grease  are  saponified  by  soda,  with  different  degrees  of  facility ;  among  oils,  die 
olive,  sweet  almond,  rapeseed,  and  castor  oil ;  and  among  solid  fats,  tallow,  bone- 
grease,  and  butter,  are  most  easily  saponified.  According  to  the  practice  of  the  United 
Kingdom,  six  or  seven  days  are  required  to  complete  the  formation  of  a  pan  of  bard 
soap,  and  a  day  or  two  more  for  settling  the  impurities,  if  it  contains  resin.  From 
12  to  13  cwte.  of  tallow  are  estimated  to  produce  one  ton  of  good  soap.  Several  years 
ago,  in  many  manufactories  the  tallow  used  to  be  saponified  with  potash-lyes,  and  the 
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nsultiiig  Boft  soap  was  conreited,  in  the  couiae  of  the  pioceas,  into  bard  soap,  by  the 
intiodaction  of  muriate  of  soda,  or  veak  kelp-lyes,  in  sufficient  quantity  to  furnish 
the  proper  quantity  of  soda  by  the  reaction  of  the  potash  upon  the  neutral  salts.  But 
the  high  pnoe  of  potash,  and  the  diminished  price,  as  veil  as  improved  quality  of  the 
crude  sodas,  have  led  to  their  general  adoption  in  soap-works. 

The  first  step  in  the  production  of  soap  consists  in  obtaining  a  solution  of  soda,  or 
what  is  termed  caustic  lye.  For  this  purpose  a  given  quantity  of  the  soda-ash  above 
alluded  to,  is  stratified  with  a  quantity  of  recently-burnt  quick-lime,  in  tanks  of 
vronght-iron,  or  cylindrical  cast-iron  vats,  from  6  to  7  feet  wide  and  &om  4  to  5  feet 
deep,  the  lowest  layer  being,  of  course,  quick-lime.  These  vats  have  frequently  a 
&liie  bottom,  perforated  with  holes,  or  else  a  coarse  piece  of  matting  is  placed  over 
the  plug-hole,  placed  at  the  bottom  of  the  nid  vats  or  tanks,  whi<£  plug-hole  ts,  of 
course,  dosed  generally  by  a  wooden  plug.  Water  is  then  poured  upon  the  whole  mass 
until  the  tanks  are  fuU,  and  the  whole  is  allowed  to  stand  for  twelve  or  eighteen  hours. 
The  plug  being  then  withdrawn,  the  saturated  solution  of  caustic  soda  flows  down 
into  a  reservoir  plaxsed  beneath,  ^fter  which  the  plug  is  replaced,  more  water  applied, 
and  this  operation  is  repeated  five  or  six  times,  until,  in  fact,  the  soda  is  almost 
entirely  extracted ;  the  various  liquors  thus  obtained,  in  a  dear  and  caustic  state, 
after  infiltration  through  the  beds  of  lime,  being  convqred  to  separate  and  distinct 
reservoirs,  distinguished  from  each  cither  by  the  names  otfir'^  rwntinff,  second  running, 
and  BO  on ;  the  last,  being,  of  course,  the  weakest. 

flaring  in  this  way  produced  a  series  of  caustic  lyea  of  different  degrees  of  strength, 
about  200  gallons  of  the  weakest,  which  has  a  specific  gravity  of  about  1-040,  ia 
pumped  into  the  soap-pan  or  boiler,  or  oopper,  as  it  is  called,  though  generally  made 
of  cast  iron,  and  abont  1  ton  of  tallow  is  added  ;  heat  is  applied,  and  after  a  gentle 
ebullition  of  about  four  honrs,  it  will  be  found  that  the  lye  will  have  lost  its  causticity, 
or,  in  technical  language,  that  it  is  killed,  and  thatthe  fat  is  saponified,  which  is  known 
by  taking  a  portion  of  the  mass  on  a  trowel,  when  it  will  be  observed  that  the  liquid 
separates  at  once  from  the  soapy  mass,  which  it  leaves  in  streaks  on  the  towd.  The 
lyes  thus  used  at  first,  if  composed  of  pure  soda,  would  contain- about  4  per  cent  of 
alkali,  but  fVom  the  presence  of  neutro-saline  matter  they  seldom  contain  as  much  as 
2  per  cent. ;  in  fact,  a  gallon  may  be  estimated  to  contain  not  more  than  2  ounces,  so 
that  300  gallons  contain  26  lbs.  of  real  soda.  The  fire  being  withdrawn,  the  whole  is 
now  allowed  to  cool  and  remain  at  rest  for  about  one  hour,  until  the  lye,  now  deprived 
of  its  alkali,  and  therefore,  called  spent  lyt,  settles  to  the  bottom  of  the  oopper.  This 
spent  lye  contains  a  portion  of  glycerine  derived  team  the  fat  or  tallow,  together  with 
the  sulphate  of  soda  and  common  salt  of  the  soda-ash,  and  is  pumped  off  by  means 
of  an  iron  pnmp,  which  is  lowered  down  into  the  lower  pan  of  the  soap^pper, 
a  practiee  which  might  be  advantageously  replaced  by  opening  a  cock  which  might 
be  placed  at  the  bottom  of  the  copper,  bnt  which  is  retained  as  a  remnant  of  that 
abominable  system  of  excise,  which  did  not  permit  the  spent  lyes  to  be  otherwise 
withdrawn,  as  the  exdselaws  forbade  any  cock  or  aperture  being  placed  or  made  at  the 
bottom  of  soap-coppers.  This  constitutes  what  is  called  an  operation.  A  second 
similar  charge  of  lye  is  now  introduced  into  the  pan  along  with  a  fresh  quantity  of 
tallow  or  of  grease,  and  a  similar  boiling  process  is  again  repeated.  Three  or  four 
such  boilings  may  be  practised  in  the  course  of  a  day  by  an  active  soap-boiler,  with 
lyes  of  gradually-increasing  strength.  Next  day  the  same  routine  is  renewed  with 
stronger  lyes,  and  so  progressively  until  towards  the  sixth  day  the  lye  may  have  the 
density  of  1*160,  when  a  period  arrives  at  which  it  will  be  found  that  the  whole  of  the 
tallow  or  tax,  is  oompletely  saponified,  that  is  to  say,  has  combined  with  its  full  equi- 
valent of  soda.  This  point  is  well  known  to  the  workmen  by  the  consistency  of  the 
compound ;  in  efibct  it  is  sufficient  to  take  a  portion  of  the  mass  on  a  trowel,  and 
to  squeese  a  little  of  the  mass  between  the  finnflnger  and  thumb ;  if  not  quite  and 
thoroughly  flnished  it  will  still  have  a  greasy  feel,  but  if  done  it  will  on  cooling 
readily  separate  from  the  skin  in  hard  scales ;  neither  has  it  the  taste  peculiar  to 
grease.  A  more  certain  mode,  however,  especially  for  those  who  have  not  acquired 
suffident  practice,  is  to  decompose  a  portion  of  the  saponified  or  partly-saponified 
mass  with  an  acid,  and  to  ascertain  whether  the  grease  is  wholij/  soluble  in  boiling 
spirits  of  wine,  for  if  it  is  not  thus  wholly  soluble,  the  saponification  is  imperfect. 
The  addition  of  common  salt  for  the  separation  of  the  spent  lyes  is  essential  to  the 
proper  granulation  and  separation  of  the  soap,  for  otherwise  the  tallow  and  the  lye 
would  unite  into  a  uniform  emulsion,  ttom  which  it  would  be  very  difficult  aft^ 
wards  to  separate  the  spent  lye ;  but  as  soap  is  quite  insoluble  in  a  sdntion  of  common 
salt,  the  pcully-saponified  mass  is  thus  brought  to  float  on  the  surface,  so  that  the 
spent  lye  precipitates  to  the  botttom,  whence  as  we  said,  it  ia  pumped  off. 

Assuming,  however,  that  a  perfect  result  has  been  secured,  the  soap  has  now  to  be 
brought  to  a  marketable  condition,  and  for  thia  purpose  it  ia  boiled  with  a  quantity  of 
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weak  lye  or  water.  An  loon  aa  combination  has  taken  place,  a  quantity  of  Toy 
strong  lye  is  added,  until  an  incipient  separation  begins  to  show  itael£  The  heat  is 
now  increased,  and  the  boiling  continned  for  a  considerable  time,  the  mass  being 
prevented  from  boiling  over  the  vessel  by  workmen  armed  with  ejiorels,  who  dash 
the  soap  to  and  fro,  so  as  to  break  the  froth  npou  the  surface  and  favour  evaporation. 
At  first  the  soap  is  divided  into  an  innumerable  number  of  small  globules,  each 
separate  and  distinct  from  its  fellow ;  but  as  the  boiling  goes  on,  those  gradually  run 
together  into  larger  and  larger  globules,  till  at  last  the  soap  is  seen  to  assume  a  pasty 
consistency,  and  to  unite  in  one  uniform  mass,  through  which  the  steam  from  below 
slowly  forces  its  way  in  a  series  of  bursts  of  little  explosions.  The  process  is  now 
finished,  and  all  that  remains  to  be  done  is  to  shut  down  the  lid  of  the  copper,  having 
previously  extinguished  the  fire.  In  from  one  to  two  or  three  days,  accoMing  to  the 
nature  and  quantity  of  the  soap  in  question,  the  lid  is  again  raised,  and  the  semifluid 
soap  ladled  from  uie  precipitated  lye  by  means  of  ladles ;  the  product  being  thrown 
into  a  wooden  or  iron  frame  of  specific  dimensions,  where  its  weight  is  estimated  by 
measnrement.  In  making  common  yellow  or  resin  soap,  the  resin  is  usually  added 
after  tiia  saponification  of  the  tallow,  in  the  proportion  of  one-third  or  one-fourtJi  of  the 
tallow  employed.  The  subsequent  operations  are  much  about  the  same  as  those  above 
described ;  but  in  addition,  just  before  closing  the  lid  of  the  copper  a  quantity  of  water 
or  weak  lye  is  sprinkled  over  the  melted  soap,  which  carries  down  with  it  Uie  mecha- 
nical impurities  of  the  resin ;  and  these  constitute  a  dark  layer  of  soap  resting  upon 
the  lye,  which  is  not  poured  into  the  frame  with  the  rest,  but  is  placed  apart  under 
the  name  of '  nigar,'  and  brings  a  less  price.  Qood  curd  or  white  soap  shottld  contain 
of  grease,  61-0  parts ;  soda,  6'2 ;  water,  82'8 ;  total  100 ;  or  consist  of  grease-acid, 
1  atom  "  815;  soda,  1  atom  -  82;  water,  17  atoms  =  163.  Resin  soap  has  a 
more  variable  composition,  but  when  not  adulterated  with  water  should  contain  about 
as  follows :  grease  and  resin,  60 ;  soda,  6 ;  water  84 ;  total  100. 

Mauvfaeim*  of  mottUd  toap, — Soda  which  contains  sulphides  is  preferred  for 
making  the  mottled  or  marbled  soap,  whereas  the  desulphuretted  soda  makes  the  best 
white  curd  soap.  Mottling  is  usually  given  in  the  London  soap-works,  by  introducing 
into  the  nearly-finished  soap  in  the  pan  a  certain  quantity  of  the  strong  lye  of  crude 
soda,  through  the  rose  spout  of  a  watering-can.  The  dense  snlpfatiretted  liqnor,  in 
descending  through  the  pasty  mass,  causes  the  marbled  appearance.  In  France  a 
small  quantity  of  solution  of  sulphate  of  iron  is  added  during  the  boiling  of  the  soap, 
or  rather  with  tiie  first  service  of  the  lyes.  The  alkali  seises  the  acid  of  the  sulphate, 
and  seta  the  protoxide  of  iron  free  to  mingle  with  the  paste,  to  absorb  more  or  less 
oxygen,  and  to  }«)dnce  thereby  a  variety  of  tints.  A  portion  of  radde  combines  also 
with  the  stearins  to  form  a  metallic  soap.  'When  the  oxide  passes  into  the  red  state,  it 
gives  the  tint  called  monteau  JsabeUe.  Aa  soon  as  the  moUler  has  broken  the  paste, 
and  made  it  pervious  in  all  directions,  he  ceases  to  push  his  lake,  from  right  to  left, 
but  only  plunges  it  perpendicularly  till  he  reaches  the  lye ;  then  he  raises  it  suddenly 
in  a  vertical  line  m^ng  it  act  like  the  stroke  of  a  piston  in  a  pump,  whereby  he  lifts 
some  of  the  lye,  and  spreads  it  over  the  eur&ce  of  the  paste.  In  its  subsequent  descent 
through  the  numerous  fissures  and  channda  on  its  way  to  the  bottom  of  the  pan,  the 
colound  lye  impregnates  the  soapy  paitidee  in  various  forms  and  degrees,  whence  a 
varied  marbling  r«inlts. 

The  best  and  most  esteemed  soap  on  the  Continent  is  that  known  under  the  name 
of  Marseilles  soap,  and  it  differs  from  the  English  mottled  soap  by  a  different  disposi- 
tion of  the  mottling,  which  in  that  soap  is  granitic  instead  of  being  streaky.  It  has 
also  an  agreeable  o&aax,  somewhat  resembbng  that  of  the  violet,  whereas  the  English 
mottled  soap,  generally  made  of  coarse  kitchen  and  bone-fiit,  has  an  odour  which 
reminds  one  of  the  fat  employed.  The  beet  English  mottled  soap  in  which  tallow  is 
employed  has  no  unpleasant  smell,  and  if  bleached  palm  oil  has  been  used  it  acquires 
an  agreeable  odour,  analogous  to  that  of  the  HarseiUes  soap,  which  is  made  of  olive 
oil  alone,  or  mixed  with  rape  or  other  grain  or  seed  oil,  which,  however,  seldom  ex- 
ceeds 10  per  cent.,  for  otherwise  it  would  not/  have  the  due  proportion  of  blue  to  the 
white  which  is  characteristic  of  soap  made  of  genuine  olive  oil,  the  mottling  becoming 
more  elceely  granular  when  an  undue  proportion  of  grain  has  been  used,  a  sign  of 
depredation  which  the  dealers  are  perfectly  well  acquainted  with,  and  of  which  they 
at  once  avail  themselves,  to  compel  the  ms^er  to  reduce  his  price. 

Felooia  and  SMmy,  in  their  TraiU  de  CMait  giniraXe,  give  the  following  reliable 
observations : — 

'The  best  olive  oil  for  the  use  of  the  soap-maker  is  Provence  oil;  that  of  Aix 
comes  next ;  it  is  cheaper,  but  the  same  weight  of  ttyields  less  soap  than  the  other,  and 
the  latter  has  then  a  slight  lemon-yellow  tinge.  The  oil  from  Calabre  contains  let* 
margarine,  and  yields  a  softer  soap. 
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*  Two  kinds  of  soda-ash  are  used  in  Marseilles — the  soft  aoda  {aovde  doitoe)  and  tho 
salted  soda  (loude  talie),  which  oontaini  a  large  quantity  of  common  salt. 

'  To  prepare  the  lye,  the  soft  soda  previously  reduced  into  small  lumps  is  mixed 
with  12  per  cent  of  slaked  lime,  and  shoTelled  up  into  tanks  of  masonry  of  about 
2  cubic  yards'  capacity,  called  barguieux,  and  the  exhaustion  of  the  mass  with  water 
gives  lyes  of  various  degrees  of  strength. 

'  The  lye  marking  12°  is  used  for  the  first  treatment,  or  eynp&tagt  of  the  oil  which  is 
then  submitted  to  a  second  and  third  treatment  with  a  lye  marking  16°  or  20°,  the 
object  of  which  is  to  close  the  grains  of  the  emulsive  mass  in  process  of  sap<mificataon 
(terror  Vemp&tage).  The  operation  requires  about  twenty-four  hours.  During  all  the 
time  of  that  operation  a  workman  is  constantly  agitating  the  boiling  mixture  of  the 
oil  and  lye  by  means  of  a  long  rake  or  crutch,  called  r^^.  The  empSiaga  is  gene- 
rally practised  in  Urge  conical  tanks  of  masonry  terminated  at  bottom  by  a  copper- 
pan,  and  capable  of  containing  12  or  13  tons  of  made  soap,  and  the  operation  proceeds 
so  much  the  more  rapidly,  as  the  soda- lye  employed  contains  less  common  salt,  where- 
fore soft  soda-lye  {sonde  dottoe)  must  be  used  at  the  be^nning,  as  we  said. 

'  The  next  operation  is  tliat  called  relargage,  the  object  of  which  is  to  separate  the 
large  quantity  of  water  which  has  been  used  to  facilitate  the  emp&tage.  Tms  separa- 
tion of  the  water,  or  rtlargage,  is  effected  by  means  of  salted  soda  (that  is  to  say,  of 
soda-ash,  containing  a  good  deal  of  common  salt),  of  which  as  much  is  dissolved 
in  water  as  will  make  a  lye  marking  20°  or  2S°.  This  salted  Ije  is  then  gradually 
poured  by  a  workman  on  the  sur&ce  of  the  saponifying  goods  in  the  copper,  while 
another  workman  is  diffusing  it  in  the  mass  by  stirring  Uie  whole  with  a  lake  or 
crutch. 

'  The  immediate  effect  of  the  salt  thus  added  is  to  separate  from  the  soapy  mass  the 
water  in  which  it  was  dissolved,  and  which  gave  it  a  homogeneous  and  syrupy 
appearanee,  and  to  coagulate  it,  the  soap  being  thereby  cured  or  coagulated,  and 
converted  into  a  multitude  of  granules  floating  among  the  excess  of  water  in  which 
they  were  dissolved,  and  which  the  salt  has  separated.  The  whole  being  then  left  at 
rest  for  two  or  three  hours,  in  order  to  give  the  grains  of  soap  time  to  rise  and  agglome- 
rate at  the  surface,  a  workman  proceeds  to  the  tpinage,  an  operation  which  consists  in 
withdrawing  the  liquid  portion  by  removing  a  woo^n  plug  placed  at  the  lower  part 
of  the  boiler.' 

In  this  countiy  the  ipinage  is  generally  performed  by  means  of  an  iron  pump 
plunging  through  the  soap  down  to  the  pan  at  the  bottom  of  the  copper. 

This  apent  lye,  in  well-conducted  &ctories,  retains  but  little  alkaU,  and  is  gene- 
rally thrown  away ;  but  as  it  contains  a  rather  large  quantity  of  salt,  which,  in  Fiance, 
is  an  expensive  article,  it  might  be,  and  is  sometimes,  kept  and  used  for  preparing 
fresh  lyes. 

After  the  first  tpimage,  the  soap  is  treated  twice  again  with  salt-lye,  followed  of 
course  by  two  ^maget ;  but  as  the  salt-lye  used  in  these  two  operations  is  not  exhausted, 
it  is  always  kept  for  preparing  fresh  lyes. 

The  cleansing,  that  is  to  say,  the  removing  of  the  soap  into  the  frames,  takes  place 
on  tlie  third  day,  at  which  time  the  operation  called  madrage  is  performed.  For 
that  purpose  a  plank  is  thrown  across  the  boiler  or  copper,  and  two  or  three  men 
standing  on  it,  and  therefore  over  the  soapy  mass  in  the  copper,  proceed  to  stir  it  up 
for  two  or  three  hours,  by  means  of  long  crutches,  which  they  alternately  move  up  and 
down  through  it,  the  object  being  to  keep  the  grains  of  soap  well  diCRised  through  the 
liquid,  weak  lyes  marking  only  V  or  10°,  or  ordinary  water,  as  the  case  may  be, 
being  sprinkled  from  time  to  time  into  the  mass,  until  the  grains  of  soap  have  reab- 
sorbed a  sufficient  quantity  of  water  and  hare  swollen  to  such  a  size  as  to  have  a  specific 
gravity  very  little  greater  than  that  of  the  liquid  in  which  they  float  about.  A 
skilAil  workman  knows  by  the  appearance  of  the  soap  grains  whether  he  should 
use  alkaline  lyes  or  simple  water,  and  this  is  indeed  a  most  important  point  in  the 
manufacture  of  MarteOlee  soap,  for  upon  it  the  success  of  the  operation  depends  in  a 
commercial  point  of  view,  that  is  to  say,  all  things  being  equal  in  other  respects,  a 
profit  or  loss  on  the  batch  of  soap  made  will  ensue.  In  effect,  if  too  much  water  has 
been  added  the  soap  will  lose  either  the  whole,  or  too  great  a  portion  of  its  mottling, 
that  is  to  say,  the  result  wiU  be  either  a  dingy  white  curd,  or  a  soap  in  which  tlie 
white  portions  will  predominate  to  too  great  an  extent  over  the  blue  streaks ;  a  circumr 
stance  which  so  far  deteriorates  the  market  value,  the  bnyer  shrewdly  suspecting  then 
that  be  would  pay  for  water  the  price  of  soap.  If,  on  the  contrary,  a  sufficient  quan- 
tity of  water  has  not  been  added,  the  soap  grains  remaining  hard  and  dry,  wiU  form  a 
more  or  less  friable  soap,  thereby  causing  abo  a  deterioration  of  price,  the  buyer  knowing 
that  such  soap,  by  crumbling  into  small  pieces  every  time  he  has  to  cut  it  with  his 
knife  in  selling  it  to  his  customers,  will  considerably  reduce  his  profit,  or  periiaps  ■ 
even  entail  a  positive  loss  to  him 
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In  the  best  conditioui,  that  is  to  say,  by  employiDg  the  best  Qallipoli  oil  for  the  pur- 
pose of  prodacing  Harseillee  soap  of  first  quality,  100  cwts.  of  olire  oil  yield  I7S  cwts. 
of  mottled  soap ;  by  nsing  mixtures  of  olive  and  rape  or  other  seed  oils,  the  yield  of 
soap  is  reduced  to  170,  or  even  less  ;  in  either  case  the  yield  is  reduced  by  6  or  6  per 
cent,  when  old  or  fermented  is  employed  instead  of  new  good  oil. 

The  manufacturing  expenses  are  (»lculated  at  ManeiUes  at  the  rate  of  17f.  25c. 
(nearly  lit.  lOd.)  per  100  kilogrammes  of  &tty  matter  employed,  which  require  72 
kilogrammes  of  sooa  for  their  saponification. 

Mottled  soap  has  a  marbled,  or  streaky  appearance,  that  is  to  say,  it  has  reins  of 
a  bluish  colour,  and  resembling  granite  in  their  disposition  or  arrangement.  The 
size  and  number  of  these  yeins  or  speckles,  and  the  proportion  irhich  they  bear  to  the 
white  ground  of  the  soap,  depend  not  only  on  the  more  or  loss  rapid  cooling  of  the 
soap  after  it  has  been  cleansed,  that  is,  transferred  from  the  copper  to  the  frame ;  but 
also  on  the  quality  and  kind  of  the  fat,  grease,  or  oil  employed,  and  on  the  manner  in 
which  it  has  been  treated  in  the  copper.  A  soap  .which  has  not  been  sufSciently 
boiled  at  the  last  sta^  of  the  manufacture  is  always  tender.  The  blue  or  slate  colour 
of  the  streaks  or  veins  of  mottled  soap  is  due  to  the  presence  of  an  alumino-fermgi- 
nous  soap  interposed  in  the  mass,  and  frequently  also  to  that  of  sulphide  of  iron, 
which  is  producod  by  the  reaction  of  the  alicaline  sulphides  contained  in  the  soda-lye 
upon  the  iron,  derived  from  the  soda-ash  itself,  and  from  the  iron  pans  and  other 
utensils  employed  in  the  manufacture,  or  which  is  even  purposely  introduced  in  the 
state  of  solution  of  protoenlphate  of  iron.  This  introduction,  however,  is  never  re- 
sorted to,  we  believe,  in  this  country.  The  veins  or  streaks  disappear  from  the  surface 
to  the  centre  by  keeping,  becatise  the  iron  becomes  gradually  peroxidised.  A  well- 
manufactured  mottled  soap  cannot  contain  more  than  33,  34,  or  at  most  36  per  cent. 
of  water,  whereas  genuine  curd  soap  contains  45,  and  yellow  soap  at  least  52  per 
cent,  of  water,  and  sometimes  considerably  more  than  that  It  is  evident,  in  effect, 
that  the  mottling  being  due  to  the  presence  of  sulphide  of  iron  held  in  the  state  partly 
of  demi-solution  and  of  suspension,  the  addition  of  water  would  cause  the  colouring  sub- 
stances to  subside,  and  a  white,  unicoloured,  or  '  fitted '  soap  would  be  the  result.  This 
addition  of  water,  technically  eaileijittiag,  is  made  when  the  object  of  the  manufac- 
turer is  to  obtain  a  unicoloured  soap,  wheUier  it  be  cmd  or  yellow  soap.  A&iOi  fittinff, 
the  soap  contains,  therefore,  an  additional  quantity  of  water,  which  sometimes  amounts 
to  65  per  cent. :  the  interest  of  the  consumer  would,  therefore,  clearly  be  to  buy 
moUled  soa^  in  preierence  to  yellow  or  white  soap ;  the  mottling,  when  not  artificially 
imitated,  being  a  sure  criterion  of  genuineness ;  for  the  addition  of  water,  or  of  any 
other  substance,  would,  as  was  just  said,  infallibly  destroy  the  mottling.  To  yellow  or 
cuid  soap,  on  the  contrary,  incr&dible  quantities  of  water  may  be  added.  The  writer  has 
Icnown  five  pails  of  water  (16  gallons)  added  toa  frame  (10  cwts.)  of  already  ^««(i  soap, 
80  that  the  soap,  by  this  treatment,  contained  upwards  of  60  per  cent,  of  water,  to  which 
common  salt  had  previously  been  added.  The  proportion  of  water  in  fitted  soap  has 
also  been  augmented,  in  some  instances,  by  boiUng  the  soap  in  high-pressure  boilers 
before  demuing.  As  cocoa-nut  oil  has  the  property  of  absorbing  one-third  more  water, 
when  made  into  soap,  than  any  other  material,  its  consumption  by  the  soap-maker  has, 
within  the  last  twenty-five  years,  augmented  to  an  extraordinary  extent ;  and,  more- 
over,  the  patent  taken  in  1867  by  Messrs.  Blake  and  Maxwell,  of  Liverpool,  for  the 
invention  of  Mr.  Kottula,  which  will  be  described  presently,  has,  we  believe,  in- 
creased the  demand  for  that  species  of  oil  in  a  notable  degree.  We  said  that  the 
mottling,  inasmuch  as  it  was  indicative  of  genuineness,  was  the  more  economical  soap 
to  buy ;  imfortunately,  mottled  soap  has  the  drawback  of  not  being  so  readily  soluble 
as  yellow  soap,  and  the  goods  washed  with  it  are  more  difficult  to  rinse ;  but  the 
process  patented  by  Messrs.  Blake  and  Maxwell  enabling  the  manufacturer  to  manu- 
facture with  cocoa-nut  oil  a  soap  to  which  the  mottling  is  artificially  impaired,  by 
means  of  ultramarine,  black  or  brown  oxide  of  manganese,  in  such  a  perfect  manner 
as  almost  to  defy  detection,  mottling  has  thus  ceased  to  be  a  safe  outward  sign  of 
genuineness,  as  far  as  regards  the  article  which  it  pretends  to  represent.  That  descrip- 
tion of  soap,  however,  has  specific  qualities  :  it  is  almost  perfecUy  neutral,  and  it  will 
not  bear  more  than  a  definite  proportion  of  water ;  so  that,  although  it  contains  mora 
of  that  liquid  than  ordinary  motUed  soap,  more  than  a  certain  fixed  quantity  cannot 
be  forced  into  it;  hence  it  also  forms  a  standard  soap,  like  the  onlinary  mottled, 
although  that  standard  is  difi&rent  from,  and  inferior  to,  the  latter.  The  process  in 
question  is  briefly  as  follows : — Take  80  cwts.  of  palm  oil,  made  into  soap  in  the  usual 
way,  with  two  changes  of  lye,  grained  with  strong  lye,  or  lye  in  the  usual  manner,  but 
that  the  lye  leaves  the  curd  perfectly  free ;  pump  the  spent  lye  away,  and  add  32  cwts. 
of  cocoa-nut  oil,  60  cwta  of  lye,  at  20°  of  Beaumi's  aSreometar,  and  then  grsdnally 
14  cwts.  of  lye,  at  14°  Beaumi.  Boil  until  the  whole  mass  is  well  saponified.  Put 
now  from  fi  to  7  Voa.  of  ultramarine  in  water,  or  weak  lye,  stir  the  whole  well,  and 
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poor  it  into  tlie  aoap  tJirongh  the  rose  of  a  -watering-pot;  boil  the  vhole  foT  ahont 
half  an  hour,  or  an  hoar,  and  cleanse  it  in  the  ordinary  wooden  frames  or  in  iron 
frames  surrounded  by  matting,  or  other  covering,  co  that  the  Boap  may  not  cool 
too  rapidly ;  the  above  proportions  vill  yield  212  cwts.  of  soap,  with  a  beautiful  blue 
mottle. 

Manufactur*  of  YeOom  or  Betiu  Soap. — ^We  have  already  stud  that  lesin,  though 
not  capable  of  forming  a  soap  with  soda,  readily  dissolves  in  that  alkali,  either  in  the 
caustic  or  in  the  carbonated  state,  with  which  it  forms  a  kind  of  soapy  mass  of  a 
Tiscid  or  treacly  nature ;  hence  iat  of  some  Idud,  in  considerable  proportion  must  be 
used  along  with  the  resin,  the  minimum  being  equal  parts ;  and  then  the  soap  is  tar 
from  being  good.  As  alkaline  matter  cannot  bo  neutialised  by  resin,  it  preserves  its 
peculiar  acrimony  in  a  soap  poor  in  fat,  and  is  ready  to  act  too  powerfully  upon 
woollen  and  all  other  animal  flbies  to  which  it  is  applied.  It  is  said  that  rancid  tallow 
serves  to  mask  the  strong  odour  of  resin  in  soap  more  than  any  oil  or  other  species 
of  &t.  from  what  we  have  just  said,  it  is  obviously  needless  to  make  the  resin  used 
for  yellow  soaps  pass  througn  all  the  stages  of  the  saponifying  process ;  nor  would 
this  indeed  be  proper,  as  a  portion  of  the  resin  would  be  carried  away,  and  wasted 
with  the  spent  lyes.  The  best  mode  of  proceeding,  therefore,  is  first  of  all  to  make 
the  hard  soap  in  the  usual  manner,  and  at  the  last  service  or  charge  of  lye,  namely, 
when  this  ceases  to  be  absorbed,  and  preserves  in  the  boiling-pan  its  entire  causticity, 
to  add  the  proportion  of  resin  intended  for  the  soap.  In  order  to  fiicilitate  the 
solution  of  the  resin  in  the  soap,  it  should  be  reduced  to  coarse  powder,  and  well  incor- 
porated by  stirring  with  the  take.  The  proportion  of  resin  is  usually  horn  one-thiid 
to  one-fourth  the  weight  of  the  tallow.  The  boil  must  be  kept  up  for  some  tima 
with  an  excess  of  caustic  lye ;  and  when  the  paste  is  found,  on  cooling  a  sivmple  of  it 
to  acquire  a  solid  consistency,  and  when  diffused  in  a  little  water,  not  to  leave  a 
resinous  varnish  on  the  skin,  we  may  consider  the  soap  to  be  finished.  The  maker 
next  proceeds  to  draw  off  the  superfluous  lyes,  and  to  purify  the  paste.  For  this 
pun)ose,  a  quantity  of  lyee  at  80°  B.  being  poured  in,  the  mass  is  heated,  worked  well 
with  a  rake,  then  allowed  to  settle,  and  drained  of  its  lyes.  A  second  service  of  lyes 
at  4°  B.,  is  now  introduced,  and  finally  one  at  2" ;  after  each  of  which  there  is  the 
usual  agitation  and  period  of  repose.  The  pan  being  now  skimmed,  and  the  scum  or 
fob  removed  for  another  operation,  the  soap  is  laded  off  by  hand-pails  into  its  frame- 
moulds.  A  little  palm  oil  is  occasionally  employed  in  the  manufacture  of  yellow  soap, 
in  order  to  correct  the  flavour  of  the  resin  and  brighten  the  colour.  This  soap,  when 
well  made,  ought  to  be  of  a  fine  wax-yellow  hue,  be  transparent  upon  the  edges  of 
the  bars,  dissolve  readily  in  water,  and  afford,  even  with  hard  pump-water,  an 
excellent  lather. 

The  frame-moulds  for  hard  soap  are  composed  of  strong  wooden  bars,  made  into  th* 
form  of  a  parallelogram,  which  are  piled  over  each  oUier,  and  bound  together  by 
screwed  iron  rods  uiat  pass  through  them.  A  square  well  is  thus  fbrmed,  which  in 
large  soap-factories  is  sometimes  10  feet  deep,  and  capable  of  containing  a  couple  of 
tons  of  soap.  For  plain  yellow  or  curd  soaps,  iron  founes  are  now  used  instead  of 
wooden  ones,  in  almost  every  factory. 

Mr.  Sheridan  some  time  since  obtained  a  patent  for  combining  silicate  of  soda  with 
hard  soap,  hj  tziturating  them  together  in  the  hot  and  pasty  state  with  a  crutch  in  an 
iron  pan.  In  this  way  from  10  to  30  per  cent,  of  the  silicate  may  be  introdnoed. 
Such  soap  possesses  very  powerful  detergent  qualities,  but  it  is  apt  to  feel  hard  and  be 
somewhat  gritty  in  use.  The  silicated  soda  is  prepared  by  boiling  ground  flints  in  a 
strong  caustic  lye,  till  the  specific  gravity  of  the  compound  rises  to  nearly  double  the 
density  of  water.  It  then  contains  abont  35  grains  of  silica,  and  46  of  soda-hydiate, 
in  100  grains.' 

Hard  soap,  after  remaining  two  days  in  the  frames,  is  at  first  divided  horizontally 
into  parallel  tablets  3  or  4  inches  thick,  by  a  brass-wire ;  and  these  tablets  aia  again 
cut  vertically  into  an  oblong  nearly  square  bars,  called  '  wedges  '  in  Scotland. 

The  soap-pans  used  in  the  United  Kingdom  are  made  (U  cast  iron,  and  in  three 
separate  pieces  joined  together  by  iron-rust  cement.  The  following  is  their  general 
form : — The  two  upper  frusta  of  cones  are  called  curbs  ;  the  third,  or  undermost,  is 
the  pan  to  which  alone  the  heat  is  applied,  and  which,  if  it  gets  cracked  in  the  coune 
of  bailing,  may  easily  be  lifted  up  within  the  conical  pieces,  by  attaching  chains  or 
cords  for  raising  it,  without  disturbing  the  masonry  in  which  the  curbs  are  firmly  set. 
The  sur&ce  of  uie  hemispherical  pan  at  the  bottom,  is  in  general  about  one-tenth  port 
of  the  surface  of  the  conical  sides, 
Tho  white  ordinary  tallow  soap  of  the  London  manu&ctureis,  coiled  curd  soap, 
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eoosisU,  by  the  writei^i  experiments,  of  &t,  52 ;  sodsi  6 ;  nater,  42  =>  1 00.    Kine-tentha 
of  the  fat,  at  least,  is  tallow. 

With  respect  to  the  manu&ctore  of  solphated  soap,  the  process  is  as  follows : — 

To  eTenr  ton  of  soap  made  in  the  usual  way  and  ready  to  be  cleansed  and  crys- 
tallised, add  sulphate  of  soda  (Glauber's  salt)  in  the  proportion  of  about  1  cwt.  or  more, 
according  to  the  quality  of  the  goods  employed.  The  Glauber's  salt  should  first  be 
dissolved  by  turning  steam  into  it,  or  in  a  steam-pan,  in  its  own  water  of  crystal- 
lisation ;  it  is  then  added  to  the  finished  soap,  and  the  whole  must  be  crutched  until 
the  mass  has  become  so  stiff  that  it  cannot  be  crutched  any  longer.  In  the  evidence 
before  the  Fiivy  Council,  in  the  month  of  July  18SS,  this  process  was  found  by  their 
Lordships  of  such  public  value  that  the  patent  rig^t  was  extended  for  three  years. 

This  process,  however,  has  been  superseded  by  another  which  Br.  Normandy 
patented  in  the  monUi  of  August  1855.  In  eSBxt  it  had  been  found  that  whereas 
sulphate  of  soda  is  more  soluble  in  lukewarm  than  in  either  cold  or  boiling  water,  the 
temperature  of  the  weather  in  summer  time  interfered  with  or  altogether  prevented 
the  formation  of  the  crystals,  and  that  as  the  crystals  of  this  salt  contain  ten  equi- 
valents of  water,  the  maker  of  sulphated  soap  was  put  to  the  trouble  and  expense  of 
the  carriage  of  this,  to  him  useless,  water  c^  crystallisation. 

Soft  Soap. — The  manu&cture  of  soft  soap  di&rs  greatly  from  that  of  hard  soap ;  as, 
in  tihis  ease,  nothing  is  separated  from  the  mixture  in  the  boiler;  and  the  alkali 
emi^oyed  is  potash,  and  not  soda.  The  mode  of  obtaining  a  caustic  lye  of  potash  is 
exactly  the  same  as  with  soda,  except  that  the  weak  lyes  are  used  in  place  of  water 
for  a  subsequent  operation,  and  not  pumped  up  into  the  boiler.  The  materials 
employed  as  fats  are  mixtures  of  the  vegetable  and  animal  oils,  as  rape,  and  the  fish 
oil  called  '  Southern.'  For  the  best  kinds  of  soft  soap,  a  little  tallow  is  added  to 
these,  whicli  produces  a  peculiar  kind  of  mottling  or  ciystallisation  in  the  soap,  that 
confers  additional  value  upon  it.  These  oils  or  fats  are  merely  boiled  with  the  strong 
caustic  potash-lye,  until  morougb  combination  has  taken  place,  and  ao  much  of  the 
water  of  the  lye  is  evaporated  that,  when  a  portion  of  the  soap  ia  poured  upon  a  cold 
slab  and  allowed  to  rest  for  a  few  minutes,  it  assumes  the  consistency  of  soft  butter. 
As  soon  as  this  happens,  the  whole  is  run  out  into  little  casks,  where  it  cools ;  it  is 
thus  sent  into  the  market.  Of  course  no  atomic  arrangement  can  be  traced  in  so 
rariablfl  a  compound;  and  hence  its  analysis  presents  no  point  of  interest.  The 
employment  of  soft  soap  is  daily  becoming  more  and  more  limited. 

The  principal  difibrenoe  between  soaps  with  base  of  soda,  and  soaps  with  base 
of  potash,  depends  upon  their  mode  of  combination  with  water.  The  former  absorb 
a  laise  quantity  of  it,  and  become  solid ;  they  are  chemical  hydrates.  The  others 
experience  a  much  feebler  cohedve  attraction ;  but  they  retain  much  more  water  in  a 
state  of  mere  mixture. 

Three  parts  of  fat  afford,  in  general,  fully  five  parts  of  soda-soap,  well  dried  in  the 
<^>en  air ;  but  three  parts  of  fat  or  oil  will  afibnl  from  six  to  seven  parts  of  potash- 
soap  of  moderate  consistency.  This  feebler  cohesive  force  renders  it  apt  to  deliquesce, 
especially  if  there  be  a  small  excess  of  the  alkali.  It  is  therefore  impoesible  to 
separate  it  firom  the  lyes ;  and  the  washing  or  relaiyage,  practised  on  the  hard-soap 
process  is  inadmissible  in  the  soft.  Perhaps,  however,  this  concentration  or  abstrac- 
tion of  water  might  be  effected  by  using  dense  l^os  of  muriate  of  potash.  Those  of 
chloride  or  sulphide  of  sodium  chuige  the  potash  into  a  soda-soap,  by  double  decompo- 
sition. From  its  superior  solubility,  more  alkaline  reaction,  and  lower  price, 
potash-soap  ia  pacefaixed  for  many  pnrposee,  and  especially  for  scooring  woollen  yams 
and  stuffi. 

Soft  soaps  are  usually  made  in  this  country  with  whale,  seal,  olive,  and  linseed  oils, 
and  a  certain  quantity  of  tallow ;  on  the  Continent,  with  the  oils  of  hempseed,  sesame, 
rapeseod,  linseed,  poppy-seed,  and  colza;  or  with  mixtures  of  several  of  these  <nls. 
When  tallow  is  added,  as  in  Great  Britain,  the  object  is  to  produce  white  and  some- 
what solid  grains  of  stearic  seep  in  the  transparent  mass,  ctQled  figging,  because  the 
soap  then  resembles  the  granular  texture  of  the  fig. 

The  potash-lyes  should  be  made  perfectly  caustic,  and  of  at  least  two  different 
strengths  ;  the  weakest  being  of  sp.  gr.  I'Ofi  ;  and  the  strongest,  1*20,  or  even  1*25. 
Seing  made  from  the  potashes  of  commerce,  which  contain  seldom  more  than  60  per 
cent,  and  often  less,  of  real  alkali,  the  lyes  correspond  in  specific  gravity  to  double 
their  alkaline  strength  ;  that  is  to  say,  a  solution  of  pure  potash  of  the  same  densi^ 
would  be  fully  twice  as  strong.  The  following  is  the  process  followed  by  respectable 
manu&cturers  of  soft  soap  ((Otion  vert,  being  naturally  or  artificially  green)  upon  the 
Continent. 

A  portion  of  the  oil  being  poured  into  the  pan,  and  heated  to  nearly  the  boiling  point 
of  water,  a  certain  quantity  of  the  weaker  lye  is  introduced ;  the  fire  being  kept  up 
so  as  to  bring  the  mixture  to  a  boiling  state.    Then  some  more  oil  and  lye  are  added 
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altenuttely,  till  the  whole  quantity  of  oil  detUned  for  the  paa  is  introduced.  _  The 
ebiillition  it  kept  up  in  the  gentlest  manner  passible,  and  some  stronger  lye  is  oc- 
casionally added,  till  the  workman  judges  the  saponification  to  be  perfect.  The 
boiling  becomes  progressively  less  tumnltuous,  the  &oUiy  mass  subsides,  the  raste  grows 
transparent,  and  it  gradually  thickens.  The  operation  is  considered  to  be  finished 
when  the  paste  ceases  to  affect  the  tongue  with  an  acrid  pungency,  when  all  milkiness 
and  opacity  disappetir,  and  when  a  little  of  the  soap  pla(^  to  cool  upon  a  glass-plate 
assumes  the  proper  consistency. 

A  peculiar  phenomenon  may  be  remarked  in  the  cooling,  which  affords  a  good 
criterion  of  the  quality  of  the  soap.  When  there  is  formed  around  the  little  patch  an 
opaque  Eone,  a  fraction  of  an  inch  broad,  this  is  supposed  to  indicate  complete  saponifi- 
cation, aud  is  called  the  tiretigtk  ;  when  it  is  absent,  the  soap  is  said  to  want  its  ilreu^h. 
When  this  zone  soon  vanishes  after  being  distinctly  seen,  the  soap  is  said  to  have^aiw 
ttrength.  When  it  occurs  in  the  best  form  the  soap  is  perfect,  and  may  be  secured  in 
that  state  by  removing  the  fire,  and  then  adding  some  ^ood  soap  of  a  previous  roond 
to  cool  it  down,  and  prevent  further  change  by  evaporation. 

300  lbs.  of  oil  require  for  their  saponifi(»tion,  72  lbs.  of  American  potash  of 
moderate  quality,  in  lyes  at  16°  B. ;  and  the  product  is  460  lbs.  of  well-lxHled  soap. 

If  hempseed  oil  has  not  been  employed,  the  soap  will  have  a  yellow  colour,  instead 
of  the  green,  so  much  in  request  on  the  Continent  This  tint  is  then  given  by  the 
addition  of  a  little  indigo.  This  dye-stuff  is  reduced  to  fine  powder,  and  boiled  for 
some  hours  in  a  considerable  quantity  of  water,  till  the  stick  with  which  the  water  is 
stirred  presents,  on  withdrawing  it,  a  gilded  pellicle  over  its  whole  surface.  The  indigo 
paste  difRised  through  the  liquid,  is  now  ready  to  be  inonrporated  with  the  soap  in  the 
pan  before  it  stiffens  by  cooling. 

Estimation  of  the  quantity  of  water  in  soap : — Take  about  1,000  grains  of  the  soap 
under  examination,  cut  into  small  and  thin  slices,  not  only  from  the  outside,  which  is 
always  drier,  but  from  the  interior  of  the  sample,  so  that  the  whole  may  represent  a  fair 
average ;  mix  the  mass  well  together,  and  of  this  wdgh  accurately  100  grains ;  place 
it  in  an  oven  heated  to  a  temperature  of  212°  Fahr.,  until  it  is  quite  dry,  weighing  it 
occasionally  until  no  loss  or  diminution  of  weight  is  observed,  the  difference  between 
the  original  and  the  last  weight,  tho  loss,  indicates,  of  course,  the  proportion  of  water. 
The  loss  of  water  in  mottled  soap  and  in  soft  soap  should  not  be  more  than  30  to  35 
per  cent. ;  in  white  or  yellow  soap  from  36  to  at  most  50  per  cent. 

If  the  soap  is  snlphated,  the  amount  of  sulphate  employed  may  be  determined  by 
taking  200  grains  of  the  sample,  dissolving  it  m  a  capsule  with  boiling  water,  adding 
to  the  boiling  solution  as  much  hydrochloric  acid  as  is  necessary  to  render  the  liquid 
strongly  acid,  and  therefore  to  decompose  the  soap  entirely  throwing  the  whole  in  a 
filter  previously  wetted  with  water,  adding  to  the  filtrate  an  excess  of  chloride  of 
barium,  washing  thoroughly  the  whits  precipitate  so  produced,  igniting  and  weighing 
it;  every  grain  of  sulphate  of  baryta  thus  obtained  represents  1'467  grain  of  crys- 
tallised sulphate  of  soda. 

If  the  soap  contains  clay,  chalk,  silica,  dextrine,  frecola,  pnmice-stone,  ochre,  plaster, 
salt,  gelatine,  &c.,  dissolve  100  grains  of  the  suspected  soap  in  alcohol,  with  the  help 
of  a  gentle  heat ;  the  alc(^ol  will  dissolve  the  soap  and  leave  all  these  impurities  in 
an  insoluble  state.  Good  mottled  soap  should  not  leave  more  than  1  per  cent,  of 
insoluble  matter,  and  white  or  yellow  soap  still  less.  All  soap  to  which  earthy  or 
siliceous  matter  has  been  added  is  opaque  instead  of  transparent  at  the  edges,  as  is  the 
case  with  all  genuine  or  fitted  and  sulphated  soap.  The  drier  the  soap,  the  moi« 
transparent  it  is. 

.  Bone-soap,  or  glue-soap,  is  recognised  by  its  unpleasant  odour  of  glue  and  its  dark 
colour,  its  want  of  transparency  at  the  edges  ;  that  made  with  the  fat  of  the  intestines 
of  animals  has  a  disgusting  odour  of  feeces. 

When  unoombined  silica  has  been  added  to  soap,  its  presence  may  be  readily 
detected  by  dissolving  the  suspected  soap  in  alcohol,  as  before,  when  the  silica  will  be 
left  in  an  insoluble  state ;  but  if  the  silica  is  in  the  state  of  silicate  of  soda  or  of 
potash,  it  is  necessary  to  proceed  as  follows: — Dissolve  a  given  weight  of  the 
suspected  soap  in  boiling  water,  and  decompose  it  by  the  gradual  addition  of  moderately 
dilute  hydrochloric  add,  until  the  liquor  is  strongly  add  ;  boil  the  whole  for  one  or 
two  minutes  longer  and  allow  it  to  cool  in  order  that  the  fatty  acids  having  separated 
and  become  hard,  may  be  removed.  Evaporate  the  acid  liquor  to  per/act  dtynett,  and 
the  perfectly  dry  mass  treated  with  boiling  water  will  leave  an  insoluble  residue 
which  may  be  identified  as  silica  by  its  grittiness,  which  is  recognised  by  rubbing  it  in 
the  capsule  with  a  glass  rod.  This  white  residue  should  then  be  collected  on  a  filter, 
washed,  dried,  ignited,  and  weighed. 

The  proportion  of  alkali  (potash  or  soda)  may  be  easily  determined  by  an  alkali* 
metrical  assay  as  follows : — 
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Take  100  gnuDS  of  the  soiip  under  examination,  and  dissolve'  them  in  about  2,000 
grains  of  boiling  Trater ;  should  any  insoluble  matter  be  left,  decant  carefully  the 
superincumbent  solution  and  test  it  vith  dilute  sulphuric  add  of  the  proper  strength, 
exactly  as  described  in  the  article  Alkaumbtby. 

The  proportion  of  alltali  contained  in  soap  may  also  be  ascertained  by  incinerating 
a  given  ireight  of  soap  io  an  iron  or  platinum  spoon,  crucible,  or  capsule,  treating  the 
residue  'with  water,  filtering  and  submitting  the  filtrate  to  an  alkalimetrical  assay. 
This  method,  however,  cannot  be  resorted  to  when  the  soap  contains  sulphates  of  alkalis, 
because  the  ignition  would  convert  such  salts,  or  a  portion  thereof,  into  carbonates  of 
alkali,  which  by  saturating  a  portion  of  the  test-sulphuric  acid  would  give  an  inac- 
curate result. 

The  proportion  of  oil  or  fat  in  soap  is  ascertained  by  adding  100  grains  of  pure 
'white  'wax  free  £rom  'water  to  the  soap-eolution,  after  supersaturation  'with  an  acid, 
and  heating  the  whole  until  the  wax  has  become  perfectly  liquid,  and  has  become 
perfectly  incorporated  with  the  oil  or  fat  which  has  separated  by  the  treatment  'with 
an  add.  The  whole  is  then  allowed  to  cool,  and  the  waxy  cake  obtained  is  removed, 
heated  in  a  weighed  crucible  or  capsule  to  a  temperature  of  about  220°  Fahr.  in 
order  to  expel  all  the  water,  after  which  the  whole  is  weighed ;  the  increase  above 
100  grains  (the  original  weight  of  the  wax)  indicates,  of  course,  the  quantity  of  grease, 
&t,  or  oil  contained  in  the  soap.  This  addition  of  wax  is  necessary  only  when  the 
fatty  matter  of  the  soap  is  too  liquid  to  solidify  well  in  cooling.  Good  soap  ordinarily 
contains  from  6  to  8  per  cent,  of  soda ;  from  60  to  70  per  cent,  of  fatty  acids  and  resin, 
and  from  30  to  36  per  cent,  of  water. 

The  nature  of  the  fat  of  which  a  given  sample  of  soap  has  been  made  is  more 
difficult  to  detect,  yet  by  saturating  the  aqueous  solution  of  the  mass  under  examina- 
tion with  an  add,  collecting  the  fatty  adds  which  then  float  on  the  surface,  and 
observing  their  point  of  fusion,  the  operator  at  any  rate  'will  thus  be  enabled  to 
ascertain  whether  the  soap  under  examination  is  identical  'with  the  sample  horn  which 
it  may  have  been  purchased,  and  whether  it  'was  made  &am  tallow,  or  from  oil,  See. 

own.  vdne 

Onr  Soap  £rporfo  were  in  1873  183,760  £243,047 

1874  219,284  277,207 


A  few  yean  since  a  peculiar  bark  was  introduced  into  the 

Bnropean  trade,  and  recommended  to  be  employed  instead  of  soap  for  washing  and 
deamng  printed  goods,  -woollens,  and  silks,  and  espedally  for  the  delicate  colours  of 
ladies'  dresses,  Sc  This  soap-bark  is  externally  black,  but  internally  the  liber 
consists  of  layers  of  yellowish-white.  The  bark  is  remarkable  for  its  density,  as  it 
sinks  in  water.  The  cause  of  this  is  the  great  quantity  of  mineral  substances  in  its 
ashes,  there  being  13'936  per  cent  of  the  internal  parts,  dried  at  low  temperature 
and  18'50  per  cent,  when  dried  at  100°  C,  The  ashes  consist  largely  of  carbonate 
of  lime,  which  forms  2°S0  per  cent,  of  the  13*036,  and  appears  as  small  crystalline 
needles,  isolated  or  in  groups,  in  the  cells  of  the  liber,  not  only  between  its  concentric 
rings  but  in  every  part  of  it.  They  glitter  in  the  sun,  resembling  under  the  microscope, 
the  aragonite  form  of  the  crystallised  carbonate  of  lime. 

The  soap-wort  (Saponaria  officinale)  is  sometimes  used  for  scouring  and  deaning 
dresses.  Several  of  this  family  of  caryophyllaceous  plants  (JDianthue,  Lychnit, 
Qypmphila,  Silme)  are  remarkable  for  this  property  in  a  greater  or  less  degree.  By 
diemical  means  there  has  been  extracted  &om  these  roots  the  Saponine  (or  Stmihiine), 
a  spedal  substance,  and  to  this,  not-withstanding  the  very  small  quantity  contained  in 
the  roots,  the  singular  power  is  attributed  of  making  emulsions,  and  of  being  used  for 
soap  in  washing.  The  soap-'wort  of  the  Levant  (  dj/ptophila)  is,  to  this  day,  employed 
in  uie  East  for  -washing  and  deaning  silks  and  shawls.  It  is  generally  used  in  the 
Mediterranean  districts  of  France  and  Spain ;  the  French  called  it  lierbe  auxfoulona 
(the  fuller's  plant).  The  Saponairt,  or  Savoniire  of  the  French,  is  the  root  of  a  kind  of 
Lyohnit.  Saponine  was  fonnd  by  Henry  and  Bontron  Charland  in  the  bark  of  the 
QuUlaja  saponaria,  a  tree  of  the  £>imily  of  rosaceous  plants,  and  a  native  of  Euanaco, 
in  Peru.  Ferdinand  Leboeuf  made  mention  of  this  bark  in  1860  for  its  richness 
in  saponine,  and  recommended  it  for  pharmaceutical  use  in  preparing  emulsions  of 
oils,  resins,  balsams,  and  several  other  medicaments.  He  mentions  likewise  the  bark 
of  die  i'aUhoy  {Monnina  polystachya)  as  containing  saponine.  The  fruits  of  Sapindua 
taponaria,  kno-wn  as  '  soap-berries,'  are  used  in  America  and  the  West  Indies  for 
'Washing  linen. 

SOAVBTOva.    See  Stxatttb. 

SOSA.  NaO  (Va'O),  This  is  the  oxide  of  the  metal  sodium,  and  can  only  be 
obtained  in  the  free  state  by  the  combustion  of  the  metal  itself  in  dry  air  or  oxygen 
gas.    Another  oxide  appears  to  exist,  hut  the  composition  is  uncertain,  and  it  is  of  u« 
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commercial  value.  Soda  (oinde  of  todium),  thus  prepared,  is  a  white  aolid,  which 
aheorbs  moisture  rapidly,  the  whole  of  which  cannot  be  again  remored  by  heat  alone,  the 
hydrate  NaO.HO  (ITaBO)  remaining.  This  hydrate  (tf  soda,  wliich  is  largely  nsed  in 
the  manufacture  of  soap,  is  not  prepared  from  the  anhydrous  oxide,  but  by  remoring 
the  carbonic  acid  from  carbonate  of  soda  by  the  means  of  hydrate  of  lime.  When 
the  soda  is  required  in  the  solid  state,  the  carbonate  of  lime  thus  formed  is  allowed 
to  settle,  the  clear  supernatant  liquid  is  poured  off  and  evaporated  to  dryness,  fused  in 
a  silver  vessel,  and  cast  into  sticks. 

The  following  is  a  table  of  the  quantitisa  of  real  toda  (NaO)  in  the  solntions  of  dif- 
ferent specific  gravities. — By  Siahter. 


Spec. 

Soda 

Spec* 

Soda 

Spec. 

Soda 

Spec. 

Soda 

grnv. 

percent 

grav. 

porocnt* 

gr«T. 

percent 

grav. 

peroeat 

100 

000 

M2 

11-10 

1-22 

20-66 

1-32 

29-96 

102 

2-07 

114 

12-81 

1-24 

22-58 

1-34 

31-67 

104 

402 

1-16 

14-73 

1-26 

24-47 

1-36 

32-40 

106 

6-89 

118 

16-78 

1-28 

26-33 

1-36 

33-08 

108 

7-69 

1-20 

18-71 

1-80 

28-16 

1-38 

34-41 

100 

9-48 

SOBA^A&im.    See  Aixu. 

S09A,  sZBOXAva  ov.    8ee  Bobacio  Acn>,  aad  Boaix 
SOBA,  XtrnmrmAVm.    KaO.H0.2SO*  (WaMmo*).    This  is  obtained  in  the 
same  manner  as  bisulphata  of  potash,  with  which  it  corresponds. 

BOS  A,  OABBOlrATa  OV  {KoUeniaures  Natron,  Qer.),  is  the  'soda'  of  commerce 
in  various  states,  either  ctystalliMd,  in  lumps,  or  in  a  crude  po-wder  called  '  soda-ash.' 
It  exists  in  small  quantities  in  certain  mineral  waters ;  as,  for  example,  in  those  of 
Seltzer,  Seydschutz,  Carlsbad,  and  the  volcanic  springs  of  Iceland,  especially  the 
Geyser;  it  frequently  occurs  ai  an  efflorescence  in  slender  needles  i^n  damp  -walls, 
being  produced  by  the  action  of  the  lime  upon  the  sea-salt  present  in  the  mortar.  The 
mineral  soda  is  the  sesqoicarbonate,  to  be  afterwards  described. 

Of  manufactured  soda,  the  variety  most  anciently  known  is  barilla,  the  ifleinerated 
ash  of  the  Salsola  soda.  This  plant  is  cultivated  -with  great  care  by  thtf  Spaniards, 
especiaUy  in  the  vicinity  of  Alicant  The  seed  is  sown  in  light  low  soils,  -miich  are 
embanked  toirards  the  sea-shore,  and  furnished  -vith  sluices,  for  admitting  an  occasional 
overflow  of  salt  water.  When  the  plants  are  ripe,  the  crop  is  cut  down  and  dried ;  the 
seeds  are  rubbed  out  and  preserved  ;  the  rest  of  the  plant  is  burnt  in  rude  furnaces,  at 
a  temperature  just  suffident  to  cause  the  ashes  to  enter  into  a  state  of  semi-ftunon,  so  as 
to  concrete  on  cooling  into  cellular  masses  comparatively  compact-.  The  most  valuable 
-variety  of  this  article  is  called  svxet  barilla.  It  has  a  greyish-blue  etdour,  and  becomes 
covered  with  a  saline  efflorescence  when  exposed  for  some  time  to  the  air.  It  is  hard 
and  difficult  to  break ;  when  applied  to  the  tongue,  it  excites  a  pnngent  alkaline  taste. 
Another  method  of  manufacturing  crude  soda,  is  by  burning  sea-weed  into  kdp. 
lormerly,  very  large  revenues  -were  derived  by  the  proprietors  <rf  the  shores  rf  the 
Scottish  islands  and  Highlands,  from  the  incineration  of  sea-weeds  by  their  tenants, 
who  usually  paid  their  rents  in  kelp ;  but  since  the  tax  has  been  taken  off  salt,  and 
the  manufacture  of  a  crude  soda  from  it  has  been  generally  established,  the  price  of 
kelp  has  &Uen  low,  its  principal  use  being  now  to  obtain  iomne.  See  Babiuj>,  Iodikb, 
Eblp. 

The  crystals  of  soda  carbonate,  as  well  as  the  Soda-ash  of  British  oommerce  are 
now  made  altogether  bythe  decomposition  of  sea-salt 

Soda-numvfactun.  The  manufacture  divides  itself  into  three  branches : — 1.  The 
conversion  of  sea-salt,  or  common  salt  (chloride  of  sodium),  into  sulphate  of  soda. 
2.  The  decomposition  of  this  sulphate  into  crude  soda,  called  MrcA  baUt  by  the  work- 
men. 3.  The  purification  of  these  balls,  either  into  a  dry  white  soda^nh  or  into 
crystals. 

Prmaratim  of  Sulphate  of  Soda.  The  decomposition  of  common  salt  is  effected 
by  sulphuric  acid  in  furnaces  of  which  fy.  1855  is  a  section,  a,  the  smaller  of  the 
two  compartments  which  compose  the  f^imace,  is  of  east  iron ;  into  this  {tiedacoTiqioter) 
from  five  to  six  hundred  weight  of  common  salt  are  inttodaced,  and  an  eqnal  weight 
of  sulphuric  acid,  of  specific  gravity  1-6,  is  gradually  mixed  with  it;  a  eentle  heat 
being  applied  to  the  outside,  enormous  volumes  of  hydrochloric  acid  gas  are  disengaged, 
and  pass  off  by  tlie  fiue,  d,  to  the  condensing  towers,  B  and  F ;  these  towers  are  filled 
-with  fragments  of  broken  coke  or  stone,  over  which  a  continuous  stream  of  water  is 
caused  to  trickle  slowly  from  h  h,    A  steady  current  of  air  is  dra-ira  through  the 
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fhmace  and  eondensing  towers,  by  eonnecting  the  first  tower  with  the  second,  as  re- 
presented at  g,  and  the  second  tower  with  toe  main  chimney,  K,  of  the  works.  In 
the  first  bed  it  the  Aunace,  about  half  of  the  common  salt  is  decomposed,  leaving  a 


1850 


V^/^Wv* 


K 

i 


^■~  '■' 


mixture  of  bisnlphate  of  soda  and  common  salt,  which  requires  a  greater  heat  for  the 
expulsion  of  thu  latter  portion  of  hydrochloric  acid  ;  for  this  purpose  it  is  poshed 
through  a  door  into  the  roaster,  or  second  division,  b,  of  the  furnace. 
The  reaction  in  the  first  bed  of  the  ftimace  is  represented  as  follows  : — 


2NaCl       +     2H0.S0»     = 
Oommon  salt.       Bulphniic  add. 

2Va01       +       B<=BO* 


NaCSO*.  HO.SO' 


VaHBO* 


By  the  higher  teniperatnre  obtained  in  the  second  part  of  the  furnace,  the  bisnl> 
phate  of  potash  reacts  on  the  undecomposed  chloride  of  sodium,  yielding  neutral 
sulphate  of  soda  and  a  fresh  quantity  of  hydrochloric  acid. 


NaO.SO'.  HO.SO* 

^ , ' 

Bisnlphate  of  aoda. 

«*BSO<  H 


+        NaCl 
Common  salt. 

vaOl 


•^       2(NaO.SO') 

Sulphate  ot 
soda. 

ira'SO< 


HCL 

Hydrochlodo 
add. 

BOI 


The  hydrochloric  add  gas,  as  it  is  liberated  firom  B,  passes  off  through  the  fine,  d, 
and  is  carried  on  to  the  condensing  towers.  Heat  is  applied  to  the  outside  of  the 
roaster,  b;  the  smoke,  c,  eirctilatingin  separate  fines  around  the  chamber,  in  the  direc- 
tion indicated  by  the  arrows,  but  never  coming  into  contact  with  the  salt-cake  in  B. 

The  process  used  at  present  in  the  Tyne  district  differs  but  little  from  that  above 
described,  with  the  exception  that  in  the  dooomposition  of  the  mixture  of  bisnlphate 
of  soda  and  common  salt,  in  tlie  second  portion  of  the  furnace,  the  smoke  and  pro- 
ducts of  combustion  ^m  the  fire,  are  allowed  to  come  in  contact  with  the  materials, 
and  the  hydrochloric  acid  which  is  then  given  off  is  carried  into  condensing  towers 
filled  with  bricks  over  which  water  is  continually  slowly  running,  and  the  dilute 
hydrochloric  acid,  thns  obtained,  is  used  for  the  liberation  of  carbonic  add  in  the 
manufacture  of  bicarbonate  of  soda.  The  first  part  of  the  fhmace  is  a  circular  metal 
pan,  and  the  hydrochloric  arid  from  this,  being  unmixed  with  smoke,  &c.,  is  condensed 
apart  from  the  other. 

The  next  step  in  the  manufacture  is  the  decomposition  of  the  sulphate  of  soda  into 
sulphide  of  sodium,  and  its  subsequent  conversion  into  carbonate  of  soda.  This  is 
effected  in  the  following  manner: — The  dry  sulphate  of  soda,  obtained  by  the  process 
above  described,  is  mixed  with  small  coal  and  chalk,  or  limestone,  in  about  the  fol- 
lowing proportions :  sulphate  of  soda  3  parts,  chalk  3)  ports,  and  coal  2  parts.  It 
is  necessary  that  these  materials  should  be  first  separately  ground,  and  sifted  into  a 
tolerably  fine  powder,  and  then  carefully  mixed,  as  a  great  deal  depends  on  the  atten- 
tion to  these  points.  The  mixture  is  then  subjected  to  heat  in  a  revorberatory  furnace, 
figt.  1856,  1857,  1858. 

In  the  section  fig.  1 857,  there  are  two  hearths  in  one  fomaee,  the  one  elevated  above 
the  level  of  the  other  by  the  thicknesB  of  a  brick,  or  about  three  inches,    a  is  tha 
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preparatory  shelf,  -vbere  the  mixtoie  to  be  deeomposod  is  first  laid  in  order  to  be 
thoroughly  heated,  so  that  vhen  transferred  to  the  lower  or  decomposing  hearth,  b, 

it  may  not  essentially  chill  it,  and 
throw  back  the  operation,  c  is  the 
fire-bridge,  and  d  is  the  grate.  In 
the  horizontal  section,  or  ground 
plan,  fig.  1868,  we  see  an  opening 
in  the  front  convsponding  to  each 
hearth.  There  is  a  door,  as  shown 
in  the  side  view  or  elevation  of  the 
furnace,  fig.  1866  ;  and  each  door 
is  shut  by  an  sq^oare  iron  frame 
filled  with  a  fire-tile  or  bricks,  and 
suspended  by  a  chain  over  a  pulley 
fixed  in  any  conrenient  place.  (See 
CoKi.)  The  workman,  on  pushing 
up  the  door  lightly,  makes  it 
nse,  because  there  is  a  counter- 
weight at  the  other  end  of  each 
chain,  which  balances  the  weight 
of  the  fisme  and  bricks.  In 
the  ground  plan,  only  one  smoke- 
flue  is  shown;  and  this  construc- 
tion is  preferred  by  many  manu- 
facturers ;  but  others  choose  to  hare 
two  fiues,  one  from  each  shonlder, 
as  at  a,  b;  which  two  flues  after- 
wards unite  in  one  Tertieal  chimney, 
from  25  to  40  feet  high ;  because 
the  draught  of  a  soda  furnace  must 
be  very  &arp.  Haring  sufficisntly 
expltunod  the  construction  of  this  improved  furnace,  we  shall  now  proceed  to  describe 
the  mode  of  making  soda  with  it. 

.  The  quantity  of  the  mixture  required  for  a  charge  depends,  of  oouise,  on  the  nse 
of  the  fnmace.  This  charge  must  he  shovelled  in  upon  the  hearth,  A,  or  shelf  of  pre- 
paration (fig.  1857);  and  whenever  it  has  become  hot  (the  furnace  having  been 
previously  brought  to  bright  ignition),  it  is  to  be  transferred  to  the  decomposing 
hearth  or  laboratory,  b,  by  an  iron  tool,  shaped  exactly  like  an  oar,  called  the 
spreader.  This  tool  has  the  flattened  part  from  2  to  3  feet  long,  and  the  round  part, 
for  laying  hold  of  and  working  by,  from  6  to  7  feet  long.  Two  other  tools  are  used : 
one,  a  rake,  bent  down  with  a  ganlen  hoe  at  the  end ;  and  another,  a  small  shovel, 
consisting  of  a  long  iron  rod  terminated  like  a  piece  of  iron  plate,  about  6  inches  long, 
4  bioad,  sharpened  and  tipped  with  steel,  for  cleaning  the  bottom  of  the  hearth  ftma 
adhering  cakes  or  crusts,  AYhenevar  the  charge  is  shoved  by  the  sliding  motion  of 
the  oar  down  upon  the  working  hearth,  a  fresh  chai^  should  bo  thrown  into  the 
preparation  shelf,  and  evenly  spread  over  its  surface. 

The  hot  and  partially-carbonised  charge  being  also  evenly  spread  upon  the  hearth, 
B,  is  to  be  left  untouched  for  about  ten  minutes,  during  which  time  it  becomes  ignited, 
and  begins  to  taae  upon  the  sur&ce.  A  view  may  be  taken  of  it  through  a  peep-hole 
in  the  door,  which  should  be  shut  immediately,  in  order  to  prevent  the  reduction  of 
the  temperature.  When  the  mass  is  seen  to  be  in  a  state  of  incipient  fusion,  the 
workman  takes  the  oar  and  turns  it  over  breadth  by  breadth  in  regular  lasers, 
till  he  has  reversed  the  position  of  the  whole  mass,  placing  on  the  sur&ce  the  particles 
which  were  formerly  in  contact  with  the  hearth.  Having  done  this,  he  immediately 
shuts  the  door,  and  lets  the  whole  get  another  decomposing  heat.  After  five  or  six 
minutes,  jets  of  fiame  begin  to  issue  from  various  parts  of  the  pasty-consistenced 
mass.  Kow  is  the  time  to  incorporate  the  materials  together,  turning  and  spreading 
by  the  oar,  gathering  them  together  by  the  rake,  and  then  distributing  them  on  the 
reverse  piurt  of  the  hearth ;  uiat  is,  the  oar  should  transfer  to  the  part  next  the 
fire-biidge  the  portion  of  the  mass  lying  next  the  shelf,  and  vice  vertd.  The  dex- 
terous mana^ment  of  this  transnosition  characterises  a  good  soda-fumocer.  A  little 
practice  and  instruction  will  render  this  operation  easy  to  a  robust  clever  workman. 
After  this  transposition,  incorporation,  and  spreading,  the  door  may  be  shut  again  fur 
a  few  minutes,  to  raise  the  heat  for  the  finishing  off.  Lastly,  the  rake  must  bo  dex- 
terously employed  to  mix,  shift,  spread,  and  incorporate.  The  jets,  called  candles, 
mo  rery  numerous,  and  bright  at  first;  and  whenever  they  begin  to  fade,  the  mass 
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mtist  be  raked  out  into  cast-iion  moulds,  placed  under  the  door  of  the  laboratoiy  to 
receive  tba  ignited  paste. 

One  batch  being  thug  worked  oS,  the  other,  which  has  laid  undisturbed  on  the 
shelf,  is  to  be  shored  down  trova  ▲  to  B,  and  spread  equally  upon  it,  in  order  to  be 
treated  as  above  described.    A  third  batch  is  then  to  be  placed  on  the  shelf. 

The  product  thus  obtained  is  called  '  black  balls,'  which,  of  coarse,  vary  iu  their 
composition.  The  following  is  the  compositipn,  according  to  Sichardaon,  of  the 
Newcastle  '  black  balls,'  from  the  balling  furnaces : — 

Carbonate  of  soda  9'89,  hydrate  of  soda  25-64,  sulphide  of  calcium  35*67,  carbonate 
of  lime  15*67,  sulphate  of  soda  3*64,  chloride  of  sodium  O'OO,  sulphide  of  iron  1*22, 
silicate  of  magnesia  0*88,  carbon  4*28,  sand  0*44,  and  water  2*17'='  100. 

The  prineipal  changes  which  take  place  in  this  process  may  be  represented  by  the 
following  equations : — 


NaO.SO» 


4C 


NaS 


4C0 


Solphate 
otaoda. 

Carbon. 

SnlpUdeot 
sodiuiD> 

Carbonlo 
oxide. 

(VA'SO* 

+ 

20' 

as 

va<S 

+ 

4CO). 

NaS 

+ 

CaO.CO' 

= 

NaO.CO' 

+ 

CaS 

Bolpblde  ol 

Chalk. 

Carbonate 
of  soda. 

SnlpUide  ot 
calcium* 

(Va'S 

+ 

CaOO* 

= 

Va'CO* 

+ 

Oas). 

then — 


In  the  first  place,  the  sulphnto  of  soda  is  deoxidised  by  the  coal,  with  the  formation  of 
sulphide  of  sodium  and  carbonic  oxide,  which  latter  takes  fire  and  forms  the  '  candles,' 
above  mentioned ;  in  the  next  place,  the  sulphide  of  sodium  and  carbonate  of  lime 
(chalk)  decompose  each  other,  forming  carbonate  of  soda  and  sulphide  of  calcium ; 
and  from  the  &ct  of  some  of  the  chalk  being  converted  into  caustic  lime  by  the  heat 
of  the  furnace,  there  is  also  formed  by  it  some  caustic  soda ;  the  sulphide  of  cal- 
cium itself  is  only  sparingly  soluble  in  water,  but  is  rendered  still  less  so  by  the  excess 
of  lime  which  is  present,  forming  with  it  an  oxysiilphide,  which  is  much  less  soluble 
than  the  sulphide  of  calcium  alone. 

This  black  ball,  or  ball  alkali,  is  then  treated  with  warm  water  to  extract  the  soluble 
matters.  This  is  effected  in  the  district  of  Newcastle-on-Tyne  in  vessels,  8  or  10  feet 
square  and  5  or  6  feet  deep,  furnished  with  false  bottoms  ;  the  first  waters  are  strong 
enough  for  boiling  down,  for  getting  *  yellow  salt,'  as  it  is  termed  ;  the  after-washings, 
which  are  weaker,  are  used  for  fresh  quantities  of  '  ball  alkali.'  Care  must  be  taken 
not  to  nse  the  water  too  hot,  as  the  oxysulpMde  of  calcium  would  be  decomposed,  and 
the  liquor  thus  take  up  much  sulphide  of  calcium. 
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An  apparatus  used  in  some  places  for  lixiviating  the  black  ball  is  shown  in  the 
accompanying  drawing,  Jig.  1859.  Its  object  is  to  extract  the  largest  quantity  of 
eolahle  matter  with  Um  smallest  quantity  of  water.    The  black  ball  is  placed  in  p«E> 
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fi>rat«d  sheet-iron  reuels,  h  h,  which  can  be  luied  or  loweMd  into  ontw  liximting 
Tessels,  also  made  of  iron,  by  means  of  the  cords  and  jmlleTS,  i,  x.  When  a  chaige  is 
leceiTed  from  the  furnace,  it  is  introduced  into  the  lowest  vessels,  o,  where  it  is  sub- 
mitted to  the  dissolving  action  of  a  liqnid  already  highly  charged  with  alkali  from 
dif^ion  -upon  the  black  ash  contained  in  the  taiJu  above  it ;  after  a  certain  time, 
this  charge  is  raised  by  the  rope  f^m  o  into  the  tank  F,  where  it  is  submitted  to  a 
weaker  liqnid,  and  so  on,  snocessiTely.  The  alkali  at  each  stage  becomes  more  com- 
pletely exhausted,  and  the  residue  is  successively  submitted  to  the  action  of  weaker 
lye,  till  at  length,  in  A,  it  is  acted  on  by  water  only,  supplied  from  the  dttem,  i. 
When  fresh  water  is  admitted  from  x,  to  the  top  of  the  vessel,  a,  as  it  is  specifically 
lighter  than  the  saline  solution,  it  lies  upon  its  surface,  and  gradually  displaeos  the 
solution  firom  A,  through  the  bent  tube,  whilst  the  water  takes  its  place ;  the  liquid 
thus  displaced  from  it,  acta  in  like  manner  upon  that  contained  in  B ;  and  this  dis- 
placement proceeds  simultaneously  through  each  successive  tier  of  the  arrangement, 
until  the  concentrated  lyo  flows  off  from  o,  and  is  transferred  to  the  evaporating  pans. 
The  residue  which  remains  after  this  treatment  contains  nearly  all  the  sulphur  prosent 
in  the  ball  alkali,  in  the  form  of  ozysulphide  of  calcium,  toother  with  the  other  in- 
soluble portions,  and  is  of  no  valoe ;  it  accumulates  to  an  immense  extent  in  large 
soda  works,  and  is  thus  a  source  of  annoyance.  Many  triaU  have  been  made  to 
obtain  the  sulphur  Contained  in  it,  and  to  use  it  for  the  reproduction  of  Sulphuric  acid, 
but  without  much  success  hitherto. 

The  solution  obtained  by  thus  liziTiating  the  ball  soda,  contains  principally  car- 
bonate of  soda  and  hydrate  of  soda,  as  well  as  some  sulphide  and  chloride  of  sodium, 
and  a  little  sulphate  of  soda.  It  is  allowed  to  settle ;  then  the  clear  liquor  is  drawn 
off  into  evaporating  vessels.  These  may  be  of  two  kinds.  The  sarface-evaporating 
furnace,  shown  in  fig.  18S0,  is  a  very  admirable  invention  for  economising  vessels, 
time,  and  fuel.  The  grate  A,  and  fiie-place,  are  separated  from  the  evaporating  labo- 
ratory D,  by  a  double  tire-bridge  B,  c,  having  an  intentitial  space  in  the  middle,  to 
arrest  the  cemmunication  of  a  melting  or  igniting  heat  towards  the  lead-lined 
cistern  D.  This  dstem  may  be  8,  10,  or  20  feet  long,  according  to  the  magnitode 
of  the  soda-work,  and  4  feet  or  more  wide.  Its  depth  should  be  about  4  feet.  It 
consists  of  sheet  lead,  of  about  6  pounds  weight  to  the  square  foot,  and  it  is  lined  with 
one  layer  of  bridu,  set  in  Roman  or  hydraulic  cement,  both  along  the  bottom  and  up 
the  sides  and  ends.  The  lead  eomes  up  to  the  top  of  e,  and  the  Uqnor,  or  lye,  may  be 
filled  in  to  nearly  that  height     Things  being  thus  arranged,  a  fire  is  kindled  upon  the 

grate  a;    the  flame    and  hot  air 
E        I860       .,,p;r!SSS^^^^^^^^^3S    sweep  along   the   surface    of  the 

liquor,  raise  its  temperature  there 
rapidly  to  the  boiling  point,  and 
carry  c^the  watery  parts  in  vapour 
up  the  chimney  b,  which  should  be 
15  or  20  feet  high,  to  command  a 
good  draught  But,  indeed,  it  will 
be  most  economical  to  build  one 
high  capacious  chimney  stack,  as  is 
now  done  at  Glasgow,  Manchester, 
and  Newcastle,  and  to  lead  the 
flues  of  the  several  furnaces  above  described  into  it  In  this  evaporating  furnace 
the  heavier  and  stronger  lye  goes  to  the  bottom,  as  well  as  the  impurities,  where 
they  remain  undisturbed.  Whenever  the  liqnor  has  attained  to  the  density  of  1'8, 
or  thereby,  it  is  pumped  up  into  evaporating  cast-iron  pans,  of  a  flattened  some- 
what hemispherical  shape,  and  evaporated  to  dryness  whUe  being  diligently  stirred 
with  an  iron  nike  and  iron  scraper. 

This  alkali  gets  partially  carbonated  by  the  above  surfiice-eTaporating  furnace. 
When  pure  carbonate  is  wanted,  that  dry  mass  mtlst  be  mixed  with  its  own  bulk  of 
ground  coal,  sawdust  or  charcoal,  and  thrown  into  a  reverberatory  furnace,  like  fig. 
1867,  but  with  the  sole  all  upon  one  level.  Here  it  must  be  exposed  to  a  heat  not 
exceeding  iW  or  700°  F. ;  that  is,  a  little  above  Ae  melting  heat  of  lead  ;  the  onl^ 
object  being  to  volatilise  the  sulphur  present  in  the  mass,  and  carbonate  the  alkali. 
Now,  it  has  been  found,  that  if  the  heat  be  raised  to  distinct  redness,  the  sulphur  will 
not  go  off,  but  will  continue  in  intimate  union  with  the  soda.  This  process  is  called 
calking,  and  the  furnace  is  called  a  callcer  furnace.  It  may  be  6  or  8  feet  long,  and 
4  or  6  feet  broad  in  the  hearth,  and  requires  only  one  door  in  its  side,  with  a  hanging 
iron  frame  filled  with  a  fire-tile  or  bricks,  as  above  described. 

This  carbonating  process  may  be  performed  upon  several  cwts.  of  the  impure  soda, 
mixed  with  sawdust,  at  a  time.  It  takes  three  or  four  hours  to  finirii  the  deaulphor- 
Mion ;  and  it  must  be  earefnlly  turned  over  by  the  oar  and  the  rake,  in  ordes  to  ban 
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the  coal  into  caibonic  acid,  and  to  present  the  carbonic  acid  to  tho  partidea  of  caostie 
sods  difibsed  through  the  man,  so  that  it  may  combine  with  thorn. 

When  the  bine  flames  cease,  and  the  saline  matters  become  irhite,  in  the  midst  of 
the  coaly  matter,  the  batch  may  be  considered  as  completed.  It  is  raked  ont,  and 
when  cooled,  liziriated  in  great  iron  cisterns  with  &lse  bottoms,  covered  with  mate. 
The  watery  solution  being  drawn  off  dear  by  a  plug-hole,  is  evaporated  eithw  to 
dryness,  in  hemispherical  uast-iion  pang,  as  abore  described,  or'only  to  such  a  strength 
that  it  shows  a  pellicle  upon  its  surfiice,  when  it  may  be  run  on  into  crystallising 
cistems  of  cast-iron  or  lead-lined  wooden  dstems.  The  above  dry  carbonate  is  the 
best  article  for  the  glass  manufacture. 

Instead  of  this  last  process  of  roasting  with  sawdust,  Oossag*  decomposes  the 
sulphide  of  sodium  present  in  the  lye  obtained  from  the  ball  soda,  by  means  of  the 
hydrated  oxide  of  some  metal,  ns  of  lead,  thus  forming  sulphide  of  lead,  and  hydrate 
of  soda ;  this  is  then  converted  into  carbonate  by  passing  a  stream  of  carbonic  acid 
through  it.  The  precipitated  sulphide  of  lead  is  decomposed  by  hydrochlorio  acid, 
thus  generating  sulphuretted  hydrogen,  which  is  burnt  and  converted  into  sulphuric 
add ;  the  lead  is  then  converted  again  into  hydrated  oxide  by  means  of  lime.  This 
process  saves  the  trouUe,  time,  and  fuel  used  in  evaporating  to  diyneas  twice  as  in 
the  ordinary  process. 

Various  attempts  have  been  made  to  obtain  processes  which  shall  supersede  the  pro- 
cess above  described,  of  manufacturing  carboaste  of  soda  from  common  ttlt. 

Sulphate  of  iron,  being  a  cheap  article,  has  been  heated  with  common  salt,  in- 
stead of  using  sulphuric  add ;  sulphate  of  sods  is  formed,  and  the  chloride  of  iron, 
being  volatile,  passes  away.  By  roasting  iron  or  copper  pyrites  directly  with 
chloride  of  sodium,  sulphate  of  sods  has  been  obtained,  and  it  has  been  found  possible 
by  this  means  also  to  extract  tho  metal  from  ores  of  copper  or  tin  with  advantage, 
which  are  otherwise  too  poor  to  work.  Mr.  Tilghman  effects  the  decomposition  of 
chloride  of  sodium  by  steam  at  a  high  temperature,  in  the  presence  of  alomina. 
Fredpitated  alupuna  js  mode  up  into  balls  with  chloride  of  sodium,  and  exposed  to  a 
curront  of  steam  in  a  reverbemtory  furnace  strongly  heated.  Hydrochloric  add  is 
expelled,  aqd  tho  alumina  unites  witJi  the  soda.  When  cold,  this  compound  of  alumina 
and  soda  is  decomposed  by  a  current  of  carbonic  acid,  and  the  carbonate  of  soda  is 
dissolved,  and  thus  separated  from  the  alumina,  which  may  be  again  used.  Another 
process  is  that  of  MM.  Schlcesing  and  RoUand.  They  dissolve  the  chloride  of  sodium 
in  water,  and  then  pass  ammonia  into  it,  and  aiterwards  carbonic  acid  ;  bicarbonate  of 
ammonia  is  first  produced,  and  then  double  decomposition  takes  place ;  chloride  of 
ammonium  is  formed,  and  the  more  sparingly  soluble  bicarbonate  of  soda  is  predpi- 
tated  in  crystalline  grains  ;  it  is  then  separated  fh>m  the  liquid  and  pressed,  to  free  it 
as  much  as  possible  &om  the  dtloride^  This  bicarbonate  of  soda  is  converted  into 
the  monocarbonste  by  heat,  and  the  carbonic  add  thus  evolved  is  used  again ;  the 
solution,  fW>m  which  the  bicarbonate  has  separated,  is  boiled  to  drive  off  any  ammonia 
that  it  may  contain,  as  carbonate  of  ammonia,  which  is  collected ;  the  sclution  is  then 
boilod  with  lime,  which  liberates  the  ammonia  firom  the  chloride  of  ammonium,  and 
thus  little  loss  is  sustained. 

There  are  three  carbonates  of  soda : — 

Monoearhonate.  NaO.CO'-l-  lOEO  (Va*CO'-f  lOVO).  This  is  the  salt  which  is 
obtained  in  the  ordinary  soda-manu&cture.  In  the  crystalline  state,  it  generally  con- 
tains ten  e(]uivalenta  of  water  of  crystallisation,  or  sixty-three  per  cent.,  but  has  been 
obtained  with  only  eight,  five,  and  even  one  equivalent  of  water.  It  effloresces  in  a 
dry  atmosphere,  at  the  same  time  absorbing  carbonic  odd.  It  is  very  soluble  in  water, 
requiring  only  twice  its  weight  of  water  at  60°  for  solution,  and  even  melts  in  its 
own  water  of  crystallisation  when  heated,  and  eventually  by  increase  of  temperature 
becomes  anhydrous.  It  is  generally  found  in  commerce  in  large  crystals,  which 
belong  to  the  oblique  prismatic  system.  It  is  strongly  alkaline,  and  acts  on  the  skin, 
dissolving  the  outside  cntlde.    It  is  largely  used  in  the  manufacture  of  soap,  glass,  &c 

Suquicarbonate.  3(KaO.C0*),E0.CO*  (aira'CO',B<00<).  This  salt  is  frequently 
found  native.    See  Katbon. 

BieotionaU.  NaO.CO*,HO.CO*  (traaoo*).  This  salt  is  foond  in  some  mineral 
waters,  as  those  of  Carlsbad  and  Seltser ;  and  is  obtained  twm  the  waters  of  Tidiy 
in  large  quantities. 

It  is  prepared  by  sMnrating  the  monocaibonate  irith  carbonic  add,  for  which 
purpose  sevraal  msthods  are  em^oyed. 

1.  Bypatting  carbmic  acid  into  a  toluiion  of  the  numocarbonat*.  A  oold  satu- 
rated solution  of  the  monocarbonate  of  soda  is  made,  and  carbonic  add  obtained 
by  the  action  of  hydrochlorio  add  on  marble  or  chalk,  is  passed  into  it;  the  bi- 
carbonate forms  and  preciintates  to  a  neat  extent,  and  is  then  collected,  and  pressed 
to  remove  as  arach  of  the  adhering  liquid  as  possible.     A  fresh  portioa  of  the 
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monocarbonate  is  dissolred  ia  the  mother-liquor,  and  the  poMage  of  carbonic 
acid  through  it  repeated.  Bj  this  method  a  pore  bicarbonate  is  obtained,  but  the 
process  is  costly. 

2.  Bjf  exporing  lolid  tiumocarbonaU  of  loda  to  an  atmotphtn  of  carbonic  add  gat. 
This  is  known  as  Smith's  process.  The  crystals  of  the  monocarbonate  are  placed  on 
shelves,  slightiy  inclined  to  alio?  the  water  to  ran  off,  in  a  large  box,  oonfaining  a 
perforated  false  bottom ;  carbonic  acid  is  passed  into  this  box  under  pressure,  which 
latter  is  scarcely  neceesaty,  since  the  monocarbonate  so  rapidly  abaorba  the  carbonic 
acid.  When  the  gas  ceases  to  be  absorbed,  the  salt  is  taken  out  and  dried  by  a 
ffmtle  heat. 

The  crystals  are  found  to  have  lost  their  water  of  crystallisation,  and  to  hare 
become  opaque  and  porous,  and  a  bicarbonate,  still,  howerer,  retaining  their  original 
shape.  These  are  ground  between  stones  like  floor,  care  being  taken  to  avoid  the 
evolution  of  much  heat 

3.  Its  formntion  by  the  action  of  bicarbonate  of  ammonia  has  been  already  described. 
Bicarbonate  of  soda  crystallises  in  rectangular  four-sided  prisms,  which  require 

about  ten  parts  of  cold  water  to  dissolve  them,  and  if  tlie  sdution  be  boiled,  it  loses 
carbonic  acid,  becoming  first  sesqnicarbonate,  and  ultimately  monocarbonate.  Aa 
usually  met  with  in  commerce  this  salt  is  a  white  powder.  Its  taste  is  slightly 
alkaline.  It  is  largely  used  in  medicine,  for  making  seidlits  powders,  jec,  but  the 
salt  generally  found  in  the  shops  is  only  a  sesqnicarbonate,  or  a  mixture  of  bicar- 
bonate and  sesqnicarbonate. 

The  latest  obtainable  returns,  show  that  the  materials  used  on  the  Tyne  in  producing 
soda,  and  its  alkaline  manufactures,  amount  to  1,070,000  tons  annually,  consisting 
chiefly  of  pyrites,  salt,  chalk,  coal,  and  manganese,  the  value  of  which  is  about  SfiO.OOO/. 

This  outlay  produces : — 


Tons. 

Tom. 

Sodacrystals 

.     86,000 

Caustic  soda 

.       8,720 

AlkaU 

.     74,000 

Epsom  salts         .        . 
Okuber  salts 

690 

Bicarbonate  of  soda 

.     11,000 

20 

Sulphate  of  copper 
Sulphate  of  soda  . 

200 

Oil  of  vitriol 

9000 

2,400 

Hyposulphite  of  soda  . 

400 

Bleaching  powder 

.     27,000 

Uuriatio  add 

700 

Ohloride  ci  manganese 

.       1,300 

Total  tons. 

.    216,880 

Havin, 

ganaggi«grat 

e  value  of  1,929,8262. 

The  products  of  the  Lancashire  chemical  works  are  about  the  same^  the  total  iior  all 
England  being : — 

Baw  materials l,700,62j 

Uann&ctored  article      ......       3,818,604 

The  remarkable  extension  of  the  Alkali  trade  will  be  seen  by  the  following  stat^ 
ment  of  Exports : — 

18S8  1850  1860  1861  1862  1868      ' 

owtSi  ovts.  owts.  OWtSi  cwts*  owts* 

1,618,289        2,028,761        2,049,682        1,420,327        2,095,249        2,187,015 


1864               1866  1866  1867 

owts*                  owtSa  *  cwts.  owts* 

2,192,771        2,672,794  2,997,470  3,164,426 

1870  1871  1872 

owts.  cwts.  cwts. 

3,853,393  4,176,667  4,453,068 


1868 

8,499,587 

1878 

owts* 
4,754,426 


1869 

owta* 

8,514,882 


In  the  manufacture  of  carbonate  of  soda  fiwm  common  salt,  there  was  always  a 
conmderable  escape  of  muriatic  acid,  which  was  highly  injurious  to  all  snmmnding 
vogrtation.    This  led  to  the  passing  of  a  Bill  to  regulate  this  manufacture. 

The  Alkali  Act  of  July  28,  1863,  is  '  An  Act  for  the  more  eKctual  Condensation 
of  Muriatic  Acid  Oas  in  Alkali  W^orks.'  ^  An  alkali  work  is  defined  by  the  Act  to  be 
'  every  work  for  the  mann&ctore  of  alkali,  sulphate  of  soda,  or  sulphate  of  potash,  in 
which  muriatic  acid  is  evolved.'  It  is  required  that  'every  alkali  woric  shall  be 
carried  on  in  such  a  manner  as  to  secure  the  condensation  to  the  satisfaction  of  the 
inspector,  derived  £rom  his  ewn  examination  or  from  that  of  a  sub-inspector,  of  not 
Urn  than  96  pet  eentam  of  the  mnxiatic  acid  gas  evolved  thextin.' 
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AU-tdi  Exported  in  1878. 


861 


Cwti. 

Talne 

To  Ruisia  .        .                .... 

814,268 

238,882 

„  Sweden  and  Norwsy 

136,551 

70,116 

„  Denmark 

70,688 

37,920 

„  QennanT 

828,854 

421,921 

„  Holland        .        . 

289,981 

121,916 

„   Belgium 

199,»18 

120,983 

„  France  . 

110,959 

61,689 

„   Spain  and  Canariea 

122,696 

110,709 

..  Italy     .        .        . 

84,322 

48,424 

„  Austrian  Territories 

46,820 

26,890 

„  United  Stotes,  Atlantic 

3,124,017 

1,371,506 

Padflo 

26,314 

20,682 

„  Bianl   ... 

44,366 

84,180 

„  Australia 

106,368 

69,768 

„  British  North  America 

108,962 

76,034 

„  Other  countries     . 

143,341 

98,028 

Total 

•               • 

4,754.426 

3,920,006 

If  we  estimate  the  escape  of  mnriatio  acid  gas  at  1,000  tons  per  week  before  the 
passing  of  the  Alkali  Act,  or  at  least  before  the  introduction  of  the  Alkali  Bill  into 
Parliament,  we  may  be  considered  as  taking  a  very  moderate  view  of  the  question. 


1861 


1862 


0,  Wooden  ping,  with  hole  throngh  the  oentn.  i  is  a  oarering  of  enithenware  whidi  i« 
neortj  labiiuirged,  thiu  olosiiig  enUiely  the  top  of  the  tower  when  the  water  ii  admitted. 
ee.  Bottom  ol  water-ditem ;  the  water  piiuM  throngh  the  aide  of  lib  cloee  to  ec,  thai 
hermetifllj  leeUng  the  apeitoreb  The  floor  of  the  water-datsnis  at  the  top  of  each 
tower  is  GOTered  with  tlie  wooden  plugi  aa  above  and  their  coTeringa. 

This  supposes  2,834*96  to  have  been  already  condensed,  and  is  a  very  favoniable 
'  Tiew  of  the  case.    Tha  1,000  .tons  left  ancondeiued  are  equal  to  4,000  tona  of.  25  per 
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oent.  add,  and  under  one-third  of  the  total  amount  eTolved  {n  the  proceBs  of  daooni< 
podng  lalt  by  solphurio  add  in  the  United  Kingdom.  Tbia  quantity  amounts  to 
208,000  tons  per  annum. 

Condensation  is  promoted  by  cold  and  by  water  mainly,  but  next  to  these  we  must 
add  contact  of  surfaces  and  time. 

Air  with  a  small  quantity  of  muriatic  acid  in  it  will  appear  misty  in  moist  weather, 
though  the  amount  may  be  less  than  0-003  per  cent.  It  will  pass  rapidly  through 
tubes  well  cooled  and  still  appear  misty,  but  let  it  pass  between  broken  pieces  of  coke 
or  through  extremely  narrow  moist  passages  and  it  will  be  perfectly  cleared.  The 
floating  particles  too  minute  to  &1I  seem  to  be  filtered  out  as  we  filter  fine  precipitates. 
The  mode  of  gaining  extansiTe  surface  is  chiefly  by  the  use  of  coke  in  the  towers. 

Other  modes  hare  been  adopted  of  filling  the  condensers.  Fire-bricks  are  used  in 
many  cases,  and  especially  at  the  lower  part  of  condensers  used  for  open  roasters. 


1863 


1864 


A  eondenter  generally  is  a  tower  filled  with  moistened  reiy  porous  or  non-porous 
materia,  in  pieces  so  large  as  to  allow  the  passage  of  air  and  water  through  the  inter- 
stices, and  so  small  as  to  prevent  that  passage  from  being  made  without  contact  of  the 
air  or  gases  with  the  water  and  the  solids  present 

It  is  built  generally  in  the  form  of  a  square  tower.  It  is  firom  3  to  6  feet  square 
equally  from  base  to  summit,  and  ftom  fi  to  12S  feet  high.  This  height  indodes  the 
pedestal  and  the  cistern  aboTe  the  condensing  portion  of  the  tower.    See  fig.  1862. 

let.  The  simplest  form  of  condenser  allows  the  gas  to  enter  below  whilst  the  uncon- 
densed  portion  escapes  into  the  air  at  the  top. 

2nd.  The  nnoondensed  gases  of  the  first  tovw  may  be  aent  into  the  top  of  the 
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Moond  tovar,  domt  iriiiefa  thqr  may  pan  and  thenoe  either  to  ibe  chimney  or  to  » 
third  and  fourth  tower. 

3rd.  A  tower  may  be  divided  in  two  parts.  The  gases  may  pass  up  one  nde  and 
down  the  other.    This  merely  treats  one  as  if  it  were  two. 

4th.  The  gases  may  pass  up  one  tower  and  down  earthenware  pipes  to  the  bottom 
of  the  second  tower,  up  which  they  rise.  By  this  method  the  gases  pass  up  the  towers 
only,  and  down  tubes  only. 

0th.  Condensers  may  be  ressels  of  stone  or  of  earthenware ;  when  of  stone  they 
may  be  several  feet  in  length,  breadth,  or  depth.  In  these  vessels  a  large  amount  ii 
acid  is  frequently  condensed  before  it  passes  to  the  tower*.  The  gases  may  pass 
through  several  of  these  tanks. 

6th.  As  the  gases  coma  from,  the  roaster  very  hot,  it  is  foond  of  advantage  to 
cool  them  before  they  enter  the  condenser.  This  is  done  by  allowing  them  to  pass 
along  earthenware  pipes  for  a  great  distance  before  entering  the  condensers.  When 
these  pipes  are  not  used,  the  condenser  is  heated  very  highly  and  filled  more  or  less 
with  hot  instead  of  cold  water.  This  is  the  case  sometimes  to  such  an  extent  as  to 
warm  the  whole  tower.  A  great  supply  of  water  cools  the  tower  but  weakens  the 
acid,  and  may  even  obstrupt  the  passage  of  the  gas  too  far, 

7th.  The  first  condenser  is  made  large  enough  to  condense  all  the  gas,  or  several 
may  be  required.  The  greater  part  al  the  gas  may  be  removed  by  one  or  more 
towers,  leaving  a  small  amount  to  be  condens^  by  a  post-condanaer  flushed  with  a 
great  excess  of  water.  This  acid  is  not  intended  for  use.  Sometimes  several  condensers 
are  connected  with  one  post-oondenser  for  a  final  washing.  ▲  gpeater  amoont  of 
space  and  water  being  required  to  remove  acid  when  it  exists  to  tbs  extent  of  only 
two  or  three  per  cent.,  the  add  from  these  washings  is  often  VMjr  dUnte,  sometimes 
BO  much  as  not  to  be  sensible  to  the  taste. 

Figa.  1868  and  1864  are  drawings  in  elevation  of  the  fine  tow«M  at  Hessrs.  Allhu- 
sen's.  The  stairs  are  entirely  within  the  enclosure  made  by  the  six  towers,  and  can  be 
ascended  with  perfect  safety.  The  chamber  at  the  top  contains  the  datsm  and  arrange- 
ments for  the  distribution  of  the  water.  At  the  very  top  are  openings  for  the  nneon- 
densed  gases.    There  are  two  rows  of  three  towers,  m^ng  six  tow«%  for  the  pan-gases. 

S09A  VBUBFAB.    Usually  called  JlbiU.    See  Fklspab. 

SOBA,  BTVOOKXOSXra  OV.  NaO.ClO  (irsOIO).  This  is  obtained  in  the 
same  mtnner  as  hypochlorite  of  lime,  or  by  decomposing  a  solution  of  this  latter  by 
carbonate  of  soda.    Its  uses  are  the  same  as  those  of  the  hypodUorite  of  lime, 

•esA,  BTyoamviUTa  or.  This  is  now  largely  prepared  for  photo- 
graphic purposes.     See  HvposTn^FEiTE  of  Sodi. 

•OS A,  VXTKATB,  OV.  NaO,NO>  (VoVO'X  8301.  mhie  nitn;  Chile  talt- 
fetrt.  (Ifitraie  de  toudt,  Fr. ;  WSrfelsalwter,  Qei.)  This  important  salt  is  found 
native  in  immense  quantities  in  Chili  and  Pern.  It  is,  in  some  parts,  found  in  beds  of 
several  feet  in  thickness.  As  found  in  nature  it  is  ttdeiably  pure^  the  principal  impu- 
rities being  chlorine,  sulphuric  acid,  and  lime.  Kitrate  of  soda  can  be  formed  artifici- 
ally by  saturating  nitric  acid  with  soda  or  its  carbonate,  and  evapwatiDg  the  solution. 

Nitrate  of  soda  is  extensively  and  eoonomically  employed  as  a  source  of  nitric  add. 
It  is  also  used  for  the  purpose  of  being  converted  by  double  decomposition  with 
chloride  of  potassium  into  mtrate  of  potash.  (See  UnRtifa  or  Fotase.)  It  is  em- 
ploved  as  a  mantire. 

A  good  sample  of  nitrate  of  soda  should  not  contain  more  than  two  per  cent,  of 
chloride  of  sodium.    The  nitric  add  may  be  determined  by  the  joocess  described  under 

KiTBlTB  OF  FoTASE. 

Kitrate  of  soda  is  not  applicable  for  the  preparation  of  gunpowder  or  fireworks, 
partly  in  consequence  of  its  tendency  to  attract  mtastnre  from  the  air,  and  partly. 
owing  to  the  foot  that  mixtures  made  in  imitation  of  gunpowder,  but  having  nitrate  of 
soda  in  place  of  nitrate  of  potash.    It  has,  however,  been  prepared  and  used  for 
blasting-powder,  with  some  apparent  advantage.    See  Cumo  NrrnB. 

SOSA,  M1'X'«X»M  or.  NaO.MO'  (ITaWO^  This  salt  is  not  unfreqvently 
employed  as  a  source  of  nitrous  add,  espedally  in  researches  on  the  volatile  nrgamo 
bases.  Nitrite  of  soda  possesses  some  advantages  over  nitrite  of  potash,  owing  to 
the  comparative  ease  with  which  >it  is  prepared. 

80BA,  FBOarBAns  or.  Several  of  these  are  known,  bnt  are  not  impor- 
tant in  the  arts.  The  prindpal  are  the  normal  tribasic  phosphate,  the  well-known 
rhombic  phosphate,  the  pyrophosphate,  and  the  metapbospnate  of  soda. 

■OSA,  BU3WXATB  OV.  NaO.SC+lOHO  (ira,*80«-f  10B*O).  This  salt 
is  obtained  as  a  residue  in  several  chemical  processes,  as  in  the  mannfocture  of  hydro- 
chloric and  nitric  adds,  &c.,  but  owing  to  the  enormous  quantity  used  in  the  mann« 
ftctnre  of  carbonate  of  soda,  it  is  made  purposely  as  described  under  Soda,  Casbosatb 
OF.    It  is  known  as  Olaubtr't  lalt,  and  has  been  found  native  near  Madrid,  nearly 
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-pare,  deposited  at  the  bottom  of  some  saline  lakea,  in  anhydrous  'octahedra,  called 
l%inaraite,  and  also  combined  -with  sulphate  of  lime,  as  GlauberUe. 

It  crystallises  in  oblique  rhombic  prisms  which  belong  to  the  obliqne  prismatic 
system.  Its  taste  is  saline,  and  bitterish.  It  is  veiy  efflorescent,  and  loses  all  its 
ten  equivalents  of  water  by  mere  exposure  to  the  atmosphere,  at  common  temperatures. 
'  SOBA,  SDXPBTTB  or.  NaO.SO>+ lOHO  (Va,<80'  +  &0K<0).  This  salt 
is  prepared  largely  for  removing  the  last  traces  of  chlorine  from  the  bleached  pnlp 
obtained  in  the  manufacture  of  paper,  and  is  hence  called  aniiehlore. 

It  is  prepared  by  passing  sulphurous  acid  gas  through  a  solution  of  carbonate  of 
soda,  or  on  the  large  scale,  by  passing  sulphurous  acid  gas,  obtained  by  burning 
sulphur  in  the  air,  over  crystals  of  carbonate  of  soda.  It  crystallises  m  oblique 
prismjs,  and  is  efBorescent,  like  the  sulphate  of  soda,  which  it  much  lesambles.  Its 
taste  is  salphurous,  and  it  possesses  a  slight  alkaline  reaction. 

A  bitulphiie  of  soda  also  exists,  which  forms  irregular  opaque  crystals. 

BOBil^^T'ATBX.  A  favourite  beverage,  formed  by  super-saturating  a  solution 
of  carbonate  of  soda  with  carbonic  acid,  prc^uced  under  considerable  pressure. 

The  accompanying  wood-engraving  represents  the  improved  arrangements  of  the 
soda-water  machme,  as  fixed  for  use,  monufaAured  by  Messrs.  J.  Tylor  and  Sons  of 
2  Newgate  Street,  London. 
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To  Qse  this  machine,  it  is  necessary  to  fill  the  solution-pan  o,  with  solution  of  soda, 
about  one  ounce  of  bicarbonate  of  soda  to  2  gallons  of  water.  Usually  this  solution 
is  made  in  a  large  cistern  of  slate,  or  wood  lined  with  lead,  from  which  it  is  con- 
veyed to  the  solution-pan,  by  means  of  a  pipe  and  tap.  The  gasometer-tub  (3)  is  filled 
with  water  up  to  a  constant  level,  above  which  the  opening  of  the  pipe  coming  from  the 
solution-pan  is  kept,  while  the  other  pipe,  connected  with  the  generator  2,  is  kept  well 
under  the  water.  The  bell  of  the  gasometer  being  down,  about  14  lbs.  of  powdered 
whiting  is  mixed  with  water,  to  the  consistency  of  cream,  and  poured  into  the  generator 
(2)  till  it  is  about  two-thirds  full,  when  it  is  carefully  closed.  Next  screw  the  leaden 
acid  bottle  (1)  on  to  the  generator.  Take  off  the  small  cap  on  the  top  of  bottle,  and  put 
in  about  a  quart  of  diluted  sulphuric  add — half  acid  and  half  water — and  replace  the 
cap.  This  should  be  mixed  in  an  open  vessel.  Muriatic  or  nitric  acid  may  be  used,  if 
sulphuric  acid  cannot  be  obtained.  Swing  the  bottle  slightly  round,  causing  a  little 
neid  to  fall  into  the  whiting  and  water,  at  the  same  time  turning  round  the  agitator, 
the  handle  of  which  is  on  the  top  of  the  generator.  As  soon  as  the  acid  is  mixed  with 
the  whiting  and  water,  gas  is  generated  and  passes  up  the  pipe  into  the  rising  bell, 
which  it  elevates  by  its  pressure.  The  end  of  the  other  pipe  is  turned  down  below 
the  surface  of  the  water,  so  that  the  gas  passing  through  it  may  become  cooled  and 
purified.  The  operation  of  making  the  ^as  should  be  conducted  slowly,  the  acid  bottle 
being  so  moved  that  only  a  small  quantity  of  acid  falls  into  the  generator  at  a  time, 
otherwise  the  gas  would  be  generated  too  quickly,  and  throw  the  whiting  and  water 
Into  the  pipe,  and  probably  injure  the  generator. 

When  the  addition  of  acid  and  the  turning  of  the  agitator  fails  to  produce  more 
gas,  then  the  whiting  is  exhausted,  and  must  bo  removed.  It  is  important  that  this 
-should  be  done  after  each  time  of  using,  before  the  whiting  sets  hard,  or  there  will  be 
a  difficulty  in  getting  it  out,  and  a  liability  of  straining  or  breaking  the  &n  of  the 
agitator. 
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The  first  time  of  nsiag  there  will  be  a  quantity  of  air  in  the  beU,Tlitch  u  discbaiged 
by  opeoing  the  oock.    ^hen  the  gas  has  a  puogent  smell  it  is  fit  for  use. 

The  gas-tap  and  water-tap  are  provided  with  index-plates,  which  regulate  the  supply 
of  gas  and  water  to  the  pump  of  machine  ;  they  must  be  partly  opened  or  closed  by  the 
person  working  the  machine  to  suit  the  requirements.  The  machine  must  not  bo 
worked  with  the  water-tap  open  alone.  The  machine  being  set  to  work  the  gas  is 
urawn  down  the  pipe,  which  stands  above  the  level  of  the  water,  through  the  other 
pipe,  and  is  forced  into  the  condenser  (d),  where  an  agitator,  worked  by  the  spur- 
wheel  (e),  reTolVing  rapidly,  mixes  it  with  the  water  which  is  drawn  from  the  solution- 
pan  o  in  like  manner.  When  the  jiressure  is  up  the  safety  ralve  will  lift,  and  soda- 
wnter  may  be  bottled  from  the  nose  (n).  A  pressure  gauge  may  be  recommended 
as  Tory  useful  in  enabling  the  person  working  tlie  machine  to  keep  the  pressure 
uniform. 

BOSZUIK.  {Sujiib.  Na ;  At.  Wt.  23.)  This  metal  was  discovered  by  Sir  H.  Davy, 
almost  immediately  after  potassium,  and  by  the  same  means,  viz.,  by  exposing  a 
piece  of  moistened  hydrate  of  soda  to  the  action  of  a  powerful  voltuc  battery,  the 
alkali  being  placed  between  a  pair  of  platinum  plates  connected  with  the  battery. 

By  this  process  only  very  small  quantities  can  be  obtained,  but  processes  hive 
since  been  devised  which  provide  it  in  almost  any  quantity,  and  since  the  demitud 
for  sodium  in  the  manufacture  of  aluminium  by  Wohler's  process,  principally  by  the 
exertions  of  M.  C.  St.-Claire  Seville,  the  cost  of  it  has  been  considerably  diminished. 
The  process  now  adopted  is  the  same  as  that  for  obtaining  potassium.  An  intimate 
mixture  of  carbonate  of  soda  and  charcoal  is  made  by  igniting- in  a  covered  crucible 
a  salt  of  soda  containing  an  organic  acid,  as  the  acetate  of  soda,  &&,  or  by  melting 
ordinary  carbonate  of  soda  in  its  watnr  of  crystallisation  and  mixing  with  it,  while 
liquid,  finely-divided  charcoal,  and  evaporating  to  dryness ;  this  mixture  is  mixed  with 
some  lumps  of  charcoal  and  placed  in  a  retort,  which  is  generally  made  of  malleable 
iron,  but  owing  to  the  difficulty  of  getting  them  sufficiently  large,  earthenware  or  fire- 
clay retorts  have  been  used  with  success,  and  sometimes  these  are  lined  v/ith  or 
contain  a  trough  of  malleable  iron.  These  retorts  are  so  placed  in  a  fiimace  that  they 
are  uniformly  kept  at  a  heat  approaching  to  whiteness. 

The  principal  reaction  which  takes  place  in  the  retort,  is  the  redaction  of  the  soda 
by  the  charcoal,  which  is  thus  converted  into  carbonio  oxide,  which  escapes  through 
an  aperture  in  the  receiver  made  on  purpose. 

Sodium  is  a  silver-white  metal,  very  much  resembling  potassium  in  every  respect ; 
it  is  80  soft  at  ordinary  temperatures  that  it  may  be  easily  cut  with  a  knife  or  pressed 
between  the  finger  and  thumb ;  it  melts  at  194°  Fahr.,  and  oxidises  rapidly  in  the  sir, 
though  not  so  rapidly  as  potassium.  Its  sp.  gr.  is  0'972.  When  plac»l  upon  the 
surface  of  cold  water  it  decomposes  it  with  violence,  but  does  not  ignite  the  hydrogen 
which  is  liberated,  unless  the  motion  of  the  sodium  be  restrained,  when  the  cooling 
effect  is  much  less.  When  a  few  drops  of  water  are  added  to  sodium  the  hydrogen 
liberated  immediately  inflames,  and  such  is  also  the  case  if  it  be  put  on  hot  water ; 
when  burning  it  produces  a  yellow  fiame,  and  yields  a  solution  of  soda.  The  principal 
use  of  sodium  is,  as  before  stated,  in  the  manufacture  of  aluminium,  which  is  now 
carried  on  to  a  considerable  extent. 

80BZUM,  BBOWXXia  09.    This  salt  resembles  the  bromide  of  potassium, 

SOSXniK,  CB»>BZ»a  or.   See  Salt. 

SOSXmc,  XOBZna  or.  This  exists  in  considerable  proportion  in  the  ash  of 
burnt  sea-weeds.    See  Kelp. 

SOnxVUK,  OXZ9B8  OV.  When  sodium  is  burnt  in  oxygen  gas  or  in  air,  two 
difiTerent  oxides  are  produced,  viz.  the  protoxide  and  binoxide.  These  oxides  veiy 
much  resemble  the  corresponding  oxides  of  potassium. 

SOSXim,  SVXVBXBBS  or.  Several  of  these  are  known,  resembling  the  cor- 
responding salts  of  potassium,  but  they  are  of  no  importance  in  the  arts. 

SOTA.  The  legumes  of  So/a  hispida  are  used  in  the  preparation  of  soy,  and  aro 
imported  to  this  country  from  India. 

BOJiAXTKM,  A  poisonous  alkaloid  of  doubtful  constitution,  contained  in  various 
plants  of  the  species  Solatium,  as  S.  niffruTO,  8.  Dulcamara,  and  in  the  potato  (S. 
tuberosum).  It  is  remarkable  that  in  the  shoots  of  potatoes  which  have  sprouted 
in  dark  cellars  the  quantity  of  solanine  is  greater  than  in  the  shoots  whick  bare 
germinated  normally.    Solanine  requires  reinvestigation. 

SO&AZXZ  mzca.  A  name  g^ven  to  the  best  kind  of  Spanish  liquorice,  Solazzi 
being  the  maker's  name.    See  Liqcobicb. 

_  SO&saazvo.  The  process  of  uniting  together  pieces  of  metal,  by  the  interposi- 
tion of  a  fusible  alloy,  which  is  called  either  soft  or  hard  solder,  according  as  its 
fusing  point  is  low  or  high.    One  process  is  called  by  its  inventor,  H,  do  Kichemont, 
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autogenous,  iMoaoM  it  takes  pkce  by  the  fuiion  of  the  tiro  edge*  of  ths  matata 
tiiemsolTes,  without  isterpoeiDg  another  metallic  alloy,  as  a  bond  of  union.     Sm 

AVTOOKirOUS  SOUJEBINO. 

BOJiJtVtLB.  Alloys  \rhich  are  employed  for  the  purpose  of  joining  together  metals 
are  so  called.  They  are  of  Tarious  kinds,  being  generally  distinguished  into  hard  and 
soft.  Upon  the  authority  of  Holtzappfel,  the  following  receipts  for  solder  are  given, 
and  these  have  been  adopted,  because,  after  a  long  and  particular  inquiry  in  the 
workidiops,  we  learn  that  they  are  regarded  as  very  superior  to  any  others  recom- 
mended : — 

Pewtererf  Solder,  (a)  2  Bismuth,  4  lead,  3  tin.    (b)  1  Bismuth,  I  lead,  2  tin. 

Soft  Spdter  Solder.    Equal  parts  of  copper  and  zinc. 

Coarae  Piumberi^  Solder,  (a)  1  tin,  3  lead,  melts  at  about  HOW  Fahr.  (i)  2  tin,  1 
lead,  melu  at  about  360°  Fahr. 

Speller  Solder.     12  ozs.  of  zinc  to  16  oza.  of  copper. 

BOUPBBIVO.    See  AmxiNB  Ran. 

SOaCSXSBZTMi  An  impure  phosphate  of  lime,  £com  the  island  of  Sombrero,  in 
the  West  Indies.  It  appears  to  have  been  produced  by  the  action  of  water,  which  baring 
filtered  through  guano,  has  acted  on  a  coral  rock,  whereby  the  carbonate  of  lime  of  tho 
coral-limestone  has  been  converted  into  a  phosphate. 

BOOBAVTSBt  called  also  Morindin,  a  dye-drug  prepared  bom  the  root  of 
the  Morinila  eitrtfolia.  See  Crookes's  '  Fla(%ical  Handbook  of  Dyeing  and  Calico- 
Frinting.'    See  Aal. 

SOOT  (Noir  de  fumie.  Suit,  Fr. ;  Suu,  Flailerrutt,  bei.)  \a  the  pulverulent 
charcoal  condensed  &om  the  smoke  of  wood  or  coal-fuel. 

SOXBXC  ACZS  is  the  same  with  malic  acid.    See  JUluc  Acid. 

SOBUBO.  The  name  of  a  spedes  of  grass,  the  Eokus  or  Sorghum  taceharatum. 
See  Bboox  Corn. 

SOBOHUK.  A  sugar-yielding  grass  has  been  introduced  into  the  south  of 
Europe  and  North  America,  the  cultivation  of  which  has  extended  with  wonderful 
rapidity  in  tho  United  States,  in  regions  far  to  the  north  of  those  adapted  to  the  sugar- 
cane. The  seeds  of  this  plant  are  a  good  grain,  similar  to  the  Dnrra  so  extensively 
cultivated  in  the  East  Indies  and  in  Africa.  The  Duns  {Sorghum  vu/gare),  sorgho, 
or  Indian  millet,  may  be  said  to  be  the  principal  corn-plant  of  Africa ;  and  the  sugar- 
grass,  or  shaloo  {&>rghum  taceharatum)  may  be  regarded  as  a  superior  kind  ol 
Durra. 

The  sugar-grass  was  introduced  into  Europe  in  18S1  by  the  Count  de  Hontigny,  the 
French  Consul  at  Shanghai,  who  sent  a  package  of  seed  to  the  GFeographieal  Society 
of  Paris,  only  one  seed  of  which  gorminaied,  and  irom  this  plant  a  small  quantity  of 
ripe  seed  was  produced ;  for  eight  hundred  of  which  Messrs.  Vilmorin,  Andrieus, 
and  Co.  seed-merchants  in  Paris,  paid  eight  hundred  francs.  Another  portion  of  the 
same  crop  passed  into  the  hands  of  the  Count  de  Beauregard,  and  from  these  sources 
this  seed  was  distributed  over  Europe  and  to  America  in  1857.  Two  ye.irs  later, 
Mr.  Wray  took  seeds  from  Africa  to  America,  and  two  classes  are  now  recognised 
there:  the  Chinese,  or  (or^,  and  the  AMcan,  or /mvVe.  Thejuiceisexpressedbymitis, 
of  which  there  are  many  kinds  in  use,  wrought  either  by  steam,  water,  or  horses.  The 
juice,  as  obtained  from  the  mill,  contains  many  impurities ;  dust  and  earth,  small 
fragments  of  cane,  and  green  vegetable-matter ;  these  are  in  part  removed  by  filtering 
through  a  straw  filter,  but  more  completely  by  skimming  during  the  process  of  boiling ; 
the  syrup  thus  obtained  is  of  a  very  good  quality.  The  processes  employed  in  procur- 
ing sugar  from  the  sugar-cane  in  tropical  countries  are  equally  applicable  in  the  case 
of  the  sugar-grass. 

SOVBKBZOir.  The  sovereign  is  tho  standard  of  value  in  Great  Britain,  and  its 
weight  is  determined  by  the  law  that  twenty  pounds  troy  weight  of  standard  gold 
shall  be  coined  into  9344  sovereigns.  To  obtain  the  exact  weight  of  one  sovoroigii, 
reduce  the  pounds  to  grains  and  divide  by  the  number  of  coins.  A  sovereign  is  thus 
found  to  weigh  123-2744783306581059  grains,  and  as  it  is  usual  to  deliver  tho  coin 
to  the  Bank  in  journey  weights  of  701  sovereigns,  each  journey  should  weigh,  if  it  lio 
standard  work,  1800321027287319442215  ounces;  and  a  million  sovereigns  should 
weigh  236821-8298555377  troy  ounces,  in  round  numbers  abont  7-8618  tons.— G.F.A. 

SOT  is  a  liquid  condiment,  or  sauce,  imported  chiefly  from  China.  It  is  prepared 
with  a  species  of  white  haricots,  whent-flour,  common  salt,  and  water ;  in  the  propor- 
tions respectively  of  50,  60,  60,  and  250  pounds.  The  haricots  are  washed,  and  boiled 
in  water  till  they  become  so  soft  as  to  yield  to  the  fingers.  They  ore  then  laid  in  a 
fiat  dish  to  cool,  and  kneaded  along  with  tho  flour,  a  little  of  the  hot  water  of  the 
decoction  being  added  from  time  to  time.  This  dough  is  next  spread  an  inch  or  an 
inch  and  a  half  thick  upon  the  flat  vessels  (made  of  thin  staves  of  bamboo^  and  when 
it  becomes  hot  and  mouldy,  in  two  or  three  days,  the  cover  is  raised  upon  bits  of  stidi. 
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to  give  free  oocess  of  air.  If  a  rancid  odour  ii  exhaled,  and  the  mass  grows  green, 
the  process  goes  on  well;  but  if  it  grows  black,  it  must  bis  more  freely  exposed  to  the 
nir.  As  soon  as  all  the  surface  is  covered  with  green  mouldineas,  which  usaally 
happens  in  eight  or  ten  days,  the  cover  is  removed,  and  the  matter  is  placed  in  the 
sunshine  for  several  days.  When  it  has  become  as  hard  as  a  stone,  it  is  cut  into 
small  fragments,  thrown  into  an  earthen  vessel,  and  covered  with  the  250  pounds  of 
water  having  the  salt  dissolved  in  it.  The  whole  is  stirred  together,  and  the  height 
at  which  the  water  stands  is  noted.  The  vessel  being  placed  in  the  sun,  its  contents 
are  sUrred  up  every  morning  and  evening ;  and  a  cover  is  applied  at  night  to  keep  it 
warm  and  to  exclude  rain.  The  more  powerful  the  sun  the  sooner  the  soy  will  bo 
completed ;  but  it  generally  requires  two  or  three  of  the  hottest  summer  months.  ^As 
the  mass  diminishes  by  evaporation,  well-water  is  added ;  and  the  digestion  is  con- 
tinued till  the  salt-water  has  dissolved  the  whole  of  the  flour  and  the  haricots ;  after 
which  the  vessel  is  loft  in  the  sun  for  a  few  days,  as  the  good  qnality  of  the  soy 
depends  on  the  completeness  of  the  solution,  which  is  promc^ed  by  regular  stirring. 
When  it  has  at  length  assumed  an  oily  appearance,  it  is  poured  into  bags,  and  strained. 
The  clear  black  liquid  is  the  soy,  ready  for  use. 

8VAVZBB   OXABB.     See  EsFABTO  and  Papbb. 

8VAB,  sna.yrr  or  FOirsaXOVS.    Sulphate  of  baryta.    Sea  ButZTA. 

8FASBT  Xaoat  OXB,  or  BVATBXO  ISOV.  (Syii.  ChalybUe,  SiderUe, 
Siderote,  Brown  Spar,  &c.)  Spathose  iron  ore  has  been  largely  worked  on  the 
Brendon  Hills,  in  Somersetshire,  and.it  is  also  found  on  Ezmoor,  and  in  Ferran- 
zabuloe,  and  at  the  iron  mines  on  the  nortii  coast  of  Cornwall.  It  also  occurs  at 
Weaidale  in  Durham.    See  Ibon. 

BFBOZrxo  tUULVXTY  designates  the  relative  weight  of  different  bodies  nnder 
the  same  bulk :  thus  a  cubic  foot  of  water  weighs  1,000  ounces  avoirdupois ;  a 
cubic  foot  of  coal,  1,350 ;  a  cubic  foot  of  cast  iron,  7i280 ;  a  cubic  foot  of  silver, 
10,400 ;  and  a  cubic  foot  of  pure  gold,  19,200 :  numb^  which  represent  the 
specific  gravities  of  the  respective  substances,  compared  with  water=  1,000.  See 
OnivrrY,  Spkcific. 

SFaoVJtUM,  Solar  or  Prismaiia.  If  a  pencil  of  solar  light  is  admitted  through 
a  small  hole,  into  a  dark  room,  and  allowed  to  fall  upon  the  eage  of  a  prism,  a  beanti- 
fully-oolourei  flame-like  image  is  formed  upon  the  opposite  waU ;  the  order  of  colours 
being  red,  orange,  yellow,  green,  blue,  indigo,  and  violet,  the  red  being  the  least  re- 
frangible ray,  and  tlie  violet  the  most  so  of  the  ordinary  .visible  rays.  Careful  examina- 
tion proves  uie  yellow  ray  to  be  the  most  luminous ;  the  rod  ray  the  most  calorific  ray  ; 
and  the  violet  to  possess  the  most  energetic  chemical  power.  Heat-rays,  invisible  under 
ordinary  conditions  exist  below  the  red  band ;  some  of  them  having  peculiar  powers, 
are  known  as  the  parathermic  rays ;  and  chemical  rays  extend,  with  much  power,  for 
beyond  the  violet  end  of  the  visible  spectrum.  Luminous  rays  are  also  rendered  visible 
at  the  most  refrangible  end  of  the  spectrum  by  throwing  the  spectral  image  into  a  solu- 
tion of  sulphate  of  quinine,  or  on  a  piece  of  uranium  gloss,  and  some  other  substances ; 
these  are  called  the  fiuoretoent  rays.  With  this  brief  description  of  the  Kewtoninn 
spectrum,  as  it  is  often  called,  (Sir  Isaac  Kewton,  being  the  first  who  investigated  its 
striking  phenomena)  our  readers  must  be  satisfied.  The  practical  applications  of  our 
knowledge  form  the  subject  of  the  next  article. 

SFBOTKVaK  AVA&TSX8.  Dr.  Wollaston  was  the  first  who  observed  the  ex- 
istence of  non-luminous  spaces  or  dark  lines  in  the  solar  spectrum.  Dr.  Eitchie  proved 
that  these  linos  were  dependent  on  absorption,  and  showed  how  they  could  be  in- 
created  i»  visible  numbers  by  artificial  means.  IVaunhofcr,  however,  was  the  first  to 
make  a  full  investigation  of  them,  and  to  publish  a  map  of  them ;  hence  they  have  been 
generally  called  Fraunhofer's  Lines. 

These  lines  are  of  so  fixed  a  character  in  relation  to  the  coloured  bands  of  the 
spectrum,  that  if  it  is  desired  to  indicate  with  great  precision  any  special  rays  of  the 
spectrum,  they  are  referred  to  by  letters  or  numbers.  The  position  the  lines  occupy 
have  been  determined  by  a  care^l  examination  of  the  map  of  Fraunhofer,  and  the 
very  complete  delineation  of  those  lines  published  in  the  '  Philosophical  Transactions ' 
for  1859,  by  Sir  David  Brewster  and  Dr.  Gladstone.  Fraunhofer  laid  down  on  his 
map  354  linos,  but  Sir  David  Brewster  says:  'In  the  delineations  which  I  have  exe- 
cuted, the  spectrum  is  divided  into  more  than  2,000  visible  and  easily  recognised  por- 
tions, separated  from  each  other  by  lines  more  or  less  marked.' 

The  origin  of  these  dark  lines, — spaces  in  which  there  is  no  light, — can  scarcely  he 
said  to  be  yet  satisfitctorily  resolved.  Fraunhofer,  and  others  following  him,  thought 
tliat  the  Ught  emitted  from  the  photosphere  was,  from  the  first,  deficient  in  those  rays, 
or  tliat  thev  were  lost,  either  by  absorption  in  passing  through  the  solar  atmosphere, 
or  obtained  possibly  in  passing  througn  that  of  the  earth.  Angstrom,  who  also  dis- 
covered many  brighf  lines  in  the  spectra  from  artificial  lights,  advanced  some  highly 
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philo8<n>hical  vievs  in  1866.  The  dsrlc  lines  of  the  solnr  ipectrnm,  and  the  hrigfat 
ones  observaUe  in  the  spectra  obtained  firom  artificial  lights,  trere  inrestigated  by 
Professor  Wheatstone,  Dr.  W.  A.  Miller,  Mr.  Fox  Talbot  and  Sir  John  Herschel. 
These  investigators  proveil  that  the  spectra  obtained  fh)m  the  light  emitted  from  in- 
candescent mineml  bodies  differ  from  that  obtained  from  the  sun ;  that  the  lines  firom 
artificial  sources  of  light  are,  in  many  cases,  peculiar ;  and  that,  in  the  majority  of  in- 
stances, bright  lines  appear  to  take  their  place.  So  rigidly  exact  were  the  positions 
and  characters  of  the  lines  obtained  from  dififerently-coloured  flames,  that  both  Wheat- 
stone  and  Miller  suggested  the  adoption  of  spectral  or  prismatic  analysis,  as  a  means 
of  determining  the  piesence  of  exceedingly  minute  quantiUes  of  any  substance.  The 
more  recent  investigation  of  Bunsen  and  Kirchoff  have,  from  their  high  interest,  again 
drawn  attention  to  this  subject.  These  lines  have  been  employed  in  the  analysis  of 
the  solid  mass  of  the  sun  itself;  and  the  extreme  delicacy  of  the  indications  is  proved 
from  the  discovery  of  two  new  metallic  bodies,  one  called  Caiium  (meaning  bluish- 
grey),  and  the  other  BiMdium  (firam  the  Latin  rubidttt,  which  was  used  to  express  the 
darkest  red  colour),  which  existed  in  infinitesimally  small  quantities  in  some  mineral 
waters  of  Germany.  Thallium  was  afterwards  discovered  by  Mr.  W.  Crookes,  and 
Indium  by  Professor  Richter,  by  means  of  the  spectrum.  To  render  the  phenomena, 
and  the  hvpothesis  involved,  intelligible  within  the  short  space  which  can  be  given 
to  the  subject  to  those  who  may  not  have  studied  it,  it  is  necessary  to  recapitulate, 
and  enter  a  little  into  detail.  The  image  produced  by  decomposing  a  wlute  sun- 
beam consists  of  certain  brilliantly-coloured  rays,  but  those  rays  are  crossed  by  spaces 
giving  no  light.  The  dark  lines  are  always  found  in  the  same  places  in  the  solar 
spectrum,  but  they  vary  in  number  under  dinerent  aspects  of  the  sun  and  varying  con- 
ditions of  the  earth's  atmosphere.  YThen  the  sun  shines  in  its  meridian  splenaour  from 
a  clear  sky,  the  number  of  dark  lines  is  slightly  different  from  those  observed  when 
the  sun,  being  near  the  horizon,  has  to  penetrate  a  greater  depth  of  atmosphere.  '  It 
is,'  says  Dr.  Gladstone,  *  a  most  beautiful  and  striking  sight  to  observe  the  gradual 
appearance  of  those  characteristio  lines  as  the  sun  descends  towards  the  horison,' 
proving  that  some  of  these  non-luminous  spaces  are  due  to  terrestrial  atmospheric 
absorptions.  To  quote  again  the  same  authority :  'That  the  earth's  atmosphere  has 
much  to  do  with  Uie  manifestations  of  those  lines,  is  beyond  all  question,  and  the 
analogy '  (alluding  to  some  very  striking  experiments  made  by  Dr.  Miller)  '  of  such 
gases  as  nitrons  acid  or  bromine  vapour,  mggetU  the  idea  that  they  may  ariginaie 
wholly  in  the  air  thai  encirdet  our  globe.'  The  spectra,  obtained  fi^>m  some  artificial 
sources  of  light,  exhibit  the  coloured  rays  shading  one  into  the  other  ;  while  those 
produced  by  some  others  consist  of  a  series  of  luminout  bands,  separated  by  dark 
spaces ;  and  ihete  luminout  bands  are  frequently  found  to  coincide  viith  the  dark  lines  of 
the  solar  spectruTn.  Dr.  W.  A.  Miller  observed  that  an  intense  yellow  ray  observable 
in  the  spectra,  obtained  from  the  flames  cobured  with  soda,  lime,  strontia,  baryta, 
zinc,  iron,  and  platinum,  and,  according  to  Angstrom,  in  the  electric  light  of  every 
metal  burnt  by  him,  had  the  same  refrangibility  as  the  line  D  in  the  solar  spectrum. 

J'yrotechnic  displays  will  have  made  the  least  scientific  of  our  readers  acquainted 
with  the  fact,  that  we  may,  by  burning  certain  mineral  substances,  produce  very 
intensely-coloured  lights.  Soda,  or  common  culinary  salt,  gives  a  monochromatic 
yellow ;  strontia  produces  the  red  fires  of  our  theatres ;  barytes,  the  pale  green  of 
ghost  scenes ;  copper  bums  with  a  green  flame,  iron  with  a  yellow-brown  one,  and 
lithium  with  a  brilliant  crimson.  Now,  if  these  flames  be  examined  through  a  prism, 
or  if  a  concentrated  pencil  from  those  artificial  sources  of  coloured  light  be  passed 
through  one,  we  obtain  well-marked  spectral  images. 

The  next  step  in  the  process  of  the  investigation  instructs  as  in  the  fact,  that  the 
vapours  producing  those  coloured  flames  are  opaque  in  their  own  rays.  That  is  to 
say,  if  we  produce  a  yellow  soda-flame^  and  from  it  obtain  a  spectrum  showing  the 
peculiar  soda  lines  in  their  bright  yellow  colour,  and  then  impregnate  the  air  with  some 
soda-vapour,  by  volatilising  soda  between  the  fiame  and  the  spectrum,  the  bright 
yellow  line  becomes  at  once  a  black  line.  This  holds  true  for  all  the  substances  which 
have  yet  been  examined.  The  coloured  bright  lines  are  converted  into  dark  lines,  if 
the  rays  fh>m  the  colonred  flames  are  made  to  permeate  vaponrs  of  the  same 
constitution  as  those  which  produced  the  particular  spectrum  under  examination. 

Kirchoff  and  Bunsen  lay  great  stress  upon  the  sodium  spectmm,  as  proving  the 
extreme  delicacy  of  this  mode  of  analysis.  The  yellow  line,  the  only  one  seen,  is 
coincident  vrith  the  dark  line  D  of  Frannhofer.  This  beautifkil  bright  yellow  line  is 
observable  when  less  than  l-20,000,000th  of  a  part  of  soda-vapour  is  mixed  with  air. 
From  the  circumstance  of  the  air  of  these  islands  haying  almost  always  some 
saline  matter  floating  in  it,  the  yellow  line  of  the  sodium  spectrum  is  rarely  absent 
The  lithium  spectrum  gives  two  sharply-defined  lines :  one  a  bright  red,  the  other 
a  yellow  one,  the  former  apparently  corresponding  with  line  Ave  between  B  and 
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0  of  Brewster's  BpectrDm;  it  is  not  easy  to  determine- accniately  with  which 
of  the  dark  lines  this  yellow  line  is  coincident.  Strontium  gives  six  red,  one 
orange,  and  one  hlne  line.  Caldam  and  its  salts,  a  bright  green  line,  an  intensely 
bright  omnge  line,  and  the  paler  intermediate  bands.  Barium  gives  well-defined 
green  lines,  some  yellow  lines,  Tarying  in  intensity,  an  orange  line,  and  indications 
of  red. 

Incandescent  gases  and  vapours  give  off  light  of  certain  definite  degrees  of  re- 
ftangibility,  or  they  famish  spectra  consisting  of  certain  fixed  lines;  and  those 
incandescent  gases  or  vapours  absorb  light  of  the  same  degree  of  refrangibility  as  tliat 
which  they  emit.  This  is  (reasoning  by  analogy)  only  the  expression  in  relation  to 
light  of  the  celebrated  statement  made  in  regard  to  xmnd,  that  a  body  abaorbt  all  the 
otcillation»  which  it  can  propagate. 

Spectmm  analysis  has  been  applied  with  success  to  determine  the  moment  when  in 
the  process  of  making  steel  by  the  Bessemer  process  the  whole  of  the  carbon  is  exhausted: 
For  a  full  account  of  Spectrum  Analysis,  see  Watts's  '  Dictionary  of  Chemistry.' 

BVMCVUimi  MBTAX.  The  metal  employed  in  the  mirrors  of  reflecting 
telescopes.  The  late  Earl  of  Rosse,  who  was  eminently  successful  in  the  producUbn 
and  polishing  of  large  specula,  says,  in  his  paper  published  in  the  Trantaciiona  of 
the  Royal  Society,  '  Tin  and  copper,  the  materials  employed  by  Newton  in  the  first 
reflecting  telescope,  are  preferable  to  any  other  with  which  I  am  acquainted,  the  best 
proportions  being  4  atoms  of  copper  to  one  of  tin,  in  fact,  126'4  parts  of  copper  to 
58-9  of  tin.' 

Hr.  Boss  remarks  that  when  the  alloy  for  speculum  metal  is  perfect,  it  should  be 
white,  glassy,  and  fiaky.  Copper  in  excess  imparts  a  reddish  tinge,  and  when  tin  is  in 
excess  the  fracture  is  granulated  and  less  white.  Mr.  Boss  pours  the  melted  tin  into 
the  copper  when  it  is  at  the  lowest  temperature  at  which  a  mixture  by  stirring  can  bo 
efiected ;  then  he  pours  the  metal  into  an  ingot,  and,  to  complete  the  combination, 
rcmelts  it  in  the  most  gradual  manner,  by  putting  the  metal  into  the  famaco  almost 
as  soon  as  the  fire-  is  lighted.  Trial  is  made  of  a  small  portion  token  from  the  pot 
immediately  prior  to  pouring. 

SFBXBS.  A  compound  of  nickel,  arsenic,  and  sulphur,  containing  small  qnantiiics 
of  cobalt,  copper,  and  antimony ;  it  is  found  at  the  bottom  of  crucibles  in  which  smalt 
is  menufacturied.    See  Cobalt. 

wWaXiTKirai.  See  Zwc. 
LOBTZ;  the  (%<«<«  of  Chevreol.  In  certain  species  of  the  cae&iJof  whale, 
as  the  Myeettr  macrocephalus,  and  the  turaio,  mienme,  and  orthodon,  as  also  the  Del- 
fhinue  edentulut,  the  fat  of  some  parts  of  their  bodies  contains  a  peculiar  substance, 
called  spermaceti.  The  head  is  the  principal  part  from  whence  it  is  obtained.  In  the 
right  side  of  the  nose  and  UQper  surface  of  the  head  of  the  whale,  is  a  triangular- 
shaped  cavity,  called  by  the  whaler's,  '  the  case.'  Into  this  the  whalers  make  an 
opening,  and  take  out  the  liquid  contents  (oil  and  spermaceti)  by  a  bucket. 

The  dense  mass  of  cellular  tissue  beneath  the  case  and  nostril,  and  which  is  techni- 
cally called  the  'junk,"  also  contains  spermaceti,  with  which  and  oil  its  tissue  is 
infiltrated.  The  spermaceti  from  the  cate  is  carefully  boiled  alone  and  placed  in 
separate  casks,  when  it  is  called  '  head  matter.'  This  '  head  matter '  consists  of 
spermaceti  and  oiL  For  the  purpose  of  separating  the  spttrmaceti  from  the  oil,  it  is 
cooled,  when  the  spermaceti  congeals,  and  is  separated  by  being  thrown  into  large  filter 
bags,  when  tho  ou  filters  through,  leaving  the  spermaceti  behind ;  the  solid  thus 
obtained  is  subjected  to  cbmpression  in  hair-bags,  placed  in  an  hydraulic  press.  It 
is  then  melted  in  water,  and  the  impurities  skimmed  off.  Then  it  is  remclted  in  a 
weak  solution  k£  potash  to  remove  tho  last  particles  of  oil,  washed  in  water,  and  fused 
in  a  tab  by  the  agency  of  steam,  laded  into  tin  pans,  and  allowed  slowly  to  cool,  when 
it  fbrms  a  white,  semi-transparent,  brittle,  lamellar,  crystalline  mass.  Commercial 
spermaceti  usually  contains  a  minute  portion  of  sperm  oil,  which  may  be  removed  by 
boiling  -with  alcohol ;  the  spermaceti  dissolves  and  again  separates  on  cooling,  in  order 
to  obtain  it  perfectly  pure,  this  process  must  be  repeated  until  tho  alcohol  separates  no 
more  oil. 

When  absolutely  pure,  spermaceti  is  a  white  laminated  substance,  without  taste,  and 
most  odourless,  and  in  this  case  it  is  called  eetine.  By  the  addition  of  a  few  drops 
of  alcohol  or  almond  oil,  it  may  be  powdered.  At  60°  its  sp.  gr.  is  0*943.  It  melts 
at  120°,  and  at  670°  may  be  eublimed  unchanged.  It  is  insoluble  in  water,  slightly 
soluble  in  alcohol,  and  much  more  so  in  ether ;  it  is  also  soluble  in  the  fatty  and 
volatile  oils,  and  jf  the  solution  be  saturated  when  hot,  the  greater  part  of  the  q>er- 
maceti  separates  on  cooling. 

Spermaceti  is  only  saponified  with  difficulty,  in  which  process  it  is  separated  into 
two  distinct  substances :  one,  CH^'O'  (C<*B"0),  belonging  to  tlie  series  of  alcohols, 
is  called  cetylic{ethalie)alcohol;a:aJi\ik90\ii.et  cetylic(ethalic)  acid,  C-B'^O'tjC  Va^O*}i 
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the  first  is  a  ciystallisable  fat,  whose  melting  point  is  nearlj  the  same  as  that  of  sper- 
maceti itself,  but  it  is  much  more  soluble  in  alcohol ;  it  is  readily  sublimed  withont 
decomposition.  Cetylic  acid  stands  to  cetylic  alcohol  in  the  same  relation  as  acetic 
acid  to  ordinaiy  alcohol,  and  may  be  actually  procured  tiora  it  by  oxidation.  It  re- 
sembles in  many  respects  mar^aric  acid.  By  oxidation  by  nitric  acid  spermaceti  yields 
a  large  quantity  of  succinic  acid. 

Spermaceti  is  a  cetylate  of  oxide  of  cotyl,  and  lepreaents  in  the  cetyl  series  the 
acetic  ethor  of  the  common  alcohol  series.  It  may  also  be  regarded  as  a  palmitate 
of  cetyl. 

SVBXK  WHA&a.  Phj/seUr  macroeepialut.  The  animal  inhabiting  the 
Pacific  and  Indian  Oceans  which  produces  the  sperm  oil  and  spermaceti. 

BVBSlVSa    A.  compound  of  titanate  and  silicate  of  lime.    See  TrrANnnc. 

8FHBXOZSAX  8TATB.  The  name  given  by  Bontigny  to  the  condition  assumed 
by  water  when  projected  upon  red-hot  plates  orinto  red-hot  vessels.  The  fluid  gathers 
into  a  Bpheroi'doi  drop,  moving  with  a  quick  intestinal  motion,  but  under  this  condition 
the  temperature  never  rises  to  the  boiling  point.    See  Etapobation. 

U9XOMB.    See  the  separate  articles  on  different  kinds  of  spice. 

2%e  Spices  importtd  m  1878  and  1874  t^vkieh  toe  ham  rettrnts  are  tke/ollomng  : 


Cinnamon  .        .        .        •   lbs. 
Ginger  (raw)      .        .        .cwts. 
Pepper       .        .                 .lbs. 
Unenumerated   .       '•        .     „ 

Kit 

I«74 

QoantlttsB 

Value 

QnanUtla 

Talne 

1,078.753 

36,363 

26,324,828 

6,601,393 

116,144 

07,648 

818,487 

229,968 

1,204,622 

38,780 

19,696,848 

129,161 
117,987 
663,896 

BVzaOBSIIXBBW.  A  term  applied  to  a  particular  variety  of  highly  carbnrised  pig- 
iron,  usually  containing  a  proportion  of  manganese.  It  is  produced  when  smelting  ores 
containing  iron  and  manganese,  under  conditions  which,  with  ordinary  ores,  would 
produce  grey  iron  ;  that  is  with  a  large  proportion  of  fiiel  to  charge,  very  basic  slags 
from  the  use  of  a  large  quantity  of  flux,  and  dense  and  hot  blast.  The  name  is  derived 
from  the  largely  facetted  structure  of  the  fracture,  which  resembles  plates  of  glass.  The 
structure  is  developed  by  cooling  the  iron  under  the  slag,  and  is  not  indicative  of  the 
proportion  of  manganese.  The  amount  of  carbon  is  a  maximum  of  6  per  cent.,  whilst  the 
manganese  may  reach  15  per  cent.  Beyond  this  amount  the  carbon  diminishes,  and 
the  bladed  structure  disappears,  while  the  alloy  becomes  known  tia /erro-maiu/aittse. 

The  principal  localities  for  the  manufacture  are  in  the  Rhenish  provinces  of  Prussia, 
where  it  is  made  from  the  spathic  ores  of  Siegen,  mixed  with  brown  and  red  iron-ores 
of  the  same  locality,  and  from  foreign  countries ;  low-class  mangnneao-orcs  from  Nassau 
being  used  to  increase  the  proportion  of  manganese  when  deficient.  Under  foronrable 
circumstances  from  ^  to  }  of  the  manganese  in  the  charge  passes  into  the  slag ;  whilst 
from  I  to  ^  is  reduced.  In  this  coantry  the  ore  us^  is  principally  the  manganesi- 
forous  brown  ores  of  Carthagena,  or  mixtures  of  iron-ores  with  others  containipg 
manganese.  The  average  of  the  bestBhenish  spiegeleisen  contains  about  10  per  cent, 
of  manganese.  It  was  formerly  used  for  re-carburizing  the  overblown  metal  in  the 
Bessemer  converter,  but  now  an  alloy  richer  in  manganese  is  generally  preferred.  The 
lower  quality  of  spiegeleisen  is  used  for  conversion  into  wrought  iron  in  the  puddling 
furnace. 

Spiegeleisen  is  made  in  America  from  Tranklinito,  and  in  Sweden  ftom  Knebelite. 

As  the  conditions  of  working  are  similar  to  those  in  producing  grey  iron  all  the  phos- 
phorus contained  in  the  ore  will  be  reduced;  it  is  therefore  necessary  to  be  as  careful 
in  selecting  the  materials  for  spiegeleisen  as  in  making  Bessemer  pig-iron. 

The  iron  made  from  ores  wit^  a  smaller  proportion  of  manganese  tlian  can  be  used 
for  making  spiegeleisen  is  known  as  epiegelig  or  vmee-tiraUig,  which  has  either  small 
facetted,  or  a  columnar,  fracture.  A  pig-iion  of  this  class,  containing  about  2  per  cent. 
of  manganese,  is  made  at  Weardale,  in  Durham,  from  the  spatbic  ores  in  the  lead  mines 
of  that  district    See  Steel. 

Wnws&a-XBU  OIS.    See  Oils. 

SPnrBX  or  BVTWKtitim,    See  Brur. 

BPnraT,  the.  A  musical  instrument  which  was  mnch  admired  by  our 
grandmothers.  It  had  some  resemblance  in  shape  to  a  modern  semi-grand  piuno,  but 
was  much  smaller,  and,  though  sufficiently  pleasing,  very  much  less  cflTective  in  tone. 
It  was  played  similarly  to  the  modern  method,  by  means  of  keys  patting  in  motion  a 
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incchan!sm  to  touch  a  eidgle  string,  whfch  omitted  the  sonnd  on  being  strack.  Tho 
iustvament  being  small,  nnd  its  mechanism  slight  and  simple,  its  price  vas  proper 
tionntely  moderate,  and  the  spinet  was  thus  ipiUiin  the  reach  of  those  who  could  not 
aiford  the  more  pretentions  and  elaborate  harpsichord. 

The  Clavicord  was  a  similar  instrument,  bat  smaller ;  and  instead  of  being  struck  by 
a  jack,  the  strings  wore  pressed  by  btass-pins  projecting  from  the  end  of  the  keys. 
It  was  sometimes  called  a  clarichord,  and  occasionally  the  mnnucbord.  Under  these 
names,  the  spinet  is  often  confounded. 

sninmro.  The  greatest  improvement  hitherto  made  in  forming  textile  &bric8, 
since  the  era  of  Arkwright,  is  due  to  Hr.  G.  Bodmer  of  Manchester.  By  Ms  patent 
inventions,  the  sereial  organs  of  a  spinning-iactory  are  united  in  one  self-acting  an4 
self-supplying  body — a  system  most  truly  automatic.  His  most  comprehensire  patent 
was  obtained  in  1824,  and  was  prolonged  by  the  Judicial  Committee  of  the  Privy 
Coiudl,  for  7  years  after  the  oenod  of  14  years  was  expired.  It  contained  the  first 
development  of  a  plan  by  which  fibres  of  cotton,  fiax,  &c.,  were  lapped  and  nnlapped 
through  all  the  operations  of  cleaning  and  blowing,  carding,  drawing,  roving,  and 
spinning ;  in  the  latter,  however,  only  as  far  as  the  operation  of  feeding  is  concerned. 
The  patent  of  1824  was  the  beginning;  the  result  of  which  was  several  other  patents 
for  improvements. 

By  a  machine  generally  called  1866 

a  Devil  or  Opener  ('Wmf,'  in 
Ocrman),  which  consists  of  a 
feeding-plate  set  with  teeth,  and 
a  roller  covered  Tnth  spikes  (see 
fig.  1866),  the  cotton  is  cleared 
from  its  heaviest  dirt  and  opened. 
This  machine  delivers  the  cotton 
into  a  room  or  on  to  a  tiavelling- 
cloth,  from  which  it  is  taken, 
weighed  in  certain  portions,  and 
spread  up«n  cloth  in  equal  por- 
tions ;  this  is  then  rolled  up,  and 
placed  behind  the  first  blower. 

The  first  blower  has  a  fcedlng- 
plato  like.^.  1867  without  teeth, 
and  over  Uiis  plate  the  cotton  is 
delivered  to  the  operation  of  the 
common  beaters,  from  which  it  is  received  into  a  narrow  compartment  of  4  J  or  5 
inches  broad,  and  wound,  by  means  of  his  lap-machines,  upon  lollois  in  beautifully 
level  and  well-cleaned  lays.  Eight  of  these  narrow  laps  are  then  placed  behind  a 
second  blower,  of  a  similar  construction  to  the  first.  Instead  of  the  common  beater, 
however,  a  drum  with  toothed  straight  edges  is  used  (see  fig.  1868),  which  opens  the 


cotton  still  more,  and  separates  the  fibres  from  ono  another.  The  oottou  is  agun 
farmed  into  similar  narrow  laps,  which  are  still  more  ecpiA.  than  the  preceding  ones, 
and  eight  of  these  laps  are  then  placed  behind  the  caiding-engines.  It  was  only 
by  applying  the  lap-machine,  that  he  succeeded  in  forming  small  laps  on  the  blower; 
withont  this  the  doffing  of  the  laps  without  stopping  the  wiro-cloth  could  not  be 
efiectod,  and  in  doing  this,  an  irregular  lap  would  be  formed,  because  of  the  accumu- 
lating of  the  falling  cotton  in  one  place  while  tho  wiie-doth  was  standing. 
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'  Carding  Engme. — When  a  set  of  cards  irorlc  together,  any  intemption  or  itoppage 
of  a  single  earding-engine  causes  a  defect  in  the  produce  of  the  whole  kp.  Inteimp- 
tions  occurred  several  times  a  day  by  the  stripping  of  the  main  cylinder,  and  during 
this  operation,  the  missing  band  or  silTer  ires  supplied  out  of  a  can,  being  the  produce 
of  a  single  carding-engine  working  into  cans  (a  spate  card).  The  more  objectionable 
defect  was,  however,  the  difierence  of  the  product  of  the  carding-engine  after  the  maio 
cylinder  had  been  stripped ;  the  band  or  silver  from  it  will  be  tmn  and  light,  until 
the  cards  of  the  main  cylinder  are  again  sufficiently  filled  with  cotton,  when  the  band 
will  again  assume  its  proper  f.hipVnAM  Another  irregularity  was  caused  by  the  strip- 
ping of  the  flats  or  top  cards,  but  was  not  so  fatal  as  the  first  one.  These  defects 
were,  of  course,  a  serious  drawback  to  the  system  of  working,  the  latter  of  which  was 
provided  against  by  stripping  the  top  cards  by  mechanism ;  the  former  was  conquered 
by  the  invention  of  the  self-strippers  for  the  main  cylinders ;  thus  the  catding-engine 
ma^  now  work  from  Monday  morning  to  Saturday  night  without  interruption,  the 
cyhnders  requiring  only  to  be  brush^  out  every  evening ;  the  consequence  is,  that 
much  time  is  gained,  and  a  very  equal,  clean,  and  blear  product  is  obtained.  Old 
carding-engines  to  which  he  applied  his  feeders  (see  Jig.  \969\  and  main  cylinder- 
dearers  produce  much  snpeiior  work,  and  increase  the  production  from  18  to  24  per 
cent. 

The  main  cylinder-cUaref  consists  of  a  very  light  cast-iron  nlinder,  upon  which 
five,  six,  or  more  sets  of  wire-brushes  are  fixed,  which  are  caused  to  travel  to  and  £n> 
across  the  mun  cylinder ;  the  surface  or  periphery  of  the  bnuhes  overrunning  the 


1869 


1871 


surface  or  periphery  of  the  main  cylinder  by  8  or  19  per  cent,  the  brushes  thus 
lifting  the  cotton  out  of  the  teeth  of  the  cards  of  the  main  cylinder,  and  causing  the 
dirt  and  lumps  to  fall. 

As  the  brushes  are  not  above  a  quarter-inch  in  breadth  and  travel  to  and  fro,  it  is 
clear  that  no  irregularity  can  take  place  in  the  fleece  which  comes  from  the  dofifer; 
not  mora  than  l-40th  part  of  the  breadth  of  the  cylinder  being  acted  upon  at  the  same 
time.  Fig*.  1870,  1871,  give  an  idea  of  the  clearer :  the  mechanism  within  the 
dearer,  and  by  which  the  brushes  are  caused  to  travel  is  simple  and  solid.  The  main 
cylinders  for  the  carding-engines  are  nuide  of  cast  iron,  the  two  sets  of  arms  and  rims 
are  cast  in  the  same  piece ;  when  complete,  thoy  weigh  80  lbs.  leis  than  those  made  of 
wood. 

The  lap  machine  connected  with  these  engines  is  almost  self-acting ;  a  girl  has  only 
to  turn  a  crank  when  the  lap  is  faSl ;  by  this  turn  the  full  lap  is  removed,  and  an 
empty  roller  put  in  its  place,  the  band  of  cotton  is  cut,  and  no  waste  is  made. 

Drawing  Frame. — The  laps  from  the  carding-engine  lap-machine  are  put  upon  de- 
livering rollers,  behind  a  set  of  drawing  rollers,  and  from  them  delivered  upon  a  belt 
or  trough,  and  again  formed  into  laps  similnr  to  those  from  the  carding-en^nee.  The 
'  next  operation  formed  the  laps  into  untwisted  rovings,  and  the  next  again  into  smaller 
untwisted  ravings,  or  rovinpfs  with  false  twist  in  them.  The  false  twist  was  objection- 
nblo,  and  a  number  of  rovings  on  the  same  bobbin,  with  left  and  right  permanent 
twist  in  them  was  adopted.  This  does  very  well ;  there  is,  however,  a  little  objection 
to  that  place  in  which  the  twist  changes  from  right  to  left  when  it  comes  to  the  last 
operation  before  spinning.  The  left  and  right  hand  twist  is  confined  to  the  drawing- 
frame,  which  converts  two  laps  into  one  roving,  aud  forms  a  roller  ot  bobbin  ot  14 
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inches  diameter  And'  16  inehes  broad,  widi  aiz  separate  and  twisted  royiogs 
'vound  npou  it,  (See^«.  1872,  and  1872a.)  The  twipt  is  given  by  tubes  in  two 
directions,  so  that  it  remains  in  it  (see  Jiff.  1872a),  the  tabe  turns  in  the  same 


1872 


direction,  while  the  roving  advances  4  or 
5  inches,  and  then  tnrns  in  the  other 
direction.  These  laps  or  bobbins  are  then 
placed  behind  a  machine,  which  he  calls 
a  coil-&ame,  the  most  important  arrange- 
ment of  which  he  claimed  already  in  his 
patent  of  1835.  It  consists  of  a  slot,  with 
a  travelling  spout,  without  which  the  ooib 
cannot  be  formed  under  pressure. 

CoU  Frame.— The  bobbins  (Jig.  1872) 
are  placed  behind  this  machine,  and  two 
ends  from  the  bobbin  are  passed  through 
the  drawing  rollers,  and  formed  into  one 
untwisted  silver  or  roving  in  the  follow- 
ing manner : — 'When  the  cotton  has  passed 
through  the  drawing  rollers  and  calender 
rollers,  A,  (see^.  1878)it  is  passed  through 
the  tube,  b,  and  the  finger,  c ;  the  spindle 
with  its  disc,  d,  revolves  in  such  n  propor- 
tion as  to  take  up  the  cotton  which  pro- 
ceeds from  the  calendar  rollers,  a,  and 
cause  the  ravings  to  be  laid  down  in  a 
spiral  line  closely,  one  by  one ;  and  as  the 
rollers,  a,  work  at  a  regulnr  speed,  it  is 
evident  that  the  motion  of  the  finger,  c, 
and  the  speed  of  the  tube,  b,  must  vary  ac- 
cordingly. The  coil,  s,  is  stationary,  and  is 
pressed  by  the  lid  or  top,  f,  wliidi  slides 
up  the  spindle,  a,  made  of  tin-plate.  The 
cotton  enters  tlirough  the  slot,  i,Jtg.  1873. 
It  is  quite  evident  that  the  finger,  c,  and 
'  spindle,  o,'  only  perform  one  and  the  same 
varying  motion,  which  is  repeated  at  every 
fresh  layer,  and  the  coil  is  uius  built  from 
below;  it  is  about  8  inches  in  diameter 
and  18  inches  high  when  compressed,  and 
contains  ii  lbs.  of  cotton.  There  are 
several  modes  of  forming  these  coils,  but 
one  only  is  shown  here.  Theee  coils  are 
placed  belrind  the  twist-Coil  frames  in 
half-cans  or  partly  open  ones  or  trougbs, 
or  behind  a  winding  machine,  where  uiey 
are  wound  upon  rollers  side  by  side,  like 
the  lap  or  bobbin  shown  in  the  drawing 
frame,  and  placed  behind  the  twist-coU 
frame  in  thlB  state. 
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Ttdft-coil  Frame. — This  frame  forms  rovings  into  coils  similar  to  those  abore 
explained,  with  this  difteronce:  that  the  rovinga  are  fine,  sny,  from  1  to  10  hanks  per 
{xiimJ,  and  regularly  twisted ;  their  diameter  varies  &om  2^  to  8  inches.  The  same 
mnchines  produce  rorings  more  or  less  fine,  but  the  diameter  of  the  coils  does  not 
dilFer.  The  difierence  of  this  machine  £com  that  above  described  consists  in  the 
dimensions  of  their  parts,  and  in  its  having  the  spindle,  o,  and  tJie  lid  or  top,  f, 
revolving,  as  well  at!  the  tube,  B.  (See  fig.  1 874.)  In  this  machine  the  motion  of  the 
spindle,  B,  is  uniform :  the  spindle,  o,  however,  is  connected  by  the  bevel-wheels,  H 
and  I,  with  a  differential  motion  at  the  end  of  the  frame,  with  which  the  motion  of  the 
finger,  o,  corresponds.  The  skew-wheels,  K  and  i.,  are  connected  with  the  drawing 
rollers,  a.  The  speed  of  the  tube,  b,  and  the  spindle,  o,  are  so  proportioned,  that 
while  the  spindle,  o,  performs  one  revolution,  and  therefore  puts  one  twist  into  the 
ronng,  the  tube,  B,  also  performs  one  revolution,  missing  so  much  as  will  be  required 
to  pass  through  the  slot  in  the  cap  or  disc,  d,  and  la^  on  it  as  much  of  the  roving  as 
proceeds  from  the  rollers,  a,  and  in  which  one  twist  is  contained.    Of  course  the 
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twist  of  these  rovings  can  be  adapted  to  their  fineness  and  varied ;  bat  it  is  eivident 
that,  on  account  of  tlie  regularity  of  the  machine  and  its  simplicity  of  moTement,  the 
rovings  can  never  be  stretched,  and  much  less  twist  can  be  pat  into  them  than  can  be 
put  in  the  common  fly-&ames.  Those  coils  are  put  behind  the  spinning  machines  on 
shelves  or  in  small  cans,  open  in  front ;  or  they  are  wound  from  24  to  72  ends  upon 
bobbins,  and  placed  upon  nnlap  rollers  behind  the  spinning  firsmei. 

Coiling  Machine  for  Carding  Engines  and  Drawing  Frama, — These  are  nmple 
machines,  which  may  be  applied  to  carding  engines  or  drawing  ftames  of  any  descrip- 
tion. They  form  large  coils,  0  inches  in  diameter  and  22  inches  long,  when  on  the 
machine.  There  are  two  spindles  (see  a,  fig.  1875)  on  each  machine,  for  the  pnrpoeo 
of  doffing  without  stopping  the  drawing  frame  and  carding  engines.  When  one  coil 
is  filled,  the  finger,  b,  is  just  brought  over  to  the  other  spindle,  so  that  the  full  coil  is 
stopped  and  the  now  one  begins  to  be  formed  without  tho  slightest  inteiruption  of  the 
machine. 

Coils  are  formed  in  various  ways,  also  in  cans;  but  this  descriptioa  is  miAeieiit  to 
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show  the  application  of  this  mode  of  windiogr  np  bands  or  Tovingi.  Several  of  th« 
above-described  machines  are  adapted  with  eqnal  snccess  to  irool  and  flas.  Winding 
directly  from  tbo  carding  engines  the  slivers  separately  npon  long  bobbins,  twist  is 
given  in  two  directions,  for  the  purpose  of  uniting  the  fibres  to  some  extent,  so  that 
they  may  not  only  come  off  the  bobbins  without  sticking  to  one  another,  but  also  that 
they  may  draw  smoother.  Another  machine  is  used  by  which  several  rovings,  say  4  or 
more,  arc  put  upon  the  same  bobbin  with  conical  ends ;  these  bobbins  are  placed  be- 
hind the  mules  or  throstles,  and  ore  unwound  by  a  belt  or  strap  running  parallel  with 
the  fluted  rollers  of  the  spinning  machine,  as  seen  in  fig,  1870.  The  belt  or  band,  A, 
is  worked  in  a  similar  way  to  that  described  in  a  former  patent,  and  the  bobbins,  b, 
rest  npon  and  revolve  upon  their  surface,  exactly  according  to  the  speed  of  the  belt. 
The  most  important  feature  in  the  roving  machine  is  a  metal  plate,  in  which  a  slot  is 
formed  through  which  the  rovings  pass ;  this  slot  is  seen  in^«,  1877, 1878,  and  1870. 
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The  cotton,  when  coming  from  the  drawing  rollers,  is  passed  throngh  the  twisters,  c, 
and  throngh  the  slot  in  the  pints,  d.  Any  convenient  number  of  neatly-formed  and 
perfectly  separate  coils  can  b»  put  upon  the  wooden  barrel  or  bobbin.  The  bobbin 
formed  upon  these  madiines  is  represented  in  fig.  1880,  and  the  conical  ends  are 
formed  by  a  mechanism,  by  which  the  twisters,  c,  are  caused  to  approach  a  little  more 
to  one  another,  after  each  layer  of  rovings  has  been  coiled  round  the  barrel :  the 
section  of  the  bobbin  is,  therefore,  like  that  shown  in^S^.  1880. 

Rovings  wound  upon  bobbins  by  means  of  tubes  revolving  in  one  direction  are 
certainly  not  so  fit  for  spinning  as  rovings  into  which  a  small  (Mgree  of  twist  is  pat. 
The  tube  by  which  a  twist  is  put  in  on  one  side  and  taken  out  at  the  other,  curls  or 
ruffles  the  cotton,  and  causes  it  to  spread  out  as  it  passes  between  the  rollers,  while 
rovings  with  a  little  permanent  twist  in  them  are  held  together  in  the  process  of 
drawing,  and  thus  produce  smooth  yam.  To  remedy  the  evil  above  described,  when 
untwisted  rovings  are  used,  the  spouts  or  guides,  throngh  which  the  rovings  pass  into 
or  between  the  drawing  rollers,  are  made  to  revolve  slowly,  first  in  one,  and  then  in 
the  other  direction,  and  thus  a  certain  quantity  of  twist  is  put  into  the  rovings  whils 
they  are  being  prepared  for  spinning. 

There  is  a  little  deftct  in  the  working  of  the  rovings  with  reversed  twist  when  too 
much  or  too  little  twist  is  put  in  them,  or  when  the  winding  machine  is  not  kept  in 
good  order.  This  defect  proceeds  from  the  change  in  the  twut  of  the  roving  seen  at 
A,  fig.  1881 ;  in  this  place  the  twist  is  not  like  that  at  b,  and  it  wonld  in  some  parts 
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of  the  yarn,  be  detected  •under  cirouBistances  just  deecribed.    In  ewes  where  dovUe 
lOTiDgs  are  used,  the  twieters  are  bo  arranged  as  to  put  the  twist  in  the  roTings, 

1881 
A  ^B 

as  shown  in^.  1882 ;  in  this  case  the  rereising  place  of  one  roring  meets  the  twisted 
pUee  of  the  other,  and  the  fault  is  completely  rectifled. 

A  sek-actor,  namely  a  machine  in  itself,  which  can  bo  attached  to  2,  3,  or  even  4 
mules  of  almost  any  conrenient  number  of  spindles  is  sometimes  employed.    The 
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mules  are  preTionsly  stripped  of  all  their  mechanism,  except  the  rollers  and  thrir 
wheels,  the  carriage  and  spindles ;  all  the  other  moTements  ordinarily  combined  with 
the  mule  are  contained  in  ^e  machine,  which  is  placed  between  a  set  of  mules,  as 
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seen  in^.  1888 ;  a  and  6,  the  self- 
actors,  to  each  of  which  3  mules 
are  yoked,  and  which  are  connected 
by  bands  and  shafts  with  the  self- 
actor,  or  rather  partly  self-acfor. 
A  girl  of  fifteen  or  sixteen  years 
old  stands  at  x  between  a  and  i, 
and  never  leaTes  her  place  exceftt, 
periiape,  for  aiding  in  doffing  or  in 
banding  the  spindles.  The  gear- 
ing of  the  room  acta  by  means  of 
straps  upon  the  machines  a  and  h, 
and  &om  these  machines  all  the 
movements  are  given  to  the  six 
mules,  namely,  the  motion  of  the 
rollers,  the  spindles,  the  drawing 
out  of  the  carriage,  the  after  draft, 
&C.  When  the  carriages  are  to  be 
put  up,  the  girl  takes  hold  of  two 
levers  of  the  machine  a,  and  by 
moving  them  in  certain  proportions, 
acts  upon  two  cones  and  pulleys, 
and  thus  causes,  in  the  most  easy 
and  certain  manner,  Uie  carriages 
to  nui  in  and  the  yam  to  be  wound 
on  the  spindles.  The  first  machine 
made  for  this  purpose  was  com- 
pletely selfacting,  but  it  was  found 
that  the  mechanism  was  more 
complicated  and  apt  to  get  out  of 
order ;  and  as  it  was  necessary  to 
have  a  girl  of  a  certain  ag^  to  watch 
over  the  piecers  for  a  certain  number 
of  moles,  the  simplified  machine 
above  described  was  adopted;  plac- 
ing the  girl  near  these  machines, 
from  whence  the  whole  set  of  mules 
nttached  to  the  same  can  be  over- 
looked ;  as  the  creels  behind  the  mnlas  are  not  wanted  in  this  system,  this  impedi- 
ment to  the  sight  of  the  girl  would  be  removed. 

JBattard  Frame.— The  simple  bastard  frame  is  a  throstle  with  mule  spindles,  form- 
ing cops,  as  seen  in  fig.  1884,  and  wound  ko  hard  that  they  can  be  handled  about 
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without  any  danger  of  Bpoiling  them ;  in  the  Bame  dimangioni  they  contain  one-third 
mure  yam  than  the  best  cops  of  self-acton.  The  machine  is  extmmaly  simple;  bat 
vith  them  they  are  not  able  to  spin  ad- 
Tantageonsly  upon  largo  machines  above  No. 
20*8.  The  quantity  this  machinery  produces 
is  nearly  one-third  more  than  the  beat  self- 
actor,  on  an  equal  number  of  spindles,  and  ^»-^  ^^/'"'v^  1886 
the  yam  and  cops  are  much  superior.  Of 
course  there  is  a  copping  motion  connected 
vith  the  machine:  the  vinding,  however, 
is  continuous,  as  well  as  the  twisting,  and 

Jigs.  1885  and  1886  will  giro  the  reader  an  |  ?V'J 

idea  of  the  fi»me.    The  yam  coming  from 
the  rollers,  a,  goes  through  an  eye,  b,  to  the  wire,  c,  fixed  in  the 
flyer,  s,  and  ttom  thence  on  the  mule  spindle,  a :  as  the  spindle 
rcTolres,  the  flyer  is  dragged  along,  and  by  its  centrifugal  power 
winds  .the  yam  tight  upon  the  spindles. 

8VIBATOB.    See  AsnBATOK. 

SVnUT  or  AansOirZA.  The  name  uenaUy  fpntia  to  the 
solution  of  ammonia.  It  should,  strictly  speaking,  M  oonflned  to 
the  soluUon  in  spirit  only.    See  AuMOinA. 

SVZKXT.  or   SAXT.    See  Hysbocrlobio  Acm. 

srnuTs  or  win  a.    See  Aux>hoi. 

sr JJUTll,  VZVOirs.  SeeAi«oaoi,FKSiiEiiTATioi(,Wiin,&c. 

The  Revenue  produced  by  spirits  in 

1868-69  amounted  to  .        .    ;C10,566,2I8 
1869-70  „  .        .       10,969,188 

1870-71  „  .        •      11,468,890 

The  Bate  of  duty  in  1870-71  was  10«.  the  gallon.  The  qnantitgr 
charged  with  duty  was : — 


V 


Ton 

1868-69 
1869-70 
1870-71 


In  EnsUnd  and  Tales 

gals. 

9,056,094 

9,359,946 

9,637,839 


Inlrelaail 

gall. 
5,762,694 
6,037,684 
6,448,418 


The  Quantity  distilkd  daring  the  year : — 

IKS-M 


England  and  Walea 
Scotland.  .  . 
Ireland  . 


7,190^380 

12,197,087 

6,010,764 


InSootland 

gals. 
7.111,706 
7,467,699 
7,757,696 


U6»-T0 

7,280,088 

13,799,071 

6,699,686 


•umm 

gals. 

7,576,495 

14,501,983 

8,873,646 


26,898,231  27,678,795  80,952,023 

The  Valut  of  British  spirits  shipped  as  meidiandise.  not  including  ships'  stores : 


Tana 
1866 
1867 
1868 
1869 


161,073 
289,206 
267,565 
209,963 


Teaia 
1870 

1871 
1872 
1873 


£ 
183,201 
200,570 
286,186 
210,964 


Spirits  Imported  in  1874 : —  Proof  gala. 

Bom 8,188,456 

home  consumption  ....  6,194,793 

Brandy     .       .        .        .        .        .  3,401,888 

home  consomption  ....  4,308,816 

Other  sorts 2,19^,966 

home  consumption ....  1,181,603 

Spirits,  British  and  Irish,  Exported  in  1874,  1,213,814  gallons;  Talno  £151,665. 


Value 
;e922,083 

1,460,073 

229,872 


OCAS.  Sometimes  SpUnt.  A  term,  originating  in  Seotland,  and 
applied  to  a  hard  and  sometimes  imperfectly-laminated  variety  of  bituminous  coal. 
The  name  appears  to  be  derived  from  its  splitting  (Scot.  niettUng)  up  into  flakes,  or 
laminte.  The  splint  cOalf  are  a  valoable  variety,  since  they  bum  irith  great  heat, 
snd  do  not  cake.  -  .    -  -       .    .-,■  ......     ,.^ 
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(fyoagt,  ?r. ;  Sektuaam,  Get.)    Although  for  •  long  time  it  ms  a 

dispnted  point  whether  the  sponge  of  commerce  lielonged  to  the  animal  or  the  veget- 
able kingdom,  its  animal  nature  is  now  well  proved,  and  sponges  are  regarded  as  a 
family  of  animals  forming  a  class  by  themselves,  Por\fera  or  Spongida. 

The  sponge  consists  of  a  soft  gelatinous  mass,  mostly  supported  by  an  internal 
skeleton  composed  of  reticularly  anastomosing  homy  fibres,  m  or  among  which  are 
lisnally  imbedded  siliceous  or  calcareous  spicula.  Sponges  are  mostly  marine ;  two 
or  three  species  only  being  found  in  firesh  water.  In  Uie  living  state  they  pocsesa 
lively  colours,  and  usually  grow  in  groups,  upon  rock,  shells,  polypes,  Crustacea, 
and  occasionally  on  sea-weeds.  The  homy  fibras  forming  the  skeletons  of  sponge« 
are  cylindrical  and  variously  united,  so  as  to  form  a  network,  often  of  great  beauty. 
By  dissolving  the  chalk  from  the  sponge-formed  fossil  in  that  formation,  many  very 
delicate  and  regular  systems  of  meshes  may  be  obtained.  Some  beautiful  siliceous 
sponge-skeletons  have  been  brought  to  this  country  from  the  Japanese  sea«.  The 
gelatinous  substance  covering  the  skeleton  of  sponges  resembles  the  sarcode  of  which 
the  Amabtt  are  composed,  and  appears  to  consist  of  minute  '  sponge  particles,'  those 
lining  the  internal  chambers  being  furnished  with  cilia.  During  life,  by  means  of 
these,  water,  entering  by  the  small  apertures,  or  pores,  and  reaching  the  channels,  is 
expelled  in  intermittent  currents  through  the  large  '  oscula.'  Sponges  are  fixed  by 
a  kind  of  root,  by  which  they  hold  firmly  to  any  surface  upon  which  they  once  fix 
themselves.  Sponges  may  be  propagated  by  division,  but  more  usually  by  gommules, 
which  detach  themselves  foim  the  parent  body,  and  float  about  until  they  find  a 
fitting  resting-place,  when  they  fix  themselves  and  grow.  Sponges  adhere  firmly  to 
the  rocks  or  other  bodies  upon  which  they  grow,  and  are  not  to  be  detached  without 
considerable  trouble.  The  inhabitants  of  the  Grecian  Archipelago  are  trained  from 
infiincy  to  dive  for  these  substances.  ITaturalists  distinguish  three  kinds  of  sponges, 
each  of  which  is  composed  of  many  species,  and  these  form  as  many  groups  or  divi- 
sions. The  genus  Spongia,  which  comprehends  the  sponges  of  commerce,  is  the  type. 
The  siliceous  sponges,  SUicta,  have  the  body,  or  gelatinous  portion,  curiously  strei^jth- 
ened  with  siliceous  spicula.  The  calcareous  sponges,  Cakxma,  have  spicula  of  carbo- 
nate of  lime  supporting  a  sub-cartilaginous  su^tance,  which  is  not  so  soft  as  the 
coverings  of  the  other  sponges.  The  horny  sponges.  Cornea,  have  no  spicula,  the 
body  is  very  porous  and  elastic,  being  composed  of  a  fibro-corneous  skeleton,  the  parts 
of  which  communicate  with  each  other  in  ^1  directions. 

The  sponges  of  commerce  are  obtained  ttora.  the  Mediterranean,  Smyrna  being  the 
principal  mart  Sponges  are  treated  with  muriatic  (hydrochloric)  acid  to  remove  the 
lime ;  they  are  then  dried,  well  beaten,  and  again  soaked  in  water,  which  is  frequently 
changed.  Veir  inferior  sponges  are  prepared  for  the  English  market  by  bleaching, 
either  ifith  hydrochloric  add  or  chlorine.  By  this  means  a  very  good  colour  is  pro- 
dnced,  but  the  sponge  is  rendered  very  rotten. 

An  interesting  account  of  the  sponge  fishery  of  the  Ottoman  Archipelago,  by 
H.  Bilioti,  the  British  Vice-Consul  at  Bhodes,  appeared  in  the,  Ttclmougitt,  from 
whidi  the  following  particulars  are  abstracted: — 'Sponges  form  ;the  principal 
article  of  exportation  from  this  district,  and  a  great  portion  of  them  is  sent  to  Great 
Britain.  There  are  nearly  as  many  different  qualities  of  fine,  common,  and  coarse 
sponges  aa  there  are  spots  of  fishery.  The  sponges  in  this  quarter  are  known  in 
commerce  by  the  names  of  the  respective  coasts  where  the  inhabitants  of  the  islands 
of  the  Ottoman  Archipelago  dive  for  sponges.  These  may  be  divided  into  five 
categories,  besides  the  ordinary  classification  of  fine,  common,  and  coarse.  ■ 

lliurchants  when  they  purchase  sponges  take  into  consideration  the  form,  size,  and 
colour,  the  quantity  of  extraneous  matter,  such  as  stones  and  sand,  which  come  out  in 
proportion  of  their  being  washed  more  or  less  -vhea  fished.  All  this  renders  the  trade 
very  difSoult,  the  more  so  as  (with  the  exception  of  Mandruha  and  Bengazi,  which  are 
sold  at  so  mudi  a  piece)  the  sponges  are  nsua}ly  sold  in  a  lump.  Latterly  the  divers 
have  offered  their  sponges  for  sale  without  sanding  them  (finding  that  it  was  no  profit 
to  do  so),  and  the  merchants  again  purchase  them  by  weight. 

A  French  savant,  H.  Artns,  has  been  experimenting'  on  the  bleaching  of  sponges. 
Some  good  sponges  were  well  washed  in  nrer-water.  Whilst  still  wet,  the^  were 
placed  in  a  bath  of  six  parts  water  and  one  part  commercial  hydrochloric  acid,  and 
were  allowed  to  remain  until  all  the  carbonic  acid  gas  was  discharged.  They  were 
then  washed  again,  and  afterwards  strung  together  and  immersed  in  hydrochloric 
acid  diluted  with  6  per  cent,  of  hyposulphite  of  soda  dissolved  in  water.  The  vessel 
was  then  closed  and  left  f(»  48  hours,  when  the  sponges  were  token  out,  washed  and 
dried.  M.  Artns  tried  another  experiment  in  which  the  quantity  of  hyposulphite  of 
soda  was  doubled.  In  a  third  experiment  the  sponges  were,  on  removal  from  the 
bath,  treated  with  hydrochloric  add,  subsequently  washed,  and  then  exposed  to 
sulphurous  acid  gas.    The  sponges,  however,  by  each  of  those  processes  were  tm^ 
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thoron^y  bleached,  and  •  fonith  method  tos  tried.  The  sponges  irore  veil  washed 
in  hot  dilated  soda-lye,  then  placed  in  a  bnth  of  veok  hyiuochloric  acid  and  hypo- 
sulphite of  soda,  nsing  only  half  the  quantity  of  hyposulphite  that  was  used  in  the 
first  experiment,  and  a  reiy  satisfactory  result  was  thus  obtained. 

•VOWTAJnOVS  OOMBininoW.  Major  Mi^endie  has  recently  (1874)  com- 
municated to  the  Boyal  Artillery  Institute  some  interesting  experiments  made  by  Hr. 
Qalletly  on  tbis'subject.  It  was  found  that  cotton-waste,  soaked  in  boiled  linseed  oil 
and  wrung  out,  if  exposed  to  a  temperature  of  170°  Fahr.,  oxidised  in  105  minutes. 
Baw  linseed  oil  required  from  four  to  five  hours  before  igniting ;  rape  and  oUve  oils 
ire  to  BIX  hours ;  laid  oil  four  hours ;  castor  oil  one  day ;  and,  in  one  trial,  olive  oil 
ignited  in  100  minutes.  Sperm  oil  did  not  char  the  waste.  His  theory  is,  that  the 
oil  by  being  spread  and  finely  divided  among  the  fibres  of  the  waste,  has  its  absorbent 
power  towards  oxygen  greatly  increased,  mubh  as  a  bloom  of  iron  will  oxidise  rapidly 
in  process  of  manu&cture  if  exposed  to  the  air.  It  was  also  found  that  ignition  took 
plaoe  more  quickly  with  silk  waste  than  with  cotton.  A  scientific  journal,  commenting 
on  this  report,  declares  that  the  sperm  oil  of  the  experiment  must  have  been  adulterated 
with  petroleum,  which  has  a  tendent^  to  repress  such  oxidation,  as  it  has  been  proved 
by  other  trials  that  sperm  oil  will  rapidly  absorb  oxygen  as  certainly  as  other  oils ; 
but  no  case  of  spont^eous  combustion  has  yet  been  reported  £rom  coal  oils. 

Many  fires  have  occurred  in  woollen  and  cotton  mills  &om  the  careless  leaving  of  oily 
waste  in  warm  places,  especially  during  the  summer  months,  and  for  safety  it  is 
necessary  that  such  waste  be  removed  daily.  Shoddy  mills,  where  the  rags  after 
being  oiled  are  torn  into  fibre,  are  espeeially  dangerous,  as  either  from  inferior  oil 
used,  or  the  adulteration  of  No.  1  laid  oil  with  uie  dangerous  cotton-seed  oil,  the 
shodidy  often  takes  fire  in  the  bags  before  leaving  the  works,  or  soon  after  reaching 
the  mill  where  it  is  to  be  manu£u!tured.  Two  oUier  causes  may  aid  in  causing  such 
fires :  packing  the  material  too  soon  and  too  tight,  and  putting  on  too  much  oil.  The 
latter  is  a  profitable  arrangement,  and  too  much  practised.  The  only  safety  for  those 
buying  is  to  examine  the  heat  of  each  lot  as  received,  and,  if  possible,  open  out  into 
a  pile ;  or,  if  not,  let  each  bag  be  slit  open  and  exposed  to  the  air.  The  Editor  of 
this  Dictionary  was  called  upon  to  investigate  the  causes  which  led  to  the  destruction 
by  fire  of  H.M.  ships  the  '  Imogene  '  and  the  '  Talavera '  in  Bevonpoit  dockyard.  He 
traced  it,  beyond  all  question,  to  a  large  bin,  in  which,  with  great  carelcfisness,  oil, 
anti-attrition,  oakum,  and  tow,  which  had  been  used  by  the  shipwrights  and  others  in 
wiping  the  oil  from  their  tools  after  sharpening  them,  had  been  allowed  to  accumulate ; 
ana  reported  to  this  eS&ct  to  the  Admiralty. 

Spontaneous  combustion,  arising  from  the  rapid  absorption  of  oxygen  by  the  fixed 
oils,  except  petroleum,  is  now  attracting  mudi  auencion,  and  cannot  be  too  much  im- 
pressed on  the  public  mind.  The  recent  fire  at  Portland,  Maine,  is  declared  to  have 
arisen  from  the  leakage  of  linseed  oil,  stored  alongside  of  rags.  In  May  last  two 
fires,  discovered  first  in  the  stable,  and  afterwards  in  the  dwelling  of  a  gentleman  at 
Bedford,  Fa.,  were  traced  directly  to  rags  saturated  with  linseed  oil,  wUch  painters 
who  had  been  graining  shutters  had  thrown  into  comers.  At  Jamestown,  New  York, 
a  workman,  who  had  been  cleaning  Airniture  with  linseed  oil,  threw  aside  his  oily 
apron  crumpled  together,  and  in  a  short  time  it  was  found  in  a  state  of  ignition. 
B900M  SSAinnPAOTUSa.  See  STAUPuro  or  Metau. 
■MUrra  W>  is  prepared  as  follows : — Essence  of  spruce,  half  a  put ;  pimento 
and  ganger  bruised,  of  each  4  ounces ;  hops,  from  4  to  3  ounces ;  water,  3  gallons. 
Boil  for  ten  minutes,  then  strain  and  add  11  gallons  of  warm  water,  a  pint  of  yeast, 
and  6  pints  of  molasses.    Mix  and  allow  the  mixture  to  ferment  for  twenty  hours. 

UntVOMt  MUtMKOM  OVi  is  prepared  by  boiling  the  young  tops  of  the  Miea 
nigra,  or  bUdc  spruce^  in  water,  and  concentrating  the  decoction  by  evaporation. 

STAmS  CITiif  I  Under  Glass,  a  general  account  of  the  processes  for 
colouring  glass  has  been  given ;  for  the  manufacture,  however,  of  stained  glass  for 
windows  some  special  details  have  been  reserved  for  this  place.  When  certain 
metallic  oxides  or  chlorides,  ground  up  with  proper  fluxes,  are  painted  upon  gloss, 
their  colours  fuse  into  its  surface  at  a  moderate  heat  and  makedurable  pictures,  which 
are  frequently  employed  in  ornamenting  the  windows  of  churches,  as  well  as  of  other 
public  and  private  buildings.  The  colours  of  stained  gloss  are  all  transparent,  and 
are  therefore  to  be  viewed  only  by  transmitted  light.  Many  metallic  pigments,  which 
afford  a  fine  effect  when  applied  cold  on  canvas  or  paper,  ore  so  changed  by  vitreous 
fusion  as  to  be  quite  inapplicnblo  to  painting  in  stained  glass. 

The  glass  proper  for  receiving  these  vitrifying  pigments  should  bo  colourless,  nnt- 
form,  and  difficult  of  fiudon;  for  which  reason  crown  glass,  made  with  little  alkali, 
or  with  kelp,  is  preferred.  When  the  design  is  too  large  to  be  contained  on  a  single 
pane,  several  are  fitted  together  and  fixed  in  a  bed  of  soft  cement  while  painting,  and 
then  taken  asunder  to  Iw  separately  subjected  to  the  firo.    In  airanging  the  glau 
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pieeei,  care  mnrt  be  taken  to  distribute  the  joinings,  w  that  the  lead  {nme-wofk  nuiy- 
interfere  as  little  as  possible  widi  the  eSbct. 

A  design  must  be  drawn  upon  paper,  and  placed  beneath  the  plate  of  glass ;  though 
the  artist  cannot  regulate  hu  tinte  directly  by  bis  pallet,  but  by  specimens  of  the 
colours  producible  from  his  pallet  pigmente  after  they  are  fired.  The  upper  side  of  the 
glass  being  sponged  over  with  guni-water,  affbrds,  vhen  dry,  a  surface  proper  for 
receiving  the  colours,  without  the  risk  of  their  running  irregularly,  as  they  would  be 
apt  to  do,  on  the  slippery  glass.  The  artist  first  draws  on  the  plate  with  a  fine  pencil 
all  the  traces  which  mark  the  great  outlines  and  shades  of  the  figures.  This  is  usually 
done  in  black,  or  at  least,  some  strong  colour,  such  as  brown,  blue,  green,  or  red.  In 
laying  on  these  the  painter  is  guided  by  the  same  principles  as  the  engraver,  when  he 
produces  the  effect  of  light  and  shade  by  dots,  lines,  or  hatches ;  and  he  employs  that 
colour  to  produce  the  shades,  which  will  harmonise  best  with  the  colour  which  is  to  be 
afterwards  applied ;  but  for  the  deeper  shades,  black  is  in  general  used.  When  this  is 
finished,  the  whole  picture  will  be  represented  in  lines  or  hatches  similar  to  an  engraving 
finished  up  to  the  highest  effect  possible ;  and  afterwards,  when  it  is  dry,  the  vitrifying 
colours  are  laid  on  by  means  of  larger  hair-pendls  ;  their  selection  being  regulated 
by  the  burnt  specimen  tinte.  When  he  findr  it  necessary  to  lay  two  colours  a(^oining, 
which  are  apt  to  run  together  in  the  kiln,  he  must  apply  one  of  them  to  the  back  ai 
the  glass.  But  the  few  principal  colours  to  be  presently  mentioned,  are  all  fast  colours 
which  do  not  run,  except  the  yellow,  which  must  therefore  be  laid  on  the  opposite  side, 
After  colouring,  the  artist  proceeds  to  bring  out  the  lighter  effecte  by  taking  off  the 
colour  in  the  proper  place,  with  a  goose-quill  cut  like  s  pen  without  a  slit  By 
working  this  upon  the  glass,  he  removes  the  colour  from  the  parte  where  the  lighte 
should  be  the  strongest ;  such  as  the  hair,  eyes,  the  reflection  of  bright  surfaces,  and 
light  parte  of  draperies.  The  blank  pen  may  be  employed  either  to  make  the  lighte 
by  lines,  or  hatches  and  dots,  as  is  most  suiteble  to  the  subject. 

By  the  metellic  preparations  now  laid  upon  it,  the  glass  is  made  ready  for  being 
fired,  in  order  to  fix  and  bring  out  the  proper  colours.  The  furnace  or  kiln  best 
adapted  for  this  .purpose,  is  similar  to  that  used  by  enamellers.  (See  Enamel,  and  the 
Olaze-kiln,  under  Fottbbt.)  It  consists  of  a  muffle  or  arch  of  fire-clay  or  pottery,  SQ 
set  over  a  fire-place,  and  so  surrounded  by  fines,  as  to  receive  a  very  considerable  bent 
within,  in  the  most  equable  and  regular  manner :  otherwise,  some  parte  of  the  gbiss 
will  be  melted ;  while,  on  others,  the  superficial  film  of  colours  will  remain  unvitrified. 
The  mouth  of  the  muffle,  and  the  entry  for  introducing  Aiel  to  the  fire,  should  be  on 
opposite  sides,  to  prevent  as  much  as  possible  the  admission  of  dust  into  the  muffle, 
whose  mouth  should  be  closed  with  double-folding  doors  of  iron,  furnished  with  small 
peep-holes,  to  allow  the  artist  to  wateh  the  progrras  of  the  staining,  and  to  withdraw 
small  trial  slips  of  glass,  painted  with  the  principal  tints  used  in  the  picture. 

The  muffle  must  be  made  of  very  refractory  fire-clay,  flat  at  ite  bottom,  and  only  5 
or  6  inches  high,  with  such  an  arched  top  as  may  make  the  roof  strong,  and  so  close 
on  nil  sides  as  to  exclude  entirely  the  smoke  and  flame.  On  the  bottom  of  the  muffle 
a  smooth  bed  of  sifted  lime,  freed  from  water,  about  half  an  inch  thick,  must  be  pre- 
pared for  receiving  the  pone  of  glass.  Sometimes  several  plates  of  glass  are  laid  over 
each  other  with  a  layer  of  dry  pulverulent  lime  between  each.  The  fire  is  now 
lighted,  and  most  gradually  raised,  lest  the  glass  should  be  broken  ;  and  after  it  has 
attained  to  ite  full  heat,  it  must  be  kept  for  three  or  four  hours,  more  or  less,  according 
to  the  indications  of  the  trial  slips  ;  the  yellow  colour  being  principally  watched,  as  it 
is  found  to  be  the  best  criterioa  of  the  state  of  the  others.  When  the  colonrs  are 
properly  burnt  in,  the  fire  is  suffered  to  die  away  slowly,  so  as  to  anneal  the  glass. 

BTAXXIBB  aiiABB->l<MlfWT«.  Flesh  eolmtr. — Take  an  onnce  of  red  lead, 
two  ounces  of  red  enamel  (yenetian  glass  enamel,  ^m  alum  and  copperas  calcined 
together),  grind  them  to  fine  powder,  and  work  this  up  with  spirite  (alcohol)  upon  a 
bard  stone.    When  slightly  baked,  this  produces  a  fine  flesh  colour. 

Black  colour. — Take  H^  ounces  of  smithy  scales  of  iron,  mix  them  with  two 
ounces  of  white  glass  (crystal),  an  ounce  of  antimony,  and  half  an  ounce  of  manganese ; 
pound  and  grind  these  ingrediente  together  with  strong  vinegar.  A  brilliant  black 
may  also  be  obtained  by  a  mixture  of  cobalt  blue  with  the  oxides  of  manganese  and 
iron.  Another  block  is  made  from  three  parte  of  ciystel  glass,  two  ports  of  oxide  at 
copper,  and  one  of  (glass  of)  antimony  worked  up  together,  as  above. 

Brown  colour. — An  ounce  of  white  glass  or  enamel,  half  an  ounce  of  good  man- 
ganese ;  ground  together. 

Bed,  Bote,  and  Brown  colours  are  made  from  peroxide  of  iron,  prepared  by  nitrio 
acid.    The  flux  eonsiste  of  borax,  sand,  and  minium  in  small  quantity. 

Bed  colour  may  be  likewise  obtained  from  one  ounce  of  red  chalk  poanded,  mixed 
with  two  ounces  of.  white  hard  enamel,  and  a  little  peroxide  of  copper. 

A  rtd  may  also  be  composed  of  rust  of  iron,  glass  of  antimony,  yellor  glass  of  lead. 
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(neb  88  is  nsed  by  potten  (or  litharge),  each  in  little  quantity ;  to  which  a.  little  sul- 
phuret  of  silver  is  added.  This  composition  well  ground,  produces  a  very  fins  red 
colour  on  glass.  When  protoxide  of  copper  is  used  to  stain  glass,  it  assumes  a  bright 
red  or  green  colonr,  according  as  the  glass  is  more  or  leea  heated  in  the  fotnace,  the 
former  corresponding  to  the  suboxide,  the  latter  having  the  copper  in  the  state  of 
piotoxida'. 

Bistni  and  Broum  reds  Aaj  be  obtcuned  by  miztores  of  manganese,  orange  oxide 
of  copper,  and  the  oxide  of  iron  called  umber,  in  different  proportions.  They  must 
be  previously  fused  with  vitreous  solvents. 

Green  colour. — Two  ounces  of  brass  calcined  into  an  oxide,  two  ounces  of  minium, 
and  eight  ounces  of  white  sand ;  reduce  them  to  a  fine  powder,  which  is  to  be  enclosed . 
in  a  well-luted  arndble,  and  heated  strongly  in  an  air-furnace  for  an  hour.  When  the 
mixture  is  cold,  grind  it  in  a  brass  mortar.  Green  may,  however,  be  advantageously 
produced  by  a  yellow  on  one  side,  and  a  blue  on  the  other.  Oxide  of  chrome  hag 
been  also  employed  to  stain  glass  green. 

A-fineYeUov  colour. — Take  fine  silver  laminated  thin,  dissolve  in  nitric  acid, dilute 
with  abtmdance  of  water,  and  precipitate  with  solution  of  sea-salt.  Mix  this  chloride 
of  silver,  in  a  dry  powder,  with  three  times  its  weight  of  pipe-clay  well  burnt  and 
popaded.  The  lm»  of  the  glass-pane  is  to  be  painted  with  this  powder,  for  when 
painted  oa  the  ftce,  it  is  apt  to  ran  into  the  other  colours. 

Another  jwifew  can  be  made  b^  mixing  sulphide  of  silver  with  glass  of  antimony, 
and  yellow  ochre  previoosly  oalemed  to  a  red-brown  tint.  Work  nil  these  powders 
together,  and  paint  on  the  back  of  the  glass.  Or  silver  lamin»  melted  with  sulphur 
and  glass  of  antimony,  thrown  into  cold  water,  and  afterwards  ground  to  powder, 
aflford  a  yellow. 

A  pale  yeUov}  may  be  made  with  the  ^wd«r  resulting  firom  brass,  sulphur,  and  glass 
of  antimony,  calcined  together  in  a  crucible  till  they  cease  to  smoke ;  and  then  mixed 
with  a  little  burnt  yellow  ochie. 

The  fine  yellow  of  M.  Merand,  is  prepared  from  chloride  of  silver,  oxide  of  due, 
white-day,  and  rust  of  iron.    This  mixture,  simply  ground,  is  applied  on  the  glass. 

Orange  colour. — Take  1  part  of  silver  powder,  as  precipitated  from  the  nitrate  of 
that  metal  by  plates  of  copper,  and  washed ;  mix  it  with  1  part  of  red  ochre  and  1  of 
yellow,  by  cai;eful  trituration ;  grind  into  a  thin  pap  with  oil  of  turpentine  or  lavender, 
and  apply  this  with  a  brush,  d^,  and  bum  in. 

In  the  Pkiloeopkical  llagatine,  of  December  1886,  the  anonymoua  author  of  an 

Xious  essay,  '  On  the  Let  of  Glass-painting,'  says,  that  if  a  large  proportion  of 
has  been  employed  with  the  silver,  the  stain  is  yellow ;  if  a  small  proportion,  it 
is  orange-coloured ;  and  by  repeated  exposure  to  the  fire,  without  any  additional 
colonring-mattar,  the  orange  may  be  converted  into  red ;  but  this  conversion  requires 
a  nice  management  of  the  heat.  Artists  often  make  use  of  panes  coloured  throughout 
their  substance  in  theglass-honse  pots,  because  the  perfect  transparency  of  such  glass 
g^ves  a  brilliancy  of  efract,  which  enamel  painting,  always  more  or  less  opaque,  cannot 
rival.  It  was  to  a  g^ass  of  this  kind  that  the  old  glass-painters  owed  their  splendid 
red.  This  is,  in  &ct,  the  only  point  in  which  the  modem  and  ancient  processes  difier ; 
and  this  is  Ae  only  part  of  the  art  which  was  ever  really  lost.  Instead  of  blowing 
plates  of  solid  red,  the  old  glass-makers  (like  those  of  Bohemia  for  some  time  back), 
used  to  JUteh  a  thin  layer  of  brilliant  red  over  a  substratum  of  colourless  glass ;  by 
gathering  a  lump  of  the  latter  upon  the  end  of  their  iron  rod  in  one  pot,  covering  with 
a  layer  of  the  former  in  another  pot,  then  blowing  out  the  two  together  into  a  globe 
or  cylinder,  to  be  opened  into  circular  tables,  or  into  rectangular  plates.  The  elegant 
art  of  tinging  glass  red  by  oxide  of  copper,  and  fiashing  it  on  common  crown  glass, 
has  become  general  within  these  few  years. 

That  gold  melted  with  flint-glass  stains  it  purple  was  originally  discovered  and 
piactisea  as  a  profitable  secret  by  Knnckel,  Gold  has  been  recently  used  at  Birming- 
ham for  giving  a  beautiful  rose-colour  to  scent-bottles.  The  proportion  of  gold  should 
be  very  small,  and  the  heat  very  great,  to  produce  a  good  effect.  The  glass  must 
contain  either  the  oxide  of  lead,  bismuth,  zinc,  or  antimony ;  for  crown  glass  will  take 
no  colour  from  gold.  Glass  combined  with  this  metal,  when  removed  from  the  cra- 
cible,  is  generally  of  a  pale  rose  colour ;  nay,  sometimes  is  as  colourless  as  water,  and 
does  not  assume  its  ruby  colonr  till  it  has  been  exposed  to  a  low  red  heat,  either  under 
a  mufBe,  or  at  the  lamp.  This  operation  must  be  nicely  regulated ;  because  a  slight 
excess  of  fire  destroys  the  colour,  leaving  the  glass  of  a  dingy  brown,  but  with  a  green 
transparency  like  that  of  gold-leaf.  It  is  metallic  gold  which  gives  the  colour ;  and, 
indeed,  the  oxide  is  too  easily  reduced,  not  to  be  converted  into  the  metal  by  the 
intense  heat  which  is  necessarily  required. 

Colonied  transparent  glass  is  applied  as  enamel  in  silver  and  gold  hijouterie  pre- 
viously bright-cut  in  the  nwtnl  with  the  graver  or  rose-engine.    The  cuts,  reflecting 
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the  mrs  of  light  firom  th«r  nameioos  aurfaoes,  exhibit  throngh  the  glais,  richly 
stained  -with  gold,  silTet,  copper,  cobalt,  &c.,  a  gorgeous  play  c^  prismatic  colours,  * 
varied  with  every  change  of  aspect.    When  the  enamel  is  to  be  painted  on,  it  should 
be  made  opalescent  by  oxide  of  arsenic,  in  order  to  produce  the  most  agreeable  effect. 

The  bines  of  vitrified  ooloum  are  all  obtained  firom  the  oxide  of  cobalt.  Oobalt  ore 
(sulphide)  being  well  roasted  at  a  dull  red  heat,  to  dissipate  all  the  sulphnr  and 
arsenic,  is  dissolved  in  somewhat  dilute  nitrio  add,  and  after  the  addition  of  much 
water  to  the  saturated  solution,  the  oxide  is  precipitated  by  carbonate  of  soda,  then 
washed  upon  a  Alter  and  dried.  The  powder  is  to  be  mixed  with  thrice  its  weight  of 
saltpetre ;  the  mixture  is  to  be  deflagrated  in  a  eroeible,  by  applying  a  red  hot  dnder 
to  it,  then  exposed  to  the  heat  of  ignition,  washed  and  driaa.  Three  parts  of  this 
oxide  are  to  be  mixed  with  a  flux,  consisting  of  white  sand,  borax,  nitie,  and  a  little 
chalk,  subjected  to  fbsion  for  an  hoar,  and  then  grouBd  down  into  an  enamel-powder 
for  use.  Blues  of  any  shade  or  intensity  may  be  obtained  firom  the  above,  by  mixing 
it  with  more  or  less  flux. 

The  beautiital  greenish-yellow,  of  which  colour  so  many  ornamental  glass  vessels 
have  been  lately  imported  from  (Germany,  is  made  in  Bohemia  by  the  following  process : 
An  ore  of  uranium,  as  XJraa-oekrt,  or  UroK^Usimier,  in  fine  powder,  being  roasted  aad 
dissolved  iu  nitric  acid,  the  filtered  solution  is  to  be  freed  from  any  lead  preqwt  in  it 
by  the  cautious  addition  of  dilnte  sulphuric  add.  The  dear  gieen  solution  is  to  be 
evaporated  to  dryness,  and  the  mass  ignited  till  it  becomes  yellow.  One  part  of  this 
oxide  is  to  be  mixed  with  three  or  more  parts  of  a  flux,  consisting  of  4  parts  of  red  lead 
and  1  of  ground  flint ;  the  whole  fused  together  and  then  reduced  to  powder. 

Chrome-ffrem. — Triturate  together  in  a  mortar  equal  parts  of  chromate  of  potash  and 
flowers  of  'sulphur ;  put  the  mixture  into  a  cruciUe  and  Aise.  Four  out  the  fluid  mass ; 
when  cool,  grind  aim  wash  well  with  water,  to  remove  the  sulphuret  of  potash  and  to 
leave  the  beautiful  green  oxide  of  chrome.  This  is  to  be  collected  upon  a  filter,  dried, 
rubbed  down  along  with  thrice  its  weight  of  a  flux,  consisting  of  4  parts  of  red  lead 
and  1  part  of  ground  flints  fused  into  a  tnnspaient  glius ;  the  whole  is  now  to  be 
melted  and  afterwards  reduced  to  a  flne  powder. 

Violet. — One  part  of  calcined  black  oxide  of  manganese,  1  of  zaflie,  10  parts  of  the 
white  glass  pounded,  and  one  of  red  lead,  mixed,  fused,  and  ground.  Or  gold  purple 
(Oassius's  purple  predpitate),  with  chloride  of  silver,  previously  fused  with  ten  times  its 
weight  of  a  flux,  consisting  of  ground  quarts,  horax,  and  red  lead,  all  mdted  together. 
Or  solution  of  tin  being  dropped  into  a  large  quantity  of  water,  solution  of  nitrate  of 
silver  may  be  first  added,  and  then  solution  of  gold  in  a^ita  regia,  in  proper  proportioDS, 
The  preapitats  is  to  be  mixed  with  flux  and  fosed. 

■TAWnra  or  mWAIiS.  The  pecniiar  flwtare  of  improvement  in  the 
manu&ctnre  of  stamped  articles  consists  in  producing  the  spoon,  laale,  or  fork  perfect 
at  one  blow  in  the  stamping  machine,  and  requiring  no  flutiier  manipulation  of  shilling, 
but  simply  trimming  off  the  barb  or  fin,  and  polishing  the  sur&ce  to  render  the  artide 
perfect  and  flmished. 

Formerly,  in  employing  a  stamping  machine,  or  fiy-press,  for  manu&cturing 
spoons,  ladles,  and  forks,  it  was  the  practice  to  give  the  impression  to  the  handles, 
and  to  the  bowls  or  prongs,  by  distinct  operations  of  different  dies,  and  after  having 
so  partially  produoed  the  pattern  upon  uie  artide,  the  handles  had  to  be  bent  and 
formed  by  the  operations  of  filing  and  hammering. 

By  Hr.  Haynes^  improved  dies,  which,  having  curved  surfaces  and  bevelled  edges, 
allow  of  no  ports  of  the  faces  of  the  die  and  coonter-die  to  come  in  contact,  he  is 
enabled  to  produce  considerable  elevations  of  pattern  and  form,  and  to  bring  up  the 
artide  perfect  at  one  blow,  with  only  a  slight  btib,  or  fin,  upon  its  edge. 


1887 


1889 


188« 


In  the  accompanying  drawings,  Jiff.  1888  is  the  lower  or  bed  die  for  produdng  a 
spoon,  seen  edgewise ;  fy,  1887  is  the  taee  of  the  upper  or  counter  die,  corresponding; 
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fg.  1889  is  a  section,  taken  through  the  middle  of  the  pair  of  dies;  Bhowing  the  space 
in  which  the  metal  ia  pressed  to  fbrm  the  spoon. 

To  mannfaetmre  spoons,  ladles,  or  forks,  according  to  his  improred  process,  Mr.  Haynes 
first  forges  out  tiie  ingot  into  flat  {rfeoes,  of  the  shape  and  dimensions  of  the  die  of 
the  intended  article ;  and  if  a  spoon  or  ladle  is  to  be  made,  gives  a  slight  degree  of 
concavity  to  the  bowl  part;  but,  if  neceasaiy,  bends  the  bacl:,  in  order  that  it  may  lie 
more  steadily  and  band  more  aecorately,  nppn  the  lowar  die ;  if  a  fork,  he  cuts  or 
otherwise  removes  portions  of  the  metal  at  those  parte  which  will  intervene  between 
the  prongs ;  and.  having  thus  produced  the  rude  embryo  of  the  intended  article, 
scrapes  ite  entire  sor&ce  clean  and  fine  from  oxidation,  scale,  or  fire-strain,  when  it  is 
ready  to  be  introdnced  into  the  stamping  machine. 

He  now  fixes  the  lower  die  in  the  bed  of  the  steinping  machine,  shown  at  a,  a,  in  the 
elevations  .^«.  1890  and  1891,  and  fixes,  in  the  hammer  b,  the  upper  or  counter  die, 

c,  accurately  adjusting  them 
both,  so  that  they  may  corre- 
spond exactly  when  brought 
together.  He  then  places  the 
rudely-formed  artide  above  de- 
scribed upon  the  lower  die,  and 
having  drawn  up  the  hammer 
to  a  sufficient  elevation,  by  a 
windlass  and  rope,  or  other  (ndi- 
naiy  means,  lets  go  the  trigger, 
and  allows  the  hammer,  with 
the  counter  die  to  fiill  upon  the 
under  die,  on  which  the  article 
is  placed;  when,  by  the  blow 
thus  given  to  the  metal,  the  true 
and  perfect  figure  and  pattern 
of  the  spoon,  ladle,  or  fork  is 
produced,  and  whidi,  as  before 
said,  will  only  require  the  re- 
moval <^  the  slight  edging  of 
barb,  or  fin,  with  polishing,  to 
finish  it. 

On  striking  the  blow,  in  the 
operation  of  stemping  the  arti- 
cle, the  hammer  will  recoil  and 
fly  up  some  distance,  and  if 
allowed  to  &11  again  with  re- 
iterated blows,  would  injure 
both  the  article  and  the  dies ;  therefore,  to  avoid  this  inconvenience,  he  causes 
the  hammer  on  recoiling  to  be  caught  by  a  pair  of  palls  locked  into  racks  on  the 
face  of  the  stendards,  seen  in  the  figures ;  the  hammer  b,  of  the  stamping  machine, 
is  seen  raised  and  suspended  by  a  rope  attached  to  a  pair  of  jointed  ^utoka  at  holders, 

d,  d,  the  lower  ends  of  which  pass  into  eyes  e,  e,  extending  from  the  top  of  the 
hammer.  When  the  lever  or  trigger  t,  is  drawn  forward,  as  in  jig.  1890,  the  two 
inclined  planes,  g,  g,  on  the  axle.  A,  press  the  two  legs  of  the  holders,  d,  d,  inward,  and 
cause  their  hoolu  or  lower  ends  to  he  withdrawn  {torn  the  eyes,  a,  e,  when  the  hammer 
instantly  iUls,  and  brings  the  dies  together:  such  is  the  ordinary  construction  of  the' 
stam{»ng  machine. 

On  the  hammer  falling  from  a  considerable  elevation,  the  violence  of  the  blow 
causes  it  to  recoil  and  bound  upwards  as  before  mentioned ;  it  therefore  becomes 
necessary  to  catch  the  hammer  inien  it  has  rebounded,  in  order  to  prevent  the  dies 
coming  again  fa^ether ;  this  is  dooe  by  the  following  mechanism : — 

Two  latch-levers,  t,  t,  are  connected  by  jointe  to  the  npper  part  of  the  hammer,  and 

two  pall-levers,  k,  k,  turning  upon  pins,  are  mounted  in  the  bridge,  {,  affixed  to  the 

hammer.    Two  springs,  m,  m,  act  against  the  lower  arms  of  these  levers,  and  press 

'  them  outwards,  for  thia  purpose  of  throwing  the  palls  at  the  lower  ends  of  the  levers 

into  the  teeth  of  the  ratchet  racks,  n,  »,  fixed  on  the  sides  of  the  upright  standards. 

Previously  to  raising  the  hammer,  the  npper  ends  of  the  pall-levers,  k,  are  drawn 
back,  and  the  latches,  t,  being  brought  down  upon  them,  as  in^.  1890,  the  levers,  k, 
are  confined,  and  their  palls  prevented  irom  striking  into  the  slide  racks ;  but  as  the 
hammer  £sUs,  the  ends  of  the  latches,  t,  strike  upon  the  fingers,  o,  o,  fixing  to  the  side 
standards,  and  liberate  the  palls,  the  lower  ends  of  which,  wheu  the  hammer  rebounds, 
after  stemping,  catch  into  the  teeth  of  the  racks,  as  in  fig.  1891,  and  thereby  prevent 
the  hammer  from  again  descending. 
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See  DaassiNa  or  Obss. 

■TAmATB  AV9  BTJLUmXTM  OV  90XAMU  AVB  SOBA.  Stannates 
and  atannites  of  alkalis  are  valuable  uordants.  For  the  stannate  of  soda,  22  lbs.  of 
caustic  soda  are  first  put  into  an  iron  crucible,  heated  to  a  low  red  heat,  till  the 
hydrate  be  produced ;  to  irhich  8  lbs.  of  nitrate  of  soda  and  4  Ibe.  of  common  talt  are 
introdnoed.  When  the  mixture  is  at  a  fluxing  heat,  10  lbs.  of  feathered  block-tin  are 
added,  and  it  is  stirred  irith  an  iron  rod.  The  mass  now  becomes  dark  coloured  and 
pasty,  and  ammonia  is  given  off  (the  tin  decomposing  the  water  of  the  hydrated  soda 
and  part  of  the  nitrate  of  soda).  The  stirring  is  continued,  as  well  as  the  heat,  till 
deflagration  takes  place,  and  the  mass  becomes  red  hot  and  pasty.  This  prodoct  is 
stannate  of  soda.    It  may  be  purifled  by  solution  and  oystallisation. 

Stannite  of  soda  is  made  by  putting  4  lbs.  of  common  salt,  IS}  lbs.  of  caustic 
soda,  and  4  lbs.  of  feathered  block-tin  into  a  hot  iron  crucible  over  a  fire,  and  stiiriog 
and  boiling  to  dryness,  and  as  long  as  ammonia  is  given  vff.  What  remains  is  Stan- 
liiteof  soda. 

To  prodnca  the  tin-preparing  liqnour,  8  lbs.'  of  stannate  of  soda  are  dissolved  in 
1  gallon  of  boiling  water,  and  8  gallons  or  more  of  cold  water,  to  bring  it  to  the 
required  strength.    The  stannite  of  soda  is  treated  in  the  same  way. 

The  process  of  Hr.  James  Young  is  much  more  recent,  and  presents  a  very 
beautifiu  application  of  science.  Instead  of  reducing  metallic  tin  firom  the  ore,  and 
oxidating  tJie  metal  agtun  to  form  the  stannic  add  at  the  expense  of  nitric  add,  Mr. 
Young  takes  the  native  peroxide  of  tin  itself,  and  Aises  it  with  soda.  The  iron  and 
other  foreign  metals  present  in  the  ore  are  insoluble  in  the  alkali,  so  that  by  solution 
of  the  fused  mass  in  water,  a  pure  stannate  of  soda  is  obtained  at  once.  It  is  crys- 
tallised by  evaporation,  and  obtained  in  efflorescent  crystals  conteining  nine  equiva- 
lents of  water. 

■TAJMK  (Amidon,  FiouU,  Fr. ;  Starke,  Oer.)  is  a  white  pulverulent  substance, 
composed  of  microscopic  spheroids,  which  are  bags  containing  the  amylaceous 
matter.  It  exists  in  a  great  many  different  plants,  and  varies  in  the  form  and  size  of 
its  microscopic  particles.  As  found  in  some  plants,  it  consiste  of  spherical  partidet ' 
fjUth  of  an  inca  in  diameter ;  and  in  others  of  ovmd  particles,  ^tk  or  ^^jth  of  an 
inch.  It  occurs  :  1.  In  the  seeds  of  all  the  acotyledonous  plants,  among  which  are 
the  several  spedes  of  com,  and  those  of  other  Graminea.  2.  In  the  round  perennial 
tap  roots,  which  shoot  up  an  annual  stem ;  in  the  tuberose  roots,  such  as  potatoes,  the 
ConvolmUui  batatat  and  C.  edulit,  the  Bdianthus  tubemut,  the  Jatropha  mtmihot,  &c, 
which  contain  a  great  quantity  of  it.  8.  In  the  stems  of  several  monocotyledonous 
plants,  especially  of  the  palm  tribe,  whence  sago  comes  ;  but  it  is  very  raraly  fonnd 
in  the  stems  and  branches  of  the  dicotyledonous  plants.  4.  It  occurs  in  many  spedes 
of  lichen.  Three  kinds  of  starch  have  been  distinguished  by  chemiste;  that  of 
wheat,  that  called  imUine,  and  lichen-starch.  These  three  agree  in  being  insoluble  in 
cold  water,  alcohol,  ether,  and  oils,  and  in  being  converted  into  sugar  by  dther 
dilute  sulphuric  acid  or  diastase.  The  main  difference  between  them  conasts  in  their 
liabitodes  with  water  and  iodine.  The  first  forms  with  hot  water  a  mudlaginous 
solution,  which  constitutes,  i^en  cold,  the  paste -of  the  laundress,  and  is  tingin  blue 
by  iodine ;  the  second  forms  a  granular  predpitate,  when  ite  solution  in  boiling-hot 
water  is  suffered  to  cool,  whidi  is  tinged  yellow  by  iodine;  the  third  affords,  by 
cooling  the  concentrated  solution,  a  gelatinous  mass,  with  a  clear  liquid  floating  over 
it,  that  contains  little  sterch.    Its  jelly  becomes  brown-grey  with  iodine. 

Ordinary  Starch. — This  may  be  extracted  from  the  following  grains: — Wheat, 
rye,  barley,  oats,  buckwheat,  rice,  maize,  millet,  spelt;  from  the  sUiquose  seeds,  as 
peas,  beans,  lentiles,  &c. ;  from  tuberous  and  tep  roots,  as  those  of  the  potato,  the 
orchis,  manioc  arrow-root,  batata,  &c.  Di&rent  kinds  of  com  yield  very  variable 
quantities  of  starch.  Wheat  differs  in  this  respect,  according  to  the  varieties  of  the 
plant,  as  well  as  the  soil,  manure,  season,  and  dimate.    See  BsEib. 

Wheat  partly  damaged  by  long  keeping  in  granaries  may  be  employed  for  the 
mann&cture  of  starch,  as  this  constituent  suffers  less  injury  than  the  gluten;  and 
it  may  be  used  either  in  the  ground  or  nnground  state. 

WUh  tmgrotaid  wheat. — ^The  wheat  bmng  sifted  clean,  is  to  be  put  into  dstems, 
covered  with  soft  water,  and  1^  to  steep  till  it  becomes  swollen  and  so  soft  as  to 
be  easily  crushed  between  the  fingers.  It  is  now  to  be  taken  out,  and  immened  in 
dear  water  of  a  temperature  equal  to  that  of  malting-barley,  whence  it  is  to  be  trans- 
ferred into  bags,  which  are  placed  in  a  wooden  chest  containing  some  water,  and 
exposed  to  strong  pressure.  The  water  rendered  milky  by  the  starch  bdng  drawn 
off  by  a  tap,  fresh  water  is  poured  in,  and  the  pressure  is  repeated.  Instead  of 
putting  the  swollen  grain  into  bags,  some  prefer  to  grind  it  nnder  vertical  edge- 
stones,  or  between  a  pair  of  horizontal  rollers,  and  then  to  lay  it  in  a  cistern,  and 
separate  the  starchy  liquor  by  elutriation  with  successive  quantities  at  water  well 
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stined  up  vith  it.  The  lesidiiaiy  matter  in  the  sacks  or  cistems  contains  mitch 
vegetable  albumen  and  gluten,  along  with  the  husks ;  vhen  exposed  to  fermentation, 
this  affi>id8  a  small  quantity  of  starch  of  rather  inferior  quality. 

The  above  milky  liquor,  obtained  by  expreeaion  or  elutriation,  is  run  into  large 
cisterns,  where  it  deposits  its  starch  in  layers  successively  less  and  lees  dense ;  the 
uppermost  containing  a  considerable  proportion  of  gluten.  The  supernatant  liquor 
beug  drawn  oft,  and  fireeh  water  poured  on  it,  the  whole  must  be  well  stirred  up, 
allowed  again  to  settle,  and  the  surfice-Uqaor  withdrawn.  Tliis  washing  should 
be  repeated  as  long  as  the  water  takes  any  perceptible  colour.  At  the  first  turbid 
liquor  contains  a  mixture  of  gluten,  sugar,  gum,  albumen,  &c.,  it  ferments  readily, 
and  produces  a  certain  portion  of  vinegar,  which  helps  to  dissolve  out  the  rest  of 
the  mingled  gluten,  and  thus  to  bleach  the  starch.  It  is,  in  &ct,  by  the  action  of 
this  fermented  or  soured  water,  and  repeated  washing,  that  it  is  purified.  After  the 
last  deposition  and  decantation,  there  appears  on  the  sni&ce  of  the  starch  a  thin 
layer  of  a  slimy  mixture  of  gluten  and  albumen,  which  being  scraped  oB,  serves  for 
feeding  pigs  or  oxen;  underneath  will  be  found  a  starch  of  good  quality.  The 
layers  of  different  sorts  are  then  taken  up  with  a  wooden  shovel,  transferred  into 
separate  dstems,  where  they  are  agitated  with  water,  and  passing  through  fine  sieves. 
After  this  pap  is  once  more  well  settled,  the  clear  water  is  drawn  off,  the  starchy  mass 
is  taken  out,  and  laid  on  linen  cloths  in  wicker  baskets,  to  drain  and  become  partially 
diy.  When  sufSdently  firm,  it  is  cut  into  pieces  whidi  are  ^read  upon  other  cloths, 
and  thoroughly  desiccated  in  a  proper  dtying-room,  which  in  winter  is  heated  by  stoves. 
The  npper  surface  of  the  starch  is  gfflierally  scraped  to  remove  any  dusty  matter,  and 
the  resulting  powder  is  sold  in  that  state.  Wheat  yields,  upon  an  aveiage,  only 
from  36  to  40  per  cent,  of  good  starch.    It  should  afSird  more  by  skilful  management. 

With  crushed  wheat. — In  this  country,  wheat  crushed  between  iron  rollers  u  laid 
to  steep  in  as  much  water  as  will  wet  it  thoroughly ;  in  four  or  five  days  the  mixture 
ferments,  soon  afterwards  settles  and  is  ready  to  be  washed  out  with  a  quantity 
of  water  into  the  proper  fermenting  vats.  The  common  time  allowed  for  the  steep 
is  from  14  to  20  days.  The  next  process  consists  in  removing  the  stuff  from  the 
vats  into  a  stout  round  basket  set  across  a  back  below  a  pump.  One  or  two  men 
keep  going  round  the  basket,  stirring  up  the  stuff  with  strong  wooden  shovels,  while 
another  keeps  pumping  water,  till  all  the  farina  is  completely  washed  firom  the  bran. 
Whenever  the  subjacent  back  is  filled,  the  liquor  is  taken  out  and  strained  through 
hair-sieves  into  square  frames  or  cisterns,  where  it  is  allowed  to  settle  for  24  hours ; 
after  which  the  water  is  run  ofT  &om  the  deposited  starch  by  plug-traps  at  difierent 
levels  in  the  side.  The  thin  stuff,  called  tlvma,  upon  the  suriace  of  the  starch,  is 
removed  by  a  tray  of  a  peculiar  form.  Fresh  water  is  now  introduced,  and  the  whole 
being  weU  mixed  by  proper  agitation,  is  then  poured  upon  fine  silk  sieves.  What 
passes  through  is  allowed  to  settle  for  24  hours;  the  liquor  being  withdrawn,  and 
then  the  slimes,  as  before,  more  water  is  again  poured  in,  with  agitation,  when  the 
mixture  is  again  thrown  upon  the  silk  sieve.  The  milky  liquor  is  now  suffered 
to  rest  for  several  days, — 4  or  6, — till  the  starch  becomes  settled  pretty  firmly  at  the 
bottom  of  the  square  cistern.  If  the  starch  is  to  have  the  blue  tint,  called  Poland, 
fine  nnalt  must  be  mixed  in  the  liquor  of  the  last  sieve,  in  the  proportion  of  2  or 

3  lbs.  to  the  cwt.  A  considerable  portion  of  these  slimes  may,  by  good  management, 
be  worked  up  into  starch  by  elutriation  and  str^ning. 

The  starch  is  now  fit  for  boxing,  by  shovelling  the  deaned  deposit  into  wooden 
chests,  about  4  feet  long,  12  inches  broad,  and  6  inches  deep,  perforated  throughout 
and  lined  with  thin  canvas.  When  it  is  drained  and  dried  into  a  compact  mass,  it  is 
turned  out  by  inverting  the  chest  upon  a  clean  table,  where  it  is  broken  into  pieces 

4  or  6  inches  square,  by  laying  a  ruler  underneath'  the  sake,  and  giving  its  sur&ca 
a  cut  with  a  knife,  after  which  the  sUghtest  pressure  with  the  hand  will  make  the 
fracture.  These  pieces  are  set  upon  half-bumed  bricks,  which  by  their  porous  capil- 
larity imbibe  the  moisture  of  the  starch,  so  that  its  under  surface  may  not  become 
hard  and  homy.  When  sufficiently  dried  upon  the  bricks,  it  is*put  into  a  stove 
(which  resembles  that  of  a  sugar-refinery),  and  left  there  till  tolerably  dry.  It  is 
now  removed  to  a  table,  when  all  the  sides  are  carefully  scraped  with  a  knife ;  it 
is  next  packed  up  in  the  papers  in  which  it  is  sold ;  these  packages  are  returned  into 
the  stove,  and  subjected  to  a  gentle  heat  during  some  days  ;  a  point  which  requires 
to  be  skilfully  regnlated. 

I>uringthe  drying,  starch  splits  into  small  prismatic  columns,  of  considerable  regu- 
larity. When  kept  dry,  it  remains  unaltered  for  a  very  long  period.  When  it  is 
heated  to  a  certain  degree  in  water,  the  envelopes  of  its  spheroidal  particles  burst, 
and  the  farina  forms  a  mucilaginous  emulsion,  magma,  or  paste.  When  this  apparent 
solution  is  evaporated  to  dryness,  a  brittle,  horny-lookiDg  substance  is  obtained,  quite 
different  in  aspect  from  starch,  but  similar  in  chemical  habitudes.  When  the  moist  paste 
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M  exposed  for  two  at  three  months  to  the  air  in  sommer,  the  starch  is  ooaverted  into 
sngsr,  to  the  amonnt  of  one-third  or  one-half  of  its  weight,  into  gum  and  gdatinoos 
statch,  called  amidine  by  De  Sanssore^  with  occasionally  a  resinous  matter.  This 
carious  change  goes  on  even  in  eloae  retsels. 

Starekfiom  FatatOM, — The  potatoes  are  first  washed  in  a  cylindrical  cage  formed  of 
wooden  spars,  made  to  revolve  upon  a  horiiontal  axis,  in  a  troogh  filled  with  water  to 
the  level  of  the  axis.  They  are  then  reduced  to  a  pulp  by  a  rasping  machine,  similar 
to  that  rspresMited  in^«.  1892,  1893 ;  where  a  is  a  wooden  drum,  covered  with  sheet 

iron,  roughened  outside  with  numer- 
ous prominences,  made  fixan  punching 
out  hole*  team,  the  opposite  mde.  It 
is  turned  by  a  winch  fixed  upon  each 
end  of  the  sha&  The  drum  is  en- 
closed in  a  square  wooden  box,  to 
prevent  the  potato-mash  &om  b^ng 
scattered  about.  The  hi^per,  b,  is 
attached  to  the  upper  &ame,  has  its 
bottom  concentric  with  the  rasp-drom, 
and  nearly  ia  omtact  with  it.  The 
pulp-diest,  e,  is  made  to  slide  out,  so 
as  when  full  to  be  readily  replaced 
by  another.  The  two  slanting  boards, 
d,  d,  conduct  the  pulp  into  it.  A 
moderate  stream  of  water  should  be 
made  to  {day  into  the  horaier  npon 
the  potatoes,  to  prevent  the  snmce 
of  the  rasp  from  getting  fool  with 
fibrous  matter.  Two  men,  with  one 
for  a  relay,  will  rasp,  with  such  a 
machine,  &om  2^  to  3  torn  of  potatoes 
in  12  hours. 

The  potato-pulp  must  be  now  elutriated  upon  a  fine  wire-  or  hair-sieve,  which  is  sot 
upon  a  Stmaa  in  the  month  of  a  large  vat.  while  water  is  made  to  flow  upon  it  from  a 
spout  with  many  jets.  The  pulp  meanwhile  must  be  stirred  and  kneaded  by  the 
hand,  or  by  a  mechanical  brush-agitator,  till  almost  nothing  but  fibrous  particles  are 
left  upon  the  sieve.  These,  however,  generally  retain  about  6  per  cent,  of  starch, 
which  cannot  be  separated  in  this  way.  This  parenchyma  should  therefore  be  sub- 
jected to  a  separate  rasping  upon  another  cylinder.  The  water,  turbid  with  starch,  is 
allowed  to  settle  for  some  time  in  a  back ;  the  supernatant  liquor  is  then  ran  by  a 
cock  into  a  second  back,  and  after  some  time  into  a  third,  whereby  the  whole  starch 
will  be  precipitated.  Q^e  finest  powder  collects  in  the  last  vessel.  The  starch  thus 
obtained,  c(»tainiDg  38  per  cent,  of  water,  may  be  used  either  in  the  moist  state, 
under  the  name  at  green /eeula,  for  various  purposes,  as  for  the  preparatimi  of  dextrine 
and  starch-syrup,  or  it  may  be  preserved  under  a  thin  layer  of  water,  which  must  be 
renewed  from  time  to  time,  to  prevent  fermentation ;  or  lastly,  it  may  be  taken  out 
and  dried. 

Washing  apparatus  have  been  contrived  by  Laini,  Dailly,  Hack,  Vemies,  Stolz,  and 
St-Etienne.  These  are  contrivances  for  working  very  large  quantities  of  potatoes  in 
a  short  time.  Buck's  machine  is  stated  to  work  30,000  lbs.  of  {Wtatoea  daily,  and  in 
trials  made  with  St.-Etienne's  rasp  and  starch  machinery,  in  Paris,  which  was  driven 
by  two  horses,  nearly  1 8  cwts.  of  potatoes  were  put  through  all  the  requisite  operations 
in  one  hour,  including  the  pumping  of  the  water.  The  product  in  stucfa  amoimted  to 
from  17  to  18  per  cent  of  the  potatoes.  The  quicker  the  process  of  potato-starch 
making,  the  better  is  its  quality.  Volker  proposed  a  process  of  rotting  uie  potato  to 
separate  the  starch. 

Horse-chestnutk  have  been  largely  used  ot  Nanterre,  near  Fans,  in  the  manu&c- 
ture  of  starch. 

In  the  manufEictnre  of  potato-starch,  a  considerable  quantity  of  the  product  is 
lost,  owing  to  the  strong  ^Knity  which  the  starch  has  for  the  fibre  of  uie  potato. 
M.  Anthon  stated  some  years  ago  that  the  maaufiactarer  obtains  only  two-thirds  of 
the  starch,  the  remainder  being  left  in  the  pulp.  He  suggested  that  this  third  may 
be  utilised,  by  converting  it  into  sugar  by  means  of  either  malt  or  dilate  sulphuric 
acid.  By  employing  10  per  cent,  of  the  acid  to  the  dry  fibre,  the  saccharifiraition  is 
complete  in  about  two  hours  and  a  half ;  but  if  only  8  or  4  per  cent  of  acid  is  used, 
the  boiling  must  be  continued  for  at  least  6  hours.  Ten  per  cent,  of  malt  effected  the 
oonversion  in  6  hours.  Mr.  Calvert  has  given  the  following  analysis  of  the  potato : — 
Water,  74 ;  starch,  20 ;  the  remainder  being  fibrous,  earthy,  and  alkaline  matters. 
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Btanh/rom  eertatH  fortiffHvlautt, — 1.  Kom  the  pith  of  the  Soffo  Palm.    See  Saoo. 

2.  From  the  roots  of  the  Martmta  anmdinaom,  of  Jamaics,  the  dafaamae,  and  other 
West  India  Islands,  the  powder  eaUed  arrow-root  is  obtained,  by  a  process  analogous 
to  that  for  making  potato-starch.    See  Asbow-boot. 

3.  From  the  roots  of  the  manioc,  which  also  grows  in  the  West  Indies,  as  well  as  in 
Africa,  the  coMava  is  procored,  by  a  similar  process.  The  juice  of  this  plant  is 
poisonous,  from  which  the  wholesome  starch  is  deposited.  When  dried  with  stirring 
npon  hot  iron  plates,  it  agglomerates  into  small  lumps,  called  tapiooa ;  being  a  gummy 
fecnla.    See  Cassava. 

The  characters  of  the  difbrent  varieties  of  starch  can  be  learnt  only  &om  micro- 
scopic observation ;  by  which  means  also  their  sophistication  or  admixture  may  be 
readily  ascertained. 

Starch,  from  whatever  source  obtained,  is  a  white  soft  powder,  which  feels  crispy, 
like  flowers  of  sulphur,  when  pressed  between  the  fingers ;  it  is  destitute  of  taste  and 
smell,  unchangeable  in  the  atmosphere,  and  has  a  specific  gravity  of  1'53. 

For  the  saccharine  changes  which  starch  undergoes  by  the  action  of  diastase,  see 

FBKMIin'ATION. 

Lichenine,  a  spedes  of  starch  obtained  from  Iceland  moss  (Ceiraria  islandica),  as 
well  ns  Inuline,  from  elecampane  {Inula  Helenium),  are  rather  olgects  of  chemical 
cnrioirity  than  of  manufactures.    See  Licseks. 

There  is  a  kind  of  starch  made  in  order  to  be  converted  into  gnm  for  the  calico- 
printer.  This  conversion  having  been  first  made  upon  the  great  scale  in  this  country, 
has  occadoned  the  product  to  be  called  British  gum.  The  following  is  the  process 
pursued  in  a  large  and  well-conducted  establishment  near  Manchester : — A  range  of 
four  wooden  cisterns,  each  about  7  or  8  feet  square  and  4  feet  deep,  is  provided. 
Into  each  of  them  2,000  gallons  of  water  being  introduced,  12^  \oaaa  of  flour  are 
stirred  in.  The  mixture  is  set  to  ferment  upon  old  leaven  left  at  the  bottom  of  the 
backs,  during  2  or  3  days.  The  contents  are  then  stirred  up,  and  pumped  off  into 
3  stone  dstems,  7  feet  square  and  4  feet  deep;  as  much  water  being  added,  with 
agitation,  as  will  fill  the  cisterns  to  the  brim.  In  the  course  of  21  hours  the  starch 
forms  a  firm  deposit  at  the  bottom ;  and  the  water  is  then  syphoned  oft  The  glnten 
is  next  scraped  from  the  surface,  and  the  starch  is  transferred  into  wooden  boxes, 
pierced  with  holes,  which  may  be  lined  with  coarse  doth,  or  not,  at  the  pleasure  of 
the  operator. 

The  starch,  cut  into  cubical  masses,  is  put  into  iron  trays,  and  set  to  dry  in  a  large 
apartment,  two  stories  high,  heated  by  a  horisontal  grlinder  of  cast  iron  traversed  by 
the  flame  of  a  furnace.  The  drying  occupies  two  days.  It  is  now  ready  for  con- 
version into  gum,  for  which  purpose  it  is  put  into  oblong  tmys  of  sheet  iron,  and 
heated  to  the  tempeiatore  of  300^  Fahr.  in  a  east-iron  oven,  which  holds  four  of  these 
trays.  Here  it  concretes  into  irregular  semi-transparent  yellow-brown  lumps,  which 
are  ground  into  fine  floor  between  mill-stones,  and  in  this  state  bronght  to  the 
market.  In  this  roasted  starch,  the  vesides  being  burst,  thdr  contents  become 
soluble  in  cold  water.  British  gum  is  not  convertible  into  sugar,  as  Itanh  is,  by  the 
action  of  dilute  sulphuric  add ;  nor  into  mudc  add,  by  nitric  acid ;  but  into  the 
oxalic;  and  it  is  tinged  purple  red  by  iodine.  It  is  composed,  in  100  parts,  of  36'7 
carbon,  6*2  hydrogen,  and  58-1  oxygen;  while  ataxch  ia  coapoeed  of  43-S  carbon, 
6'8  hydrwen,  and  49-7  oxygen.    See  I)bxtsikb. 

Manufacture  of  Starch  from  Biee,  ^c. — Starch  prepared  from  rice  or  maim  by  alkali 
is  said  not  to  require  boiUng — a  pdnt  of  great  importance  in  its  use;  and,  being  less 
hygrometrie  than  wheat^tarch,  retains  a  more  permanent  stiSfaess  and  glazn.  The  longh 
starch  obtained  in  the  process  is  valuable  tat  feeding  purposes,  and  for  stiffening  coarse 
iabrics. 

Fig.  1894  representa  ia  nction  the  poweifbl  and  ingenious  mechanical  grater,  or 
rasp  (rdp<),  now  used  in  Franee.  a  a  is  the  oanal,  or  spont,  along  which  the 
previously  wdl-washed  potatoes  descend ;  i  6  is  the  grater,  oomposed  of  a  wooden 
cylinder,  on  whose  round  sur&ce  dreular  saw  rings  of  steel,  with  short  sharp  teeth, 
are  planted  pretty  dose  together.  The  greater  the  velodty  of  the  cylinder,  the 
finer  is  the  pulp.  A  cylinder  20  inches  in  diameter  revolves  at  the  rate  of  from  600 
to  900  times  a  minute,  and  it  will  convert  into  pulp  from  14  to  16  hectolitres  (about 
300  imperial  gallons)  of  potatoes  in  an  hour.  Fotatoee  contain  from  Ifi  to  22  per  cent, 
of  dry  fecnla.  The  pulp,  after  leaving  the  rasp,  passes  directly  into  the  apparatus 
for  the  preparation  of  the  starch,  o  is  a  wooden  hopper  for  receiving  the  falling 
pulp,  with  a  trap-door,  d,  at  bottom,  e,  is  the  cylinder-sieve  of  H.  St.-£tienne ;  /,  a 
pipe  ending  in  a  roee-qwut,  which  delivers  the  water  requisite  for  washing  the  pidp, 
and  extracbng  the  starch  from  it;  g  g,  &  diaphragm  of  wira-dotb,  with  small 
meshee,  on  which  the  palp  is  exposed  to  the  action  of  the  bmsbes,  1 1,  moving  with 
great  speed,  whereby  it  gives  out  its  starchy  msttor,  which  is  thrown  out  by  a  side 
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aperture  into  the  spout  «.  The  fecula  now  falls  npon  a  second  veb  of  fine  wire- 
cloth,  and  leaves  npon  it  merely  some  ftagments  of  the  parenchyma  or  cellular 
matter  of  the  potato,  to  be  turned  out  by  a  side  openiog  in  the  spout,  n.    The  sifting 
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or  straining  of  the  starch  likewise  takes  place  through  the  sides  of  the  cylinder,  which 
consists  also  of  wire-doth ;  it  is  collected  into  a  wooden  spout,  m,  and  is  thence  con- 
ducted into  the  tubs  o  o,  to  be  deposited  and  washed.  ;  is  a  mitre-toothed  wheel- 
work,  placed  on  the  driTing-ehaft,  and  gives  motion  to  the  upright  axis  or  spindle, 
q  g,  which  turns  the  brushes,  i,  t. 

■TASOHnrO  Aim  9tbjlk-dbtinq  Afpabatus.  For  a  description  of  these  pro- 
cesses, and  of  the  machinery  for  accomplishing  them,  see  Bibacriko  and  Ciuco- 
Pbimtiko. 

STAXVA»T  VOBOBKAnr.     SeePoimT. 

■TH&K  is  water  in  its  Taporiform  state.  The  varied  and  important  applications 
of  steam  as  a  mechanical  power  would  appear  to  render  a  consideration  of  its  laws  of 
the  utmost  importance.  The  citcumstance  that  our  spinning  and  weaving  machinery, 
our  pumping  engines,  our  ships,  oar  carriages,  our  hammers,  our  lathes,  and  our 
presses,  are  all  moved  by  this  power,  seems  to  demand  a  ftdl  consideration  of  steam 
in  a  work  devoted  to  Arts,  Mannfactura,  and  Mines,  into  each  division  of  which  it 
enters  as  an  important  element.  But  the  limits  assigned  to  the  entire  work  renders  it 
impossible  to  treat  in  any  way  commensuiate  with  its  importance  this  great  mechanical 
power.  It  is,  therefore,  thonght  advisable  to  confine  attention  to  a  few  genend  and 
well-established  principles  only.  For  especial  information  on  the  subject,  the  reader  is 
referred  to  W.  J.  Macquom-Bankine's  ■  Manual  of  the  Steam-Engine ; '  Trodgold  '  On 
the  Steam-Engine ; '  Be  Fambour  ■  On  the  Theory  of  the  Steam-Engine,'  and  *  On  the 
Locomotive  ibgine ; '  Arago  9ur  Us  Machines  d  Vt^^r ;  Begnaulf  s  papeM  in  the 
Mimmres  and  &mptes  Bendus  of  the  Academy  of  Sciences,  &c 

Steam  is  a  chemical  compound  of  oxygen  and  hydrogen,  in  the  proportion  of  8 
parts  by  weight  of  oxygen,  to  1  of  hydrogen.  Its  compoirition  by  volume  is  such,  that 
the  quantity  of  steam  which,  if  it  were  a  perfect  gas,  would  occupy  1  cubic  foot  at  a 
given  pressure  and  temperature,  contains  as  much  oxygen  as  would,  if  uncombined, 
occupy  half  a  cubic  foot,  and  as  much  hydrogen  as  would,  if  uncombined,  occupy  1 
cubic  foot,  at  the  same  pressure  and  temperature ;  so  that  steam,  if  it  were  a  perfect 
gas,  would  occupy  two-thirds  the  space  which  its  constituents  occupy  when  uncom- 
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binad.  Hence  ia  dedoeed  the  following  compositioD  of  the  weight  of  one  cubic  foot  of 
steam  wonld  have  at  the  temperature  of  32°  Fahr.,  and  pieesure  of  one  atmosphere 
(or  14-7  lbs.  on  the  square  inch),  if  steam  were  a  perfect  gas,  and  if  it  could  exist  at 
the  pressure  and  temperature  stated. 

Data  from  the  Exptrimtnit  ofRtgnmiU. 

Half  a  cubic  ibot  of  oxygen  at  the  preaauie  of  one  atmosphere  <>• 

and  temperature,  32° 0-044628 

1  cubic  foot  of  hydrogen       .        .        ...        .        .        .      0006692 

1  cubic  foot  of  steam  in  the  ideal  state  of  perfect  gas,  at  one 
atmosphere  and  32° 0060220 

^  If  steam  were  a  perfect  gas,  the  weight  of  a  cubic  foot  could  b«  calcniated  for  any 
given  pressure  and  temperature  by  Ae  following  formula : — 
Weight  of  a  cubic  foot =0-06022  lb.  x  pressure  in  atmosphere  ■• 
^        493-°2 
Temp.  +  4-81°2' 
For  example,  at  one  atmosphere  of  pressure,  and  212°,  the  weij^t  of  a  cubic  foot  of 
steam  would  be : 

0-06022  X  mi!?  =  0-08679  lb, 
678-°« 

But  steam  is  Icnown  not  to  be  a  perfect  gas ;  and  its  actual  donsity  is  greater  than  that 
which  is  given  by  the  preceding  formula,  though  to  what  extent  is  not  known  by 
direct  experiment.  The  most  probable  method  of  indirectly  determining  the  density 
of  steam,  is  by  computation  £rom  the  latent  heat  of  evaporation,  from  which  it  appears 
that  at  one  atmosphere  and  212°,  the  weight  of  a  cubic  foot  of  steam  is  probably 
0*03679  lb.  The  greatest  pressure  under  which  steam  can  exist  at  a  given  temperature 
is  called  the  preigun  (ff  saturation  for  steam  of  a  given  temperature.  The  tempera- 
ture is  called  the  boiling  point  of  water  under  the  given  pressure.  The  pressure  of 
saturation  is  the  only  pressure  at  which  steam  and  liijuid  water  can  exist  together  in 
the  same  vessel  at  a  given  temperature. 

It  becomes  necessary  to  understand  correctly  the  method  of  determining  fixed 
temperatures  b^  certain  phenomena  taking  place  at  them.  Thus  ice  begins  to  melt 
at  a  point,  which  we  call  the  frtezing  point,  marked  32°  upon  the  scale  devised  by 
Fahrenheit  (see  Thbbhokxteb),  and  we  determine  the  boUiag  point  of  water  to  be 
212°  on  the  same  scale,  under  the  average  atmoepherio  pressure  of  14-7  lbs.  on  the 
square  inch ;  21 16'4  lbs.  on  the  square  foot ;  29-992  inches  of  the  column  of  mercuiy. 
At  this  latter  point  water  ceases  to  be  lifpUd,  and  becomes  vaporiform.  From  32°  to 
212°,  aU  the  heat  which  has  been  pound  into  the  water  has  effected  no  diange 
of  ph^cal  condition,  but  the  higher  temperature  being  reached,  a  new  condition  is 
established,  and  steam  is  produMd ;  this  steam  then  beginning  to  act  according  to 
certain  fixed  laws. 

A  cttbic  inekofvtater  evaporated  under  th»  ordinary  atmoiphtrioprettttre  ii  converted 
into  a  cubic  foot  of  steam. 

A  cubic  iaush  qf  water  evaporated  under  the  atmotphtrio  preisure  give*  a  mechanical 
force  equal  to  uhat  mould  raiee  a  ton  weight  one  foot  high. 

These  are  the  effects  produced  at  212°  under  the  above-named  pressure. 

Careftal  experiments  have  determined,  within  very  small  fimits  of  error,  the 
following  facts : — Steam  nndw  pressure  of  35  lbs.  per  square  inch,  and  at  the  tem- 
perature of  261°,  exerts  a  force  equal  to  a  ton  weight  raised  one  foot;  under  the 
pressure  of  15  lbs.  and  at  the  temperature  of  213°,  it  is  2,086  lbs.,  or  about  seven  per 
cent  less ;  and  under  70  lbs.  and  at  306°  it  is  2,382  lbs.,  or  nearly  six  and  a  half  per 
cent,  more  than  a  ton  raised  a  foot.  It  is  sufBiaent  for  all  practical  purposes  to  assume 
that  each  cubic  inch  evaporated,  whatever  be  the  pressure,  develops  a  gross  mechanical 
effort  equivalent  to  a  ton  weight  raised  one  foot. 

As  a  given  power  is  produced  by  a  given  rate  of  evaporation,  to  determine  this  the 
following  rules  are  applicable : — 

To  produce  the  force  expressed  by  one  horse-power,  the  evaporation  per  minute 
must  diBvelop  a  mechanical  force  equal  to  33,000  lbs.,  or  about  15  tons  raised  1  foot 
high.  Fifteen  cubic  inches  of  water  would  accordingly  produce  this  effect,  which, 
without  evaporation,  would  be  equivalent  to  900  cubic  inches  per  hour.  To  find, 
therefore,  the  gross  power  developed  by  a  boiler,  it  wonld  be  only  necessary  to  divide 
the  number  of  cubic  inches  of  water  evaporated  per  hour  by  900.  If,  therefore, 
to  900  cubic  inches  be  added  the  quantity  of  water  per  hour  necessary  to  move  Uie 
togine  itself,  independently  of  its  load,  we  shall  obtain  the  quantity  of  water  per  hour 
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wliioh  must  be  supplied  by  the  boiler  to  the  eogine  fat  each  horae-pOTrei,  and  thii  irill 
be  the  same  whatever  may  be  the  magnitude  or  pn^rtions  of  the  cylinder. 

BTHAK  aOX&BBO.  Did  space  allow  of  oar  entering  on  a  consideiatiao  of  this 
important  subject,  which  it  does  not,  it  would  not  properly  fiill  witliin  the  aeape  of 
this  Dictionary :  we  therefore  refer  to  the  Dictionary  of  Engineering,  and  to  Mr.  W. 
Fairbaim's  papers  in  the  '  TransactionB  of  the  Boyal  Society.' 

STSAI^BWaars.  Steam-engines  are  divided  into  eondauing  and  fuw-eon- 
denaing,  corresponding  with  those  which  are  worked  by  steam  at  high-pniture  and  at 
low-prature  respeMirely.  Hie  form  of  the  engine  is  varied  accotoing  as  it  is  a 
ttationary,  a  locoiAotive,  or  a'  marinu  engine. '  For  descriptions  of  the  varions  forms, 
the  reader  must  be  referred  to  special  treatises  upon  the  subject,  such  as  Bankine 
'  On  the  Steam-Engine.' 

STB&XIO  ACB>«  {Talgedttre,  QtT.)  Chevreul's- discovery  of  the  constitution 
of  fats,  led  to  Vba  present  processes  for  the  manu&cture  of  stearic  acid.  The  origiaal 
experiments  were  published  in  1823,  and  Gay-Iju^sac,  with  Chevreul  in  182fi,  took 
patents  for  the  manufacture  of  &tty  acids.  I>un  stearic  acid  is  prepaied,  acooiding 
to  its  discoverer,  Chevreul,  in  the  following  way : — ^Make  a  soap  by  boiling  a  solution 
of  potash  and  mutton-suet  m  the  proper  eqnivaleot  proportions ;  dissolve  one  part  of 
that  soap  in  6  parts  of  hot  water,  then  add  to  the  solution  40  or  60  parts  of  cold  water, 
and  set  the  whole  in  a  place  whose  temperatore  is  about  bV  xiia,  A  substance 
falls  to  the  bottom,  possessed  of  pearly  lustre,  consisting  of  the  bi-steante  and 
bi-margarate  of  potash;  which  is  to  be  drained  and  washed  upon  a  Alter.  The 
filtered  liquor  is  to  be  evaporated,  and  mixed  with  a  small  quantity  of  acid  necessary 
to  saturate  the  alkali  left  free  by  the  precipitation  of  the  above  bi-salts.  On  adding 
water  to  it  afterwards,  the  liquor  aSbrda  a  fresh  quantity  of  bi-stearate  and  bi-mar- 
garate. By  repeating  this  operation  with  precaution,  we  finally  arrive  at  a  point 
when  the  solution  contains  no  more  of  these  solid  acids,  but  only  ^e  oleic  The  pre- 
cipitated bi-salts  are  to  be  washed  and  dissolved  in  hot  alcohol,  of  specific  gravity 
0'820,  of  which  they  require  abont  21  times  their  weight.  During  the  cooling  of  Che 
solution,  the  bi-stearate  falls  down,  while  the  greater  part  of  the  bi-margarate,  and  the 
remainder  of  the  oleate,  remain  dissolved.  By  repeatedly  dissolving  in  alcohol,  and 
crjntallising,  the  bi-stearate  will  be  obtained  alone,  as  may  be  proved  by  deeompaeing 
a  little  of  it  in  water  at  a  boiling  heat,  with  muriatic  acid,  letting  it  cool,  washing  the 
stearic  acid  obtained,  and  exposing  it  to  heat,  when,  if  pure,  it  will  not  fuse  in  water 
under  the  158th  degree  of  Fahrenheit's  scale.  If  it  melts  at  a  lower  heat,  it  contains 
more  or  less  margaric  acid.  The  purified  bi-stearate  being  decomposed  by  boiling  in 
water  along  with  any  acid,  as  the  muriatic,  the  disengaged  stearic  acid  is  to  be  washed 
by  melting  in  water,  then  cooled  and  dried. 

Stearic  acid,  prepared  by  the  above  process,  contains  combined  water,  from  which 
it  cannot  be  freed.  It  is  insipid  and  inodorous.  After  being  melted  by  heat,  it  soli- 
difies at  the  temperature  of  1S8°  Fahr.,  and  affects  the  form  of  white  brilliant  needles 
grouped  together.  It  is  insoluble  in  water,  but  dissolves  in  all  proportions  in  boiling 
anhydrous  alcohol,  and  on  cooling  to  122°,  crystallises  therefrom  in  pearly  plates ;  but 
if  the  concentrated  solution  be  quickly  cooled  to  112°,  it  forms  a  ciystalline  mass,  A 
dilute  solution  affords  the  crystallised  acid  in  large  white  brilliant  scales.  It  dissolves 
in  its  own  weight  of  boiling  ether  of  0*727,  and  crystallises  on  cooling  in  beautiful 
scales,  of  changing  colours.  Its  distils  over  in  vacuo  without  alteration  ;  but  if  the 
retort  contains  a  little  atmospheric  air,  a  small  portion  of  the  acid  is  decomposed 
daring  the  distillation ;  while  the  greater  part  passes  over  unchanged,  but  slightly 
tinged  brown,  and  mixed  with  traces  of  empyreumatic  oil.  When  heated  in  the  open 
air,  and  lUndled,  stearic  acid  bums  like  wax.  By  analysis  it  is  found  to  contain  in 
lOOparts,  carbon  75°6,  hydrogen  12-6,  and  oxygen  11-8,  which  agrees  with  the  formula 
CH"0'  (c"H'"0')"  Stearic  acid  displaces,  at  a  boiling  heat  in  water,  carbonic  acid 
from  its  combinations  with  the  bases ;  but  in  operating  upon  an  alkaline  carbonate, 
a  portion  of  the  stearic  acid  is  dissolved  in  the  liquor  before  the  carbonic  acid  is 
expelled.  The  decomposition  is  founded  upon  the  principle,  that  the  stearic  acid 
transforms  the  salt  into  a  bicarbonate,  which  is  decomposed  by  the  ebullition. 

Of  late  years  lime  has  been  had  recourse  to,  with  perfect  success,  and  has  become 
sa1)^rvient  to  a  great  improvement  in  candle-making.  Lime  was  first  sncceaafully 
used  by  De  Milley  in  1831.  The  stearine  block  now  made  by  many  London  houses, 
though  containing  not  more  than  2  or  8  per  cent,  of  wax,  is  hardly  to  be  distingnisbed 
from  the  purified  produce  of  the  bee.  The  first  process  is  to  boil  the  fat  with  quick- 
lime and  water  in  a  large  tub  by  means  of  perforated  steam-pipes  distribnted  over  its 
bottom.  About  1 1  parte  of  diy  lime  are  fully  equivalent  to  100  of  stearine  and  oleine 
mixed  ;  but  as  the  hmo  is  in  the  state  of  hycbato,  14  parts  of  it  will  be  required  when 
it  is  perfectly  pure  ;  in  the  ordinary  state,  however,  as  made  from  average  good  lime- 
stone, 16  parts  may  be  allowed.    After  a  vigorous  ebullition  of  3  or  4 lionr^  the 
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eombination  is  pitttf  eomplate.  Tha  steorate  being  alloved  to  cod  to  sneh  a  degree 
as  to  admit  of  iu  being  bandied,  beooraes  a  coneteto  maaa,  -which  must  be  dng  (mt  -with 
a  spade,  and  transfened  into  a  contigooos  tab,  in  order  to  be  deeomposed  with  the 
eqaiTalant  qoaati^  of  sn^ahniic  acid  dilated  wiUi  water,  and  also  heated  with  steam, 
^nr  parts  of  ooncentratea  acid  will  be  sufficient  to  neutralise  3  parts  of  slaked  lime. 
The  saponified  &t  now  liboatsd  from  the  lime,  which  is  thrown  down  to  the  bottom 
of  the  tub  in  a  state  of  sulphate,  is  skimmed  off  the  snr&ce  of  the  watery  menstrunm 
into  a  third  eontignons  tab,  where  it  is  washed  with  water  and  steam. 

The  washed  mixture  of  stearic,  maigaric,  and  oldc  acids,  is  next  cooled  in  tin  pans ; 
then  shaTed  by  large  knives  fixed  on  the  &oe  of  a  fly-wheel,  called  a  tallow-catter, 
preparatory  to  its  being  suljected  in  canvas  or  caya  bags  to  the  action  of  a  powerful 
hy<uaulic  press.  Here  a  large  portion  of  the  oleic  acid  is  expelled,  carrying  with  it  a 
little  of  the  margaric.  The  pressed  cakes  are  now  subjected  to  the  action  of  water  and 
steam  once  more,  after  which  the  snpematant  stearic  acid  is  mn  aS,  and  cooled  in 
moolds.  The  cajras  are  then  ground  by  a  rotatory  rasping-machine  to  a  sort  of  mealy 
powder,  which  is  pat  into  canvas  bags,  and  subjected  to  the  joint  action  of  steam  and 
pressure  in  a  horizontal  hydraulic  press  of  a  peculiar  constroction,  somewhat  similar 
to  that  which  has  long  been  used  in  London  for  pressing  spermaceti.  The  cakes  of 
stearic  acid  thus  ficeed  completely  from  the  margaric  and  oleic  acids,  are  subjected  to 
a  final  cleansing  in  a  tab  with  steam,  and  then  melted  into  hemispherical  masses  called 
'  blocks.'  When  these  blocks  are  broken,  they  display  a  higUy  crystalline  texture, 
which  would  render  them  unfit  for  making  candles.  Tlus  texture  is  therefore  broken 
down  or  comminnted  by  fusing  the  stearine  in  a  plated  copper  pan,  along  with  one- 
thoasandth  part  of  pulverised  arsenious  acid,  after  which  it  is  ready  to  be  cast  into 
candles  in  apprwriato  moulds.    See  Oakslb. 

Moinier  and  &iotigny  introduced  a  process  by  which  the  production  of  stearic  acid 
has  been  considerably  increased.  Two  tons  of  tallow  and  000  gallons  of  water  are 
introduced  into  a  large  rectangular  vat  of  about  270  fset  capacity.  The  tallow  is 
melted  by  means  of  steam  admitted  through  a  pipe  cpiled  round  the  bottom,  and  tha 
whole  kept  at  the  boiling  point  for  an  hour,  during  which  a  current  of  sulphurous  arid 
is  forced  in.  At  the  end  c^T  this  period  6  cwte.  of  bme,  mads  into  milk  with  360  gallons 
of  water,  are  added.  The  mixture  ^oon  acquires  consistency,  and  becomes  frothy  and 
viscid.  The  whole  is  now  agitated,  in  order  to  regulate  the  ebullitions  and  prevent 
the  sudden  swelling  up  of  the  soapy  materials.  The  pasty  appecuance  of  the  lime 
soap  succeeds,  and  it  then  agglomerates  into  small  nodular  masses.  The  admission  of 
salpharous  acid  is  now  stopped ;  but  the  injection  of  the  steam  is  continued  until  the 
small  massoi  become  hard  and  homogeneous.  The  whole  period  occupies  eight  hours, 
but  the  admission  of  sulphurous  acid  is  discontdnned  at  the  end  of  about  three  hours. 
The  water  containing  the  glycerine  is  mn  off  through  a  tube  into  cisterns  prepared  to 
receive  it  The  arrangements  for  producing  sulphurous  acid  are  retorte  into  which 
are  put  sulphuric  acid  and  pieces  of  wood  ;  upon  the  application  of  heat  the  sulphurous 
ncid  passes  o£^  and  is  conveyed  by  leaden  pipes  into  we  vessel  containing  the  tallow. 
Tlie  Ume-soap  formed  is  then  moistened  with  12  cwts.  of  snlphorio  acid  at  162°  Fahr., 
dilated  with  60  gallons  of  water.  The  whole  is  thoronghly  agitated,  and  the  steam 
cautjously  admitted,  so  as  not  to  dilute  the  acid  too  mntui  until  the  decomposition  is 
general  at  all  points.  This  occupies  about  three  hours,  and  in  two  or  three  hoars 
more  the  sulphate  of  lime  has  collected  at  the  bottom,  while  the  fatty  adds  are 
floating  on  the  surface  of  the  solution  of  the  sulphate  of  lime.  Several  processes  of 
washing  with  steam  and  water  are  necessary  to  ensure  the  removal  of  the  sulphate  of 
lime,  &c.,  and  after  settling  for  four  hours,  the  fatty  acids  are  forced  through  a  fixed 
syphon  into  a  vat,  where  tbe^  are  again  washed  with  water ;  they  are  then  syphoned 
at  last  into  a  trough  lined  with  lead,  on  the  bottom  of  which  are  placed  leaden  gutters 
pierced  below  by  long  pegs  of  wood.  The  fatty  adds  are  then  placed  in  doths,  and 
subjected  to  pressure  in  the  stearine  cold  press  as  described  below. 

It  is  important  for  the  &tty  adds  to  cool  slowly,  for  thus  the  confused  crystallisation 
is  prevented,  and  the  expulsion  of  the  oleic  add  facilitated.  When  the  cakes  are 
sobd  they  are  placed  between  sacks  of  horse-hair,  and  snbmitted  to  a  second  pressure 
at  high  temperature.  The  whole  is  covered  with  oil-skin,  and  the  temperature  raised 
to  168°'5  Pahr.,  when  pressure  is  applied.  The  heat  slowly  falls  to  113°  Fahr.,  and 
altimately  reaches  96°  to  80°  Fahr.  This  operatian  laste  about  an  hour.  The  cakes  of 
stearic  add  afe  sorted  according  to  colour  and  transparency,  and  about  20  cwte.  are 
then  introduced  into  a  vat  constructed  of  wood  lined  with  sheet-iron.  This  is  boiled 
by  means  of  steam  admitted  through  a  leaden  pipe,  which  is  afterwards  employed  in 
heating  a  stove.  Water  acidulated  is  first  employed,  and  afterwards  pure  water. 
When  the  materials  are  boiling,  the  whites  of  twenty-two  eggs  are  introdnced,  and 
the  albumen  is  intimately  mixed  by  the  violent  ebnlhtion.  As  soon  as  the  albumen 
is  coflguliited,  the  whole  is  allowed  to  cool,  and  the  stearic  acid  is  removed  to  another 
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spaitment,  wiwn  it  is  kept  in  s  state  of  agitation  to  prerent  tho  formation  of  ciystala, 
and  allow  the  cooling  to  be  as  gradoal  as  possible.    It  is  now  fit  for  candles. 

The  oold  hydraulic  press,  as  monnted  by  Hessrs.  Mandslay  and  field,  fat  equeenns 
ont  the  oleic  add  from  saponifled  tut,  or  the  oleine  from  coeoa-nnt  lard,  is  represented 

Scale  (fS'iOth*  tfftm  ineh  to  tktfoot. 


1896 


in  plan  in  fig.  1895,  in  side  riew  of  jump  in  fig,  1896,  and  in  elevation,  fig.  I9ffl, 
where  the  same  letters  refer  to  like  objects. 

A,  A,  are  two  hydraulic  presses ;_  b,  the  frame ;  c,  the  cylinder ;  d,  the  niston  or 
mm ;  li^  the  follower ;  r,  the  recess  in  the  bottom  to  receive  ^e  oil ;  o,  twilled  woollen 

bags,  with   the    material  to    be 
1896  ^ 


having  a  thin  plate  of 
wTooght  iron  between  each ;  H, 
apertnres  for  the  discharge  of  the 
oil ;  I,  cistern  in  which  the  pumps 
are  fixed ;  x,  framing  for  machi- 
nery to  work  in ;  l,  two  pumps, 
large  and  small,  to  iqject  the  water 
into  the  qrlinders;  u,  a  ^me 
containing  three  double  branches ; 
N,  three  branches,  each  having  two 
stops  or  plugs,  by  which  the  action 
of  one  of  Uie  pumps  may  be  in- 
tercepted from,  or  communicated 
to,  one  or  botJi  of  the  presses; 
the  large  pump  is  worked  at  the 
beginning  ot  the  operation,  and 
tho  small  one  towards  the  end ;  by 
these  branches,  one  or  both  presses 
may  be  discharged  when  the  opera- 
tion is  finished ;  o,  two (npee  from 
the  pnmps  to  the  brandies;  p, 
pipe  to  return  the  water  from 
the  cylinders  to  the  dsteros ;  o,  pipes  leading  from  the  pumps  through  the  branches 
to  the  cylinders;  k,  conical  drum,  fixed  upon  the  main  shaft  t,  driven  by  the 
steam-engine  of  the  factory ;  s,  a  like  conical  drum  to  work  the  pumps ;  t,  a  narrow 
leather  strap  to  communicate  the  motion  from  k  to  8 ;  v,  a  long  screw  bearing  a  nut, 
which  works  along  the  whole  length  of  the  drum ;  ▼,  the  fork  or  guide  for  moving  the 
etrap  t  ;  w,  w,  two  hanging  bearings  to  carry  the  drum  s ;  x,  a  pulley  on  the  spindle 
of  the  drnm  s ;  t,  the  main  shaft ;  z,  fly-wheel  with  groove  on  the  edge,  driven  by  the 
pulley  X ;  on  the  axis  of  s,  is  a  double  crank,  which  works  the  two  puipps  l.  a  is  a 
pulley  on  the  end  of  the  long  screw,  p  ;  an  endless  cord  passes  twice  round  this  pulley, 
and  under  a  pulley  fixed  in  the  weight,  b  ;  by  laying  hold  of  both  sides  of  this  coid, 
and  raising  or  lowering  it,  the  forked  guide  v,  and  the  leather  strap  T,  are  moved  back- 
wards or  forwards,  by  means  of  the  nut  fixed  in  the  guide,  so  as  to  accelerate  or  re- 
tard at  pleasure  the  speed  of  the  working  of  the  pumps ;  c  is  a  piece  of  iron,  with 
a  loi^  slit,  in  which  a  pin,  attached  to  the  fork  v,  travels,  to  keep  it  in  the  TerUcal 
poatioo. 
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The  accompanying  fiq.  1898,  is  •  view  both  of  the  exterior  and  the  interior 
of  the  saponifying  tan  of  a  etearine  factory ;  where  the  constatoents  of  the  tallow  are 
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combined  with  quicklime,  by  the  interrention  of  water  E^id  steam :  a  is  the  upright 
•haft  of  iron,  tamed  by  the  berel-wheel  abore,  in  gear  with  another  bevel-wheol  on 
the  moving  shaft,  not  shown  in 

this  figure.     This  upright  shaft      '  1898 

bears  seTeral  arms,  dy  ftimished 
with  large  teeth.  The  tun  is 
bound  with  strong  hoops  of  iron, 
and  its  contents  are  heated  by 
means  of  a  spiral  tube  laid  on 
the  bottom,  perforated  with  na- 
merous  holes,  and  connected  by  a 
pipe  with  a  high-pressnre  steam- 
boiler. 

Fig.  1899  (next  page)  repre- 
sents a  loiuitudinsl  section  of  the 
horizontal  hydraulic  press  for  de- 
priving stearic  acid,  as  also  sper- 
maceti, of  all  their  fluid  oily  impu- 
rities, a  is  the  cylinder  of  the 
press ;  h,  the  ram  or  piston ;  i  d, 
iron  plates  preriously  heated,  in- 
closing hair  and  flannel  bags  and 
placed  between  every  two  cajces  to 
&cilitata  the  discharge  of  their 
oily  matter ;  e,  e,  solid  iron  end  of 
the  press,  made  to  resist  great  pres- 
sure ;  it  is  strongly  bolted  to  the 
cylinder  a,  so  as  to  resist  the  force 
of  the  ram ;  g,  g,  are  rods  for 
bringing  back  the  ram  h  into  its  place  after  the  pressure  is  over,  by  means  of  counter 
weights  suspended  to  a  chain,  which  passes  over  the  pulleys  h,h;  t,  t,  a  spout  and 
a  sheet-iron  pan  for  receiving  the  oily  fluid. 

SnUUUWB  (from  Gr.  ariof,  lUar, '  tallow').    The  solid  portions  of  flits  are  known 
by  this  term,  the  fluid  portions  being  called  oleine,  from  Iaowk,  daion, '  ml.'   If  meltpd 


Digitized  by 


Google 


894 


STEEL 


tallow  be  dissoWed  in  about  eight  tinus  its  weight  of  ether,  on  codling  the  oleine 
alone  nmaiiM  diasolTed,  the  etearine  crvstaUisee,  and  can  be  rendered  abMlntely  pnre 

1899 


by  washing  with  ether.  Stearine  ia  a  solid  tianspatent  substance,  easily  reduced  to 
powdor.  At  one  time  steaiine  was  an  object  of  maira&ctTtie ;  but  the  |m>daction  of 
stearic  acid  has  snperseded  it. 

We  Imported  tn  1873  thefoUowtng  quaniitui  of  Stearin*  and  Tallow : — 


Cwtfc 

Talae 

From  Bufisia 
„      Holland    . 
„     France      . 
„     United  States  of  America 
„     Brazil 
„      Uruguay  . 
„      Argentine  B^mblio  . 
„      Australia  . 
„      British  North  America 
„     Other  countries 

210,009 

6,779 

7,019 

493,138 

33,134 

144,860 

819,918 

290,107 

11,967 

10,400 

£ 

448,118 

20,224 

21,331 

1,012,102 

67,808 

803,962 

661,009 

680329 

23,617 

22,623 

Total  . 

• 

1,627,821 

8,162,413 

STB&XITS,  or  8oap$tont  {Speekttan,  Qet.),  is  a  mosBive  rariety  of  tale.  It  has 
A  greyish-white  or  greenish-white  colour,  often  marked  with  dendritic  delinealnons, 
and  occurs  massive ;  it  has  a  dull  or  fatty  lustre ;  a  coarse  splintaiy  fracture,  with 
translucent  edges ;  a  shining  streak ;  it  writes  feebly ;  is  soft,  and  easily  cut  with  a 
knife,  but  somewhat  tough  ;  does  not  adhere  to  the  tongue ;  feds  Tray  greasy ;  in- 
fusible before  the  blowpipe ;  specific  gravity  from  2-6  to  2-8.  It  is  found  frequently  ia 
small  contemporaneous  Teins  traversing  serpentine  in  all  directions,  as  at  Portsoy  in 
Shetland,  in  the  limestone  of  Icolmkiln,  in  die  serpentine  of  Oomwall,  in  Anglesey, 
in  Saxony,  Bavaria  (at  Bayreuth),  Hungaiy,  Sec  The  chemical  composition  of  steatite 
is  silica  62-14,  magnesia  32-92,  water  4-94,  being  sometimes  contaminated  with  and 
coloured  with  a  little  iron,  manganese,  or  chrome.  It  is  occasionally  used  in  the 
manufacture  of  porcelain.  It  makes  the  biscuit  semi-transparent,  but  rather  brittle, 
and  apt  to  crack  with  slight  changes  of  heat.  It  ia  em^oyed  ton  polishing  serpentine, 
marble,  gypseous  alabaster,  and  mirior-glass ;  as  the  bans  of  cosmetio  powder ;  and 
as  an  ingredient  in  anti-attrition  pastes,  sold  under  the  name  of  lyenek  Chalk ;  it 
is  dusted  in  powder  upon  the  inside  of  boots,  to  make  the  feet  glide  easily  into  than ; 
when  rubbed  upon  grease-spots  in  silk  and  woollen  clothes,  it  removes  the  stains  by 
absorption  ;  it  enters  fnto  tiie  composition  of  certain  crayons,  and  ia  used  itself  for 
making  traces  upon  glass,  silk,  &c.  The  spotted  steatite,  cut  into  cameos  and  cal- 
cined, assumes  an  onyx  aspect.  Soft  steatite  forms  excellent  stoppers  tat  the  chemical 
apparatus  used  in  distilling  or  subliming  corrosive  vapours.  Lamellar  steatite  is  tale 
See  Talc. 

■Xaai  (Acier,  Fr. ;  Slahl,  Gex.)  is  a  carburet  of  iron,  more  or  lees  Creed  from 
foreign  matter,  and  may  be  prodnced  by  two  processes  opposed  to  each  otbar :  first, ' 
by  workiEg  pig-iron,  which  contains  4  to  6  per  cent,  of  carbon,  in  a  suitable  fiunace, 
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until  aaoh  earbon  b  nduoed  to  the  qtumtitj  nqoired  for  constituting  steel,  which  is 
about  1  per  cut. ;  the  second  method  is  to  heat  iron  bars  in  contact  with  charcoal, 
until  they  have  absorbed  that  quantitjr  of  carbon  which  may  be  required. 

Steel  may  be  classed  into  thne  kinds: 

iBt.  Natmnl  steel,  which  is  manufiictuied  £K>m  pig-iion  direct. 

2nd.  Cemented  or  converted  steel,  iriiich  is  praduced  by  the  carbonisation  of 
wrought  inm. 

3id.  Cast-steel  which  is  produced  by  the  ftudon  of  either  natural  or  cemented  steel, 
but  principally  &om  the  latter. 

The  various  kinds  of  iron  which  are  used  for  the  mann&ctoro  of  steel  were  formerly 
imported  from  Sweden,  Norway,  and  Bussia ;  but  the  high  price  of  Swedish  and  other 
steel-iion  has  compelled  the  commmers  to  look  elsewhere  for  a  supply  of  suitable  iron, 
and  to  offir  evoy  encouragement  to  T^gli'h  manu&ctuiers  so  to  improve  their 
steel-irons  as  to  render  them  suitable  for  the  production  of  steeL  ^ 

England  now  furnishes  a  large  quantity  of  iron  suitable  for  steel  purposes,  which 
may  be  estimated  at  20,000  tons  per  annum  ;  this  iron  is  manu&ctured  with  great 
care,  often  with  an  admixture  of  charcoal  pig-iron,  and  various  chemical  reagents, 
which  are  added  at  the  caprice  of  each  manufacturer. 

It  is  of  the  highest  importance  that  the  iron  used  for  steel  purposes  should  be  as 
pure  as  possible ;  Uiose  irons  which  have  long  enjoyed  t^  hig^iest  reputation  are  manu- 
factored  from  the  Dannemora  ores  in  Sweden  ;  the  whole  of  the  steel-itons  produced 
in  that  country  are  smelted  from  the  magnetic  and  red  oxides  containing  usually  60 
per  cent,  of  metal. 

Natural  or  German  steel  is  so  called  because  it  is  produced  direct  from  pig-iron, 
the  result  of  the  fusion  of  the  spathose  iron  ores  alone,  or  in  a  small  degree  mixed 
with  the  brown  oxide.  This  onde-iron  contains  4  to  5  per  cent  of  carbon  and  4  to  5 
per  cent,  of  manganese,  Karsten,  Hassenfrats,  Harcher,  and  BMumnr,  all  advocate 
the  use  of  grey  pig-iron  for  the  productdon  of  steel ;  indeed  they  distinctly  state  that 
the  best  qualities  cannot  be  produced  without  it ;  they  state  that  the  object  of  working 
it  in  the  furnace  is  to  clear  away  all  foreign  matters,  but  there  can  be  no  advantage 
guned  by  retaining  Uie  carbon  and  retaining  it  with  the  iron.  The  theory  is  incor- 
rect, although  it  is  supported  by  such  high  authorities.  Orey-iron  contains  the  maxi- 
miuu  quantity  of  carDon,  and  consequently  remains  for  a  longer  time  in  a  state  of 
fluidity  than  iron  containing  less  carbon ;  the  metal  is  not  only  mixed  up  with  the 
foreign  matter  it  may  itself  contain,  but  also  that  with  which  it  may  become  mixed  in 
the  Aimace  in  which  it  is  worked.  This  prolonged  working,  which  is  necessary  in 
order  to  bring  highly-carbonised  metal  into  a  malleable  state,  increases  the  tendency 
to  produce  nlicated  oxides  of  iron  ;  which  mixing  with  the  steel  produced  renders  it 
'  red  short,'  and  destroys  many  good  qualities  which  the  pig-iron  may  have  originally 
possessed.  In  Austria,  where  a  large  quantity  of  natural  steel  is  produced,  the  fluid 
metal  is  tapped  frt>m  the  blast-flirnace  into  a  round  hole ;  water  is  sprinkled  on  the 
surface  which  chills  it,  and  thus  forms  a  calce  about  half  an  inch  thick.  This  is  taken 
from  the  surface,  and  the  operation  is  again  performed  until  the  whole  is  formed  into 
cakes,  they  are  then  piled  edgewise  in  a  furnace,  and  covered  with  charcoal,  and  heated 
to  a  full  red  heat  for  about  48  hours ;  by  this  process  much  of  the  carbon  is  discharged. 
Tl\ese  cakes  are  then  used  for  producing  steel  in  the  refinery.  A  much  superior 
quality  is  thus  obtained  with  greater  economy.  It  appears  that  the  most  perfect  plan 
for  manu&cturing  the  steel  is  to  tree  the  crude  metu  as  much  as  possible  from  its 
impurities  whilst  in  a  fluid  state.  The  furnaces  used  for  the  production  of  natural 
steel  are  like  the  refineries  in  which  chaicoal-iron  is  produced.  In  all  countries  their 
gtneral  construction  is  the  same,  but  each  has  its  own  peculiar  mode  of  working.  We 
find  therefore,  the  German,  the  Styiian,  the  Carinthian,  and  several  other  distinct 
methods,  yet  all  producing  steel  from  cnide-iron  directly,  although  pursuing  different 
modes  of  operation.  These  differences  arise  from  the  nature  of  the  pig-iron  each 
country  produces,  and  the  peculiar  habits  of  the  workmen.  These  modified  processes 
do  not  affect  the  theory  of  tne  manufacture  of  tJie  tbeei,  but  rather  accommodate  them- 
selves to  the  peculiar  character  of  the  metal  produced. 

Fu.  1900  shows  a  ground-plan  of  the  taxnaee ;  fig,  1901  an  elevation  ;  and^.  1902 
the  form  of  the  fire  itself  and  the  position  of  the  metal  within  it.  The  fire,  D,  is  24 
inches  long  and  24  inches  wide ;  k.  A,  A,  are  matal  plates,  surrounding  the  furnace. 

Fig.  1901  shows  the  elevation,  usually  built  of  stone,  and  braced  with  iron  bars. 
The  fire,  o,  is  16  inches  deep  and  24  inches  wide;  before  the  tuy^,  at  b,  a  space  is 
left  under  the  flre,  to  allow  the  damp  to  escape,  and  thus  keep  the  bottom  dry  and  hot. 

In^.  1902  there  are  two  tuyires,  but  only  aae  tuyire  iron,  which  receives  both  the 
blast  nozzles,  which  axe  so  laid  and  directed  that  the  currents  of  air  cross  each  other, 
as  shown  by  the  dotted  lines ;  the  blast  is  kept  as  regular  as  posmble,  so  that  the  fire 
may  be  of  one  uniform  heat,  whatever  inteosity  may  be  required. 
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Fig.  1902  thowR  the  fire  itself,  with  the  metal,  chnrooal,  and  blast.    A  U  a  bottom 
of  charcoal,  rammed  down  very  close  and  baid.     b  is  another  bottom,  bnt  not  w> 
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closely  beaten  down ;  this  bed  of  charcoal  protects  the  luider  one,  and  serves  also  to 
gire  oat  carbon  to  the  loop  of  steel  daring  its  production,    o  is  a  thin  stiatnm  of 
J9Q2  metal,  irtu'ch  is  kept  in  the  fire  to  sorroond  the  loop. 

D  shows  the  loop  itself  in  progress. 

When  the  fire  is  hot,  the  first  operation  is  to  melt 
down  a  portion  of  pig-iton,  say  60  to  70  pounds  accord- 
ing as  the  jrig  contains  more  or  less  carbon ;  the  char- 
coal is  pushed  back  from  the  upper  part  of  the  fire,  and 
the  blast,  which  is  then  reduced,  is  allowed  to  play  upon 
the  snr&ce  of  the  metal,  adding  finm  time  to  time 
some  hammer-slag,  or  rich  cinder,  the  result  of  the 
prcTioas  loop.  All  these  operations  tend  to  decarbonite 
the  metal  to  a  certain  extent;  the  mass  begins  to 
thicken,  and  at  length  becomes  solid.  The  workman 
then  draws  together  the  charcoal  and  melts  down 
another  portion  of  metal  upon  the  cake ;  this  operation  renders  the  face  of  the  cake 
again  finid,  but  the  operation  of  decarbonisation  being  repeated  in  the  second 
charge,  it  also  thickens,  incorporates  itself  with  the  previous  cake,  and  the  whole 
becomes  hard  ;  metal  is  again  added  until  the  loop  is  completed.  Daring  these  sue- 
cassire  operations,  the  loop  is  never  raised  before  the  blast,  as  it  is  in  making  iron,  bat 
it  is  drawn  ftom  the  fire  and  hammered  into  a  large  bloom,  which  is  cut  into  several 
pieces,  the  ends  being  kept  separated  horn  the  middle  or  more  solid  parts,  which  are 
the  best. 

This  operation,  apparently  so  simple  in  itself,  requires  both  skill  and  care ;  the 
workman  has  to  judge,  as  the  operation  proceeds,  of  the  amount  of  carbon  which  he 
has  retained  ftom  the  pig-iren ;  if  too  much,  the  result  is  a  very  raw,  crude,  nn- 
treatable  steel ;  if  too  little,  he  obtains  only  a  steelifled  iron ;  ha  has  also  to  keep  the 
cinder  at  a  proper  degree  of  fluidity,  whidi  is  modified  from  time  to  time  by  Uie 
addition  of  qaiucts,  old  slags,  jce.  It  is  nsual  to  keep  from  two  to  three  inches  of 
cinder  on  the  face  of  the  metal,  to  protect  it  from  the  direct  action  of  the  blast.  The 
fire  itself  is  formed  of  iron  plates,  and  the  two  charcoal-bottoms  rise  to  within  nine 
inches  of  the  tayire,  which  is  laid  flatter  than  when  iron  is  being  made.  This 
position  of  the  tuyere  causes  the  flre  to  work  more  slowly,  but  it  ensures  a  better 
result. 

The  quantity  of  blast  required  is  about  180  cubic  feet  per  minato.  Oood  workmen 
make  7  cwts.  of  steel  in  17  hours.  The  waste  of  the  pig-iion  is  ttaia  20  to  25  per  cent., 
and  the  quantity  of  charcoal  consumed  is  240  busnels  per  ton.  The  inclination  of 
the  tuytre  is  12  to  15  degrees.  Tfae  flame  of  the  fire  is  the  best  guide  for  the  work- 
men. During  its  working  it  should  be  a  red  bluish  colour.  When  it  becomes  white 
the  to  is  working  too  hot. 

l^en,  care  has  been  taken  in  melting  down  each  portion  of  metal,  and  a  complete 
and  perfect  layer  of  steel  has  been  obtained  after  each  sudcessive  melting,  when  the 
cinder  has  had  due  attention,  so  that  it  has  been  neither  too  thick  nor  too  thin,  and 
the  heat  of  the  flre  regulated  and  modified  during  the  progressive  stages  of  the 
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process,  then  a  good  result  is  obtained ;  a  fine-grained  steel  is  produced,  which  draws 
under  tjie  hammer,  and  haidens  well.  Howerer  good  it  may  be  it  possesses  one  great 
defect ;  it  is  this.  During  its  manu&cture,  iron  is  produced  along  with  the  steel,  and 
becomes  so  intimately  mixed  up  with  it,  that  it  ii^nies  the  otherwise  good  qualities  of 
the  steel ;  the  iron  becomes,  as  it  were,  interlaced  throughout  the  mass,  and  thus 
destroys  its  hardening  quality.  When  any  tool  or  instrument  is  made  from  natural 
steel,  unless  it  has  been  well  refined,  it  will  not  receive  Bivermcment  cutting  edge; 
the  iron  part  of  the  mass,  of  course,  not  being  hard,  the  tool  cuts  only  upon  £e  steel 
portion ;  the  edge,  therefore,  Tery  soon  becomes  destroyed.  There  is  another  defect  ia 
natural  steel,  but  it  is  of  less  importance.  When  too  much  carbon  has  been  left,  the 
steel  is  raw  and  coarse,  and  it  draws  very  imperfectly  under  Uie  hammer ;  the  articles 
manufactured  irom  such  steel  often  break  in  baldening ;  thus  it  is  erident,  that  ia 
prododng  this  kind  of  steel,  every  care,  skill,  and  attention  is  required  at  the  hands  of 
the  worlcman. 

The  raw  steel,  being  imperfect,  is  not  considered  so  much  an  article  of  commerce 
with  the  manniaetnrer,  but  it  is  sold  to  the  steel-refiners,  who  submit  it  to  a  process  of 
welding.  The  raw  steel-bloom  is  drawn  into  bars  one  or  two  inches  wide  and  half  an 
inch  tmck,  or  less ;  a  number  of  these  are  put  together  and  welded ;  these  bars  are 
then  thrown  into  water,  and  they  are  broken  in  smaller  pieces  to  examine  the  fracture ; 
those  bars  which  are  equally  steelified  are  mixed  together.  In  manufacturing  refined 
steel,  the  degree  of  hardness  is  selected  to  suit  the  kind  of  article  which  it  is  intended 
to  make.  A  bar,  two  to  three  feet  long,  forms  the  top  and  bottom  of  the  bundle,  but 
the  inside  of  the  packet  is  filled  with  the  small  pieces  of  selected  steeL  This  packet  is 
then  placed  in  a  hollow  fire,  and  carefully  covered  from  time  to  time  with  pounded 
clay,  to  form  a  coat  over  the  metal,  and  preserve  it  &om  the  oxidising  infinence  of  the 
blast  When  it  is  at  a  full  welding  heat  it  is  placed  under  a  hammer,  and  made  as 
sound  and  homogeneous  as  possible ;  it  is  again  cut,  doubled  together,  and  again 
welded.  For  very  fine  articles,  the  refining  is  increased  by  several  doublings,  but  this 
is  not  carried  at  present  to  so  great  aa  extent  as  formerly,  since  cast  steel  is  substituted, 
being  in  many  cases  cheaper. 

Natural  steel  being  expensive,  many  attempts  were  made  in  Westphalia  to  produce 
a  kind  of  steel  by  paddling  pig-iron  in  a  peculiar  manner ;  a  patent  was  taken  out  in 
England  by  Hr.  Iliepe,  and  a  considerable  quantity  of  this  steel  was  produced.  In  Mr. 
Biepe's  description  of  this  process,  he  says : — 

'I  employ  the  puddling  furnace  in  the  same  way  as  for  making  wrought  iron.  I 
introduce  a  charge  of  about  280  lbs.  of  pig-iron,  and  raise  the  temperature  to  redness. 
As  soon  as  the  metal  begins  to  fuse  and  trickle  down  in  a  fluid  state,  the  damper  is  to 
be  partially  dosed  in  order  to  temper  the  heat  From  12  to  IS  shovelsful  of  iron 
cinder  discharged  from  the  rolls  or  squeezing  machine  are  added,  and  the  whole  is 
to  be  uniformly  melted  down.  The  mass  is  then  to  be  paddled  with  the  addition  of  a 
little  black  oxide  of  manganese,  common  salt,  and  dry  day,  previously  gronnd  to- 
gether. After  this  mixture  has  acted  for  some  minutes,  the  damper  is  to  be  fully 
opened,  when  about  forty  pounds  of  pig-iron  is  to  put  into  the  furnace,  near  the  fire- 
bridge, upon  elevated  beds  of  cinder  prepared  for  that  puqraee.  When  this  pig-iron 
begins  to  trickle  down,  and  the  mass  on  the  bottom  of  the  surfoce  be^ns  to  boil  and 
throw  out  from  the  surface  the  well-known  blue  jets  of  flame,  the  said  pig-iron  is 
raked  into  the  boiling  mass,  and  the  whole  is  then  well  mixed  together.  The  mass 
soon  begins  to  swell  np,  and  the  small  grains  begin  to  form  in  it  and  break  through 
the  melted  cinder  on  uie  surface.  As  soon  as  these  grains  appear,  the  damper  is  to  be 
three-quarters  shut,  and  the  process  dosely  inspected  while  the  mass  is  being  puddled 
to  and  fro  beneath  the  covering  layer  of  cinder.  Daring  the  whole  of  this  process  the 
heat  should  not  be  raised  above  cherry-redness,  or  the  wdding  heat  of  shear-steeL 
The  bine  jets  of  flame  gradually  disappear,  while  the  formation  of  grains  continues,, 
which  grains  very  soon  begin  to  fuse  together,  so  that  the  mass  becomes  waxy,  and 
has  the  above-mentioned  (merry  redness.  If  these  precautions  are  not  observed,  the 
mass  would  pass  more  or  less  into  iron,  and  no  uniform  steel  product  could  be  obtained. 
As  soon  as  the  mass  is  flnished  so  far,  the  flre  is  stirred  to  keep  the  necessary  heat  for 
the  succeeding  operation :  the  damper  is  to  be  entirely  shut,  and  part  of  the  mass  is 
collected  into  a  ball,  the  remainder  always  being  kept  covered  with  dnder  slack.  This 
ball  is  brought  under  the  hammer,  and  then  worked,  into  bars.  The  same  process  is  con- 
tinued until  the  whole  is  worked  into  bars.  When  I  nse  pig-iron  made  from  sparry 
iron  ore,  or  mixtures  of  it  with  other  pig-iron,  I  add  only  alxiat  20  lbs.  of  the  former 
p^-iron  at  the  later  period  of  the  process,  instead  of  about  40  lbs.  When  I  employ 
Welsh  or  pig-iron  of  that  description,  I  throw  10  lbs.  of  best  plastic  clay,  in  a  dry 
granulated  state,  before  the  beginning  of  the  process,  on  the  bottom  of  the  furnace. 
I  add,  at  the  later  period  of  the  process,  about  40  lbs.  of  pig-iron  as  before  described, 
but  strew  over  it  cfay  in  the  same  proportion  as  just  mention«d.' 
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This  fteel  it  Ttrjr  natfal  tat  ihipeT  platea,  being  rerf  strong  and  rigid,  aad  thu*  re- 
qniring  less  freight  of  m«tal ;  it  msy  also  eventually  be  used  for  rails  aad  a  gnat 
Tariety  of  purposes,  for  whioh  at  present  strong  charcoal  at  scrap  iron  is  used. 

The  Faal  process  may  be  considered  as  an  improvement  upon  natural  steel,  the 
object  being  as  for  as  possible  to  carbonise  the  iron  fibres  wUch  this  kind  of  steel 
always  contains.  The  process  is  based  upon  the  old  one  of  Vanaecio :  it  consists  in 
plunging  iron  into  a  bath  of  melted  metaL  The  carbon  of  the  metal  combines  -with 
the  iron,  and  in  a  very  riiort.time  converts  it  into  steel.  This  process  inis  carried 
fbrther  by  Vanaccto,  -who  contrived  to  add  immght  iron  to  the  metal  nntil  he  had 
decarbonised  it  sufficiently ;  this  was  found  to  produce  a  steel,  but  unfit  for  genarnl 
use.  That  produced  by  plnnging  iron  into  metal  was  foood  to  be  a  very  hard  steel  on 
the  outside,  but  iron  within ;  while  that  produced  by  adding  iron  to  the  metal  was 
found  too  brittle  to  be  drawn.  The  Paal  method,  however,  was  a  decided  improremeiit 
in  the  manufacture  of  refined  natural  steeL  The  packets,  as  already  described  in  the 
refinement  of  natural  steel,  are  welded  and  drawn  to  a  bar ;  whilst  hot  they  are 
plunged  into  a  bath  of  metal  for  a  few  minutes,  by  which  the  iron  oontainad  in  the 
raw  steel  becomes  carlxnised,  and  thus  a  mors  regular  steel  is  obtained  than  that 
produced  by  the  common  process.  The  operatim  requires  great  care,  for  if  the  bars 
of  steel  be  left  in  the  metal  too  long  they  are  more  or  less  destroyed,  or  perhaps 
entirely  melted. 

The  foregoing  kinds  of  steel  may  be  classed  under  the  first  head  of  natural  stsel, 
being  manufactured  ttom  the  eruth  iron  direet. 

The  next  process  is  the  production  of  steel  by  introdneing  carbon  into  mallaable 
iron  which  is  the  reverse  of  the  process  already  described.  The  iron  to  be  converted 
is  placed  in  a  ftimace,  stratified  with  carbonaceous  matter,  aad  on  heat  being  ^iplied 
the  iron  absorbs  the  carbon,  and  a  new  eomponnd  is  thus  formed. 

At  a  very  early  period  charcoal  was  found  to  harden  iron,  and  to  give  it  a  better  and 
more  permanent  cutting  edge.  It  seems  probable  that  iW>m  hardening  small  objects 
bars  of  iron  were  afterwards  submitted  to  the  same  process.    To  BMumnr  certainly 


belongs  the  merit  of  first  bringing  the  process  of  converdon  to  any  degree  of  per- 
fection.   His  work  contains  much  information  on  the  theory  of  cementadon ;  and 

although    his    investigations    are 
1905  r-  not  borne  out  by  the  practice  of 

the  present  day,  yet  the  first  prin- 
ciples laid  down  by  him  are  now 
the  guide  of  the  converter.  Our 
furnaces  are  much  laiger  than  those 
vsed  by  B^nmur,  and  they  are 
built  so  as  to  produce  a  more  uni- 
form and  sconomical  result.  The 
Aimace  of  cementation  in  which 
bar  iron  ia  converted  into  blistered 
steel  is  represented  in  Jifft.  1903, 
1904,  and  1906. 

It  is  rectangular,  and  oovsred 
in  by  a  semicireular  aieh,  in  the 
centra  of  which  thert  is  a  circular 
hole  left,  12  indies  diametor,  which 
is  opened  when  the  fnmaee  is 
cooling.     It  contains  two  chests,  called  ■  pots,'  c^  Ct  vaaa  eithsr  of  fire-stone  or  fire- 
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brides:  each  '  pot'  is  8  feet  wide,  3  feat  deep,  and  12  fest  long.  One  is  placed  on 
one  side,  and  the  other,  on  the  contraiy  side  of  the  fiie-giate,  a.  b,  irhioh  ocenpies  the 
irhda  length  of  the  furnace,  and  is  13  to  14  feet  long ;  the  grate  is  15  to  16  inches 
broad,  and  the  bars  rest  from  10  to  12  inches  below  the  inferior  plane  or  bottom  level 
of  the  '  pots ; '  the  height  of  the  arch  at  the  centre  is  fi^  feet  above  the  top  of  the 
'pots,'  the  bottoms  of  which  are  nearly  level  with  the  ground,  so  that  the  bars  of  iron 
do  not  need  lifting  so  high  when  charging  them  into  the  furnace.  The  flame  rises 
between  the  two  '  pots ; '  it  passes  also  below  and  around  them,  throogh  the  horizontal 
and  vertical  flues,  (2,  and  issues  from  the  furnace  through  the  six  small  Chimneys,  a,  into 
a  large  conical  space  which  is  built  around  tbe  whole  furnace,  30  to  40  feet  high,  open 
at  the  top.  This  cone  increases  the  draft  of  the  furnace,  and  carries  away  the  smoke. 
There  are  three  openings  in  the  front  of  the  aich:  two,  T,fiff.  1905,  above  the  pots 
serve  to  admit  and  remove  the  bars ;  thev  are  about  8  inches  square ;  in  each  a  piece 
of  iron  is  placed  upon  which  the  bars  slide  in  and  out  of  the  ftoiace.  The  workman 
enters  by  the  middle  opening,  f,  to  arrange  the  bars,  which  he  lays  flat  in  the  pots  and 
spreads  a  layer  of  charcoal,  ground  small,  between  each  layer ;  the  bars  are  laid  near 
each  other,  excepting  those  next  to  the  side  of  the  pot,  which  are  placed  an  inch 
trom  it ;  the  last  stratum  of  iron  is  covered  with  a  thick  layer  of  charcoal,  and  the 
whole  is  carefully  covered  with  loamy  earth,  4  to  6  inches  thick.  The  iron  is  gra- 
dually heated ;  in  about  fbor  days  it  has  become  Ailly  heated  through,  and  the  furnace 
has  then  attained  its  maximum  heat,  which  is  maintained  for  2  or  3  days,  until  the 
first  test  bar  is  drawn  out ;  the  heat  is  afterwards  regulated,  according  to  the  degree 
of  hardness  which  may  be  required.  The  iron  is  converted  in  8  days  if  for  soft  steel, 
and  in  9  to  1 1  days  if  for  harder  purposes. 

Conversion  usually  commences  in  60  to  70  hours  after  the  furnace  is  lighted.  The 
pores  of  the  iron  being  opened  by  heat,  the  carbon  is  gradually  absorbed  by  the  mass 
of  the  bar,  but  the  carbomtation  at  conversion  is  effected,  as  it  were,  in  layers.  To 
ax^dain  the  Uiemy  in  the  clearest  manner,  sapposa  a  bar  to  be  composed  of  a  number 
of  laminte ;  the  oombination  of  the  carbon  with  the  iron  is  first  emoted  on  the  sur- 
face, and  gradually  extends  from  one  lamina  to  another,  until  the  whole  is  carbonised. 
To  effect  this  complete  carbonisation,  the  iron  requires  to  be  kept  at  a  considerable 
uniform  heat  for  a  length  of  time.  Thin  ban  t£  iron  are  much  sooner  eonverted 
than  thick  ones.  lUaumnr  states,  in  his  experiments,  that  if  a  bar  of  in»  ^ths 
of  an  inch  thick  is  converted  in  9  hours,  a  bar  j^ths  of  an  inch  would  require 
36  hous  to  attain  the  same  degree  of  hardness.  The  carbon  introduces  itself  me- 
eemvely,  the  first  lamina  or  snr&oe  of  a  bar  combining  with  a  portion  of  the  carbon 
with  which  it  is  in  contact,  gives  a  portion  of  the  carbon  to  the  second  lamina,  at  the 
same  time  taking  up  a  fresh  quantity  of  carbon  from  the  charcoal;  these  successive 
combinations  are  continued  until  the  whole  thickness  is  converted:  from  which  theory 
it  is  evident  that  f^m  the  exterior  to  the  centre  the  dose  of  carbon  becomes  propor- 
tionately leas.  Steel  so  produced  cannot  be  said  to  be  perfect ;  it  possesses  in  some 
degree  the  defect  of  natural  steel,  being  m(se  oarbonissd  on  the  sur&ce  than  at  the 
centxe  of  the  bar.  From  this  theory  we  perceive  that  steel  made  by  cementation  is 
diffwent  in  its  character  from  that  [miduaed  diractlyfton  crude  metal.  In  conversion 
the  carbon  is  made  snecesiively  to  panetista  to  the  eantre  of  the  bar,  whilst  in  the 
production  of  natural  steel,  the  molsonles  of  mstal  which  compose  the  mass  are  per  te 
charsed  with  a  certain  percentage  of  carbon  nscasaary  for  their  steeliflcation ;  not 
imbibed,  but  obtained  by  the  decarbonisation  of  the  crude  iron  down  to  a  point  requi- 
site to  produce  ateeh 

Bar  steel  is  also  used  for  manuf^uring  shear  steel.  It  is  heated,  drawn  to  lengths 
3  feet  long,  then  subjected  to  a  welding  heat,  and  some  six  or  eight  bars  are  welded 
together,  precisely  as  described  in  the  refinement  of  natural  steel ;  this  is  called  single 
shear.  It  is  farther  refined  by  doubling  the  bar,  and  submitting  it  to  a  second  welding 
and  hammering;  the  result  is  a  clearer  and  more  homogeneous  steel.  During  the 
last  few  years  tiie  manu&eture  of  this  steel  has  been  limited,  mechanics  prefnring 
a  soft  cast  rteel,  which  is  much  superior,  when  properly  manu&ctured,  and  which  can 
be  very  easily  welded  to  iron. 

The  process  of  melting  bar  steel,  and  thus  producing  cast  steel,  was  first  practically 
carried  on  by  Hr.  Huntsman  of  Atterdiffe:  the  process  itself  is  very  simple.  Fig,  1906 
shows  a  areas  section  of  the  fbmacs  commonly  used. 

The  furnace  a,  is  square,  lined  with  fire-stone  12  inches  by  22  wide,  and  36  inches 
deep  from  title  giate-l»r  to  the  under  aide  of  the  cover  B.  o  is  a  crucible,  of  which 
two  are  placed  in  one  'melting-hole.'  d  is  the  fine  into  the  chimney,  e,  which  is  about 
40  iitat  high,  lined  with  flre-briek.  There  is  an  air-fiue,  which  is  used  to  regulate  the 
draught  at  F.    G  is  the  ashpit,  and  E  the  cellar  which  is  arched  over. 

The  steel  is  broken  in  pieces  and  charged  into  the  crucible,  which  is  placed  on  a 
stand  and  provided  with  a  cover ;  coke  is  used  as  a  fuel,  and  an  intense  heat  is 
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obtained.  The  cnicible  ia  charged  three  times  during  the  day,  and  is  then  burnt  through ; 
the  first  charge  is  usnally  36  lbs. ;  vbich  requires  from  3  to  4  hours  to  melt  it;  the 


1907 


Moond  chaige  is  abont  S2  Ibe.,  which  is  melted  in  about  3  hours ;  the  last  charge  is 
29  to  30  lbs.,  which  does  not  require  more  than  2  to  2^  hours  to  become  perfectly 
melted.  The  consumption  of  coke  aTenges  3^  tons  per  ton  of  cast  steel.  When  the 
steel  is  completely  fluid  the  crucible  is  drawn  from  the  furnace^  and  the  steel  poured 
into  a  cast-iron  mould ;  the  result  is  an  ingot,  which  is  subeequently  rolled  or  ham- 
mered according  to  the  wants  of  the  consumer. 

AlUiough  the  melting  of  cast  steel  is  a  simple  process,  yet,  on  the  other  hand,  the 
mannfactnre  of  cast  steel  suitable  for  the  various  wants  Of  those  who  consume  it  re- 
quires an  extensiye  knowledge. 

Fig.  1907  represents  the  mould  for  making  the  crucibles 
used  for  melting  cast  steel.  £ach  manufacturer  makes'his 
own ;  K,  H,  is  a  solid  block  of  wood  let  into  the  floor, 
hsTing  a  hole  which  admits  a  round  piece  of  iron  flzed 
in  the  centre  of  the  ^lug  p.  The  material  of  which  the 
crucible  is  made  consists  of  22  lbs.  of  fire-clay  got  from 
Stanningtou,  near  ShefSeld,  from  the  nei^bourhood  of 
Bnrton-on-Trent,  or  Stourbridge;  2  lbs.  of  the  old 
crucible  after  it  has  been  used,  ground  to  powder,  and 
about  ^  lb.  of  ground  coke.  These  quantities  are  sufS- 
cient  for  one  crucible  of  the  oidinaiy  size.  This  compo- 
sition is  trodden  for  8  or  10  hours  on  a  metal-floor;  it 
is  then  cut  into  pieces  of  26  to  28  lbs. ;  each  piece  is 
rolled  round  nearly  to  the  size  of  the  mould  into  which 
it  is  introduced,  and  the  plug  f  is  driven  down  with  a 
mallet ;  the  mould  is  furnished  with  a  moveable  bottom  :  when  the  pot  is  made,  the 
mould  is  lifted  up  by  the  two  handles,  and  iizing  the  bottom  on  a  post,  the  mould 
fdls,  and  leaves  the  crucible  upon  it. 

Cast  steel  may  be  wanted  for  the  engraver.  It  may  be  produced  apparently  perfect, 
and  with  a  clear  surface,  but  may  be  so  improperiy  manuuctured,  that  when  the  plate 
has  been  engraved  and  has  to  be  hardened,  it  is  found  covered  with  soft  places.  The 
trial  is  even  greater  when  the  engraving  is  transferred  by  pressure  to  another  plate. 
It  is,  therefore,  evident  that  a  steel-maker  must  not  only  attend  to  the  intrinaie  quality 
of  his  steel,  but  he  has  to  use  his  judgment  a^  regards  the  degree  of  hardness  and 
tenacity  which  it  should  possess. 

In  manufacturing  the  commoner  description  of  steel,  particularly  cast  steel  made 
from  English  iron,  black  oxide  of  manganese  may  be  added  to  the  steel  in  the  cmeible^ 
and  acts  as  a  detergent.  The  oxygen  unites  with  a  portion  of  the  carbon  in  the  steel, 
forming  carbonic  oxide  gas,  which  acts  upon  the  imperfectly  metallic  portions  of  the 
steel  used,  and  liberates  the  metal  whilst  the  deleterious  matter  is  taken  up  and 
forms  a  slag  with  the  manganese.    There  ha«  been  a  great  controversy  regarding  the 
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inventioa  wUch  originated  -witli  Mr.  Heath.  This  sabetanca  is  not  generally  need 
when  the  Dannemora  irons  are  melted,  as  they  are  very  pure,  and  the  addition  of  an 
oxide  partially  destroys  the  temper  of  the  steel. 

Indian  Steel,  or  Wooie. — The  wootz  ore  consists  of  the  magnetic  oxide  of  iron,  associ* 
ated  'with  quartz  in  proportions  which  do  notseem  to  differ  much,  being  generally  about 
42  of  quartz  and  58  of  magnetic  oxide.  Its  grains  are  of  various  size,  dovn  to  a  sandy 
texture.  The  natives  prepare  it  for  smelting  by  pounding  the  ore,  and  winnowing  away 
the  stony  matrix,  a  task  at  which  the  Hindoo  females  are  very  dexterous.  The  manner 
in  which  iron  ore  is  smelted  and  converted  intowootz  or  Indian  steel,  by  the  natives  at 
the  pesent  day,  is  probably  the  very  same  that  was  practised  by  them  at  the  time  of 
the  invasion  of  Alexander ;  and  it  is  a  uniform  process  from  the  Himalaya  Mountains 
to  Cape  Comorin.  The  fbmace  or  bloomeiy  in  which  the  ore  is  smelted  is  from  4  to  5 
feet  high ;  it  is  somewhat  pear-shaped,  being  about  2  feet  wide  at  bottom,  and  1  foot  at 
top;  it  is  bnilt  entirely  of  clay,  so  that  a  couple  of  men  can  finish  its  erection  in  a  few 
hours,  and  have  it  ready  for  use  the  next  day.  There  is  an  opening  in  front  about  a  foot 
or  more  in  height,  which  is  built  up  with  clay  at  the  commencement,  and  broken  down 
at  the  end  of  each  smelting  operation.  The  bellows  are  usually  made  of  a  goat's-skin, 
which  has  been  stripped  from  the  animal  without  wppag  open  Hm  part  covering  the 
belly.  The  apertures  at  the  legs  are  tied  up,  and  a  nozzle  of  bamboo  is  fiutened  in 
the  opening  formed  by  the  neck.  The  orifice  of  Uis  tail  is  enlarged  and  distended  by 
two  slips  of  bamboo.  These  are  grasped  in  the  hand,  and  kept  close  together  in 
making  the  stroke  for  the  blast ;  in  the  returning  stroke  they  are  separated  to  admit 
the  air.  By  working  a  bellows  of  this  kind  with  each  hand,  making  alternate  strokes, 
a  pretty  uniform  blast  is  produced.  The  bamboo  nomles  of  the  bellows  are  inserted 
into  tubes  of  clay,  which  pass  into  the  furnace  at  the  bottom  comers  of  the  temporaiy 
wall  in  front.  The  furnace  is  filled  with  charcoal,  and  a  lighted  coal  being  introdneed 
before  the  nozzles,  the  mass  in  the  interior  is  soon  kindled.  As  soon  as  this  is 
accomplished,  a  small  portion  of  the  ore,  previously  moistened  with  water,  to  prevent 
it  from  running  throng  the  charcoal,  but  without  any  flux  whatever,  is  laid  on  the  top 
of  the  coals,  and  covered  with  charcoal  to  fill  up  the  flimace. 

In  this  manner  ore  and  fuel  are  supplied ;  and  the  bellows  are  urged  for  3  or  4  hours, 
when  the  process  is  stopped ;  and  the  temporary  wall  in  front  being  broken  down,  the 
bloom  is  removed  by  a  pair  of  tongs  from  the  bottom  of  the  furnace.  It  is  then  beaten 
witli  a  wooden  mallet,  to  separatees  much  of  the  scorite  as  possible  from  it,  and  while 
still  rod  hot,  it  is  cut  throngh  the  middle,  but  not  separated,  in  order  merely  to  show 
the  quality  of  the  interior  of  the  mass.  ■  In  this  state  it  is  sold  to  the  blacksmiths, 
who  make  it  into  bar  iron,  The  proportion  of  such  iron  made  by  the  natives  from  100 
parts  of  ore  is  about  16  parts.  In  converting  the  iron  into  steel,  the  natives  cut  it  into 
pieces,  to  enable  it  to  pack  better  in  the  crucible,  which  is  formed  of  refractory  clay 
mixed  with  a  large  quantity  of  charred  husk  of  rice.  It  is  seldom  charged  with  more 
than  a  pound  of  iron,  which  is  put  in  with  a  proper  weight  of  dried  wood  chopped 
small,  and  both  are  covered  with  ona  or  two  green  leaves ;  the  proportions  being  in 
general  10  parts  or  iron  to  1  of  wood  and  leaves.  The  month  of  the  crucible  is  then 
stopped  wit^  a  handful  of  tempered  clay,  rammed  in  very  closely,  to  exclude  the  air. 
The  wood  preferred  is  the  Cauia  auriculaia,  and  the  leaf  that  of  Uia  Axlmiat  gigantea 
or  the  Convolvulus  lttur\fciitu.  Aa  soon  as  the  clay  plugs  of  the  crucibles  are  dry, 
from  twenty  to  twenty-four  of  them  are  built  up  in  the  form  of  an  arch,  in  a  small  blast 
furnace ;  they  are  kept  covered  with  charcoal,  and  subjected  to  heat  urged  by  a  blast 
for  about  two  hours  and  a  half,  when  the  process  is  considered  to  be  complete.  The 
crucibles  being  now  taken  out  of  the  furnace  and  allowed  to  cool,  are  broken,  and  the 
steel  is  found  in  the  form  of  a  cake,  rounded  by  the  bottom  of  a  crucible.  When  the 
fusion  has  been  perfect,  the  top  of  the  cake  is  covered  with  strise,  radiating  horn  the 
centre,  and  is  free  from  holes  and  rongh  projections ;  but  if  the  fusion  has  been  im- 
perfect, the  surface  of  the  cake  has  a  honeycomb  appearance,  with  projecting  lumps 
of  malleable  iron.  On  an  average,  four  out  of  five  cakes  are  more  or  less  defective. 
These  imperfections  have  been  tried  to  be  corrected  in  London  by  remelting  tha 
cakes,  and  running  them  into  ingots ;  but  it  is  obvious  that  when  the  cakes  consist 
partially  of  malleable  iron  and  of  nnrednced  oxide,  simple  fusion  cannot  convert  them 
into  good  steel.  When  care  is  taken,  however,  to  select  only  such  cakes  as  are 
perfect,  to  remelt  them  thoroughly,  and  tilt  them  careMly  into  rods,  an  article  has 
been  produced  which  possesses  all  the  recjuisites  of  flue  steel  in  an  eminent  degree. 

The  natives  prepare  the  cakes  for  being  drawn  into  bars  by  annealing  them  for 
several  hours  in  a  small  charcoal  furnace,  actuated  by  bellows ;  the  current  of  air 
being  made  to  play  upon  the  cakes  while  tnrned  over  before  it ;  whereby  a  portion  of 
the  combined  carbon  is  probably  dissipated,  and  the  steel  is  softened  }  without  which 
operation,  the  cakes  Irould  break  in  the  attempt  to  draw  thorn.  They  are  drawn  by  a 
Juunmer  of  a  few  pounds  weight. 
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Hardening  and  tepiperiMff  gteel  is  a  delicate  operation.  Small  artiole*  of  cutloy  aro 
TisnaUy  hardened  by  flnt  heating  thtaa  to  a  led  heat  and  plunging  them  in  water : 
saws  and  soch  articles  are,  when  heated,  plunged  into  oil.  All  aiticlss  are  tempered 
br  careflilly  heating  them  when  hardened,  and  tJie  degree  of  temper  is  indicated  by  a 
change  in  Uie  colour  of  the  snrfiioe,  \riuch  is  first  straw.<!Qloared,  then  blue,  and  deep 
Une :  colour  is  tJins  made  the  most  delicate  test  for  the  degree  of  temper  given :  after 
this  operation,  steel  is  found  to  szpand  a  little.  Allc^  of  steel  have  been  Tery  carer 
fhlly  made  by  ICessrs.  Stoddart  and  Faraday ;  bat  it  can  hardly  be  said  that  any  alloy 
has  at  present  been  found  to  give  any  addition  to  the  intrinsic  quality  of  steeL  The 
empiric  titles  of '  silver  steel,' '  msteonc  steel,'  &c.,  may  be  legsrded  simply  as  &nciiiil 
names  to  reoomhi^d  the  artiele,  either  as  a  raw  material,  or  in  a  manu&ctund  state. 

Those  attides  called  ■  run  steel '  are  made  by  meltii^  pig-iion  and  pouring  it  into 
monlds  of  sand  in  which  the  required  article  has  been  moulded  ;  they  are  then  packed 
in  roDitd  iron  pots,  aboat  12  inches  diameter  and  16  to  18  inches  high,  along  with 
hematite  iron  ore  emshed  to  powder;  these  pots  are  packed  in  a  furnace,  and  heat 
is  applied  from  24  hours  to  serer^  days ;  the  oxygen  abstracts  the  carbon  from  the 
metal  of  which  the  articles  are  made,  and  they  become  to  a  certain  extent  malleable, 
EO  much  so,  that  pieces  a  quarter  of  an  inch  thick  may  be  bent  almost  double^  and  can 
be  drawn  out  under  a  hammer.  Forks,  table-knives,  sdssots,  and  many  other  cheap 
artides  are  so  made ;  also  a  vast  varietur  of  parts  of  cotton  and  Bax  machinery  are  so 
manufactured,  especially  tJMsa  parts  wUdi  are  difficult  to  foige. 

•  Damascus '  or  *  damasked  steel '  is  made  by  melting  together  iron  and  stasl,  or 
bars  of  steel  of  high  and  low  degrees  of  carbonisation ;  it  may  also  be  produced  by 
melting  hard  and  soft  steel  in  separate  cracibles,  mixing  them  togsther  whilst  fluid, 
and  immediately  pouring  the  mixture  into  an  ingot  mould ;  the  damask  is  shown  by 
the  application  of  dilute  acid  to  the  sorftee  when  brightened.  The  analysis  of  a 
genuine  Damascus  sword-blade  has  shown  that  it  is  not  a  homogeneous  ste^  but  a 
mixture  of  steel  and  iron. 

Bttttma't  SUA. — ^The  nndonbtad  sneoess,  and  therefore  the  general  adoption  of 
this  process  for  converting  iron  into  steel,  which  derives  its  name  from  its  inventor, 
renders  it  necessary  that  a  full  description  of  the  process  should  be  given. 

The  ftcility  which  the  blast-fhmace  affords,  of  at  once  separating  from  the  ores 
of  iron  the  greater  part  of  the  extraneous  matters  which  they  contain,  has  rendere'l 
its  employment  almost  universal,  as  a  preUminary  process  in  the  production  of 
malleable  iron. 

Hie  cmde  metal  thus  obtained,  although  separated  from  a  laige  proportion  of  its 
imparities,  is  nevertheless  found  to  be  intimately  combined  with  carbon  and  silicum, 
and  generally  with  sulphur,  phosphoms,  manganese,  and  some  other  substances,  in 
comparatively  minute  quantities ;  the  decarbonisation  of  the  iron,  and  the  separation 
of  taese  substances,  as  far  as  is  practicable,  daims  the  first  care  of  the  manufacturer. 
For  this  purpose  the  cmde  metal  is  Mther  formed  into  pigs,  which  are  afterwards 
remelted  in  the  '  finery  furnace,'  or  it  is  run,  while  still  in  a  fluid  state,  from  the 
blast-famace  'direct  into  the  finery  fire,  where  it  is  subjected  to  the  action  of  blasts  of 
sir,  directed  downwards  upon  its  surface,  at  a  particular  angle.  The  crude  metal, 
thus  acted  upon  by  the  oxygen  <A  the  air,  is  in  about  three  houn  suffidentiy  de- 
carbonised and  refined,  to  render  it  suitable  for  the  puddling  process ;  it  is  thearefme 
run  out  of  the  '  finery '  and  formed  into  a  large  flat  plate,  which  is  of  an  extremely 
hard  and  brittie  chwscter,  and  presents  j^ysically  no  approach  whatever  to  the 
malleable  state.  The  hard  and  brittle  mass,  thus  formed,  is  easily  broken  by  the 
hammer  into  pieces  of  a  size  suitable  for  the  puddling  furnace,  to  which  it  is  con- 
▼qred,  in  order  to  be  more  completely  decarbonised  and  rendered  malleable. 

Iron  on  the  verse  of  fusion  loses  its  power  of  cohesion,  and  readily  crumbles  down 
into  a  coarse  powder.  This  property  is  common  to  pig  and  to  refined  iron,  and  advan- 
tage is  taken  of  it  in  the  puddling  process.  The  workman  watches  the  tan^>erature 
and  appearance  of  the  metal,  and  seizing  the  proper  moment,  divides  the  masses  of 
refined  iron  into  small  fiagments,  whiui  he  spraads  about  the  foroace,  and  finally 
breaks  it  down  into  a  kind  of  coarse  sand.  The  metal,  in  this  divided  state,  exposes  a 
large  extent  of  surfece  to  the  refining  action  of  the  fluid  cinder,  as  well  as  to  the  vo- 
lume of  air  coustanUy  passing  through  the  furnace.  By  increasing  the  heat,  the 
granulated  mass  swells  up  and  emits  numerous  jets  of  blue  flame.  At  this  point  the 
pnddler  diligently  stira  and  works  the  metal,  until  the  flame  appears  of  a  whiter 
colour,  and  £e  metal  becomes  clotty  and  tenadons,  or  as  the  workmen  term  it, '  comes 
to  nature ; '  after  which,  the  iron  is  gathered  into  balls,  and  is  then  removed,  as 
quickly  as  possibK  to  the  squeezer,  where  much  of  the  fluid  scorisand  other  mechani- 
cally mixed  impurities  are  driven  out,  leaving  a  mass  or  billet  of  iron,  ctHnpoaed  of 
thousands  of  separate  fingments  of  metal,  the  entire  snr&ce  of  every  one  of  which  is 
more  or  less  coated  with  dry  oxide,  or  fluid  silicate  of  the  oxide  of  iron.    The  gnat 


Digitized  by 


Google 


STEEL 


«08 


preasuie  exerted  by  the  ■qneacer  suffices  to  so  far  xemoT*  the  flnid  coating  of  coa- 
tignous  particles  as  to  bring  their  surfaces  into  actual  contact,  and  consaqoently  to 
effect  an  union  at  such  parts. 

In  the  puddling  procetu,  the  granules  of  metal  gradually  pass  from  the  state  of 
brittle  finery-iron  to  steel,  and  passing  that  point,  uirough  every  gradation  cf  hard, 
medium,  and  soft  steel,  eventually  anive  at  the  softest  stage  of  decarbonised  iron. 
The  time  occupied  in  these  chaneea  varies  irith  the  size  of  the  granules,  their 
temperature,  and  the  extent  to  which  each  is  exposed  to  the  action  of  Sie  air  passing 
through  the  furnace. 

It  need  not  be  a  matter  of  surprise  that  Than  it  was  first  proposed,  by  Mr.  Bessemer, 
to  convert  crude  pig-iron  into  malleable  iron,  -while  in  a  fluid  state,  and  to  retain  the 
fluidity  of  the  metal  for  a  sufficient  time  to  admit  of  its  being  cast  into  moulds,  with- 
out the  employment  of  any  fuel  in  the  process,  that  his  proposition  was  almost 
generally  looked  upon  as  a  mere  day-dream,  which  the  poetical  man  felt  bound  to 
disbelieve. 

Chemical  investigatiou  soon  pointed  out  the  real  source  of  the  difficulties  which 
surrounded  the  Bessemer  process.  It  was  found  that,  although  the  metal  could  be 
wholly  decarbonised,  and  the  silidum  be  removed,  the  quantity  of  sulphur  and  phos- 
phorus was  but  litde  affected.  As  different  samples  were  carefully  analysed,  it  was 
ascertained  that  the  red  shortness  was  always  produced  by  sulphur,  when  present  to 
the  extent  of  one-tenth  per  cent,  and  that  cold  shortness  resulted  ftom  the  presence 
of  a  like  quantity  of  phosphorus.  It  therefore  became  necessary  to  remove  these 
substances.  Steam  and  pure  hydrogen  gas  were  tried,  with  more  or  less  success,  in 
the  removal  of  sulphur,  and  various  fluxes,  composed  chiefly  of  silicates  of  the  oxides 
of  iron  and  manganese,  were  brought  in  contact  with  the  fluid  metal  during  the  pro- 
cess, and  the  quantity  of  pliosphoms  was  thereby  reduced. 

In  manufacturing  tool-steM  of  the  highest  quality,  it  was  found  preferable,  for 
several  reasons,  to  use  the  best  Swedish  pig-iron,  and  when  converted  into  steel,  by 
the  Bessemer  process,  to  pour  the  fluid  steel  into  water,  and  afterwards  to  remelt  the 
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shotted  metal  in  a  crucible,  as  is  at  present  practised  with  blister  steel,  by  which 
system  tlie  small  ingots  required  for  this  porticnlar  article  are  more  perfectly  and 
more  readily  made.  The  production  of  first-class  steel  by  the  new  process,  although 
a  mater  of  deep  interest  in  one  of  the  smaller  branches  of  the  iron  trade,  still  left 
untouched  that  great  source  of  this  country's  prosperity,  the  manufiacture  of  mallenbia 
iron.  It  was,  therefore,  impossible  to  rest  content  without  accomplishing  this,  the 
original  object  of  the  invention.  On  examining  into  the  stores  of  mineral  wealth  so 
abundant  in  these  islands,  it  was  found  that  iron  ore  of  the  requisite  purity  existed 
as  red  hematite  in  vast  beds.  There  are  also  extensive  vans  of  spathoso  ore  or  car- 
bonate of  iron,  and  magnetic  ores. 

'  The  form  of  converting  vessel  which  has  been  found  most  oon  venient,  and  by  which 
fuperior  specimens  are  j^oduced,  is  shown  in^.  180S.    The  vessel  is  mounted  on 


Digitized  by 


Google 


904 


STEEL 


1909 


axes,  at  or  near  ita  centre  of  gravity.  It  ii  constructed  of  boiler-plates,  and  is  lined 
either  with  fire-brick,  road-dnft,  or  '  ganister '  (a  local  name  in  Sheffield  for  a  pecoliar 
kind  of  poirdered  stone),  vhicb  resists  the  heat  better  than  any  otJier  material  yet 
tried,  and  has  also  the  advantage  of  cheapness.  The  vessel  having  been  heated,  is 
bronght  inito  the  position  shown  in  Jig.  1908,  so  that  it  may  receive  its  charge  of 
melted  metal,  without  either  of  the  tny^res  being  below  the  surface.  No  action  can, 
therefore,  take  place  until  the  vessel  is  made  to  assume  the  position  shown  in  /iff.  1909. 
The  process  is  thus  in  an  instant  brought  into  full  activity,  and  small  though  powerful 
jets  of  air  spring  upward  through  the  fluid  mass.  The  air  expanding  in  volume, 
divides  itself  into  globules,  or  bursts  violently  upwards,  carrying  with  it  some  hundred- 
weights cf  fluid  metal,  which  again  falls  into  the  boiling  mass  below.  Every  part  of 
the  apparatus  trembles  under  Uie  violent  agitation  thus  produced,  a  roaring  flame 
rushes  from  the  month  of  the  vessel,  and  as  the  process  advances,  it  changes  its  violet 
colour  to  orange,  and  finally  to  a  voluminous  pure  white  fiame.  The  sparks,  which 
at  first  were  lajge,  like  those  of  ordinary  foundry  iron,  change  to  small  hissing  points, 

and  these  gradually  give  way  to  soit  floating 
specks  of  bluish  light,  as  the  state  of  malle- 
able iron  is  approached.  There  is  no  eruption 
of  dnder  as  in  the  early  experiments,  although 
it  is  formed  during  the  process;  the  improved 
shape  of  the  converter  causes  it  to  be  retained, 
ana  it  not  only  acts  beneficially  on  the  metal, 
but  it  helps  to  confine  the  heat,  which  dnring 
the  process,  has  rapidly  risen  from  the  com- 
patatively  low  temperature  of  melted  pig-iron, 
to  one  vastly  greater  than  the  highest  known 
welding  heats,  by  which  malleable  iron  only 
becomes  sufficiently  soft  to  be  shaped  by  the 
blows  of  the  hammer;  but  here  it  becomes 
perfectly  fluid,  and  even  rises  so  much  above 
the  melting-point  as  to  admit  of  its  being 
poured  from  the  converter  into  a  founder's 
ladle,  and  from  thence  to  be  transferred  to 
several  snocesmve  moulds.  The  thin  shell,  or 
skull  of  the  ladle,  shows  the  extreme  fluidity 
of  the  metal,  and  also  how  little  of  it  is 
Eolidifled  in  the  ladle  during  the  time  of  cast- 

'  The  oxygen  of  the  air  appears,  in  this  pro- 
cess, first  to  oxidize  the  silicium,  producing 
silicic  acid,  and  next  to  seize  the  carbon  which 
is  eliminated,  while  the  silicic  acid,  uniting 
with  the  oxide  of  iron,  obtained  by  the  com- 
bustion of  a  small  quantity  of  metallic  iron, 
thus  produces  a  fluid  silicate  of  the  oxide  of 
iron,  or  '  cinder,'  irhich  is  retained  in  the  vessel, 
and  assists  in  the  purification  of  the  metal. 
The  increase  of  temperature  which  the  metal  undergoes,  and  which  seems  so  dis- 
proportionate to  the  quantity  of  carbon  and  iron  consumed,  is  doubtless  owing  to 
the  favourable  circumstances  under  which  combustion  takes  place.  There  is  no 
intercepting  material  to  absorb  the  heat  generated,  and  to  prevent  its  being  taken 
up  by  the  metal ;  for  heat  is  evolved  at  thousands  of  points,  distributed  tHiough- 
out  the  fluid,  and  when  the  metal  boils,  the  whole  mass  rises  for  above  ite  natural 
level,  forming  a  sort  of  spongy  froth,  with  an  intensely  vivid  combustion  going  on 
in  every  one  of  its  numberless  ever.<:hanging  cavities.  Thus,  by  the  mrre  action 
of  the  blast,  a  temperature  is  obtained  in  t£e  largest  masses  of  metal,  in  ten  or 
twelve  minutes,  that  whole  days  of  exposure  in  the  most  powerful  furnaces  would  fail 
to  produce.' 

The  changes  in  the  colour  and  volume  of  the  flame,  and  the  kind  of  sparks  thrown 
off,  afibrd  easy  modes  of  judging  of  the  state  of  the  metal,  since  these  are  given  off 
exteriorly,  and  are  not  interfered  vrith  by  the  flame  of  the  fuel,  as  in  the  puddlinj; 
furnace.  The  sound  which  the  metal  produces  iti  the  suspended  vessel  aflords  also 
a  good  indication  to  the  workman.  Indeed,  few  processes  appeal  so  strongly  to  the 
external  senses.  All  mere  judgment  on  this  point  has,  however,  been  rendered  un- 
necessary, by  the  more  certain  indications,  of  an  apparatus,  which  registers  on  a  dial 
the  exact  number  of  cubic  feet  of  air  passed  through  the  metal,  whereb^r  the  precise 
degree  of  hardness  of  the  steel  is  regulated  at  pleasure ;  its  quality,  in  all  caaesi 
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being  dependent  on  the  quantity  of  air  piissed  through  it ;  other  circnmstaneee  being 
alike.  When,  therefore,  the  desired  quantity  of  air  has  passed  through  the  metal, 
the  Tessol  is  turned  on  its  axis,  and  the  fluid  steel  is  poured  out,  as  shown  ttfig.  1910. 
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It  is  then  received  in  the  casting-ladle,  Trhich  is  attached  to  the  arm  of  a  hydniulic 
crane  so  as  to  be  brought  readily  over  the  moulds.  The  ladle  is  provided  trith  a  fire- 
clay plug  at  the  bottom,  the  raising  of  which,  by  means  of  a  suitable  lerer,  allows 
the  fluid  steel  to  desceiid  in  a  dear,  vertical  stream  into  the  moulds.  As  soon  as  the 
first  mould  is  filled,  the  plug  valve  is  depressed,  and  the  metal  is  prevented  from 
flowing  until  the  casting-ladle  is  moved  over  the  next  mould,  when,  by  raising  the 
plug,  the  second  mould  is  filled  in  a  similar  manner ;  and  so  on,  until  all  the  moulds 
are  filled.  After  the  discharge  of  the  metal  from  the  vessel,  ihe  process  should  be 
repeated  without  delay,  since  the  temperature  of  the  interior  of  the  vessel  is  greater 
after  the  first  charge  than  it  was  before,  and  consequently  it  is  in  a  better  condition 
for  the  process.  The  vessel  may  be  moved  on  its  axis  by  suitable  gearing,  but  it  is 
considered  preferable  to  use  hydrostatic  pressure  to  effect  every  movement  of  the 
crane  and  of  the  vessel;  so  that  when  operating  on  irom  5  to  10  tons  at  a  single 
charge,  the  director  of  the  process  can,  from  a  distant  point,  and  with  his  own  hands, 
effect  every  movement  required,  by  merely .  working  the  handles  which  turn  on,  or 
off,  the  pressure  of  the  water.  He  has  also  charge  of  the  blast-cock,  whilst  the  dial 
for  registering  the  number  of  cubic  feet  of  air  is  before  him ;  and  thus,  by  the 
control  of  one  responsible  man,  chai;ges  of  several  tons  of  crude  cast  iron  may  be 
converted  into  malleable  iron,  or  into  steel,  in  a  few  minutes,  and  be  cast  into  ingots 
of  any  desired  form  and  weight,  suitable  for  large  shafts,  or  for  rolling  into  rails, 
merchant  bars,  or  plates. 

The  slags  of  the  Bessemer  process  vary  considerably  in  composition  from  those  of 
the  puddling  furnace,  being  much  more  acid  and  approximate  to  the  pyroxene  formula. 
At  Horde,  in  Westphalia,  a  crystallised  slag  has  been  obtained  which  yielded,  by 
analysis :  silica,  4473  ;  protoxide  of  iron,  20-SO ;  protoxide  of  manganese,  3274  ; 
lime,  I  -53 ;  magnesia,  0-17  =  997G. 

Oxygen-ratio  of  silica  to  bases  =  23-8S  :  12*43. 

Specific  gravity,  3  "OS. 

The  crystals  were  found  to  be  of  the  regular  augite  form,  the  angles  being  inter- 
mediate between  those  of  the  natural  minerals,  F^sbergite  and  Babingtonite,  as  is 
also  their  composition. 

The  enormously  high  temperature  developed  by  the  action  of  cold  air  on  molten 
cast  iron  in  the  Bessemer  process  is  obviously  due  to  the  extreme  rapidity  with  which 
the  operation  takes  place,  and  the  advantageous  form  of  the  converter  for  concentra- 
ting the  heat  developed.  For,  although  the  reactions  and  consequently  the  heat  pro- 
duced aie  in  no  way  different  from  those  of  other  finery  processes,  whether  in  the  open 
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flie  or  TOTarberatoty  lumace — caibon,  sUicon,  man^aneM,  and  aome  inm  being  buiiu; 
in  eidier  ease,  with  the  production  of  oarbonio  onde,  silicatai  of  protoxide  of  iron 
and  maoganese,  and  malleable  iron — ^ve  haTe,  in  the  blo-wingof  a  ehMge  weighing  &n 
tons  an  amonnt  of  work  done  in  about  two  and  a  half  to  three  dayi  in  its  peiibnnance 
in  the  puddling  fomace.  It  has  been  pointed  out  hj  Jordan,  that  the  principal  part 
of  the  heat  developed  in  the  process  is  due  to  the  combustion  of  silicon,  which  when 
oxidised  to  silicic  acid,  combines  with  protoxide  of  iron,  and  other  bases,  and  remains 
in  the  bath  in  the  form  of  slag;  while  in  the  case  of  carbon,  a  considerable  portion  of 
the  heat  is  expended  in  volat^sing  the  carbonic  oxide  produced,  which  escapes  at  the 
temperature  of  the  melted  metal,  and  bums  to  waste  at  the  month  of  the  converter. 
If  the  calorific  power  of  silicon  be  assumed  to  be  the  same  as  that  of  carbon,  the  amount 
of  heat  produced  hj  the  combustion  of  one  Idlogramme  of  silicon  to  silicic  add  will  be 
8,000  units,'  when  burnt  in  pure  oxygen,  or  6,382  in  air ;  the  diiFsrence  between  the  two 
quantities  corresponding  to  the  amount  required  to  heat  up  the  inert  nitrogen.  Under 
the  latter  condition,  one  Ulogramme  of  carbon  will  produce  only  476  efiEectire  units, 
beingths  difference  between  2,473  units  theoretically  aereloped  and  1,998  units  carried 
off  by  the  gaseous  products  carbonic  oxide  and  nitrogen,  supposing  them  to  escape  at  a 
temperature  of  1400°.  The  om  of  steam  instead  of  air  as  an  oxidising  agent,  is,  in 
the  case  of  the  combustion  of  iron  or  carbon,  always  disadTantageous  on  account  of  the 
great  amount  of  heat  required  to  f^  the  oxygen  from  its  combination  with  hydrogen, 
whidt  is  not  reproduced  to  the  same  extent  in  the  subsequent  formation  of  carbonic 
oxide  or  protoxide  of  iron.  With  silicon,  however,  the  conditions  are  somewhat 
difbrent,  as  there  is  a  small  sensible  gain.  This  will  explain  the  reason  why  the  use 
of  steam  in  the  refinery  is  only  recommended  for  a  few  minutes  at  the  commencement 
of  the  operation,  that  is,  as  long  as  free  silicon  remains  in  the  jng-iron  nnder 
treatment. 

By  applying  the  quantities  given  above  to  the  calculation  of  the  amount  of  heat 
developed  in  tile  blowing  in  one  ton  of  Bessemer  pig-iron  of  the  ordinary  quality  pro- 
duced in  the  south  of  France  (which  has  the  following  composition  per  ton  of  1,000 
kilogiammes :  carbon,  42-60 ;  silicon,  20'00 ;  iron  and  manganese,  937*60  =•  1000*00), 
Jar£ui  arrives  at  the  following  results : — 

Knegtunmas  Units  of  beat 

The  combnation  of  20    of  silicon  produces .        .        .        127,648 
„  42'6  of  carbon  produces.        .        .  20,176 

„  87°6  of  iron  and  mangnnese  produces        66,237 


Or  a  total  of    .    214,061 

If  we  take  the  spedfie  heat  of  molten  malleable  iron  at  0*16,  the  amonnt  of  heat 
developed  will  be  suffident  to  raise  the  temperature  of  the  metal,  which  is  supposed 
to  be  completdy  decarbonised,  about  1360°  above  that  of  the  cast  iron  when  run  into 
the  converter. 

The  great  heating  power  of  silicon  is,  therefore,  to  be  regarded  as  the  reason  for  the 
use  of  dark-grey  iron  in  the  Bessemer  process  ;  nnder  ordinary  circumstances,  about 
2  or  2*6  per  cent,  silicon  being  considered  as  essential.  Jordan  states  that  in  the 
steel  WOKS  in  the  south  of  France  the  process  could  only  be  carried  out  by  running 
the  cast  iron  directly  from  the  blast-furnace  into  the  converter.  The  amount  of  silicon 
as  a  heat-producer  in  the  Bessemer  process  may  be,  to  some  extent,  taken  by  mangan- 
ese;  as  is  the  case  in  Styria,  where  Uie  cast  iron  used  is  smelted  from  the  spathic  ores. 
It  is,  however,  less  advantageous,  because  the  deficiency  in  silica,  which  is  required  to 
finx  the  protoxide  of  manganese  formed,  can  only  be  supplied  by  the  destruction  of  the 
siliceons  lining  of  the  converter.  The  corrosive  action  of  manganese  on  the  hearths 
of  blast-furnaces  where  spathic  ores  are  smelted  has  already  been  noticed. 

Although  silicon  is  an  essential  component  of  good  Bessemer  pig-iron,  it  is  of  im- 
portance that  the  amount  per  cent,  should  be  somewhere  about  the  same  as,  or  not 
very  much  more  than  that  of  the  carbon.  An  excess  of  the  former  element,  works 
preiudidally  in  two  ways :  first,  it  gives  rise  to  an  increased  waste  of  iron  in  the  slag ; 
and  secondly,  it  cannot  be  completely  removed  before  the  whole  of  the  carbon  is  burnt 
away,  so  that  it  may  happen  in  the  blowing  of  such  metal,  that,  although  the  process 
is  apparently  complete,  as  determined  by  the  usual  indication  of  the  cessation  of 
the  flame  from  the  converter,  suffident  silicon  is  retained  in  the  decarbonised  metal  to 
render  the  finished  steel  brittle  and  useless.  Snelus  gives  the  following  analyses  in 
illustration  of  this  point : — 

•  Thfa  b  in  excess  of  the  real  amonnt,  which  has  recently  been  dotonninea  to  bo  7,000.  Jordan's 
oziginal  flgnres  are  howorer  preserre^  as  the  qaautiUes  ore  only  given  as  approximations,  for  the 
poiposa  ot  Illnstratlng  the  theory  of  the  pioceas,  and  not  as  absolute  numericai  determtnattoni- 
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The  following  series  of  analyses,  by  the  lAme  Aamist,  vf  metal  taken  at  different 
stages  of  the  blow,  show  very  discinetly  the  gradnal  lemoral  of  the  carbon  along  with 
the  silicon : — 
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The  difierence  in  the  amount  of  copper,  which  is  mnch  larger  in  the  Styrian  steel 
than  in  that  from  Dowlais,  is  to  be  attributed  to  the  &ot  that  the  pig-iron  used  in 
the  fanner  is  entirely  smelted  from  spaUiic  or«,  while  in  the  latter  only  the  spiegel- 
eisen  is  due  to  that  somce.  Copper  pyrites,  in  small  quantity,  is  almost  inTariablT 
present  in  spathic  carbonates,  and  however  carefiilly  they  may  be  washed  and  weathered, 
some  oopper,  as  a  general  rule,  is  reduced  uid  passes  into  the  iron  in  the  blaat- 
Aimaee. 

The  progress  of  the  eonvenion  of  the  charge  can  be  contndled  to  some  extent  by 
obserring  tiie  spectrum  given  by  the  flams  with  t^  speetzoscope ;  and  more  particu- 
larly the  moment  of  complete  decarbouisation  may  be  determined  with  considerable 
accuracy,  especially  if  the  flame  be  bright  and  free  from  smoke.  The  qwctram  pro- 
duced when  the  combustion  is  most  active  is  characterised  by  groups  of  numerous  lines 
in  the  yellow  and  green  portions,  that  of  sodium  being  the  most  prominent  and  the 
first  to  appear  among  the  former.  There  is  also  a  well-defined  group  of  lines  in  the 
blue  field,  and  nnder  the  most  &voiable  oondiUons  the  violet  and  red  lines  of  potas- 
sium and  lithium,  together  with  an  extra  violet  line  accompanying  the  former  are  seen. 
For  this,  however,  an  instrument  of  great  defining  power  and  an  extremely  bright 
flame  are  essentisL  When  the  metal  is  eomi^etely  ae^bonised,  the  yellow  and  green 
lines  disappear,  but  the  sodium  is  persistent,  sometimes  even  after  the  tipping  c$  the 
converter.  On  the  addition  of  the  emegeleisoi,  the  whole  of  the  lines  reappear  with 
great  brilliancy.  When  there  is  mndi  manganese  in  the  cast  iron  employed,  as  is  the 
case  in  Styria,  the  use  of  the  spectroscope  is  difficult,  owing  to  the  brown  smoky 
character  <^  the  flame. 

At  Seraing,  it  has  been  foimd  that  the  disappearance  of  the  dark  absorption-bands, 
which  alternate  with  the  bright  lines,  can  be  more  readily  determined  ihaa  tlie  latter, 
which  often  respiMar  after  their  apparent  extinction,  and  is  therefore  to  be  preferred 
as  admitting  of  much  closer  and  easier  observation. 

The  exact  chemical  character  (^  the  spectrum  of  the  Beniemer  flame  has  not  as  yet 
been  made  out,  although  it  has  been  the  cause  of  considerable  controversy,  there  being 
two  different  opinions  as  to  its  origin.  One  of  these  snppoaes  the  lines  to  be  due  to 
'Carbonic  oxide,  and  their  cessation  to  the  complete  combustion  of  the  carbon;  while 
the  other  considers  tliat  they  are  mainly  produced  by  manganese,  and  that  their  sudden 
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disappearance  may  be  accounted  for  by  the  diminution  in  the  amount  of  the  metal 
TolatUiBed  until  the  quantity  present  in  the  flame  is  reduced  beloir  that  necessary  to 
prodnee  them,  it  having  been  found  that  for  the  detection  of  manganese  by  the  spectro- 
scope much  larger  quantities  must  be  employed  than  are  sufficient  to  produce  the 
ordinary  reaction  with  soda  on  platinum-foil  Iwfore  the  blowpipe. 

Another  indication  of  the  progress  of  the  operation  is  that  affi>rded  by  the  diaracter 
of  the  slag.  This  has  been  employed  in  Austria  and  Sweden.  An  iron  rod  is  inserted 
into  the  converter,  and  when  brought  out  a  portion  of  the  slag  adheres  to  the  point. 
So  long  as  any  carbon  remains  nnconsumed  a  peculiar  brownish  tint  is  observed ;  but 
as  soon  as  the  point  of  total  decarbonisation  is  reached,  the  slag  assumes  a  dead  black 
colour,  with  a  peculiar  metallic  lustre,  characteristic  of  the  presence  of  protoxide  of 
iron,  in  considerable  quantity.  This  test  is  said  to  be  capable  of  great  precision  in  the 
hands  of  experienced  workmen. 

The  largest  series  of  Beesemer  converters  hitherto  erected  are  those  at  Barrow-in- 
Fomess.  They  are  arranged  in  two  groups,  of  which  one  has  four  converters,  taking 
7)-ton  chaigea,  and  the  ot]her  a  similar  number  of  a  smaller  size,  holding  6  tons  each. 
The  former  are  9^  feet  in  greateet  diameter,  and  14}  feet  high.  In  all  cases  the  pro- 
portion occupied  by  the  melted  metal  is  very  small  as  compared  with  the  entire 
capacity  of  the  converter,  a  large  empty  space  being  required  in  order  to  prevent  the 
ejection  of  the  fluid  contents  when  the  boiling  is  at  the  highest  point. 

In  Sheffield  the  loss  of  weight  on  the  pig-iron'  employed  is  about  15  per  cent,  in 
addition  to  7}  per  cent,  in  the  reverberatoiy  melting  furnace,  or  22}  per  cent,  in  all. 
With  3-ton  converters  the  lining  has  to  be  renewed  after  blowing  260  tons ;  but  the 
tuyiies  wear  out  much  quicker,  and  must  be  replaced  after  making  10  tons,  that  is, 
after  every  third  or  fourth  operation. 

The  number  of  charges  made  daily  ia  not  more  than  four  for  each  converter,  as 
although  the  actual  blowing  does  not  require  more  than  flfteen  or  twenty  minutes,  a 
considerable  time  is  required  for  the  accessory  operations  of  melting  the  pig-iron,  the 
solidification  and  removal  of  the  castings,  and  the  arrangements  of  the  moulds. 

The  ingots,  when  drawn  &om  the  moulds,  like  thoee  obtained  from  steel  melted  in 
crucibles,  are  always  more  or  less  unsound,  and  require  to  be  compacted  by  hammer- 
ing. For  this  purpose,  they  are  raised  to  a  bright  red  heat  in  a  reheating  furnace^ 
care  being  taken  to  keep  the  hearth  filled  with  smoking  flame  in  order  to  prevent  the 
carbon  from  burning  away.  They  are  then  hammered,  and  at  a  second  heat  swaged 
down  to  the  form  of  the  first  groove  of  the  rolling  mill,  when  intended  for  bars  or  rails. 
The  length  of  the  ingot  is  extended  from  4|  to  8  feet  nnder  the  hammer.  In  rolling 
rails  two  heats  are  required  in  addition.  Spherical  shots  are  cast  a  little  larger  than 
the  size  required,  and  afterwards  reduced  to  the  proper  figure  and  dimensions  by  a 
steam-hammer  with  hemispherical  swages. 

Host  metals,  it  must  be  observed,  on  losing  their  fluidity,  lose  for  the  moment  their 
power  of  cohesion.  Malleable  iron,  however,  passes  from  the  fluid  into  the  pasty  state, 
in  which  it  possesses  the  property  of  welding,  which  forms  so  well-known  and  remark- 
able a  pecubarity  of  that  metal.  Taking  advantage  of  this  fact,  Mr.  Bessemer  tried 
an  experiment  on  manufacturing  iron,  direct  from  the  fluid  metal,  into  endless  sheets, 
in  a  manner  analogous  to  that  by  which  paper  is  now  made  of  any  length ;  this  has 
not,  however,  been  much  used. 

Considerable  discussion  has  arisen  respecting  the  introduction  of  manganese  in  the 
Bessemer  steel,  both  as  to  its  vnlue  in  producing  a  superior  metal,  and  as  to  the  dis- 
covery of  its  value  in  the  process.  These  questions  were  satisfactorily  answered  in 
a  communication  read  before  the  British  Association  at  Birmingham  in  1865,  to  which 
those  who  are  interested  in  the  process  are  referred. 

Siemmi-Martm  Procen. — The  production  of  cast  steel  in  the  reverberatory  furnace, 
by  dissolving  malleable  scrap  in  molten  cast  iron  according  to  the  method  proposed 
by  Heath,  ^ce,  and  Nicholson,  and  others,  has  of  late  been  brought  to  a  considerable 
degree  of  perfection  by  the  use  of  the  regenerative  gas-furnace,  which  gives  an  intense 
heat  without  requiring  an  oxidising  or  cutting  draught ;  as  is  the  case  with  ordinary 
stack-draught  furnaces.  The  process  was  flrst  carried  out  on  a  working  scale  by  Martin 
of  Sireuil,  near  Paris,  who  has  given  his  name  jointly  \rith  that  of  Siemens  to  the 
process.  The  fbmace  is  represented  in  longitudinal  and  transverse  section  in  fifft.  1911 
and  1012.  The  regenerators  A  a  and  aa  are  placed  below  the  bed  in  the  usual  manner, 
the  former  being  employed  for  heating  air  and  the  latter  for  gas.  The  bed  B  is  mads 
of  flnely-gronnd  (juartz  sand,  consolidated  by  pressure,  with  strong  heating,  and  is 
supported  on  cast-iron  plates,  which  are  kept  cool  by  a  circulation  of  air.  The  surface 
of  the  bed  is  flat,  vrith  a  slight  inclination  towards  the  top  hole,  which  is  phiced  below 
the  middle  working-door,  on  the  front  of  the  furnace.  The  ladle,  which  has  a 
similar  arrangement  for  running  out  the  steel  through  a  hole  in  the  bottom,  to 
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that  employed  in  the  Bessemer  process,  is  mounted  npon  vheels,  and  travels  upon  n 
niilway,  the  ingot-moulds  being  arranged  in  a  straight  line  in  the  pit  beloir. 

Aeooiding  to  the  size  of  the  furnace,  the  charge  may  be  from  35  cvts.  to  6  tons. 
The  materials  used  are  good  pig-iron,  such  as  that  employed  for  Bessemer  steel-making, 
-nnonght  iron  in  the  form  of  bars,  malleable  scrap,  or  Bessemer  steel  cross-ends  and 
waste,  and  spiegeleisen.  The  pig-iron  is  flmt  melted,  and  the  malleable  iron  or  steel 
is  added  in  small  quantities  at  a  time ;  care  being  taken  to  raise  it  to  a  -white  heat  by 
exposure  to  the  itream  of  gas  on  the  bridges  before  immersing  it  in  the  bath  of  molten 
cast  iron. 

The  rerersal  of  the  gas-  and  air-Tolves  takes  place  every  20  minutes.  As  soon  as 
the  entire  charge  is  dissolved,  a  sample  of  the  metal  is  taken  out  in  a  small  wrought- 
iron  ladle,  and  after  casting,  is  cooled  in  water  and  broken. 

The  heat  is  continued  with  an  oxidising  flame  until  the  assay-sample,  although 
suddenly  cooled,  gives  a  perfectly  soft  and  tough  metal,  indicating  the  point  of  total 
decarburisation.    When  the  spiegeleisen  is  added,  care  should  be  taken  to  charge  it 


through  the  hole  nearest  to  the  bridge,  which  at  the  time  is  on  the  fluo  side  of  tlie 
furnace.  When  it  is  melted,  which  usually,  takes  about  20  minutes  time,  the  charge 
is  stirred,  in  order  to  mix  the  contents  as  uniformly  as  possible:  an  operation  which 
must  be  done  quickly,  in  order  to  prevent  loss  of  manganese  in  the  slag.  The  contents 
of  the  Aimace  are  then  run  into  the  ladle  and  cast  into  ingots  in  the  usual  way,  the 
same  precaution;  being  observed  as  in  the  Bessemer  process.  _  Usually  three  charges 
are  made  in  24  hours.  The  yield  per  charge  of  SS  cwts.  is  from  32  to  S3  cwts.  of 
ingots,  the  ordinary  loss  being  8^  per  cent.,  or  in  the  most  favourable  case,  about  6 
per  cent.  The  furnace  must  be  let  down  for  repairs  at  intervals  of  six  weeks  at  the 
longest. 

This  process  is  of  great  advantage  for  the  working-up  of  the  waste  of  Bessemer  steel- 
works, which  cannot  safely  be  added  to  the  charge  in  the  converter ;  a  plan  which  has 
been  tried,  but  not  with  success.  Fuddled  bars,  made  specially,  cut  into  proper 
lengths,  and  good  scrap,  such  as  that  obtained  in  the  neighbouring  tin-plate  forges, 
are  the  principal  forms  of  malleable  iron  used  in  South  Wales. 

Another  modification  of  the  Siemens  process  consists  in  the  use  of  finely-divided  iron 
in  the  spongy  state  produced  by  the  reduction  of  a  pure  red  or  brown  hematite  by  a 
current  of  carbonic  oxide  at  a  red  heat,  instead  of  bars  or  other  manufactured  forms 
of  maUoable  iron.  In  the  newest  arrangement  adopted  for  this  purpose,  the  finely- 
divided  spongy  iron  produced  in  upright  retorts  is  made  to  pass  into  a  gas-furnace 
with  an  enclosed  bed^  where  it  is  consolidated  by  immersion  into  a  melted  magnetic 
oxide  of  iron,  produced  by  the  partial  reduction  of  haematite,  suificient  lime  being  in- 
corporated with  the  mass  to  flux  the  silica  of  the  ore.    These  agglomerated  masses  are 
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then  tnatad  in  the  bath  of  pig-iion,  prodoeing  stMl  dinetlj  by  Hi*  oxiduing  actioii  of 
the  magnetio  oxide  in  the  carbon  in  the  melted  metal.  The  above  procew  ha*  aiao* 
been  abandoned  in  faroor  cf  the  rotatory  furnaea  described  under  the  artida  Iboii. 

In  a  lecture  delivered  hy  Dr.  C.  Wm.  Siemens  before  the  Chemical  Society,  be  diaa 
described  his  piooeas  of  prodncing  cast  steel  upon  the  open  hearth  of  a  regenatatiTe 
Aimace.  Two  proeowee  are  employed  at  the  Luidore  vorlu :  the  Siemena-l[bjrtin  pco- 
oess,  whieh  conriits,  aa  already  stated,  in  diiaolTiog  scrap-metal  or  steal  in  a  bath  of 
]Hg-matal,  to  which  sjdegoleisen  is  finally  added ;  and  the  on-redneing  process,  in  which 
pig-metal  and  ore  in  a  more  or  less  reduced  condition  is  employed. 

The  process  chiefly  employed  at  the  lAndore  wotka  consists  of  intrododng  on  the 
bed  of  an  inteniely-heat«l  neeneiatiT*  gas-fnmaoe^  aa  shown  in  Jiff*.  1811  and  1913, 
about  6  tons  of  pig-metal,  which  may  b«  Na  3  or  4  hamatita  pig.  When  a  flnid-bath 
has  been  formed,  oxide  of  iron,  whiea  should  by  piefiuenoe  have  been  smelted  before- 
hand with  such  proportions  of  lime  or  other  fluxing  matariaU  as  to  form  with  the 
silica  in  the  ore  and  in  the  pig-metal,  a  convenient  dag,  is  added ;  or  natural  ores  may 
be  used  in  their  raw  condition  if  they  contain  lime  and  manganese,  as  for  example, 
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the  AfHcan  Mokta  on.  When  about  30  ewts.  of  this  ore  have  been  dissolTed  (with 
ebullition,)  in  the  metallic  bath,  it  is  found  that  a  sample  taken  £rom  it  eontains  ooly 
about  1  per  cent  of  carbon :  a  point  whieh  can  easily  be  detected  by  the  eye  of  the 
workman  by  a  peouliar  bright  sppeazance  of  the  sample  when  chilled  in  water  and 
broken  by  the  hammer. 

Considerable  diflbult^  was  experienced  to  find  a  material  to  resist  the  cxoeasiTe 
heats  neeessaty  tot  eanying  oat  this  process :  ordinary  Dinas  bricks,  which  are  con- 
sidered the  most  refnatory  material  in  general  use,  would  ba  raindly  melted ;  but  a 
brick  specially  prepared  by  crushing  pun  quartz-rock,  and  mixing  it  with  no  more 
than  2  pei  cent,  of  quick-kme  to  give  cohesion,  answers  well.  The  hearth  of  the  fbr- 
naoe  is  made  of  white  sand  with  a  small  admixture  of  more  fusible  fine  sand,  which 
mixture  sets  exceedingly  hard  at  a  steal  malting-heat,  and  possesses  the  advantage  rf 
combining  into  a  solid  mass  with  fresh  material*  introduced  between  the  charges  to 
make  up  for  wear  and  tear.    The  hearth  and  the  fturnace-roof,  if  of  the  materials  just 

rifled,  are  very  little  attacked  'idian  the  Siemena-Martin  process  is  used,  although 
heat  must  be  snffident  to  maintain  wrought  iron  containing  only  a  traoe  of  carbon 
in  a  perfectly  fluid  condition.  If  pig-metal  and  ore  (fused  togmier  with  the  necessary 
amount  of  flux)  is  used,  the  fnmaee  also  stands  well,  but  the  use  of  raw  ore  entuls  the 
disadvantage  of  a  more  rapid  destruction  of  the  Aimaee ;  even  magnetic  oxide  of  the 
purest  description  neoeesitatea  the  addition  of  nw  lime  for  the  fonnation  of  a  Aisible 
slag,  and  the  dust  arising  from  the  lime  and  sand  through  the  deerepitation  of  the  on, 
oansea  the  silica-bricks  to  malt  away  rapidly,  so  that,  aitisr  perhaps  two  months'  ussga. 
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the  O-iooh  arch  of  the  fiimaoe  if  reduced  to  the  thioknees  of  from  1  to  2  inches.  It  is 
erident  that  silica  is,  chemiosUy  speaking,  an  otg'ectionable  mateml  to  be  w»d  in  the 
constmction  of  these  fomaoes,  because  it  prevents  the  formation  of  basic  slags,  and 
that  a  furnace  constructed  of  pure  alumina  or  lime  would  be  preferable.  M.  Le 
Chatfllier  suggested,  some  years  ago,  the  use  of  BauxUt  (jaom  Beaux  in  France,  where 
it  was  first  discovered),  a  mineral  consisting  chiefiv  of  alumina,  for  making  the  fiimace- 
beds,  but  Dr.  Siemens  was  not  able  to  sucMed  wiUi  this,  owing  to  the  great  contraction 
of  the  mass  when  intensely  heated,  and  non-cohesion  with  the  same  material  introduced 
for  the  purpose  of  repair.  In  attempting  to  construct  the  sides  and  roof  of  the  furnace 
of  Bauxite  bricks,  these  were  not  fonnd  to  be  equal  in  heat-resisting  power  to  silica- 
bricks,  which  Utter  are  indeed  vnobjectionable,  except  when  raw  ore  and  limestone 
are  used.    See  Baihutb. 

■Wmaua,  HAJtOBimrO  OF.    Steel  may  be  hardened  by  plun^ng  it  into  cold 
water.    Prussiate  of  }lotash  and  other  salts  are  used  for  producing  especial  degrees  of 
hardness.    See  Tbhpbjuxo  of  Steii^ 
_  UTBBtMXiMM.    A  mining  term.     Strong  pieces  of  timber,  driven  betwixt  the 
cdesofa  vein,  at  short  distances  apart,  to  support  the  walls. 

<'l'BWOCH»oan.  a  name  given  to  a  process  of  stereotyping,  the  printing 
of  which  is  effected  in  colours.  It  is  a  term  also  used  for  the  ait  of  painting,  with 
silica  fluids  for  mixing  the  colours. 

■ZBBBOBCOni  (from  Or.  ffT</)«>t,  tienoM,  'solid,'  and  anonu/,  tiopatH,  '  to  see'). 
An  instrument  invented  by  Professor  Wheatstons,  uid  modified  by  Su  Cavid  Brewster, 
by  means  of  which  two  images  of  the  sanra  object,  depicted  on  papar, — as  those  images 
would  be  depicted  upon  the  retina  of  each  eye— are  resolved  into  an  apparent  solid  of 
three  dimensions.  The  reflectuig  stereoscope  of  Frofessor  Wheatstone  was  constructed 
by  means  of  two  mirrors,  set  at  right  angles  to  each  other,  so  that  while  the  right  eye 
observed  a  reflected  image  of  a  picture  placed  on  the  right-hand  side  of  the  instrument, 
the  left  eye  saw  a  reflected  image  of  that  on  the  left,  and,  as  a  result,  saw — not  two 
plane  pictures,  but  one  solid  image.  The  refracting  stereoscope,  which  is  generally 
used,  consists  of  two  semi-lenses.  This  is  a  lens  which  is  divided  in  the  middle,  and 
the  two  halves,  with  the  edges  towards  each  other,  placed  in  a  frame,  at  a  distance 
from  each  other  corresponding  with  the  distances  of  the  eyes  apart.  For  the  best 
result,  two  pictures  are  obtained  by  photography,  as  nearly  as  possible  of  the  same 
character  as  the  pictures  impressed  respectively  npon  the  tetina  of  each  eye.  See 
Hunt's  '  Manual  of  Photography.' 

aXWMOV  I  *■  VBZvmr0  rignifles  printing  by  fixed  tjrpesorbya  cast  typo- 
graphic plate.  This  plate  was  formerly  always,  and  is  still  sometimes,  made  as  fol- 
lows : — ^The  form,  composed  in  ordinaiy  t^pes,  and  containing,  on*,  two,  three,  or  more 
pages,  inversely  as  the  size  of  a,  book,  being  laid  flat  upon  a  slab,  with  the  letters 
loaJdng  upwards,  the  &oe8  of  the  types  are  brushed  over  with  oil,  or,  preferably,  with 
plumbago  (black  lead).  A  heavy  brass  rectangular  frame  of  three  aides,  with  bevelled 
borders  adapted  exacuy  to  the  size  of  the  pages,  is  then  laid  down  upon  the  chase,* 
to  ciicnmseribe  three  sides  of  its  typography ;  but  the  fourth  side,  which  is  one  end 
of  the  rectangle,  is  farmed  by  placing  near  the  types,  and  over  the  hollows  of  the 
chase,  a  single  brass  bar,  having  the  same  inwards-sloping  bevel  as  the  other  three 
sides.  The  complete  frame  resembles  that  of  a  ^cture,  and  serves  to  define  th*  area 
and  thickness  of  the  cast,  which  is  mads  by  pouring  the  pap  of  Paris-plaster  into  its 
interior  space  np  to  a  given  line  on  its  edges.  The  plaster-mould,  which  soon  sets, 
or  becomes  concrete,  is  lifted  gently  off  the  types,  and  immediately  placed  upright  on 
its  edge  in  one  of  the  cells  of  a  sheet-iron  radc  mounted  within  the  cast-iron  oven. 
The  moulds  are  hare  exposed  to  air  heated  to  fully  400°  Fahr.,  and  become  perfectly 
diy  in  the  course  of  two  hours.  As  they  are  now  friable  and  porous,  they  require  to 
be  delicately  handled.  Each  mould,  containing  generally  two  pages  octavo,  is  laid,  with 
the  impression  downwards,  npon  a  flat  cast-iron  jplate,  called  the  floating-plate ;  this 
plate  bising  itself  laid  on  the  bottom  of  the  dipping-pan,  which  is  a  cast-iron  square 
tray,  with  its  upright  edges  sloping  outwards.  A  cast-iron  lid  is  applied  to  the  dip- 
ping-pan and  secured  in  its  place  by  a  screw.  The  pan  having  been  heated  to  400° 
in  a  cell  of  the  oven,  under  the  mould-rack,  previous  to  receiving  the  hot  mould,  is 
ready  to  be  plunged  into  the  bath  of  melted  alloy  coiftained  in  an  iron  pot  placed  over 
8  furnace,  and  it  is  dipped  with  a  slight  deviation  from  the  horizontal  plane,  in  order 
to  fiicilitate  the  escape  of  the  air.  As  there  is  a  minute  space  between  the  back  or 
top  surface  of  the  mould  and  the  lid  of  the  dipping-pan,  the  liquid  metal  on  entering 
into  the  pan  through  the  orifices  in  its  comers,  floats  up  the  plaster  along  with  the 
iron  plate  on  which  it  had  been  laid,  thence  called  the  floating-plate,  whereby  it  flows 
freely  into  every  line  of  the  mould,  through  notches  cut  in  its  edge,  and  forms  a 

■  OhoM  (eluuiU,  Fr., '  frame '),  and  qnoln  (coto,  I^., '  wedge  ')■  are  terms  which  ihov  that  the  art 
1^  j^rintiDg  U  indebted  to  oar  Freneb  neighboon  (or  many  at  iU  impiomieiitB. 
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layer  or  lamina  npon  its  face,  of  a  thidmMs  corresponding  to  the  depth  of  the  border. 
Only  a  thin  metal  film  is  left  npon  the  back  of  the  mould.  The  dipping^pon  is  sns- 
pended,  plunged,  and  remoTed,  by  means  of  a  powerful  crane,  susceptible  of  veitical 
and  horizontal  motions  in  all  directions.  When  lifted  out  of  the  bath,  it  is  set  in  a 
vater^cistern,  upon  bearers  so  placed  as  to  allow  its  bottom  only  to  tODch  the  surface. 
Thus  the  metal  first  concretes  below,  while  by  remaining  fluid  above,  it  continues  to 
impart  hydrostatic  pressure  during  the  shrinkage  attendant  on  le&igeration.  As  it 
thus  progressively  contracts  in  volume,  more  metal  is  fed  into  the  comers  of  the  pan, 
in  order  to  keep  up  the  pressure  upon  the  mould,  and  to  secote  a  perfect  impresrion, 
as  well  as  a  solid  cast. 

The  whole  process  is  greatly  improved  by  the  employment  of  a  prepared  bibulous 
paper,  instead  of  the  plasterof-Pans.  The  paper  employed  was  originally  of  French 
manu&cture,  but  is  now  made  in  England.  Four  sheets  of  tissue  and  one  sheet  of 
brown  paper  being  pasted  together,  it  forms  one  sheet  The  form  of  type  being  ready, 
a  sheet  of  this  prepared  paper  is  placed  upon  it,  and  it  is  then  beaten  into  the  face  of 
the  type  by  hard  hand-bmshes.  It  is  then  filled  in  the  blank  j^arts  with  paste,  when 
the  whole  is  then  covered  by  a  thicker  sheet  of  paper,  and  it  is  then  passed  under  a 
heated  press  for  about  two  minutes  to  diy.  On  removing  the  paper  it  is  found  to  have 
received  a  most  perfect  impression  of  the  type.  This  impressed  paper  mould  is  then 
placed  in  an  iron  box,  which  is  fixed  in  a  nearly  vertical  position,  and  the  heavy  cover 
being  careflilly  dosed,  there  only  remains  between  it  ana  the  mould  exactly  the  space 
which  is  necessary  to  ensure  a  proper  thickness  to  the  type-metal.  AU  being  prepured, 
the  melted  metal  is  poured  into  the  mould.  It  fiows,  of  course  at  once  to  the  bottom 
of  the  mould,  and  as  the  liquid  is  rapidly  supplied,  tJie  whole  is  filled,  and,  a*  in  the 
case  already  given,  some  pressure  is  obtained  by  the  head  of  metal  above  the  paper- 
mould.  The  mass  of  metal  (iron)  forming  the  casting  box,  in  comparison  with  the 
thin  plate  of  type-metal,  ensures  a  rapid  chilling  of  the  latter,  so  that  the  plate  can  be 
removed  in  a  very  short  time.  The  impression  thus  obtained  is  exceedingly  perfect ; 
and  the  whole  process  is  one  of  great  simplicity  and  exactness,  and  is  capable  of  bang 
executed  with  great  rapidity. 

'The  Times'  and  other  daily  newspapers  are  regularly  printed  from  stereotype- 
plates  ;  but  most  of  the  machines  for  taking  the  matrices,  were  invented  by  Mr. 
Sweet,  at '  The  Times '  office,  and  save  one  half  of  the  time  used  by  beating  the  form 
with  brushes,  each  plate  being  east  and  placed  on  the  machine  in  about  a  quarter  of 
an  hour. 

The  advantages  of  a  solid  block  over  s  form  of  loose  type  will  be  sufficiently 
obvious  to  all ;  and,  but  for  the  security  which  is  afibrded  by  the  use  of  the  solid  platr, 
there  would  be  great  risk  in  driving  the  printing  machinery  at  such  high  rates  of 
speed  as  are  employed  in  'The  Times '  office  and  other  offices,  where  they  require  to 
throw  off  a  very  large  impression  within  a  very  limited  time.  See  PBUcnira  and 
Fbimtixo  MACKnmsT. 

BTELK.     See  SismxATIOK. 

■Tmxa  amHULVnrO  is  a  process  which  was  practised  by  Bartoloiri,  Ry- 
land,  and  others,  in  imitation  of  chalk-drawings  of  the  human  figure.  Stipple  is  per- 
formed with  the  graver,  which  is  so  managed  as  to  produce  the  tints  by  small  dots, 
rather  than  by  lines,  as  in  the  ordinary  method.  It  is  very  soft  in  its  effect,  but 
inferior  to  the  more  legitimate  mode  of  engraving.    See  Eiroiuvnn}. 

■TOOXZm  lUUniVAOTIJBB.     See  HosnBT. 

BTOWB  is  earthy  matter,  condensed  into  so  hard  a  state  as  to  yield  only  to  the 
blows  of  a  hammer,  and  thwefore  well  adapted  to  the  purposes  of  building.  Such 
was  the  care  of  the  ancients  to  provide  strong  and  durable  materials  for  their  public 
edifices,  that  but  for  the  desolating  hands  of  modern  barbarians  in  peace  and  in  war, 
most  of  the  temples  and  other  public  monuments  of  Qreece  and  of  Rome  would  have 
remained  perfect  at  the  present  day,  uninjured  by  the  elements  during  2,000  years. 
The  contrast,  in  this  respect,  of  the  works  of  modem  architects,  especially  in  Otrent 
Britain,  is  very  humiliating  to  those  who  boast  so  loudly  of  social  advancement ;  toe 
there  is  scarcely  a  public  building  of  recent  date  which  will  be  in  existence  one  thou- 
sand years  hence.  Many  of  the  most  splendid  works  of  modem  architacture  are 
hastening  to  decay,  in  what  may  be  justly  called  the  very  infancy  of  their  existence. 
This  is  remarkably  the  case  with  the  bridges  of  Westminster  and  Blackfriars ;  the 
foundations  of  which  began  to  perish  most  visibly  in  the  very  lifetime  of  their  con- 
■bructors. 

Stones  for  building,  it  is  stated,  may  be  proved  as  to  their  power  of  resisting  the 
action  of  &oet,  by  Uie  method,  first  practised  by  M.  Brard,  and  afterwards  by 
KM.  Vicat,  Billaudel,  and  Coarad,  engineers  of  the  bridges  and  highways  in  Fiance. 
The  operation  of  water  in  congealing  within  the  pores  of  a  stone  may  be  imitated  by 
the  action  of  a  sftlt,  which  can  increase  in  bulk  by  a  cause  easily  produced ;  such  as 
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efflorescence  or  crystallisation,  for  example.  Snlphats  of  soda,  or  Olauber's  salt, 
answers  the  purpose  perfectly,  and  it  is  applied  as  follows  : — 

Average  samples  of  the  stones  in  their  sound  state,  flree  &om  shakes,  should  be 
sawed  into  pieces  2  or  3  inches  cube,^and  numbered  wilh  China-ink  or  a  graving 
tool.  A  large  quantity  of  Olauber's  salt  should  be  dissolved  in  hot  water,  and  the 
solution  should  be  left  to  cool.  The  clear  saturated  solution  being  heated  to  the  boil- 
ing point  in  a  saucepan,  the  several  pieces  of  stone  are  to  be  suspended  by  a  thread  in 
the  liquid  for  exactly  one  half-hour.  They  are  then  removed  and  hung  up  each  by 
itself  over  a  vessel  containing  some  of  the  above  cold  saturated  solntion.  In  the 
course  of  24  hours,  if  the  air  be  not  very  damp  or  cold,  a  white  efflorescence  will 
appear  upon  the  stones.  Each  piece  must  be  then  immersed  in  the  liquor  in  the  sub- 
jacent vessel,  so  as  to  canse  the  crystals  to  disappear,  be  onoe  more  hung  up,  and 
dipped  again  whenever  the  dry  efflorescence  forms.  The  temperature  of  the  apart- 
ment should  be  kept  as  uniform  as  possible  during  the  progress  of  the  trials. 
According  to  their  tendency  to  exfoliate  by  frost,  the  several  stones  will  show,  even 
in  the  course  of  the  first  day,  alterations  on  the  edges  and  angles  of  the  cubes ;  and 
in  five  days  after  efflorescence  begins,  the  results  will  be  manifest,  and  may  be  estimated 
by  the  weight  of  disintegrated  &agments,  compared  to  the  known  weight  of  the  piece 
in  its  original  state,  both  taken  equally  dry.  In  opposition  to  this,  Mr.  C.  H.  Smith, 
one  of  the  commissioners  for  selecting  the  stone  for  the  Houses  of  Parliament, 
states — '  Such  treatment,  compared  with  that  of  nature,  will  be  found  to  vary 
materially,  both  in  detail  and  result.  If  Glauber's  salt  expands  in  changing  &om  a 
flnid  to  a  crystalline  state,  it  is  so  little  as  to  be  inappreciable ;  whereas  water  in- 
creases considerably  in  bulk  while  freezing.'  Many  experiments  selected  irom  the 
Keport  on  Stone  for  the  New  Houses  of  Parliament  (March  1839),  show  that  in  M. 
Brard's  treatment  the  effect  is  in  most  instances  opposite  to  that  of  the  action  of  the 
weather  on  stones  which  have  been  exposed  to  its  influence  many  years.  Some  of 
the  specimens  well  known  to  decay  rapidly  in  a  building  disintegrated  least  of  all 
by  Bmrd's  process ;  others  of  the  most  durable  quality  disintegrated  more  than  all 
the  rest,  under  similar  treatneut ;  consequently  Brard's  method  of  testing  is  not  to 
be  depended  upon,  and  is  liable  to  lead  to  erroneous  conclusions. 

The  most  important  building-stones  of  the  United  Kingdom  are  the  following : — 

GiuNTTEg — produced  chiefly  in  Cornwall,  Devonshire,  Leicestershire,  Aberdeen- 
shire, and  in  Wicklow  and  Carlow. 

FoBranuBS,  Sybkitbs,  Elvans — obtained  from  Cornwall,  Devonshire,  Leicester- 
shire, and  many  parts  of  Scotland  and  Ireland. 

SiitssTOKBS — the  chief  quarries  of  which  are  in  Yorkshire,  Derbyshire,  Shrop- 
shire, Surrey,  tie,  and  in  several  of  ttie  Scottish  counties.  The  Darley  Dale,  Crag- 
Icith,  and  other  celebrated  stones,  belong  to  this  class. 

MnxsTONE  Gbit  is  found  largely  in  Derbyshire,  in  Yorkshire,  and  indeed  in  most 
of  the  coal-producing  districts. 

DoLOXTTES,  or  Maqnbsian  Lucbotones — Yorkshire,  Durham,  Northumberland, 
Derbyshire,  and  Nottinghamshire,  produce  these  stones  abundantly. 

OouTxs.  The  Bath  Stone  and  Portland  Stone  are  well-known  examples  of  this 
stone ;  the  stone  from  the  quarries  of  Ancaster  and  of  Ketton  are  also  fine  specimens 
of  the  class. 

LiXBSTONBS.  These  are  very  varied ;  the  Purbeck  marble,  the  Derbyshire  marbles, 
the  lias  beds,  the  Devonian  Limestone,  and  the  well-known  Mountain  Limestone 
being  examples. 

Slates.  These  are  obtained  in  very  great  abundance  in  North  Wales,  in  Devon- 
shire, and  in  Cornwall ;  in  some  parts  of  Scotland  and  of  Ireland. 

Such  are  the  principal  varieties,  although  many  others  exist  which  are  exceedingly 
nsefbl.    Most  of  the  above  will  be  found  described  under  their  respective  heads. 

■TOmii  AJlTZnCZAX,  for  statuary  and  other  decorations  of  architecture,  has 
been  made  for  seraral  years  with  singular  success  at  Berlin,  by  Mr.  Feilner.  His 
materials  are  nearly  the  same  with  those  of  English  pottery ;  and  the  plastic  mass 
is  fashioned  either  in  moulds  or  by  band,  being  in  fact  a  Tbbra-Cotta,  which  see. 
His  kilns  were  peculiar  in  form,  and  economical  in  fiiel,  but  th^  were  in  but  few 
respects  different  from  the  pottery-kilns  already  described.    See  Ksls. 

Many  ingenions  arrangements  have  been 'made  for  the  construction  of  artifidal 
stone.  We  might,  of  course,  group  under  this  head  many  varieties  of  clay-wares  and 
cements. 

Amongst  all  the  numerous  plans  which  have  been  devised,  few  of  them  have 
altogether  succeeded ;  they  have  either  proved  too  expensive  in  the  manufacture,  or 
they  have  not  endured  the  test  of  time. 

Mr.  Buckwell  proposed  the  following : — Taking  fragments  of  stone  sufficiently  large 
to*go  freely  into liis  mould,  he  fills  up  the  interstices  with  stones  of  various  sizes,  and 
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then  poun  in  a  mixture  of  dialk  and  Thames  mnd  or  Mersey  mod  bnmt  togetheir. 
This  cement  being  poured  into  the  monld,  the  whole  is  rammed  together  by  &Uing 
hammers,  and  as  the  mould  is  perforated,  the  vater  is  forced  out,  and  the  reanlting 
■tone  is  so  hard.  Then  remoTed  &om  the  mould,  that  it  rings  Then  stmck.  It  will  Iw 
eTideat  to  thoee  acquainted  with  hydraulic  mortars  and  the  application  of  concrete, 
that  this  is  only  an  improved  concrete.  The  cost  of  production  has  been  too  great  to 
admit  of  the  general  introduction  of  this  artificial  stone. 

Ransome's  Patent  Siliceous  Stone,  being  the  most  successful  nttempt  to  produce  a 
permanent  stone  artificially,  requires  fnrther  attention. 

After  numerons  failures,  it  occurred  to  Mr.  Sansome  that  a  solution  of  silica  as  a 
cementing  material  would  be  superior  to  any  other,  and  he  accordingly  started  on  the 
inquiry  after  an  easy  method  of  producing  a  solution  of  fiints. 

The  accompanying  illustration  {fig.  1913)  girss  a  sectional  view  of  the  spparstiu 
employed  in  preparing  the  solution  of  silica  which  Mr.  Bansome  employs. 


A  is  a  steam-boiler,  capable  of  generating  a  sufficiency  of  steam  for  heating  the 
dissolving  and  evaporative  vessels,  and  usually  worked  at  a  pressure  of  about  70  lbs. 
to  the  square  inch,  b  is  the  upper  lye-tank  for  dissolving  the  carbonate  of  soda.  It 
is  supplied  with  stenm  by  the  pipes  1,  2,  8,  communicating  with  the  boiler. 

The  first  operation  is  to  reduce  the  drdinary  soda-ash  of  commerce  to  the  condition 
of  caustic  soda.  For  this  purpose  the  ash  is  first  dissolved  in  the  tank  b,  the  water 
in  which  is  heated  by  means  of  the  perforated  steam-pipe  b.  A  quantity  of  quick- 
lime is  then  added,  and  the  mixture  weU  stirred.  The  soda  is  by  this  means  deprived 
of  the  carbonic  add  which  it  contains,  by  the  quick-limf  forming  with  it  a  carbonate 
of  lime.  To  ascertain  when  the  lye  is  quite  caustic,  a  small  portion  is  taken  out  in  a 
test-tube,  and  a  few  drops  of  hydrochloric  acid  added.  If  there  is  no  effervescence, 
it  may  be  assumed  that  the  soda  is  entirely  deprived  of  its  carbonic  arid,  and  is  conse- 
quently caustic,  When  the  lime,  now  converted  into  chalk,  has  subsided  to  the 
bottom  of  the  tank,  the  clear  supernatant  lye  is  drawn  off  by  the  syphon  6,  into  the 
fbnnel  6,  leading  into  a  closed  vessel  D,  to  prevent  the  carbonic  acid  of  the  atmo- 
sphere combining  with  it,  and  destroying  its  causticity.  When  the  lye  has  been  dra^ 
off  from  B,  the  udiment  remaining  at  the  bottom  of  the  tank  is  allowed  to  fall  into 
the  lower  tank  c,  by  withdrawing  the  plug  a,  from  the  pipe  i>.  Any  undissolved 
crystals  of  the  carbonate  of  soda  which  have  been  entangled  among  the  particle*  of 
the  lime  are  now  washed  out  and  pumped  back  to  the  upper  tank  b,  where  it  forms  a 
portion  of  the  next  charge.     . 

The  clear  caustic  soda  being  contained  in  the  closed  tank  n,  has  a  further  process  of 
depuration  to  undergo  before  it  is  ready  to  be  used  as  a  solvent  for  the  flints.  The 
ordinary  soda-ash  of  commerce  is  always  more  or  less  adulterated  with  a  sulphate  of 
soda,  which  although  an  inert  substance  in  itself,  if  allowed  to  remain  in  the  cement 
subsequently  makes  its  appearance  in  an  efflorescence  on  the  surface  of  the  finished 
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(tone.  To  get  rid  of  the  sulphate,  the  caustic  solution  of  soda  has  added  to  it,  in  the 
tank  D,  a  quantity  of  caustic  baiTta,  obtained  by  burning  the  commercial  carbonate 
of  baryta  with  wood-charcoal.  The  caustic  baryta  seizes  upon  the  sulphuric  acid 
contained  in  the  sulphate  of  soda,  and  forms  with  it  an  insoluble  sulphate  of  baryta, 
which  is  precipitated  on  the  bottom  of  the  tank.  The  depurated  lye  is  then  drawn 
off  by  the  pipe  d,  into  the  lower  closed  tank  b,  and  the  saJi^ate-of-baryta  sediment 
passes  off  by  the  cock  at  the  bottom.  Krom  B,  the  prepared  solution  of  the  caustic 
soda  is  pumped  into  the  vertical  boiler  or  digester  f.  Tliis  digester,  in  which  tiie 
process  of  dissolving  the  flints  is  effected,  is  a  cylindrical  vessel,  having  a  steam- 
jacket,/,  into  which  steam  fnan  the  boiler  A  is  supplied  by  the  pipes  1,  2,  y.  The 
mner  cylinder  F,  is  provided  with  a  wire-basket  o,  reaching  the  whole  length  of  the 
vessel,  and  serving  to  hold  a  collection  of  nodules  of  common  flint.  When  F  has 
been  filled  with  the  caustic  lye,  and  the  basket  with  flints,  the  manhole  at  the  top  is 
closed  and  well  screwed  down,  so  as  to  be  able  to  resist  a  pressure  of  at  least  60  lbs.  on 
the  square  inch.  The  cock  at  y  is  then  opened,  and  the  iiill  pressure  of  steam  from 
the  boiler  passes  into  the  jacket  /,  and  causes  the  lye  in  f  to  rise  to  the  same  tem- 
perature. The  condensed  steam  in  the  jacket/ returns  to  the  boiler  by  the  pipe  12, 
which  it  enters  below  the  watar-Iine.  The  pressure  maintained  in  tiie  digester  is 
generally  about  60  lbs.,  and  this  is  continued  about  36  hours ;  at  the  end  of  wmditima 
the  strength  of  the  solution  is  tested.  The  workmen  employed  to  superintend  this 
part  of  the  process  generally  use  the  tongue  as  the  most  delicate  test.  If  the  solution 
has  a  decidedly  caustic  alkaline  taste,  they  conclude  that  there  is  still  too  much  free 
soda  in  the  cement,  and  the  boiling  is  {dlowed  to  continue  until  the  cement  has  a 
slightly  sweetish  taste,  which  occurs  when  the  alkali  has  been  nearly  neutralised  by 
combination  with  the  silicic  acid  of  the  flints.  A  more  scientific  mode  of  trating  the 
strength  of  the  solution  is  to  taj^e  a  wine-glassful  and  drop  a  little  hydrochloric  acid 
into  it ;  by  this  means  the  whole  of  the  silica  in  the  solution  is  thrown  down  by  the 
acid  combining  with  the  soda,  so  as  to  form  chloride  of  sodium.  The  precipitated 
silica  presents  an  appearance  resembling  half-dissolved  snow,  and  its  comparative 
volume  gives  a  good  idea  of  the  strength  ^  the  solution  of  the  alkaline  silicate. 

When  it  is  judged  that  the  alkali  has  taken  up  as  much  of  the  silica  as  it  is  capable 
of  dmng,  at  the  temperature  to  which  it  is  subjected  in  the  digester,  the  stop-cock  y, 
in  the  steam-pipe  communicating  with  the  jacket,  is  shut,  and  a  cock  in  the  pipe  8  is 
opened.  The  pressure  of  the  steam  in  f  then  forces  the  fluid  silicate,  through  the 
pipe  8,  into  the  vessel  H,  where  it  is  allowed  to  stand  for  a  short  time  to  deposit  any 
sediment  which  it  may  contain.  From  k  it  is  then  conveyed  by  the  pipe  9  to  the 
evaporating  pan,  x,  which  has  a  steam-jacket,  h,  supplied  with  steam  l^  the  pipe  10. 
The  cement  is  then  boiled  in  the  evaporating  pan  until  it  becomes  of  the  consistency 
of  treacle,  when  it  is  taken  out.  The  specific  gravity  of  the  cement  when  ready  for 
use  is  about  1'600.  The  general  proportions  of  the  materials  used  in  making  up  the 
artificial  stone  are  about  the  following : — 

10  pints  of  sand,  1  pint  of  powdered  flint,  1  pint  of  clay,  and  1  pint  of  the  alkaline 
solution  of  flint 

These  ingredients  are  first  well  mixed  in  a  pug-mill,  and  kneaded  until  th^  are 
thoroughly  incorporated,  and  the  whole  mass  becomes  of  a  perfectly  uniform  consis- 
tency. When  worked  up  with  clean  raw  materials,  the  compound  possesses  a  putty- 
like consistency  which  can  be  moulded  into  any  required  form,  and  is  capable  of  re- 
ceiving veiy  sharp  and  delicate  impressions. 

The  peculiarity  which  distinguishes  this  from  other  artificial  stones  consists  in 
the  employment  of  silica  both  as  the  base  and  the  combining  material.  Most  of  the 
varieties  of  artificial  stone  hitherto  produced  are  compounds,  of  which  lime,  or  its 
carbonate,  or  sulphate,  forms  the  base ;  and  in  some  instances  they  consist  in  part 
of  organic  matters  as  Uie  cement,  and  having  inorganic  matters  as  the  base. 

To  piodnoe  different  kinds  of  artificial  stone,  adapted  to  the  various  purposes  to 
which  natural  stones  are  usually  applied,  both  the  proportions  and  the  character  of 
the  ingredients  are  varied  as  circumstances  require.  By  using  the  coarser  description 
of  grits,  grinding  stones  of  all  kinds  can  be  rormed,  and  that  with  an  uniformity  of 
texture  never  met  with  in  the  best  natural  stones.  Any  degree  of  hardness  or  porosity 
may  also  be  given,  by  varying  the  quantity  of  silicate  employed  and  subjecting  it  to  a 
greater  or  less  de^e  of  heat. 

For  some  descriptions  of  goods  a  portion  of  clay  is  mixed  with  the  sand  and  other 
ingredients,  for  the  double  purpose  of  enabling  the  material  to  stand  up  during  the 
process  of  firing  in  the  kiln  and  to  prevent  its  getting  too  much  glazed  on  the  surface. 

The  plastic  nature  of  the  compound  allows  of  the  most  complex  and  undercut  pat- 
terns tieing  moulded  with  greater  ease  than  by  almost  any  other  material  we  are 
acquainted  with,  if  we  except  gutta-percha,  which,  however,  has  the  drawback  of  being 
af^cted  by  common  temperatures. 
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In  attempting,  however,  to  carry  out  this  plan,  Mr.  Bansome  found  tliat  two  diffi- 
culties of  a  rather  formidable  character  presented  themselTes.  It  was  found  that, 
in  the  process  of  desiccation,  the  surface  of  the  stone  parted  with  the  moisture 
contained  in  the  soluble  silicate,  and  became  hardened  into  a  tough  impervious 
coating,  which  prevented  the  moisture  escaping  ftom  the  interior  of  the  mass.  Any 
attempt  to  dislodge  the  water  retained  in  combination  with  the  silicate  in  the  interior 
of  the  stone,  by  raising  the  temperature  of  the  whole  above  212°,  had  merely 
the  effect  of  breaking  this  outer  skm  of  desiccated  silicate,  and  rendering  the  surfisce 
cracked  and  uneven. 

Instead,  therefore,  of  allowing  the  stones  to  be  dried  in  an  open  Uln,  they  werv 
placed  in  a  closed  chamber  or  boiler,  surrounded  with  a  steam-jacket,  by  which  the 
temperature  of  the  interior  chamber  could  be  regulated.  In  order  that  no  superficial 
evaporation  should  take  place  while  the  stones  were  being  raised  to  the  temperature 
of  the  steam  in  the  jacket,  a  small  jet  of  steam  was  allowed  to  flow  into  the  uiamber, 
and  condense  among  and  on  the  surfaoe  of  the  goods  ;  until,  as  the  temperature  of  the 
interior  of  the  stones  rose  to  212°  and  upwards,  they  became  enveloped  in  an  atmo- 
sphere of  steam,  which  effectually  prevented  any  hardening  of  the  surface.  The 
minute  vents  or  spiracles  formed  by  the  steam  as  it  was  generated  in  the  interior  of 
the  masses,  remained  open,  when  the  vapour  contained  in  the  closed  chamber  was 
allowed  slowly  to  escape,  and  afforded  a  means  of  egress  to  any  moisture  which  might 
still  be  retained  among  the  particles  of  sand  and  cemenL  The  whole  of  the  moisture 
contained  in  the  silicate  of  soda  having  been  thus  vaporised  before  it  left  the  stone,  an 
opportutiity  was  afforded  it  by  opening  a  communication  with  the  external  atmosphere, 
to  pass  off,  leaving  the  interior  of  the  stone  perfectly  dry.  Simple  as  this  anangement 
may  seem,  we  will  venture  to  say  that  not  one  of  our  readers  has  bit  upon  the  expedient 
through  his  own  cogitations  on  the  sulgect. 

The  process,  in  eOect,  consists  in  stewing  the  stones  in  a  closed  vessel,  and  when  all 
the  moisture  which  they  contain  is  converted  into  vapour,  allowing  it  to  escape,  so 
that  no  one  port  of  the  mass  can  be  dried  before  another.  By  this  means  Mr.  Bansome 
was  enabled  to  desiccate  his  artificial  stone  without  any  risk  of  the  cracking  or 
warping  which  had  hitherto  been  the  result  of  his  attempts  to  harden  them  by  exposure 
in  an  open  stove. 

After  being  thoroughly  dried  they  are  taken  to  the  Hln,  bnt,  instead  of  being  placed 
in  tngan  or  boxes  of  clay,  as  is  usually  done  in  the  potter^s  kiln,  the  goods  are  first 
bed(ied  up  with  dry  sand,  to  prevent  any  risk  of  their  bending  or  losing  their  shape 
while  burning.  Flat  slabs  of  fire-clay  are  then  used  to  separate  the  various  pieces 
laterally,  and  similar  slabs  are  placed  over  them  to  form  a  shelf,  on  which  another 
tier  of  goods  is  placed.  The  temperature  of  the  kiln  is  very  gradually  raised  for  the 
first  twenty-four  hours ;  the  intensity  is  then  augmented  until  at  the  end  of  forty-eight 
honrs  a  bright  red  heat  is  attained,  when  the  kiln  is  allowed  to  cool  gradually,  for  four 
or  five  days,  when  the  goods  are  ready  to  be  taken  out. 

From  being  composed  almost  entirely  of  pure  siliceous  matter,  this  artificial 
stone  is  not  acted  upon  by  adds,  and  is  apparently  quite  insoluble,  even  in  boiling 
water. 

By  proporUoning  the  amount  of  cement,  and  varying  the  character  of  the  sand 
which  enters  into  the  composition  of  the  stone,  it  can  be  made  porous  or  non-porous,  as 
may  be  desired.  The  average  absorbent  power  of  artificial  sandstone  is  less  than  that 
of  the  Bolsover  Moor  Dolomite  used  in  the  erection  of  the  Houses  of  Parliament,  and 
a  little  more  than  that  of  the  Cragleith  Sandstone. 

An  improvement  in  the  manufacture  of  Bansome's  Stone,  or,  as  it  is  sometimes 
called  Aptmite,  was  made  and  patented  by  the  inventor  in  1872. 

It  was  found  in  practice  that  the  process  of  washing  the  Bansome  stone  so  as  to 
completely  remove  all  traces  of  the  chloride  of  sodium,  nrom  laige  masses  was  open  to 
otnection ;  it  vras  both  tedious  and  expensive,  especially  in  localities  where  there  was  a 
difficulty  in  obtaining  a  good  supply  of  water  at  a  reasonable  cost,  besides  which  in 
producing  so  large  an  amount  of  chloride  of  sodium  which  had  afterwards  to  be  re- 
moved as  a  waste  product  at  a  considerable  cost.  The  bulk  of  the  alkali,  which  was 
by  far  the  most  ezpenaive  ingredient  in  its  composition,  was  ejected  instead  of  being 
titilised,  for  .still  farther  increasing  the  density,  strength,  and  hardness  of  the  stone. 
Some  years  since  a  siliceous  deposit  was  discovered  at  the  base  of  the  Chalk  Hills  in 
Surrey,  possessing  some  very  peculiar  properties,  amongst  others,  that  of  being  readily 
soluble  in  a  solution  of  caustic  soda  or  potash  at  a  moderately  low  temperature.  Messrs. 
Paine  and  Way,  in  the  12th  volume  of  the  Journal  of  the  Boyal  Agricultural  Society, 
in  a  paper  entitled  *  On  the  Strata  of  the  Chalk  Formation,'  thus  describes  the  soluble 
silica  deposit : — '  Immediately  above  the  gault,  with  the  upper  member  of  which  it 
imensibly  intermingles,  lies  a  soft  white-brown  rock,  having  the  appearance  of  a  rich 
limestone.    It  is  rei^  remarkable  on  account  of  its  low  specific  gravity,  and  still  more 
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so  considering  its  position,  by  leaaon  of  tlie  very  amall  quantity  of  carbonate  of  lime 

which  it  contains.    It  is  one  Of  the  richest  subsoils  of  the  whole  chalk  series,  being 

admirably  adapted  for  the  growth  of  hops,  wheat,  beans,  && 
'  The  section  of  rock  at  Famham  is  abont  40  feet  in  tbickneas.    The  analysis  gives 

as  follows : — 

Percent. 
Combined  water  and  a  little  organic  matter        .        .        .      4' 1 5 
Soluble  in  dilute  adds,  57'10 : 

Silicic  acid  (silica)     . 46*28 

Carbonic  add  none. 

Sulphuric  add  .        , trace. 

Phosphoric  add ditto. 

Chlorine  none. 

Lime 0-26 

Magnesia '07 

Potash -70 

Soda  .        .        .        ^ -43 

Protoxide  and  peroxide  of  iron  .....      6'12 

Alumina  .........      3'15 

Insoluble  in  adds,  38*76 : 

Lime 201 

Hagneda traces. 

Potash 1-61 

Soda '60 

Alumina,  with  a  little  oxide  of  iron 14-20 

Silidc  add  and  sand lO-fiO 


100-00' 


The  same  authors  contributed  another  artide  to  the  14th  volume  of  the  *  Journal,' 
on  'the  Silica  Strata  of  the  Lower  Chalk,'  in  which  they  state  that  'w6en  the 
former  paper  was  published,  they  were  not  unaware  that  this  stratum  contained  a  large 
proportion  of  silica  in  the  form  which  chemists  call  "  soluble ; "  but  that  they  wished, 
before  making  public  their  discovery,  to  ascertain  whether  it  existed  in  snffident  quan- 
tity to  render  it  available  for  Agricultural  use.'  They  then  detail  the  result  of  their 
researches  during  the  intervening  two  years,  as  far  as  they  concern  agriculture,  men- 
tioning all  the  localities  in  which  this  stratum  may  be  found  in  England,  and  the 
various  ways  of  employing  it  beneficially  as  a  manure.  They  allude  to  the  fact  that 
it  will  be  found  useful  in  its  application  to  the  arts. 

Taking  advantage  of  this  peculiarity,  Mr.  Bansome  commenced  a  series  of  experi- 
ments,.in  order  to  determine  if  it  were  possible  without  the  use  of  chloride  of  calcium, 
to  produce  a  stone  in  all  respects  equal  in  quality  to  what  had  hitherto  been  made, 
and  in  this  he  succeeded.  By  mixing,  in  lieu  c^  the  chloride  of  caldnm,  suitable 
quantities  of  lime,  (or  substances  containing  lime),  and  the  natural  soluble  dlica  above 
alluded  to,  with  sand  and  a  solution  of  silicate  <^  foda,  or  potash,  which  when  intim- 
ately incorporated  are  moulded  in  the  usual  way,  and  allowed  to  harden  gradually,  as 
silicate  of  lime  is  formed  by  the  decomposition  of  alkaline  silicate  produced  by  the 
action  of  the  lime,  the  mass  becomes  thoroughly  indnnvted,  and  in  a  very  short  time 
is  converted  into  a  very  compact  stone,  capable  of  sustaining  extraordinary  pressure, 
and  increasing  in  strength  and  hardness  with  age.  Upon  this  improvement,  Br.  T.  Sterry 
Hunt  makes  the  following  remarks : — ^After  expressing  his  satisfaction  at  the  beautifiU 
results  arrived  at  by  Mr.  Bansome,  who  after  years  of  experiment,  had  solved  satis- 
factorily and  completely  a  great  industrial  problem,  he  stated  that  he  had  followed 
with  the  more  interest  tiie  labours  of  Mr.  Bansome  during  many  years,  from  the  fact 
that  he  himself  had  formerly  carried  on,  in  1857-58,  a  series  of  experiments  veiy 
sinular  in  character  and  in  chemical  results,  in  his  endeavours  to  find  out  the  method 
by  which  certain  soft  earthy  rocks,  consisting  in  great  part  of  silica  and  carbonate  of 
lime,  have  become  hard  and  crystalline.  Dr.  Sterzy  Hunt  had  shown  by  researches  in 
the  laboratory,  and  also  by  observations  of  limestone  strata  in  the  vicinity  of  eruptive 
rocks,  that  a  reaction  between  sUica  and  carbonate  of  lime  takes  place  in  the  presence 
of  carbonate  of  soda,  by  which  the  alkali  brought  about,  little  by  little,  the  solution  of 
the  silica,  and  its  union  with  the  lime  to  form  a  hard  silicate  of  lime.  This  is  nature's 
method.  The  action  of  alkali  in  dissolving  the  silica  and  then  again  giving  it  up  to 
the  lime,  was  an  example  of  many  of  the  soncalled  actions  by  presence,  which  are  really 
case?  of  ordinary  chemical  affinity  acting  under  peculiar  conditions.  It  was  reserved 
for  Mr.  Bansome,  by  using  both  Uie  lime  and  the  silica  in  their  tree,  soluble  and  active 
forms,  and  by  bringing  in  the  alkali  already  combined  with  a  portion  of  silica,  to  make 
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tliis  cnrioits  reaction  reiy  rapid,  and  to  shov  that  the  piodnct  forms  a  eemeating 
material  irhich  is  available  for  binding  paiticlee  of  sand  into  hard  stone-like  masses. 
Hr.  Bansome  has  also  shown  that  the  small  amount  of  tiXkali  nsed  in  the  process 
itself,  unites  irith  the  snceessive  portions  of  silicate  of  lima  formed,  and  becomes 
locked  up  in  an  insoluble  compound,  as  is  the  case  with  alkali  in  granite  rocks.  Hence 
the  new  artificial  stone,  unlike  the  earlier  products  obtained  by  Hr.  Bansome  and 
by  others,  contains  no  soluble  salts  to  be  got  rid  of. 

BTOra-  and  OtUt-OWtVBHMBM.  Among  the  many  modem  forms  of  application, 
whereby  mechanical  deTice»  are  brought  in-  aid  of,  and  made  to  supersede,  ordinaiy 
manual  labonr,  tkere  are  few  that  have  a  wider  range  of  utility  than  those  which  de^ 
with  the  ores,  stones,  and  recks,  and  pirepaw  them  by  reduction  and  comminution  for 
the  metallaigical  and  other  processes  on  which  so  many  of  the  arts  and  manufactures 
depend,  

Mr.  H.  B.  Maraden,  of  the  Sohe  Foaiidiy,-Leeds,  has-  long  been  .known  in  connection 
with  Blake's  ore-cmBher  and  stone-breaker,  characterised  by  .a  peculiar  'toggle- 
motion.'  The  recent  improvements  arebasedsubstantially  upon  the  Blake  machine,  but 
with  novelties  in  details  and  in  arrangement,  constituting  a  new  combination  machine 
(see  fig.  1914).  An  improved  '  cubical-'  jaw  is  the  most  recent  addition  to  the  efficacy 
of  these  machines,  for  use  when  it  is  desirable  or  essential  that  the  reduced  material 


1914 


should  be  well  and  evenly  broken  np  to  a  regular  gauge  and  cubical  form,  as,  more  p-nr- 
tienlarly  in  the  case  of  road-metal.  The  construction  of  this  jaw  is  simple,  and  consists 
in  an  extension  of  the  lower  end,  and  giving  a  curved  form  backwards  to  the  moveable 
jaw ;  thus,  the  oriflce  of  delivery  is  made  to  terminate  a  parallel  channel  of  some  3  or 
4  inches  in  length,  wherein  the  corrugations  of  the  fixed  and  moveable  jaws  are  so 
arranged  as  to  alternate  the  one  with  the  other,  i.e.,  ridge  against  farrow,  and  viee^»r*6  ; 
and  the  action  of  this  jaw  leaves  little  to  be  desired  in  regard  to  the  evenness  and  regu- 
larity of  the  resulting  sample  of  broken  stone ;  whence  it  is  called  '  cubical.'  The  coml>i- 
nation  of  the  steam-engine,  crusher  and  screen  upon  one  l^ed  is  generally  adopted.  This 
combined  machine  is  usefiil  for  the  breaking  np  and  disint^^stion  of  all  kinds  of  ores 
tat  the  ironmaster  and  the  miner  in  general.  For  these  purposes  the  jaws  can  be  changed 
according  to  the  special  degree  of  comminution  desired ;  and  this  system  is  beiug 
adopted  to  replace  rolls  in  various  operations  of  grinding,  on  account  of  the  fineness 
and  evenness  of  the  resnlting  material.  A  machine  thus  calculated  to  operate  upon 
the  moat  refractory  materials,  exercising  powerful  strains  and  destructive  efi«cts, 
while  remaining  itself  comparatively  unalfed»d,  and  capable  of  withstanding,  without 
material  depreciation,  the  great  and  '  constant '  fatigue  of  such  opeiations,  is,  it  must  be 
admitted,  a  valuable  adjunct  to  the  manufacturing  processes  in  which  it  is  available. 

Another  stone-  and  ore-crushing  machine  has  been  introduced  by  Hr.  J.  C.  Cole,  of 
the  Montpelier  Ironworks,  "Walworth,  and  it  is  especially  adapted  for  the  production  of 
concrete  or  for  crushing  to  very  small  fragments  any  mineral  or  stone.  It  has  become 
necessary  of  late  to  produce  such  machines  as  will  cost  the  smallest  amount  for  transit, 
at  the  same  time  being  eqnal  to  any  work ;  and  the  manner  in  which  this  appaiatns 
appears  to  answer  renders  it  an  important  adjunct  to  or  in  connection  with  stamptn, 
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&C.,  08  the  material  produced  is  very  regular,  and  nothing  escapes  the  jairs  of  this 
particular  machine  laiger  than  |-incn  cube,  of  -which  size  it  is  capable  of  producing 
about  26  tons  of  material  per  day.  The  crushing  jaws  are  arranged  on  each  side  of 
the  main  shaft,  and  at  every  revolution  two  strokes  are  given,  whids  renders  it  double 
acting ;  and,  if  found  necessary  or  requisite,  one  pair  of  jaws  may  be  set  to  snch  a 
gauge  as  to  produce  huger  material  than  the  others,  or  both  may  be  set  either  to  a  fine  or 

1915 


coarse  gauge(j^.  1916).  In  practice  it  is  found  necessary  to  reduce  large  pieces  to  about 
2-inch  cubes  inone  side  of  the  machine.  They  are  then  placed  in  the  other  and  reduced 
to  fine  material,  and  by  this  means  a  very  large  amount  of  wotk  is  done  with  very  little 
power.  The  action  of  this  machine  will  be  readily  understood  without  a  drawing. 
All  the  bearings  are  protected  from  dust,  and  the  apparatus  is  so  simple  that  every 
part  may  be  got  at  with  ease.  The  machine  does  not  weigh  more  than  30  cwts.,  and 
for  mining  enterprise,  colonial  or  otherwise,  this  is  of  importance.  There  is  no  over- 
flow, and  all  pieces  of  stone  put  into  the  hoppers  are  reduced  in  equal  proportions. 
There  are  only  three  bearings  in  the  whole  apparatus.  The  crushing  surfaces  do  not 
weigh  more  than  1  cwt.  each,  and  are  easily  replaced. 

A  powerful  stone-crushing  machine  has  also  been  introduced  by  Mr.  Goodman. 

BTOwa,  VBaaMBVATIoar  or.  The  attention  of  the  scientific  world  has  for 
some  time  past  been  directed  to  the  importance  of  providing  a  means  for  protecting 
the  stone  of  our  public  buildings  from  the  ravages  of  time  and  the  injurious  effects 
of  the  polluted  atmosphere  of  our  mannfoctnring  and  populous  districts. 

The  principal  cause  of  the  ruinous  decay  which  is  so  apparent  in  the  national 
edifices,  churches,  mansions,  &c,  of  this  country,  is  generally  admitted  to  be  the 
absorption  of  water  charged  with  carbonic  or  other  acid  gases,  which  by  its  chemical 
action  either  decomposes  the  lime  or  argillaceous  matter  forming  the  combining 
medium  uniting  the  several  siliceous  or  other  particles  of  which  the  stone  is  composed, 
or  mechanically  disintegrates  those  particles  by  the  alternate  expansion  and  contrac- 
tion caused  by  variations  of  temperature. 

Many  processes  have  from  time  to  time  been  suggested,  and  several  patents  secured, 
for  filling  up  the  pores  of  the  stone,  and  thus  preventing  the  admission  of  these  dele- 
terious agents,  but  they  have  been  mostly  if  not  entirely  composed  of  oleaginous  or 
gummy  substances  or  compounds,  which,  although  possessing  for  a  time  certain  pre- 
servative properties,  become  decomposed  themselves  upon  exposure,  and  constantly 
require  to  be  renewed  ;  whilst  from  the  nature  of  these  applications  the  discoloration 
necessarily  produced  is  highly  objectionable. 

The  process  of  silicatisation  introduced  by  Knhlmann  has  the  disadrantnge  of 
requiring  some  considerable  time  before  the  atmosphere  can  do  its  work  of  efibcting 
the  necessary  combination  between  the  silica  applied  in  solution  to  the  stone,  and  the 
lime  contained  in  it,  and  therefore  when  it  is  applied  to  the  external  parts  of  any 
building  it  is  liable  to  be  washed  out  before  solidification  has  been  secured.  Mr. 
Frederick  Bansome,  advancing  from  his  siliceous-stone  process  a  step  farther,  meets 
the  condition  by  effecting  a  chemical  change  at  once  within  the  stone.  Mr.  Bansome 
thus  describes  his  process : — 

The  mode  of  operation  is  simply  this : — The  stone  or  otlier  material,  of  which  a 
building  may  be  composed,  should  be  first  cleaned  by  the  removal  of  any  extrane- 
ous matter  on  the  surface,  and  then  brushed  over  with  a  solution  of  silicate  of 
soda  or  potash  (the  specific  gravity  of  which  may  bo  raised  to  suit  the  nature  of 
the  Stone  or  other  material) ;  this  should  be  followed  by  a  solution  of  chloride  of 
calcium,  applied  also  with  a  brush ;  the  lime  immediately  combines  with  the  silica, 
forming  silicate  of  lime  in  the  pores  of  the  stone  ;  whilst  the  chloride  combines  with 
the  soda,  forming  chloride  of  sodium,  or  common  salf,  which  is  removed  at  once  by 
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an  excess  of  water.  From  the  foregoing  description  it  will  he  apparent  tliat  this 
invention  has  sot  only  rendered  the  operation  totally  independent  of  any  condition 
of  the  atmosphere  in  completing  the  process,  but  me  work  executed  is  unaffected 
by  any  weather,  even  the  most  excessive  rains.  Experience  has  shown  that  where 
once  applied  to  the  stone  it  is  impossible  to  remove  i^  unless  with  the  surface  of  the 
stone  itself. 

The  application  is  one  of  extreme  simplicity,  and  the  material  used  perfectly  in- 
destructiole.  The  rationale  of  the  process  is  thus  explained : — ^A  liquid  will  enter  any 
porous  body  to  saturation,  whilst  a  solid  cannot  go  any  farther  than  the  first  inter- 
stices next  the  surface.  Take,  then,  two  liquids  capable  of  producing,  by  mutual 
decomposition,  a  solid,  and  by  the  introduction  of  these  liquids  into  the  cells  of  any 
porous  body,  a  solid  is  produced  by  their  mutual  decomposition  internally ;  eryo,  if  a 
solid  could  not  go  in  as  a  solid  it  cannot  come  out  as  a  solid,  and  chemical  decomposi- 
tion having  destroyed  the  solvents,  they  will  never  again  be  in  a  state  of  solution. 
The  patentee  has  secured  to  himself  the  application  of  this  important  principle ;  and 
whilst  we  name  silicate  of  soda  and  chloride  of  calcium  as  the  agents  under  mutual 
decomposition  by  contact  for  producing  the  chloride  of  sodium  and  the  imperishable 
silicate  of  lime,  there  are  many  other  ingredients  capable  of  producing  like  results. 

Several  large  buildings  in  London — the  Baptist  Chapel  in  Bloomsbury,  amongst 
others, — Glasgow,  and  other  cities,  have  been  treated  with  Mr.  Eansoms's  process  ; 
a  portion  of  the  Houses  of  Parliament  has  been  enierimented  on,  and  the  result,  so 
far  as  the  time  which  has  passed  can  test  its  merits,  has  been  eatis&ctory. 
VrCimmWJiMM.  (F&enee,  Fr. ;  Steingut,  Qex.)  See  Fottebt. 
•TOBAXi  BVWWtAx,  JAquid  ttorax  is  obtained  from  the  storax  plant,  Sti/rax 
tjfu/maU.  The  finest  is  a  pellucid  liquid,  having  the  consistency  and  tenacity  of 
Venice  turpentine,  a  brownish  colour  and  a  vanilla-like  odonr.  The  common,  which 
is  imported  from  Trieste  in  casks,  is  opaque,  of  a  grey  colour,  and  of  the  consistency 
of  bird-lime.  This  has  been  frequently  confounded  with  liquid-ambar.  Storax  is 
employed  in  perfumery,  and  yields  an  odour,  when  sufiiciently  dilute,  exactly  resem- 
bling the  fragrance  of  the  jonquil.    See  Aub^b,  Liauro;  FsKFumsx. 

Common  ttorax ;  Stjfrax  calamita. — Tliis  is  imported  in  lane  round  cakes,  of  a 
brown  or  reddish-brown  colour.  *  It  appears  to  consist  of  some  liquid  resin  mixed  with 
fine  sawdust  or  bran.' — Ptrmra, 

Storax  in  the  tear. — This  is  imported  in  yellowish  or  reddish-white  tears,  abont  the 
size  of  peas.  There  are  some  other  varieties,  but  these  are  not  of  sufficient  importance 
to  be  noticed  here.    Storax  has  but  little  use,  except  as  a  pharmaceutical  artide. 

•TOW  (JPoelt,  Calorifire,  Fr. ;  Ofen,  Ger.)  is  a  fire  place,  more  or  less  close,  for 
wanning  apartments.  When  it  allows  the  burning  C(»ls  to  be  seen,  it  is  called  a 
stove-grate.  Hitherto  stoves  have  rarely  been  had  recourse  to  in  this  country  for 
heating  our  sitting-rooms;  the  cheerful  blaze  and  ventilation  of  an  open  fire. being 
generally  preferred.  Some  arrangements  have  been  introduced  for  close  stoves,  in 
which  charcoal  or  coke  was  burnt,  and  which  required  little  or  no  chimney.  When 
coke  or  charcoal  is  burned  very  slowly  in  an  iron  box,  the  carbonic  add  gas  which  is 
generated,  being  half  as  heavy  again  as  the  atmospheric  air,  cannot  ascend  in  the 
chimney  at  the  temperature  of  300°  Fahr. ;  but  regurgitates  into  the  apartment  through 
every  pore  of  the  stoves,  and  poisons  the  atmosphere. 
The  large  stoneware  stoves  of  France  and  Germany  are 
free  from  this  vice ;  because,  being  fed  with  fuel  from 
the  outside,  they  cannot  produce  a  reflux  of  carbonic 
acid  into  tlie  apartment,  when  their  draught  becomes 
|S  feeble,  as  inevitably  results  from  the  obscurely  burning 
stoves  which  have  the  doors  of  the  fireplace  and  ash-pit 
immediately  above  Uie  hearth-stone. 

Stoves  when  properly  constructed  may  be  employed 
both  safely  and  advantageously  to  heat  entrance-balls 
upon  the  ground  story  of  a  house  ;  but  care  should  be 
taken  not  to  vitiate  vie  air  by  passing  it  over  ignited 
surfaces,  as  is  the  case  with  most  of  the  patent  stoves 
now  foisted  upon  the  public.  Fig.  1916  exhibits  a  ver- 
tical section  of  a  stove  which  has  been  recommended 
for  power  and  economy;  but  it  is  highly  objectionable 
as  being  apt  to  scorch  tJie  aic  The  flame  of  the  fire  A, 
circulates  round  the  horizontal  pipes  of  cast  iron,  b  b,  o  e,  d  d,  e  e,  which  receive  the 
external  air  at  the  orifice  6,  and  conduct  it  up  through  the  series,  till  it  issues  highly 
heated  at  x,  i^  and  may  be  thence  conducted  wherever  it  is  wanted.  The  smoke 
escapes  through  the  chimney  b.  This  stove  has  evidently  two  prominent  faults :  first, 
it  heats  the  air-pipes  very  unequally,  and  the  undermost  far  too  much ;  secondly,  the 
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air,  by  the  time  it  lias  ascended  through  the  Bgtag  raage  to  the  ^pe  «  e,  ■mil  he 
nearly  of  the  same  temperature  \nth  it,  and  vill  therefore  abstract  none  of  its  heat. 
Thus  the  upper  pipes,  if  there  be  several  in  the  range,  trill  be  quite  inoperative, 
wasting  their  warmth  upon  the  sooty  air. 

Fiff.  1917  exhibits  a  transverse  vertical  section  of  a  far  more  economioal  and 
powrafol  stove,  in  which  the  above  evils  are  avoided.  The  products  of  combustion  of 
the  fire  a,  rise  np  between  two 
brick  walls,  so  as  to  play  upon  the  1917 
bed  of  tiles  b,  where,  after  com- 
municating a  moderate  heat  to  the 
series  of  slanting  pipes  whose  areas 
are  re|nresented  by  the  small 
dicles  a  a,  they  turn  to  the  right 
and  left,  and  circulate  round  the 
successive  rows  of  pipes,  b  b,  o  c, 
dd,  e  e,  and  finally  escape  at  the 
bottom  by  the  fines  g,  g,  pursuing  I 
a  somewhat  similar  paUi  to  that  ^ 
the  burned  air  wtong  a  bench  of 
gaslight  retorts,  it  is  known  that 
two-thirds  of  the  fuel  have  been 
saved  in  the  gasworks  by  this  dis- 
tribution of  the  furnace.  For  the 
purpose  of  heating  apartments,  the 
great  object  is  to  supply  a  vast 
body  of  genial  air;  and,  therefore, 
merely  such  a  moderate  fire  should 
be  kept  np  in  a,  as  will  suffice  to 
warm  all  the  pipes  pretty  equally 
to  the  temperature  of  220°  Fahr. ;  and,  indeed,  as  they  are  laid  with  a  slight  slope, 
are  open  to  the  air  at  their  under  ends,  and  terminate  at  the  upper  in  a  common 
main  pipe  or  tunnel,  they  can  hardly  be  rendered  very  hot  by  any  intemperance  of 
firing.  If  the  tubes  be  made  of  stoneware,  its  construction  will  cost  very  little  ;  and 
they  may  be  mode  of  any  size,  and  multiplied  so  as  to  carry  off  the  whole  effective 
heat  of  the  fuel,  leaving  merely  so  much  of  it  in  the  burned  air  as  to  waft  it  &irly 
up  the  chimney. 

Open  fire  places  are,  and  probably  will  ever  remain,  £ivourites  in  this  country. 
There  is  no  doubt  that  the  ordinary  arrangement  of  our  fireplaces  is  very  defective. 
Much  heat  is  lost — there  is  not  an  equal  diSnsion,  and  those  sitting  in  the  apartment 
are  exposed  to  annoying  draughts  of  cold  air.  Arranged  as  our  buildings  are,  it  is  not 
easy  to  perceive  how  any  very  great  improvement  could  be  made  so  long  as  we  desire 
the  enjoyment  of  an  open  fire  and  the  luxury  of  light  and  air. 

In  uie  greater  number  of  stoves  proper,  the  objections  are  obvious  to  every  one.  In  the 
more  common  kinds  of  stove  the  fire  is  surrounded  directly  by  the  surface  to  bo  heated, 
which,  being  placed  unprotected  in  the  room,  radiates  heat  and  warms  the  air  by  direct 
contact.  All  such  are  liable  to  become  overheated,  and  then  the  unpleasant  smell  im- 
parted to  the  air  is  highly  oljectionable.  Such  stoves  also  dry  the  air,  and  the  result 
is  that  headaches  andoUier  annoying  sensations  are  produced.  The  common  stoves 
need  not  be  described.  Dr.  Amott  introduced,  many  years  since,  a  stove  in  which  the 
arrangements  were  very  complete ;  and  as  the  combustion  was  regulated  with  much 
facility,  they  were  economics.  The  chief  feature  of  Amott's  stove  was  a  mode  of 
adjusting  the  amount  of  air  supplied  to  the  fire.  A  regulating  valve  is  fitted  to  the 
aperture  of  the  ash-pit,  consisting  of  a  &ame  nicely  balanced,  and  turning  with  the 
slightest  force  upon  a  centre ;  to  this  is  attached  a  steel-yard,  in  which  are  several  holes 
for  the  insertion  of  a  weight  This  determines  exactly  the  size  of  the  opening,  and  of 
course  regulates  the  quantity  of  air  admitted  to  the  fire. 

In  these  stoves  there  is  a  tendency,  when  the  store  is  not  heated  above  2a0°  or 
300°,  to  the  formation  of  considerable  quantities  of  carbonic  acid,  which  finds  its 
way  into  the  room  from  the  ashpit-door ;  and  when  the  combustion  is  languid,  car- 
bonic oxide  is  often  formed,  which  passes  away  by  the  chimney  unconsomed,  involving 
a  loss  of  heat. 

Space  will  not  admit  of  our  describing  the  Dutch  or  American  stoves,  which  are 
mainly  modifications  of  the  ordinary  forms,  which  are  sufficiently  well  known. 

It  would,  perhaps,  be  no  exaggeration  to  say  that  with  close  stoves,  heating 
apparatus,  and  other  arrangements,  in  which  there  is  no  appearance  of  warmth,  a 
much  lagher  ieng^ature  cf  the  atmotphere  ia  reqmrtd  to  maie  it  even  feel  as  warm 
as  in  that  of  an  apartment  heated  by  an  open  fire.     Indeed,  it  may  be  fairly 
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aauTted  that  rabat  persons  vill  tolerate  iDconTenieDce  aad  sabmit  to  ezpeose,  provided 
they  see  the  cheecftil  blaze  of  the  open  fire,  vhidi  they  are  at  iibeiil^  to  appMMdi 
at  will. 

One  of  the  large  pyro-pnerimatic  stoTe-grates,  Then  in  fall  operation,  is  fonnd  to 
be  capable  of  heatinff  an  apartment  containing  60,000  cabie  feet  of  air.  In  a  very 
large  choich,  containing  upwards  of  176|000  cubic  feet  of  air,  and  capable  of  accom- 
modating a  congregation  of  1,600  persons,  four  of  these  stoves  of  moderate  size, 
ananged  in  convenient  positions  towards  the  angles  of  the  building,  so  that  every 
individual  of  the  congregation  may  see  tlie  fire,  are  ibnnd  to  be  soffldentin  the  coldeat 
weather,  and  do  not  even  require  to  be  sustained  in  fUl  action,  except  during  a  few 
hours  in  the  morning.  One  of  these  stove-grates  placed  in  the  hall  or  lower  part  of  a 
staircase,  warms  and  tempers  the  internal  dlimate  of  a  large  house,  and  gives  the 
whole  building  a  plentiful  supply  of  pure  fresh  air.  One  of  the  smaller  grates  is 
capable  of  warming  a  large  room.  And  whether  in  dwelling-houses,  schools,  churches, 
or  apartments,  the  arrangements  can  readily  be  brought  into  operation  at  a  moderate 
cost,  and  without  any  (b^ond  the  most  trifling)  interfwence  with  existing  structural 
amngements. 

WTWUkMXiMXMMM    The  German  name  for  radiated  pyrites. 

STSAH&BTSnr.    The  fibrous  varieties  of  hornblende  (actinolite)  are  known 
to  German  mineralogists  under  this  name.    See  HoBirBLsnia. 
VSmrxn.    SeeAsiss. 
SeePASTBS. 

Sedimentary  rocks  are  generally  spread  out  in  layers  called  strata, 
whence  they  are  known  as  straHfied  rocks.  These  strata  exhibit  a  definite  sequence ; 
and  the  following  table  will  show  the  order  in  which  the  several  '  formations,'  or 
groups  of  fossilifeions  struta  succeed  each  other  in  the  British  Isles,  commencing  with 
the  uppermost,  or  most  recent : — 


1.  Tertiary  or  Cainoeoie, 

Pliocene. 
Miocene. 
Eocene. 


Secondary  or  Mesoeoie. 

Chalk. 

Upper  Greensand. 

Oault. 

Neocomian. 

Wealden. 
"Pnrbeck. 

Portland, 

Kimmeridge  Clay. 

Coral  Rag. 
•  Oxford  Clay. 

Combrash. 

Great  Oolite. 

Inferior  Oolite 
l^Iiias. 

Khtetic  Beds. 

Trias. 


6 


i.  Prhnarj/  or  Pakeoaxc. 

^     Permian. 

g  f  Coal-Measures. 

J  <  Millstone  Grit. 

■g  I  YoredHle  Rocks. 
.     Devonian. 
g.S  f  Ludlow, 
aj  <  Wenlock. 
f^K  LUpper  Llandovery. 
^    .  I  Lower  Llandovery. 
|.l  I  Bala  Beds. 
Q  J  1  Llandeilo. 


sell'' 


a  „ 
6-M 


Arenig. 

Tremadoc  Slates, 
Lingula  Flags. 
Menevinn. 
Laurentian. 


W.  The  fruits  of  various  species  of  Fragaria,  such  as  F,  vesca, 
F.  datior,  &c.    They  belong  to  the  natural  order  Bosacete. 

STBA'W'KAT  IKAWTAOTinUi.  The  mode  of  preparing  the  Tuscany  or 
Italian  straw  is  by  pulling  the  bearded  wheat  while  the  ear  is  in  a  soft  milky  state, 
the  com  having  been  sown  very  dose,  and  of  consequence  produced  in  a  thin,  short, 
and  dwindled  condition.  The  straw,  with  its  ears  and  roots,  is  spread  out  thinly  upon 
the  ground  in  fine  hot  weather,  for  8  or  4  days  or  more,  in  order  to  dry  the  sap ;  it 
is  then  tied  up  in  bundles  and  stacked,  for  the  purpose  of  enabling  the  heat  of  tlie 
mow  to  drive  off  any  remaining  moisture.  It  is  important  to  keep  the  ends  of  the 
straw  air-tight,  in  order  to  retain  the  pith,  and  prevent  its  gummy  partides  from 
passing  off  by  evaporation. 

After  the  straw  has  been  about  a  month  in  the  mow,  it  is  removed  to  a  meadow  and 
spread  out,  that  the  dew  may  act  upon  it,  together  with  the  sun  and  air,  and  promote 
the  bleaching,  it  being  necessary  fluently  to  turn  the  straw  while  this  process  is 
going  on.  The  first  process  of  bleaching  being  complete,  the  lower  joint  and  root  is 
puUed  from  the  root,  leaving  the  upper  part  fit  for  use,  which  is  then  sorted  accord- 
ing to  qualities ;  and  after  being  submitted  to  the  action  of  steam,  for  the  purpose  of 
extracting  its  colour,  and  then  to  a  fumigation  of  sulphur,  to  complete  tlie  bleaching, 
the  straws  are  in  a  condition  to  be  platted  or  woven  into  hats  and  bonnets,  and  are  in 
that  state  imported  into  England  in  bundles,  the  dried  ears  of  the  wheat  being  still  on 
the  straw. 
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Stnir  canBOt  bo  bleached  by  a  solntion  of  chloride  of  lime,  a<  this  pr«paiation 
always  turns  the  straw  yellow.  For  this  purpose,  a  cask  opea  at  both  ends,  with  its 
seams  papered,  is  to  be  set  upright  a  few  inches  £rom  the  ground,  haring  a  hoop 
nailed  to  its  inside,  about  six  inches  beneath  the  top,  to  snpport  another  hoop  with  a 
net  stretched  across  it,  upon  which  the  straw  is  to  be  laid  in  sncoessire  nandfuls 
loosely  crossing  each  other.  The  cask  having  been  ooyered  with  a  tight  overlapping 
lid,  stu^d  with  lists  of  doth,  a  brazier  of  boming  charcoal  is  to  be  inserted  within 
the  bottom,  and  an  iron  dish  eontoining  pieces  of  brimstone  is  to  be  pot  upon  the 
brazier.  The  brimstone  soon  takes  fire,  and  fills  the  eatk  with  snlphnroM  add  gas, 
whereby  the  straw  gets  bleached  in  the  course  of  three  or  four  hours.  '  Care  should  be 
t^en  to  prersnt  soch  a  violent  oombnstion  of  the  sulphur  as  might  cause  black  horned 
spots,  for  these  cannot  be  afterwards  removed.  The  straw  after  being  aired  and 
softened  by  spreading  it  on  the  grass  for  a  night,  is  ready  to  be  split,  preparatory  to 
dyeing.  Blue  is  given  by  a  boiung-hot  solntion  of  indigo  in  saljrfiuric  acid,  called 
Saxon  blue,  diluted  to  Qie  desired  shade;  yellow,  by  decoction  of  turmeric;  red,  by 
boiling  hanks  of  coarse  scarlet  wool  in  a  bath  of  weak  alum-water,  containing  the 
straw ;  or  directly,  by  cochineal  salt  of  tin,  and  tartar.  Brasdl-wood  and  archil  are 
also  employed  for  dyeing  straw.  For  the  other  colours,  see  their  respective  titles  in 
this  Dictionary. 

■TXaAM^WOSXS*  The  name  given  by  the  Cornish  minets  to  aUuvial  de- 
posits of  tin  ore. 

■ntnr  mni.  This  is  a  day  of  utilisation.  We  have  already  found  out 
plans  for  turning  old  ektthes  into  money,  for  making  oar  fields  fertile  by  using  the 
refuse,  and  now  the  proverb  '  cheap  as  dirt '  seems  likely  to  lose  all  its  force.  '  The 
Engineer,'  speaking  of  the  wet  mud  called  '  Macadam  milk,'  which  corers  the  streets  of 
Paris  in  the  rainy  season,  says  :  'An  adventurous  individual  has  found  an  applica- 
cation  for  this  stuff,  and  at  the  same  time,  it  is  said,  an  income  of  4001.  a  year  for 
himself.  He  collects  the  "  milk,"  allows  it  to  settle  in  large  tanks,  passes  the  precipi- 
tate through  silk  sieves,  and  forms  it  afterwards  into  what  we  call  Flanders  bncks  for 
knife-cleaning,  which  sell  at  a  £ranc  each.' 

Upon  this  Mr.  John  FhilliiM  remarks^  '  that  by  a  similar  process,  and  item  similar 
materitd,  stone  or  brick  for  deaning  or  polishing  steel  aod.brass,  and  which  is  locally 
known  as  "  rotten  stone,"  has  been  for  many  years,  and  still  is,  mannfactored  at  the 
Aller  Works,  near  Newton  Abbot  The  roads  in  the  ndghbouritood  which  supply  the 
raw  material  are  macadamised  with  flints,  which  espedally  edicts  it  for  this  purpose. 
If  credit  is  dne  anywhere  for  this  utilisation  of  waste,  let  it  not  be  monopolised  by 
France,  but  let  Devonshire  claim  its  fur  share.' 

•TBBTOBXVO  aKAOHZMS.  Cotton  goods  and  other  textile  &brics,  either 
white  or  printed,  are  prepared  for  the  market  by  being  stretched  in  a  proper  machine, 
which  lays  all  their  warp  and  woof  yams  in  tnily  paralld  positions.  A  venr  ingenious 
and  effective  mechanism  of  this  kind  was  made  the  subject  of  a  patent  by  lb.  Samuel 
Morand,  of  Manchester,  in  April  1884,  which  serves  to  extend  the  width  of  calico 
pieces,  or  of  other  doths  woven  of  cotton,  wool,  silk,  or  flax,  after  they  have  become 
shrunk  in  the  processes  of  bleaching,  dyeing,  &c.  The  limits  of  this  volume  will 
not  admit  of  its  description.  The  SpeciBcation  of  the  patent  is  published  in '  Newton's 
Journal '  for  December  1836. 

■TBZItCMf  a  miner'B  term.  The  name  given  by  the  Cornish  minets  to  the  small 
filamentous  ramifications  of  a  metallic  vein. 

■TBnraT-8AU  tubs*  The  great  stringy-bark  gum-trees  of  Austntlia 
are  various  spedes  of  Eucalyftta.  They  are  so  called  in  consequence  of  tlie  bitrk 
separating  in  fibrous  Iqyen. 

■TXmnrO  HUIHtlXDt'WOJVMttMMXnCU,  consists  of  8  ports  of  sulphuric 
add  and  1  part  of  nitre. 

■TBOMSmZTB.  A  sulphide  of  copper  and  silver,  found  in  Siberia,  Silesia, 
Chili,  and  Pern. 

BTROVTZA.  {oxide  ofttroniium,  SrO),  one  of  the  alkaline  earths,  of  which  ttrontium 
is  the  metallic  basis,  occurs  in  a  ci^stalline  state,  as  a  carbonate  {ttrcmtianite)  in  the 
lend  mines  of  Strontian  in  Arg}'leehire — whence  its  name.  The  snl{^aite  {etteaiine)  is 
found  crystallised  near  Bristol,  in  New  Bed  marl,  and  in  several  other  localities ; 
but  strontian  minerals  are  rather  rare.  The  pure  earth  is  prepared  exactly 
like  baryta,  from  either  carbonate  or  the  sulphate.  It  is  a  greyish-white  porous 
mass,  invisible  in  the  furnace,  not  volatile,  of  a  specific  gravity  between  S'O  and  4-0 : 
3'8231  {Karftai) ;  having  an  alkaline  reaction  on  vegetable  colours,  an  acrid,  burning 
taste,  sbarpor  tlian  lime,  bnt  not  so  corrosive  as  baiyta,  potash,  ur  soda.  It  becomes 
hot  when  moistened,  and  slakes  into  a  white  pulverulent  hydrate,  dissolves  at  60° 
in  50  parts  of  water,  and  in  much  less  «t  the  boiling  point,  forming  an  alkaline 
solution,  called  stroniia-wnUa,  which  deposits  crystals  in  four-sided  tables  as  it  oools. 
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These  contain  80-9  per  cent  of  •water,  are  Rolnble  in  62  partg  of  water  at  eO'  and  in 
2'4  parts  of  boiling  water ;  when  heated  they  part  with  fiO  per  cenL  of  water,  but 
retain  the  other  parts,  even  at  a  red  heat.  The  dry  earth  consists  of  84-6  of  base, 
and  16-4  of  oxygen.  It  is  readily  distinguished  from  baryta,  by  its  inferior  solubility, 
and  by  its  soluble  salts  giving  a  red  tinge  to  flame,  while  those  al  baryta  give  a  greenish 
tinge.  Flnosilicic  acid  precipitates  the  salts  of  the  latter  earth,  bnt  not  those  of  the 
former.  The  compounds  of  strontia  are  not  poisonous,  like  thoee  of  baryta.  The 
only  preparation  of  strontia  used  in  the  arts  is  the  NrCRATB. — H.  W.  B. 

■rmOKTXA,  OAmSOarAXa  or.  SrO.CO*  (SrOO*).  See  SrsoimANrTB. 
«nMnnnA,XTrmATa  or.  SrO.NO*  [Sr(WO*)'].  NUnUe  de  atronUme,  Ft. ; 
Satpetertaurer  Strontian,  Ger.)  This  salt  is  usually  mepared  from  the  sulphide  of 
strontium,  obtained  by  decomposing  the  sulphate  vnth  charcoal,  by  strong  ignition 
of  the  mixed  powders  in  a  crucible.  This  sulphide  bein^  treated  with  water,  and 
the  solution  being  filtered,  is  to  be  neutialised  with  nitric  acid,  as  indicated  by  the  test 
of  turmeric-paper;  care  being  taken  to  avoid  breathing  the  noxious  sulphuretted 
hydrogen  gas,  which  is  copiously  disengaged.  The  neutral  nitrate  being  properly 
evaporated  and  set  aside,  afibrds  colourless,  transparent,  slender,  octahedral  crystals. 
It  has  a  cooling,  yet  somewhat  acrid  taste;  is  soluble  in  6  parts  of  cold,  and  in 
one  half-part  of  boiling  water.  Its  principal  use  is  the  prepatation  of  '  red  fire '  for 
pyrotechnic  wodu  and  theatrical  eflracts.  A  Teiy  beautiful  exhibition  of  red  fire  is 
obtained  by  preparing  a  gun-paper,  by  treating  ordinary  bibulous  paper  with  nitric 
and  sulphuric  acids,  and  then  well  washing  it ;  when  quite  free  from  acid,  it  is  to  be 
dried,  and  then  saturated  with  a  solution  of  the  chloride  or  nitrate  of  strontia. — 
H.  W.  B.    See  PriMWicHirr 

BT»0]in&,  ■mmtAXa  or.    SrO.SC  (SrSO^).    See  CKLEsnus. 
■TSrarZAltXTB.    Native  carbonate  of  strontia. 

•nUMIWlUM.  The  metallic  base  of  the  earth  etrontis  ;  first  obtained  by  Sir 
Humdiry  Davy,  in  1808.  It  is  prepared  in  the  same  way  as  barium.  See  BARirv. 
See  Watts's  'Dictionary  of  Chemistry.' 

JBTBTOHVin.  C^'H^N'O*  (0«B"arK>>).  The  bitter  poisonous  principle 
contained  in  the  difE^nt  tptcies  of  StiyeiHoa.  It  is  usually  extracted  for  commercial 
purposes  from  the  nux-vomica  bean,  the  seed  of  the  8.  nux  vomica.  It  is  a  well-marked 
alkali,  and  yields  a  great  number  of  crystalline  salts  with  acids  and  metallic  chlorides. 
Its  true  constitution  has  been  fully  mtule  out  by  the  roseaichos  of  Meesrs.  Nicholson 
and  AbeL  Although  a  most  valuable  medicine  in  paralytic  affections,  when  employed 
in  very  small  doses,  it  is  a  dangerous  remedy  in  unskilful  hands,  and  has  been  the  cause 
of  numerous  deaths  arising  from  carelessness,  without  reckoning  the  many  who  have 
been  destroyed  by  it  at  the  hands  of  the  poisoner.  Some  years  ago  a  panic  was  occa- 
sioned by  a  rumour  of  its  employment  for  the  purpose  of  giving  a  bitter  flavour  to 
beer ;  this  has  been  shown  to  be  incorrect,  tjtill  the  quantities  of  it  produced  annually 
by  various  manufacturers  could  not  fail  to  excite  attention  and  uneasiness.  As  mvtcn 
as  1,000  ounces  have  been  known  to  be  purchased  at  one  time.  It  has  been  proved, 
however,  that  the  chief  use  is  for  the  destruction  of  wild  animals  in  Australia  and 
other  thinly-peopled  localities.  A  great  number  of  processes  have  been  devised  for 
itii  preparation;  but,  after  having  been  subjected  to  the  extractive  operations,  the 
bean  is  generally  found  almost  as  bitter  as  before,  indicating  a  want  of  economy  in 
the  methods.  Rrobably  the  best  method  of  extraction  would  be  to  disintegrate  the 
beans  with  strong  sulphuric  acid  (which  is  without  action  on  strychnine),  and  tlien, 
after  the  addition  of  excess  of  alkali,  to  dissolve  out  the  base  with  benzole  or  chloro- 
form. The  latter  being  distilled  off  would  leave  the  strychnine  nearly  pure,  and  only 
requiring  crystallisation.  It  has  been  shown  by  John  Williams,  that  one  bean  will 
by  this  process  yield  a  considerable  quantity  of  crystals  of  pure  strychnine. 
■TUOOO.    See  Stone,  Abtificui.. 

MUMMMXO  AOm  (from  Sttber,  Lat. '  cork ; '  Kerkeaurt,  Oer.)  is  prepared  by  diges- 
ting grated  cork  with  nitric  acid.    It  forms  crystals,  whidi  sublime  in  white  vapours 
when  heated. 
It  may  also  be  obtained  by  boiling  nitric  acid  with  stearic,  maigaric,  or  oleic  acids. 
SirUUMATa,  is  any  solid  matter  resulting  from  condensed  vapours.    See  CoB- 
BOsrvB  Sublhiatb. 

■UB&zaKATZOWi  the  process  by  which  volatile  matter  is  evaporised  by  heat,  and 
then  condensed  into  a  crystalline  mass.  For  example,  if  gum  benzoin  is  kept  in  a 
melted  state,  and  even  a  cap  of  paper  kept  above  it,  the  benzoic  acid  is  first  volatilised, 
and  then  condensed  on  the  paper.    For  an  example  of  sublimation,  see  Amuoxiuu, 

CVLOBIDV  OF. 

■VBMABm  TiATirr.  M.  J.  D.  Pasteur,  of  Oennep,  has  invented  a  very 
simple  And  ingenious  lamp  for  the  use  of  divers.  The  great  expense  and  trouble  con- 
nected with  the  use  of  the  electric  light  for  diving  apparatus  led  H.  Pasteur  to  form 
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the  idea  of  a  much  cheaper  and  more  practical  lamp  to  bum  under  water ;  hov  the 
atmospheric  air  under  pressure  in  the  helmet  of  the  diver,  by  means  of  the  air-pump, 
is  but  partially  deteriorated,  and  M.  Pasteur  tried  to  examine  whether  the  remaining 
oxygen  was  still  sofflcient  to  maintain  the  light  of  an  oidioary  petroleum-lamp.  The 
trial  which  he  made  for  that  purpose  succeeded  perfectly.  On  the  opening  in  the 
helmet,  where,  by  means  of  the  valve,  the  consumed  air  escapes  into  the  water,  is 
screwed  an  India-rubber  tube,  J-iuch  diameter  and  4  feec  long,  to  which  the  water-tight 
lamp  was  attached.  The  side  on  which  the  air  enters  the  lamp  was,  as  in  the  helmet, 
divided  in  such  a  way  as  to  prevent  the  light  from  being  blown  out,  and  to  distribute 
the  air,  as  much  as  possible,  under  and  around  the  flame.  The  little  valve-spindle, 
placed  upon  the  helmet  to  prevent  the  entrance  of  the  water,  was  taken  away  and  put 
on  the  top  of  the  lamp.  Behind  the  light  was  placed  a  parabolic  mirror,  and  on  the 
front  side  a  convex  glass ;  to  the  back  was  fitted  a  crook  to  carry  the  lamp,  whether 
in  the  hand  or  on  the  breast.  M.  Pasteur  had  the  satisfaction  to  read  with  this  lamp 
under  water  small  hand-writing,  and  observed  at  the  same  time  that  neither  the  car- 
bonic add  nor  the  vapour  of  water  breathed  out  by  the  diver  had  any  influence  on  the 
illuminating  powers  of  the  flame. 

■UUCURO  AOm,  or  Aeid  of  amber  (Acide  avccinique,  Fr. ;  BemiiemiSure,  Ger.), 
was  formerly  obtained  by  the  destructive  distillation  of  amber,  in  which  process  it  was 
accompanied  b]r  an  essential  oil,  and  a  little  acetic  acid ;  it  was  purified  by  being 
precipitated  as  succinate  of  lead,  which,  after  being  well  washed,  was  decomposed  by 
the  equivalent  quantity  of  sulphuric  acid ;  the  solution  of  succinic  acid,  thus  obtained, 
was  evaporated,  and  allowed  to  cool,  when  the  succinic  acid  crystallised  out.  It 
seems  to  exist  ready  formed  in  amber. 

It  is  easily  obtained  artificially  by  acting  on  stearic  or  palmitic  acid  with  nitric 
acid.  It  also  occurs  in  the  leaves  of  the  wormwood,  and  in  many  of  the  lesins  of  the 
pine  tribe.  It  may  likewise  be  obtained  by  fermentation  from  asparagin,  and  from 
malic  acid,  malate  of  lime  yielding  nearly  one-third  of  its  weight  of  it. 

In  order  to  produce  it  from  maUc  acid,  3  lbs.  of  crude  malate  of  lime  are  to  be  dif- 
fused through  a  gallon  of  warm  water,  and  4  ounces  of  decayed  cheese  added  to  the 
mixture,  wmch  is  to  be  kept  at  the  temperature  of  100°  for  about  a  week.  Carbonic 
acid  is  disengaged,  whilst  a  mixture  of  crystallised  carbonate  and  succinate  of  lime  is 
deposited,  and  acetate  of  lime  remains  in  solution. 

BVCOXXXra.  Prof.  Dana  has  applied  this  name  to  the  insoluble  resin  which 
forms  about  80  per  cent,  of  amber.    See  Aheeb. 

■mnr.    The  internal  fat  of  the  abdomen  of  the  sheep.    See  Taixow. 

■VOAX  (,8uere,  Fr. ;  Zueker,  Ger.)  is,  with  some  slight  exception,  the  sweet 
constituent  of  vegetable  and  animal  products.  It  may  be  distinguished  into  three 
principal  species.  The  first,  which  occurs  in  the  sugar-cane,  the  beet-root,  and  the 
maple,  crystallises  in  oblique  four-sided  prisms,  terminated  by  two-sided  summits;  it 
has  a  sweetening  power,  which  may  be  represented  by  100 ;  and  in  circnmpolarisation 
it  bends  the  luminous  rays  to  the  right  The  second  occurs  ready  formed  in  ripe 
grapes  and  other  fruits ;  it  is  also  produced  by  treating  starch  with  diastase  or  sul- 
phuric acid.  This  species  forms  cauliflower  concretions,  but  not  true  crystals ;  it 
has  a  sweetening  power,  which  may  be  represented  by  60 ;  and  in  circumpolarisation 
it  bends  the  rays  to  the  left.  Berthelot  has  shown  that  a  moderately  strong  solu- 
tion of  glycerine,  in  contact  with  certain  animal  membranes,  is  found,  after  some 
weeks,  to  produce  a  substance  with  the  properties  of  grape-sugar.  One  pint  of  gly- 
cerine in  10  pints  of  water  is  added  to  the  membrane,  which  may  amount  to  ^h  of 
the  weight  of  the  glycerine.  The  time  required  is  10  to  12  weeks.  If  putrefaction 
begins,  it  is  destroyed.  The  third  variety  is  found  in  fruits,  and  also  in  sugar  which 
has  been  long  boiled,  or  heated  with  adds ;  this  is  called  fi^it-sugar.  Besides  these 
three  prindpal  kinds,  the  sugar  of  milk,  and  the  sugar  of  manna  or  mannite,  are 
found  closely  allied,  and  may  be  called  two  other  species.  Allied  to  these  is  sor- 
bine,  extracted  from  the  elderberry,  and  motile,  which  occurs  in  the  flesh  of  animals. 

Sugar,  extracted  either  from  the  cane,  the  beet,  or  the  maple,  is  identical  in  its  pro- 
perties and  composition,  when  refined  to  the  same  pitch  ol  purity  ;  that  of  the  beet  is 
said  to  surpass  the  other  two,  since  larger  and  firmer  crystus  of  it  are  obtained  from 
a  clarified  solution  of  equal  density.  Sugar  melts  at  320°  Fahr.,  and  on  cooling  forms 
a  transparent  substance  usually  called  barUy-mgar.  When  heated  to  between  400° 
and  410°  Fahr.  it  loses  two  equivalents  of  water  and  becomes  brown.  Sugar  thus 
fused  is  no  longer  capable  of  crystallisation,  and  is  called  oaramd  by  the  French,  and 
is  used  for  colouring  liqueurs.  Indeed,  sugar  is  so  susceptible  of  change  by  heat^  that 
if  a  colourless  solution  of  it  be  exposed  for  some  time  to  the  temperature  of  boiling 
water,  it  becomes  brown  and  partially  unciystallieable.  Acids  exercise  such  an  in- 
jurious influence  upon  sugar,  that  after  remaining  in  contact  with  it  for  a  little  while, 
though  they  be  rendered  thoroughly  neutral,  a  great  part  of  the  sugar  will  refuse  to 
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erystsUise.  Thus,  if  oxalic  or  Urtiiric  add  be  added  to  «ngar  in  loliition,  and  boiled, 
no  ciystals  of  sogar  can  be  obtained  br  evaporation,  eren  tboush  the  acids  be  neutra- 
lised by  chalk  or  carbonate  of  lime.  S;  boiling  cane-ngar  with  dilute  Bolphuiic  acid, 
and  keeping  It  at  least  at  150°  Fahr.,  it  is  changed  into  grape-sogar,  and  then  entirely 
into  uncrvitallisable  aogar.  Nitric  add  coorerts  angar  into  <aalic  add.  Alkaline 
matter  is  likeirise  moat  detrimental  to  tlie  grain  of  sogar;  as  is  always  evinced  by  the 
large  ^aantit^  of  molaasM  formed  when  an  exooss  of  lime  has  been  used  in  clarifying 
the  juice  of  the  cane  or  the  beet. 

Manufacturers  of  sugar  sbonld,  therefore,  be  particnlarly  watchful  against  the  lor- 
mation  of  acid  from  decompositian,  or  die  intindaction  (^  any  excess  of  alkali,  or 
alkaline  earth. 

Sugar  is  soluble  in  all  pn^jortions  in  water,  bnt  it  takes  four  parts  of  spirits  of  wine 
of  spec  grav.  0-830,  and  80  of  absolnte  alcohol,  to  dissolve  it,  both  being  at  n  boilina 
temperature.  As  the  alcohol  cools,  it  deposits  the  sugar  in  crystals.  Carmelised  and 
UDcrystallisable  sugar  dissolve  readily  in  alcohol.  Pure  anffix  is  unchangeable  in  the 
air,  even  when  dissolved  in  a  good  deal  of  water,  if  the  solution  be  kept  covered  in  the 
dark ;  but  with  a  very  small  addition  of  gluten,  the  solution  soon  begins  to  ferment, 
whereby  the  sugar  is  decomposed  into  alcohol  and  carbonic  acid,  by  the  action  of  the 
air;  it  then  passes  into  acetic  add,  iriien  it  may  be  still  farther  decomposed. 

Sugar  forms  chemical  compounds  with  the  salifiable  bases.  It  dissolves  readily  in 
caustic  potash-lye,  whereby  it  looses  its  sweet  taste,  and  affords  on  evaporation  a  mass 
which  is  insoluble  in  alcohol.  When  the  lye  is  neutralised  by  sulphuric  add,  the 
sugar  recovers  partially  its  sweet  taste,  and  may  be  separated  {torn  the  sulphate  of 
potash  by  alcohol,  but  it  will  no  longer  crystallise. 

Cane-sugar  is  soluble  in  all  proportions  in  boiling  water,  and  in  1  cf  cold. 

It  is  sparingly  soluble  in  alcohol  of  70  pe.  and  inaolable  in  absunte  alcohoL  The 
following  table,  by  fayen,  shows  the  quantity  of  sugar  contained  in  saoeharine 
solutions  of  various  spedfic  gravity  at  69°  Babr. : — 


Fart*  of  nigsr                 Fsrtsefwater 

Bpeelflc  giavity 

100 

dissolved  in        60 

give  a  symp 

of     1-346 

100 

60 

,1 

1-322 

100 

70 

II 

1-297 

100 

80 

II 

1-281 

100 

.90 

n 

1-266 

100 

100 

II 

1-267 

100 

120 

II 

1-222 

lOO 

140 

II 

1-200 

100 

•    160 

» 

1-187 

100 

180 

It 

1176 

100 

200 

If 

1-170 

100 

260 

It 

1-147 

100 

360 

II 

1-111 

100 

460 

II 

1-089 

100 

660 

II 

1-074 

100 

660 

II 

1-063 

100 

.     760 

It 

1-066 

100 

946 

1* 

1-046 

100 

1145 

II 

1-030 

100 

1946 

H 

1-022 

100 

2446 

II 

1-018 

100 

2946 

II 

1-015 

The  following  table  appeared  in  a  previous 

edition  of 

this  work,  and  has 

much  used : — 

Bngar  In  one  hundred  parts 

l7  weight 

E^.gr.*t<0° 

by  weight 

8p.gr.  St  60° 

66-666    . 

.     1-3260 

26-000   . 

.     11046 

60000   . 

.     1-2310 

21-740    . 

.     1-090S 

40-000   . 

.    1-1777 

20-000    . 

.     1-0820 

33-333   . 

.     1-1400 

16-666   . 

.     10686 

31-260   . 

.     1-1340 

12-600   . 

.     1-0600 

29-412   . 

.     1-1260 

10000    . 

.     1-0396 

26-316   . 

.     1-1110 

The  annexed  table,  constructed  by  Neimann  for  the  normal  temperature  of  63% 
with  the  same  olject,  will  be  found  useful : — 


Digitized  by 


Google 


SUGAB 


937 


Sngar 

Water 

Speoiflc  gisTity 

Sngiar 

W»ter 

Bpeciflo  grarUy 

0 

100 

10000 

36 

64 

1-1582 

1 

99 

10036 

37 

63 

1-1631 

2 

98 

10070 

38 

62 

1-1681 

8 

97 

10106 

39 

61 

11781 

4 

96 

1-0143 

40 

60 

1-1781 

5 

95 

1-0179 

41 

69 

1-1832 

6 

94 

1-0216 

42 

68 

1-1883 

7 

93 

10284 

43 

87 

1'1986 

8 

92 

1-0291 

44 

66 

11989 

9 

91 

1-0328 

45 

55 

1-2043 

10 

90 

1-0867 

46 

54 

1-2098 

11 

89   • 

1-0410 

47 

53 

1-2163 

12 

88 

V0466 

48 

62 

1'2209 

13 

87 

10604 

49 

61 

1-2265 

14 

86 

1-0562 

60 

60 

1-2322 

15 

85 

1-0600 

61 

49 

1-2378 

16 

84 

10647 

62 

48 

1-2434 

17 

83 

10608 

63 

47 

1-2490 

18 

82 

1-0784 

64 

46 

1-2546 

19 

81 

10784 

56 

46 

1-2602 

20 

80 

10830 

68  . 

44 

1-2668 

21 

79 

1-0876 

67 

43 

1-2714 

22 

78   . 

1-0920 

68 

42 

1-2770 

23 

77 

1-0966 

69 

41 

1-2826 

24 

76 

1-lOtO 

60 

40 

1-2882 

25 

76 

11066 

61 

39 

1-2933 

26 

74 

1-1103 

62 

88 

1-2994 

27 

78 

1-1160 

63 

37 

1-3050 

28 

72 

1-1197 

64 

36 

1-3105 

29 

71 

1-1246 

66 

35 

1-3160 

80 

70 

11293 

66 

34 

1-3216 

31 

69 

1-1840 

67 

38 

1-8270 

32 

.68 

1-1388 

«8 

32 

1-3324 

33 

67 

1-1436 

69 

31 

1-8377 

84 

66 

1-1484 

70 

SO 

1-3440 

86 

66 

1-1638 

The  specific  giSTity  of  aystalUsed  cane-sugar  is  1-694.  Oiystallised  cane-sngar 
seems  to  be  the  most  complete  type  of  sugar  known.  Its  crystals  are  the  largest  and 
most  regular,  and  its  taste  the  sweetest.  These  crystals  are  rhomboidal  prisms,  and 
appear  largest  in  the  form  of  sugar-candy.  When  bailed  much  or  heated  with  acids 
it  would  appear  that  a  lower  form  of  sugar  resulted,  namely,  grape-sugar. 

At  300°  sugar  loses  0'6  per  cent.,  and  remains  uninjured  after  saren  hours ;  it  melts 
at  320°,  and  at  this  point  it  seems  to  have  lost  some  of  its  sweetness,  and  probably  a 
portion  of  water.  The  same  result  is  obtained  at  a  lower  temperature  if  more  time 
IS  allowed.  The  colour  is  changed  to  an  oiange-yellow  at  410° :  the  sugar  loses 
three  equivalents  of  water,  becomes  gradually  brown,  has  an  empyreumatic  taste,  and 
is  called  caramel.  With  a  heat  approaching  to  a  red  heat,  carburetted  hydrogen, 
carbonic  add,  acetic  add,  and  empyreumatic  oils  are  produced,  and  carbon  remains, 
amounting  to  26  per  cent,  of  the  original  mass. 

Solutions  of  siigarare  decomposed  by  caustic  alkaline  solutions,  and  by  hot  solutions 
of  the  carbonated  fixed  alkalis.  Under  these  must  be  included  both  baryta  and  lime, 
if  heat  is  to  be  long  used :  both  of  these  substances  form  compounds  with  sugar.  The 
compound  of  sugar  and  lime  is  very  soluble  in  cold  water,  but  is  precipitated  on  Keat- 
ing. The  amount  dissolved  is  shown  to  be  of  true  equivalent,  by  the  inquiries  of 
Feligot,  who  has  proposed  an  ingenious  method  of  ascertaining  the  amount  of  sugar  in 
a  solution  by  the  estimation  of  t£e  lime  which  it  will  dissolve.  The  lime  in  this  pro- 
cess is  estimated  alkalimetrically  by  means  of  an  add.  The  following  table  has  been 
oonstnicted  by  M,  Feligot  for  escalating  the  results  (see  next  page). 

Saceharimetry. — We  now  come  to  the  estimation  of  sugar,  which  is  most  simply 
performed  by  the  hydrometer,  when  the  solutions  are  pure  and  the  kind  of  sugar 
known.  But  commercially  it  is  required  to  ascertain  the  proportions  of  cane-sugar,  un- 
erystaUisaUe  sugar,  water,  and  impurities,  and  this  is  accomplished  most  successfully 
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Qmitity  of  nigar 
dlmolTed  In  100 
putsof  wktw 

DeosUy  of  arrap 

vben  ntimted 

withUme 

-^ 

100  puta  of  nridM  dried  at  U0> 
contaia 

Llm« 

Sugar 

40-0 

1122 

1-179 

21-0 

79-0 

37-6 

1116 

1-175 

20-8 

79-2 

36-0 

1110 

1-166 

20-6 

79-6 

325 

1103 

1169 

20-3 

79-7 

30-0 

1096 

1-U8 

20-1 

79-9 

27-5 

1089 

1-1S9 

19-9 

80-1 

25-0 

1-082 

1-128 

19-8 

80-2 

225 

1-076 

1-116 

19-3 

80-7 

200 

1-068 

1-104 

18-8 

81-2 

17-6 

1060 

1-092 

18-7 

81-3 

160 

1-062 

1-080 

18-6' 

81-5 

12-5 

1-044 

1-06/ 

.    18-3 

81-7 

10-0 

1-036 

1-063 

18-1 

81-9 

7-5 

1-027 

1-040 

16-9 

831 

60 

1-018 

1-026 

16-3 

84-7 

2-6 

1-009 

1-014 

13-8 

86-2 

by  means  of  the  poUrising  Baccharometer  proposed  by  Biot  and  improyed  by  Soleil. 
The  following  is  a  description  of  this  beanbf  ol  instmment : — Two  tubular  parts,  T  t", 
and  t"  t"',  fgt.  1919  and  1920,  constitute  the  principal  part  of  the  sacchanuneter. 
The  light  enters  n,  through  a  Nicol's  prism  {  (shown  separately,/^.  1919,  at  o),  and 
passes  first  an  acbromalic  polarising  prism  p  (shown  separately  at  p)  and  aftsrwaids 
through  a  plate  of  quartz  of  double  rotation  at  ff,  which  is  also  shown  at  o.  This  plate 
is  ccmpoeed  of  two  semi-discs  cut  perpendicularly  to  the  axis  of  crystallisation ;  but 
though  exactly  of  equal  thickness  and  equal  rotating  power,  the  one  turns  the  ray  to 
the  right,  while  the  other  turns  it  to  the  left.  At  p',  the  ray  passes  a  plate  of  quartz 
of  single  rotation,  and  at  {  /',  two  wedges  of  quartz  endued  with  the  power  of  rotation, 
but  in  a  contrary  direction  to  the  preceding  plate.  These  two  wedges  are  again  repre- 
sented at  A  (fig.  1920),  and  are  so  made  that  by  turning  the  milled  head  b,  the  sum  of 
their  thicknesses  can  be  increased  or  diminished  at  pleasure,  while  the  amount  of  thick- 
ness is  shown  by  the  ivory  graduated  scale  «  e',  and  vernier  v  c'.    Finally,  the  ray 


traverses  an  analysing  prism  a,  and  an  eye-piece  l.  If  the  instrument  is  directed  to 
the  light  the  observer  will  see  a  luminous  disc,  bisected  by  a  central  line  (produced  by 
the  junction  of  the  two  semi-discs  of  quartz)  of  exactly  the  same  tint,  bat  which  tint 
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may  lie  Taried  at  pleasure,  by  lotating  Uie  Nicol'a  prism  n,  by  meantf  of  the  milled 
heed  (.    If,  howerer,  we  inteipose  between  y  and  p  ,  the  tube  c,  fig.  1919,  flUed  with 


a  solution  of  eane-sugar,  and  the  ends  closed  with  glass,  the  semi-discs  wiU  be 
affertnth/  eoioured.  Cane-sugar,  possessing  the  power  of  <nrcular  polarisation, 
combines  with  the  rotating  power  of  the  half-disc  which  turns  the  ray  to  the  right, 
but  tends  to  neutralise  the  half-disc,  whose  direction  is  the  reverse.  By  increasing 
or  diminishing  the  thickness  of  the  wedges  of  quartz  1 1',  to  the  extent  required  for 
counteracting  their  rotation  to  the  right,  and  causing  the  semi-discs  to  reassume  the 
same  colours,  we  hare  a  means  by  the  graduated  scale  e  tf,  vi/,  of.  measuring  the 
rotating  power,  which  is  exactly  proportional  to  the  amount  of  cane-sugar,  tempera- 
tures being  equal,  and  no  foreign  substance  having  the  power  of  circular  polarisation 
being  present 

To  apply  this  method,  the  deviation  must  be  known  which  is  produced  by  a  solu- 
tion of  su|;ar  of  known  strength.  For  this  purpose  a  given  weight,  c,  of  sugar  is 
dissolved  in  such  a  quantity  of  distilled  water  that  the  solution  occupies  a  given 
volume,  v.  Sufficient  of  this  solution  is  taken  to  fill  a  tube  of  certain  length,  and 
the  deviation  sof&red  by  the  plane  of  polarisation  of  the  luminous  ray  passing  through 
this  tube  is  measured.  Let  this  deviation  be  a.  Let  then  other  quantities  of  sugar 
be  dissolved  in  sufficient  water  to  give  the  same  volume  of  solution,  V ;  and  let  the 
deviations  produced  by  these  solutions  in  the  same  tube  be  a',  ^,  «"',  &c ;  then 
the  quantities  of  sugar  contained  in  the  volume,  V,  of  these  liquids  will  be  repre- 

seated  by  the  prodnets  *~>*  ~>  « ~>  &c,  respectively.    If  the  sugar  examined, 

instead  of  being  pure,  is  mixed  with  other  but  inactive  substances,  it  is  evident  that 
these  same  products  express  the  absolute  weights  of  pure  sugar  contained  in  the 
weights  of  substances  employed  in  the  formation  of  the  liquids  of  the  given  volume, 
y.  It  is  possible  to  employ  proof-tubes  of  different  lengths ;  but  it  is  ^en  necessary 
to  reduce  by  calculation  tne  observed  deflections  to  t£ose  which  would  have  been 
produced  in  the  same  tube. 

It  often  happens  that  solntions  of  sugar  which  have  to  be  examined  are  turbid  or 
strongly  coloured.  When  this  interferes  with  the  examination,  they  must  be  clarified 
and  rendered  either  quite  colourless,  or  when  this  is  not  possible  the  colour  must 
be  at  least  reduced.  This  is  often  effected  by  precipitating  the  colouring-matter  of 
the  syrups  with  subacetate  of  lead ;  but  the  most  accurate  method  is  by  a  filter  of 
animal-charcoal.  The  filtrates  are  then  examined.  When  syrups  contain,  besides 
cane-sugar,  other  constituents  which  exert  an  action  upon  the  plane  of  polarisation, 
the  amount  of  cane-sugar  present  may  be  determined  by  inverting,  by  means  of 
hydrochloric  add,  the  rotatory  power  of  the  cane-sugar.  No  other. saccharine  sub- 
stance is,  in  fact,  known  which  suffers  a  similar  change  under  the  same  circumstances. 

If,  for  instance,  the  liquid  under  examination  contains  besides  cane-sugar,  glucose, 
whose  rotatory  action  on  the  plane  of  polarisation  is  in  the  same  direction  as  that  of 
cane-sugar ;  if  o^  be  the  deviation  observed  to  be  produced  by  the  liquid,  then  0*  is 
evident  the  sum  of  the  separate  defiections  of  the  cane-sugar  x,  and  of  the  glucose, 
y.  About  one-tenth  of  its  volume  of  hydrochloric  acid  is  added  to  the  syrup,  and  it 
is  kept  for  ten  minutes  at  a  temperature  of  140° — 154°.  The  cane-sugar  is  thereby 
completely  transformed  into  noncrystallisable  sugar,  which  turns  the  plane  of  polarisa- 
tion to  the  left,  while  the  rotatory  power  of  the  glucose  undergoes  no  alteration.  When 
this  change  has  been  effected,  the  new  deviation,  a",  of  the  liquid  is  observed.  It  is 
now  the  difference  between  the  deviation  y,  of  the  glucose  and  that  of  the  noncrys- 
tallisable sugar  derived  fcom  tbe  cane-sugars.    But  the  degree  of  dilution  of  the 
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liquid  baying  been  changed  by  the  addition  of  the  hydwcfaloiio  add|  the  deviation 
observed  a',  must  be  replaced  by  the  deviation,  -5-  «",  which  vonld  have  been  ob- 

Berved  if  the  inversion  coold  have  been  prodaeed  without  the  addition  of  hydrochloric 
add.  Admitting  therefore  thata  qaantity  of  cane-sugar  which  effects  a  deviation,  *,  gives 
rise  to  a  quantity  of  nondystaUisabls  sugar  which  effects  a  deviation,  r  s,  we  have — 

Before  the  invenion,  2+y»a'. 

10 
After  the  inversion,  y  +  r  «  —  »•  «". 

From  these  two  equations  the  quantities  x  and  y  may  be  determined.  The  co- 
efBdent  of  inversion,  r,  is  determined  once  for  all  by  a  special  experiment  performed 
upon  pure  cane-sugar  at  the  temperature  at  which  the  experiments  have  afterwards 
to  be  made.  According  to  Biot,  this  coefBcient  is  0*038  for  hydrochloric  acid  at  a 
temperature  of  71  "6°. 

The  process  is  the  same  when  the  cane-sugar  is  mixed  with  noncTystallisable  sugar, 
turning  the  plane  of  polarisation  to  the  left    In  this  case  the  initial  deviation  cl,  of 
the  li^d  is  the  difrerenoe  between  the  deviation  to  the  right  r,  of  the  cane-sugar, 
and  the  deviation  s,  to  the  left  of  the  nonciystallisable  sugar.    After  treating  with 
hydrochloric  acid,  the  deviation,  J',  is  composed  of  the  deviations  of  the  original 
nonciystaUisaUa  sugar,  and  of  that  produced  by  the  action  of  the  hydrochloric  add. 
We  then  have- 
Before  the  invodon,  x  —  t  ••  af, 
10 
After  the  inverdon,  »  +  r  *=-a  '^• 

It  is  important  in  examining  optically  nonaystaUiiabls  sngar  always  to  employ 
the  same  temperature,  because  a  change  of  temperature  nxaterially  affects  the  rotatory 
power  (^  this  kind  of  sugar. 

The  Table  appended  on  the  following  pages  indndes  each  degree  of  temperature 
fh>m  +  10  to  +  3S  Centigrade,andfc>rqu^ities  increasing  in  hundredths,  tins  range 
being  found  sufBdent  for  all  practical  purposes  dther  in  Europe  or  the  Colonies. 

To  note  the  temperature  at  which  the  observation  is  made,  a  tube  e  e,  fig.  1919,  pro- 
vided with  a  vertical  branch,  is  employed.    In  this  branch  a  thermometer,  t,  is  placed. 

The  following  are  two  examples  of  tiie  use  of  the  Table : — 

1.  A  solution  of  a  saccharine  sabstance  prepared  in  the  normal  pro- 
portions of  wdght  And  volume  recommended,  and  giving  before  acidu- 

lation  a  notation  on  the  left-hand  part  of  the  scale  of  .        .        .        .76  divisions. 

And  after  the  inverdon  (the  temperature  bdn^+15°)a  notation  in 
the  oppodte  direction  of SO  dividona. 

Snm  of  the  inveniona '     .    96  dividona. 

2.  Another  liquor  similarly  prepared,  giving  before  tile  inverdon  a 

notation  on  the  left  of 80  divisions. 

And  after  the  inverdon,  at  the  temperature  of  +  20°,  another  notation 
of  the  same  direction,  but  only  of 26  dividona. 

IKfference  expressing  the  value  of  the  inverdon      .    64  dividons. 

The  strength  of  the  two  solutions  will  be  found  thus :  for  the  first,  by  sedng  what 
is  the  figure  of  the  column  representing  15°,  which  is  the  nearest  to  the  mm  of  the 
inversion,  65  dividons :  it  wUl  be  observed  that  this  figure  is  95'5,  and  that  it  corre- 
sponds to  quality  70,  shown  on  the  same  horizontal  line  in  the  last  column  but  one,  A ; 
hence  we  conclude  that  the  substance  contained  70  per  cent,  of  sugar. 

As  to  the  second  solution,  the  figure  nearest  54  is  SS-6,  in  the  column  for  the  tem- 
perature of  +  20°,  and  the  strength  sought  will  be  40  per  cent,  on  the  same  line  in  the 
column  of  qualities.  Finally,  we  shedl  find,  besides,  in  the  last  column,  B,  of  the 
table,  the  quantity  in  grammes  and  centigrammes  of  the  sugar  contained  per  litre  in 
the  solution,  which  is  IHgrs.  45cgrs.for  the  first,  and  65  grs.  40cgrs.  for  the  second, 

Other  methods  for  the  estimation  of  sugar  have  been  adopted.  We  have  already 
described  Peligot's  method  by  means  of  lime.  When  sugar  is  formed  &om  starch,  its 
complete  sacchariflcation  may  be  determined  by  the  action  of  sulphuric  add,  for  if  on 
a  strong  solution  of  imperfectiy-formed  grape-sugar,  nearly  boiling  hot,  one  drop  of 
strong  sulphuric  add  be  added,  no  perceptible  change  will  ensue,  but  if  the  acid  be 
dropped  into  solutions  of  either  cane-  or  perfectiy-formed  grape-sngar,  black  carb<^ 
naceous  particles  will  make  their  appearance. 
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The  blade  oxide  of  copper  is  not  aSbcted  by  bung  boiled  in  lolation  of  suich- 
sugar. 

'  If  a  solation  of  grape-sugar,'  sap  Trommer, '  and  potash  be  treated  with  a  soln- 
tion  of  sulphate  of  copper,  till  the  separated  hydrate  be  re-disscJTcd,  a  precipitate  of 
red  oxide  irill  soon  take  place,  at  common  temperatures,  but  it  immediately  forms  if 
the  mixture  is  heated.  A  liquid  containing  yuitts  °^  grape-supur,  even  one-millionth 
part,'  says  he, '  gives  a  perceptible  tJnge  (orange),  if  the  fight  is  let  fall  upon  it.'  To 
obtain  such  an  exact  result,  very  gre.it  nicety  must  be  used  in  the  dose  of  alkali, 
•which  is  found  extremely  difficult  to  hit.  With  a  regulated  alkaline  mixture,  how- 
ever, an  exceedingly  small  portion  of  starch-sugar,  is  readily  detected,  oven  -when 
mixed  irith  Muscovado  sugar. 

Fehling  has  reduced  this  to  n  quantitative  test,  and  makes  a  solntion  of  copper  that 
•will  keep  permanently.     This  is  seen  by  the  following  :— 

10  grammes  of  sulphate  of  copper, 

160  grammes  of  neutral  tartrate  of  potash,  or  200  giunmes  of  tartrate  of  soda, 
dissolved  and  added  to 
700 — 800  cub.  c  (grammes  of  caustic  soda,  specific  gravii^  1'12). 
This  is  diluted  with  water  to  IIM'S  cub.  c. 
Of  this  solution  1  cub.  c.= 0*0050  grape-sugar,  or 

0°00475  cane-sugar. 
Grains  may  be  used  instead  of  grammes,  and  then  1  grain  xO'OOSO  grape-sugar, 
without  change  of  calculation. 

100  parts  of  grape-sugar      .        .        .     *) 

95       „       cane-sugar       .        .        .     }■ « 230*5  CnO,  or  198  CuK). 
90      „      starch      ....    J 

Urine  may  be  tested  with  this.  It  should  be  first  diluted  1 0  to  20  times  with  water ; 
when  the  test  is  added,  it  should  be  boiled  a  few  seconds,  when  the  suboxide  of  copper 
falls.    Veiy  constant  resnlts  may  be  obtained. 

Horsley  detects  minute  quantities  of  sugar  by  means  of  ehromate  of  potash. 

Of  the  Sugar-cane,  and  the  extraction  qfmgarjTom  it. — ^Though  we  have  no  direct 
authority  for  believing  that  the  sngar-cafM  was  known  to  the  ancients,  we  find  scattered 
through  their  writings  notices  of  the  occasional  use  of  sweet  substances  different  from 
honey. 

The  writers  alluded  to  are  these :  Theophrastns,  Dioscorides,  Oalen,  Strsbo,  and 
Pliny ;  some  of  them  speak  distinctly  of  canes  and  reeds.  Hnmboldt,  after  the  most 
elaborate  historical  and  botanical  researches  in  the  New  World,  arrived  at  the 
conclusion  that  before  America  was  discovered  by  the  Spaniards  the  inhabitants  of 
that  continent  and  the  adjacent  islands  were  entirely  unacquainted  with  the  sugar- 
canes,  with  any  of  our  corn-plants,  and  witii  rice.  The  progressive  difi^ision  of  tho 
cane  has  been  thus  traced  out  by  the  partisans  of  its  oriental  origin.  From  the  in- 
terior of  Asia  it  was  transplanted  first  into  Cyprus,  and  thence  into  Sicily,  or  possibly 
by  the  Saracens  direcUy  into  the  latter  island,  in  which  a  large  quantity  of  sugar  wns 
manufactured  in  the  year  1148.  Lafltan  relates  the  donation  made  l^  William  U., 
Eng  of  Sicily,  to  the  convent  of  St  Benoit,  of  a  mill  for  crushing  sugar-canes,  along 
with  all  its  privileges,  workmen,  and  depeiktencies :  which  remarkable  gift  bears  the 
date  of  1166.  According  to  this  author,  the  sugar-cane  must  have  been  imported  into 
Europe  at  the  period  of  the  Crundes.  Tho  monk  Albertus  Aquensis,  in  the  descrip- 
tion which  he  has  given  of  the  processes  employed  at  Acre  and  at  Tripoli  to  extract 
sugar,  says  that  in  the  Holy  Land  the  Christian  soldiers,  being  short  of  provisions, 
had  recourse  to  sugar-canes,  which  they  chewed  for  subsistence.  Towards  the  year 
1 420,  Dom  Henry,  Begent  of  Portugal,  caused  the  sugar-cane  to  be  imported  into 
Madeira  firom  Sicily.  'This  plant  succeeded  perfectiy  in  Madeira  and  the  Canaries ;  and 
until  the  discovery  of  America,  these  islands  supplied  Europe  with  the  greater  portion 
of  the  sugar  which  it  consumed. 

The  cane  is  said  by  some  to  have  passed  tmta  the  Canaries  into  the  Braals  ;  but  by 
others,  from  the  coast  of  Angola  in  Africa,  where  the  Fortdgnese  had  a  sugar  colony. 
It  was  transported,  in  1S06,  from  the  Brazils  and  the  Canaries,  into  Hispaniola  or 
Hayti,  where  several  crushing-mills  were  constructed  in  a  short  time.  It  would  ap- 
pear, moreover,  from  the  statement  of  Peter  Martyr,  in  the  third  book  of  his  first 
Decade,  written  during  the  second  expedition  of  Christopher  Columbus,  which  happened 
between  1493  and  1496,  that  even  at  this  date  the  cultivation  of  the  sugar-cane  was 
widely  spread  in  St.  Domingo. 

Sugar  was  first  brought  to  England  in  1668,  by  Admiral  Hawkins,  and  a  century 
later  English  planters  wore  realising  great  wealth  in  Barbodces. 

It  has  been  supposed  to  have  been  introduced  into  Hayti  by  Columbus  himself,  on 
his  first  voyage,  along  with  other  productions  of  Spain  and  tho  Cajiaiies,  and  that  there* 
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fore  its  enltiTation  had  come  into  conaideiaUe  activity  at  the  period  of  hie  second  ex- 
pedition,  Tovaids  the  middle  of  the  seventeenth  centm^,  the  sogar-cane  was  im- 
ported into  Barbadoes  from  Brazil,  then  into  the  other  English  West  Indian  possessions, 
into  the  Spanish  Islands  on  the  coast  of  America,  into  Mexico,  Peru,  Chili,  and,  last 
of  all,  into  the  French,  Dutch,  and  Danish  colonies. 

The  sugar-cane,  Arundo  aaccharifera,  is  a  plant  of  the  giaminiforous  &milpr,  which 
varies  in  height  tiom  8  to  10  or  even  to  20  feet.  Its  diameter  is  about  an  inch  and 
a  half;  its  stem  is  dense,  brittle,  and  of  a  green  hue,  which  verges  to  yellow  at  the 
approach  of  maturity.  It  is  divided  by  prominent  annular  joints  of  a  whitish-yellow 
colour.  These  joints  are  placed  about  3  inches  apart ;  and  send  forth  leaves,  which 
fall  off  with  the  ripening  of  the  plant.  The  leaves  are  8  or  4  feet  lon^,  flat,  straight, 
pointed,  from  1  to  2  inwes  in  breadth,  of  a  sea-green  tint,  striated  m  their  length, 
alternate,  embracing  the  stem  by  thdr  base.  They  are  marked  along  their  edges  with 
almost  imperceptible  teeth.  In  the  eleventh  or  twelfth  month  of  their  growth  the 
canes  push  forui  at  their  top  a  sprout  7  or  8  feet  in  height,  nearly  half  an  inch  in 
diameter,  smooth,  and  without  joints,  to  which  the  name  arroui  is  given.  This  is 
terminated  by  an  ample  panicle,  about  2  feet  long,  divided  into  several  knotty  rami- 
flcations,  composed  of  very  numerous  flowers,  of  a  white  colour,  apetalons,  and 
fiimished  with  3  stamens,  the  anthers  of  which  are  a  little  oblong.  The  roots  of  the 
angar-cane  are  jointed  and  nearly  cylindrical ;  in  diameter  they  are  about  one-twelfth 
of  an  inch  ;  in  their  utmost  length  1  foot,  presenting  over  their  surfivce  a  few  short 
ladicles. 

The  stem  of  the  cane  in  its  ripe  state  is  heavy,  very  smooth,  brittle,  of  a  yellowish- 
violet,  reddish,  or  whitish  colour,  according  to  the  variety.  It  is  filled  with  a  fibrous, 
spongy,  dirty-white  pith,  which  contains  very  abandant  sweet  jnice.  This  juice  is 
elaborMed  separately  in  each  intemodary  portion,  the  functions  of  which  are  in  this 
respect  independent  of  the  portions  above  and  below.  The  cane  is  propagated  by 
cuttings  or  joints  of  proper  length,  firom  IS  to  20  inches,  in  proportion  to  the  nearness 
of  the  jointc^  which  are  generally  taken  from  the  tops  of  the  canes,  jnst  below  the 
leaves. 

There  are  several  varieiiet  of  the  lugar-cane.  The  longest  known  is  the  tVwfe,  or 
common  sugar-cane,  which  was  originally  introduced  at  Madeira.  It  grows  freely  in 
every  region  within  the  tropics,  on  a  moist  soil,  even  at  an  elevation  of  3,000  feet 
above  the  level  of  the  sea.  In  Hexico,  among  the  mountains  of  Caudina-Masca,  it  is 
cultivated  to  a  height  of  more  than  6,000  feet.  The  quantity  and  quality  of  sugar 
which  it  yields  are  proportional  to  the  heat  of  the  place  where  it 
grows,  provided  it  be  not  too  moist  and  marshy. 

Another  variety  is  the  Otabeitan  cane.  It  was  introduced  into  v  .Mt  1921 
the  West  Indies  about  the  end  of  the  eighteenth  century.  This 
variety,  stronger,  taller,  with  longer  spaces  between  the  joints, 
quicker  in  its  growth,  and  much  more  productive  in  sugar,  suc- 
ceeds perfectly  well  in  lands  which  seem  too  much  impoverished 
to  grow  the  ordinary  cane.  It  sends  forth  shoots  at  temperatures 
which  chill  the  growth  and  development  of  the  Creole  plant.  Its 
maturation  does  not  take  more  than  a  year,  and  is  accomplished 
sometimes  in  nine  months  From  the  strength  of  its  stem,  and 
the  woodiness  of  its  fibres,  it  better  resists  the  storms.  It  weighs 
a  third  more,  affords  a  sixth  more  juice,  and  a  fourth  more  su^ar, 
than  the  common  variety.  It  yields  four  crops  in  the  same  time 
that  the  Creole  cane  yields  only  three.  Its  jnice  contains  less 
feculency  and  mucilage,  whence  its  sagax  is  more  easily  crystal- 
lised, and  of  a  fairer  colour. 

Another  variety,  valuable  chiefly  from  its  hardiness,  is  the 
purple  violet  trom  Java.  It  grows  nom  8  to  10  feet  hi^.  This 
cane  b  covered  with  a  resinous  film,  which  is  difScult  to  grind ; 
but  as  the  sugar  yielded  is  of  excellent  quality,  this  variety  is 
of  considerable  value  in  bordering  cane-fields,  protecting  them 
from  the  inroads  of  cattle.  

There  is  a  caste  in  Ceylon,  called  Jaggeraroe,  who  make  sugar  ^  i  ^  ji'VIIV) 
from  the  produce  of  the  Caryoia  urens,  or  Kitul-tree ;  and  the 
sugar  is  styled  Jaggery.  Sugar  is  not  usually  made  in  Ceylon 
from  the  sugar-cane ;  but  either  from  the  juice  of  the  Eitul,  from 
the  Cooot  nlul^^ra,  or  the  Borassua  flabeUiformie  (the  Palmyra 
Palm). 

Several  sorts  of  cane  are  cultivated  in  India. 

The  Cadjoolee  (fig.  1921)  is  a  purplo-colonred  cano ;  yields  a  sweeter  and  richer 
juice  than  the  yeUow  or  light-colourra,  but  in  less  quantities,  and  is  harder  to  press. 
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It  grows  in  dry  lands.  When  eaten  law,  it  is  somewhat  dry  and  pithy  in  the  month, 
bnt  is  esteemed  very  good  for  making  sugar.  It  is  not  known  to  the  West  India 
planter.  The  leaves  rise  from  a  point  6  feet  above  the  ground.  An  oblique  and 
transverse  section  of  the  cane  is  represented  by  the  parts  near  the  bottom  of  the 
figure. 

The  Pooru  is  a  light-coloured  cane,  yellow,  inclining  to  white,  deeper  yellow  when 
ripe  and  on  rich  gronnd.  West  India  planters  consider  it  the  same  sort  as  one  of 
thein.  It  is  softer  and  more  juicy  than  the  preceding,  but  the  juice  is  less  rich,  and 
produces  a  weaker  sugar.  It  requires  seven  parts  of  pooiee-juice  to  make  as  much 
goor  as  is  produced  from  six  of  the  ca^joolee.  Much  of  this  cane  is  brought  to  the 
Calcutta  market,  and  eaten  raw. 

The  CuUorah  thrives  in  swampy  lands,  is  light  coloured,  and  grows  to  a  great 
height.    Its  juice  is  more  watery,  and  yields  a  weaker  sugar  also  than  the  ca4joolee. 

The  manu&cture  of  sugar  in  Bengal  is  conducted  by  the  natives  in  the  most  primi- 
tive manner  possible ;  the  poverty  and  ignorance  of  the  ryots  or  peasants  being  serious 
obstacles  to  the  introduction  of  any  system  difierent  from  that  practised  by  their  fore- 
fathers. Early  in  June  the  soil  is  brought  into  a  soft  muddy  state ;  slips  of  the  cane, 
with  one  or  two  joints,  are  planted  in  rows  about  3  J  feet  apart,  and  18  inches  asunder 
in  the  rows ;  when  about  3  inches  above  ground  the  earth  is  partially  loosened,  and  in 
August  trenches  are  cut,  to  drain  uff  any  superfluous  moisture.    From  3  to  6  canes 

r'ng  from  each  slip.  When  about  3  feet  high  the  lower  leaves  are  wrapped  round 
canes,  and  the  whole  from  each  slip  supported  by  bamboos.  The  cutting  com- 
mences in  January  or  February,  the  canes  being  then  8  or  10  feet  high,  and  1  to  1^ 
inch  thick,  and  are  passed  through  a  mill  of  the  rudest  construction,  which  will  be 
fully  described  when  sugar-mills  are  treated  of. 

The  China  cane  is  said  to  be  extremely  hardy,  standing  both  cold  and  drought,  and, 
with  abundant  rain,  giving  out  as  many  as  thirty  shoots.  It  resists  the  inroads  of 
the  white  ants,  which  cannot  penetrate  its  hard  crust,  whilst  it  is  also  proof  against 
the  teeth  of  the  jackals.  It  requires,  however,  a  stronger  mill  for  grinding  than  the 
other  varieties  mentioned.  Mr.  Wray  asserts  that  the  Salangore  cane  is  the  finest 
in  the  Straits  of  Singapore,  and  perhaps  in  the  world.  He  says  that  be  has  cut  five 
from  one  stool,  which  were  of  a  weight  of  from  171bs.  to  25  lbs.  They  have  been 
known  to  produce  7>200  lbs.  of  undrained  sugar  per  acre,  equal  to  5,800  lbs.  of  dry 
sugar  for  shipping. 

Dr.  Livingstone  stated  that  sugar  is  cultivated  in  the  Shire  Valley,  as  well  as  in 
many  parts  of  Africa  near  the  Zambesi,  and  may  be  had  for  as  little  as  one  halfpenny 
per  pound. 

In  all  the  colonies  of  the  New  World  the  sugar-cane  flowers,  bnt  it  then  sends  fortii 
s  shoot  (arrow),  that  is,  its  stem  elongates,  and  the  seed-vessels  prove  abortive.  For 
this  reason,  the  bud-joints  must  there  be  used  for  its  propagation.  It  is  said  to  grow 
to  seed,  however,  in  India.  This  circumstance  occurs  with  some  other  plants,  which, 
when  propagated  by  their  roots,  cease  to  yield  fertile  seeds  ;  such  as  the  banana,  the 
bread-fruit,  the  lily,  and  the  tulip, 

In  the  proper  season  for  planting,  the  ground  is  marked  out  by  a  line  into  rows 
4  or  6  feet  asunder,  in  which  rows  the  canes  are  planted  from  2  to  6  feet  apart.  The 
series  of  rows  is  divided  into  pieces  of  land  60  or  70  feet  broad,  leaving  spaces  of 
about  20  feet,  for  the  convenience  of  passage,  and  for  the  admission  of  sun  and  air 
between  the  stems.  Canes  are  usually  planted  in  trenches,  about  6  or  8  inches  deep, 
made  with  the  hand-hoe,  the  raised  soil  being  heaped  to  one  side,  for  covering  in  the 
young  cane ;  into  the  holes  a  negro  drops  the  number  of  cuttings  intended  to  be 
inserted,  the  digging  being  performed  by  other  negroes.  The  earth  is  then  drawn 
about  the  hillocks  with  the  hoe.  This  labour  has  been,  however,  in  many  places 
better  and  more  cheaply  performed  by  the  plough ;  a  deep  furrow  being  made,  into 
which  the  cuttings  are  regularly  planted,  and  the  mould  then  properly  turned  in.  If 
the  ground  is  to  be  afterwards  kept  clear  by  the  horse-hoe,  the  rows  of  canes  should 
be  5  feet  asnnder,  and  the  hillocks  2i  feet  distant,  with  only  one  cane  left  in  one  hillock. 
After  some  shoots  appear,  the  sooner  the  horse-hoe  is  used  the  more  will  the  plants 
thrive,  by  keeping  the  weeds  under,  and  stirring  up  the  soil.  Flant-caues  of  the 
first  growth  have  been  known  to  yield,  on  the  brick-mould  of  Jamaica,  in  very  fino 
seasons,  2^  tons  of  sugar  per  acre.  The  proper  season  for  planting  the  cane-slips 
containing  the  buds,  namely,  the  top  part  of  the  cane  stripped  of  its  leaves,  and  the 
two  or  throe  upper  joints,  is  in  the  interval  between  August  and  the  beginning  of 
November.  Favoured  by  the  autumnal  weather,  the  young  plants  become  luxuriant 
enough  to  shade  the  gronnd  before  the  dry  season  sets  in  ;  thereby  keeping  the  roots 
cool  and  moderately  moist.  By  this  arrangement  the  Creole  canes  are  ripe  for  the  mill 
in  the  beginning  of  the  second  year,  so  as  to  enable  the  manager  to  finish  his  crop  early 
in  Juno.    It  is  a  great  error  for  the  colonist  to  plant  canes  at  an  improper  season  of 
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the  year,  whereliy  his  whole  system  of  operations  becomes  distnrbed,  and,  in  a  ceitsin 
degree,  abortive. 

The  withering  and  &11  of  a  leaf  a£R>rd  a  good  criterion  of  the  maturity  of  the  cano- 
joint  to  which  it  belonged ;  so  that  the  last  eight  leafless  jointe  of  two  canes,  which 
are  cat  the  same  day,  nave  exactly  the  same  ripeness,  though  one  of  the  canes  be  15 
and  the  other  only  10  months  old.  Those,  however,  cut  towards  the  end  of  the  dry 
season,  before  the  rain  begins  to  &1I,  produce  better  sugar  than  those  cut  in  the  rainy 
season,  as  they  are  then  somewhat  diluted  with  watery  juice,  and  require  more 
evaporation  to  form  sugar.  It  may  be  reckoned  a  fair  average  product,  when  one 
pound  of  sugar  is  obtained  &om  one  gallon  (English)  of  jnice. 

Sattootu  (a  word  corrupted  from  rejelions)  are  the  sprouts  or  suckers  that  sraing 
ficom  the  roots  or  stoles  of  the  canes  that  have  been  previously  cut  for  sugar.  They 
are  commonly  ripe  in  IZ  months  ;  but  canes  of  the  first  growth  are  called  plant-canes, 
being  the  direct  produce  of  the  original  cuttings  or  ^erms  placed  in  the  ground, 
and  require  a  longer  period  to  bring  them  to  maturity.  Tne  first  yearly  return 
from  the  roots  that  are  cut  over,  are  called  first  rattoons ;  the  second  year's  growth, 
second  rattoons  ;  and  so  on,  according  to  their  age.  Instead  of  stocking  up  his 
rattoons,  holing,  and  planting  the  land  anew,  the  planter  suffers  the  stoles  to  COD- 
tinae  in  the  ground,  and  contents  himself,  as  the  cane-flelds  become  thin  and  im- 
poverished, with  supplying  the  vacant  places  with  fresh  plants.  By  these  means, 
and  with  the  lud  of  manure,  the  produce  of  sugar  per  acre,  if  not  apparently  equal  to 
that  from  plant-canes,  gives  perhaps  in  the  long  run  as  great  returns  to  the  owner, 
considering  the  relative  proportion  of  the  labour  and  expense  attending  the  different 
systems. 

When  the  planted  canos  are  ripe,  they  are  cut  dose  abore  the  ground  by  an  oblique 
section,  and  the  leaves  and  shoots  being  stripped  off,  they  are  transported  in  bundles, 
in  the  mill-house.  If  the  roots  be  then  cut  off  a  few  inches  below  the  sur&ce  of  the 
soil,  and  covered  up  with  fine  moald,  they  will  push  forth  more  prolific  ofisets  or 
rattoons  than  when  left  projecting  in  the  common  way. 

The  amount  of  sugar  yielded  per  acre  is  very  variously  stated.  In  fact,  the  yield 
must  vary  with  the  different  variety  of  canes  cultivated,  with  the  nature  of  the  soil, 
the  character  of  the  season,  and  more  than  all  with  the  more  or  less  perfect  apparatus 
used  in  manuiacturing  the  sugar.  Theyield,  from  these  causes,  will  vary  from  i  a  ton 
to  2)  tons  of  solid  sugar  per  acre. 

For  the  chemical  examination  of  sugar,  see  Watts's  '  Dictionary  of  Chemistry.' 

Sugar  Millt. — The  first  machines  employed  to  squeeze  the  canes  were  mills  similar 
to  those  which  serve  to  crush  apples  in  some  cider  districts,  or  somewhat  like  tan-mills. 
In  the  centre  of  a  circular  area,  of  about  7  or  8  feet  in  diameter,  a  vertical  heavy 
wheel  was  made  to  revolve  on  its  edge,  by  attaching  a  horse  to  a  cross  beam  projecting 
horizontally  from  it  and  making  it  move  in  a  cireular  path.  Tho  cane-pieces  wore 
strewed  on  the  somewhat  concave  bed  in  the  path  of  the  wheel,  and  the  juice 
expressed  fiowed  away  through  a  channel  or  gutter  in  the  lowest  part.    This  machine 


wsa  tedious  and  unproductive.  It  was  replaced  by  the  vertical  cylinder  mill  of  Gon- 
zales de  Veloea ;  which  has  continued  till  modem  times,  with  little  variation  of  external 
form,  but  is  now  generally  superseded  by  tho  sugar-mill,  with  hoozontal  cylinders. 
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I^.  1922,  front  eleTstion  of  the  entire  imUifitf,  1928,  end  elevation,  and  Fia.  1024, 
horizontal  plan.  Fig.  192S,  diagram,  showing  the  dispositions  of  the  feeding  and 
delivering  rollers,  feeding  board,  returner,  and  delivering  board, 

JPig.  1923,  A,  A,  solid  foundation  of  niasoniy;  B,  B,  bed-plate;  c,  c,  headstoeks  or 
standards;  o,  main  shaft  (seen  in  Jia,  1924);  B,  intermediate  riiaft;  r,T,  plummer- 
blocks  of  main  shaft  D  (seen  in  fig.  1924) ;  h,  driving  pinion  on  the  fly-wheel- 


1923 


sliaft  of  engine ;  i,  first  motion  mortise-trheel,  driven  b;  the  pinion ;  x,  second  motion 
pinion,  on  the  same  shaft ;  i^  second  motion  mortise-wheel,  on  the  main  shaft ;  M, 
brays  of  wood,  holding  the  plummer-blocks  for  shaft  D ;  n,  wrought-iron  straps  con- 
necting the  brays  to  the  standards  c,  c ;  o,  o,  regulating  screws  for  the  brays ;  p, 
top  roller  and  gudgeons ;  Q,  and  n,  the  lower  or  feeding  and  delivering  rollers ;  s, 
clutch  for  the  connexion  of  the  side  of  lower  rollers  q,  and  n,  to  the  main  shaft 
(seen  in  fig.  1924) ;  t,  t,  the  drain-gutters  of  the  mill-bed  (seen  only  in  fig.  1924). 
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The  rektire  dispoeition  of  the  rollers  is  shown  in  the  diagram,  fig.  1925 :  in  vhich 
A  is  the  top  roller ;  b,  the  feeding  roller ;  c,  the  delivering  roller ;  d,  the  returner ; 
B,  the  feeding  board ;  F,  the  delivering  board. 

The  rollers  are  made  2^  inches  to  i\  inches  thick,  and  ribbed  in  the  centre.  The 
feeding  and  delivering  rollers  have  small  flanges  at  their  ends,  (as  shown  ra  fig.  1924), 
between  which  the  top  roller  is  placed;  these  flanges  prevent  the  pressed  canes  or 
megat*  ftom  working  into  the  mill-bed.  The  feeding  and  top  rollers  are  generally 
flnted,  and  sometimes  diagonally,  enabling  them  the  better  to  seise  the  canes  from  the 
feeding-board.  It  is,  however,  on  the  whole,  considered  better  to  flute  the  feeding  roller 
only,  leaving  the  top  and  delivery  rollers  plane ;  when  the  top  roller  is  fluted,  it  should 
be  very  slightly,  for,  after  the  work  of  a  few  weeks,  its  surface  becomes  sufficiently 
rough  to  bite  the  canes  effectively.  The  practical  disadvanta^  of  fluting  the  deliver- 
ing rollers,  is  in  the  grooves  carrying  round  a  portion  of  liquor,  which  is  speedily 
absorbed  by  the  spongy  megass,  as  well  as  in  breaking  the  megass  itself,  and  thus 
causing  great  waste. 

In  working  this  mill,  the  feeding  toller  is  kept  about  half  an  inch  distant  &om  the 
upper  roller,  but  the  delivering  roller  is  placed  about  ^th  of  an  inch  from  it. 

The  canes  are  thrown  upon  the  feeding  board,  and  spread  so  that  they  may  cross  each 
Other  as  little  as  possible.  They  are  taken  in  by  the  feeding  rollers,  which  split  and 
slightly  press  them :  the  liquor  flows  down,  and  the  returner  guiding  the  canes  be- 
tween the  top  and  delivering  rollers,  they  receive  the  final  pressnre,  and  are  turned 
out  on  the  mill-floor,  while  the  liquor  runs  back  and  fulls  into  the  mill-bed.  The 
megass,  then  in  the  state  alpith,  adhering  to  the  skin  of  the  cane,  is  tied  up  in  bundles, 
and  after  being  exposed  a  short  time  to  the  sun,  is  flnally  stored  in  the  megass-house 
for  ihel.  By  an  improvement  in  this  stage  of  the  process,  the  megass  is  carried  to 
the  mogass-house  by  a  carrier  chain,  worked  by  the  en^ne. 

The  sugar-mill  at  Chica  Eallapura  is  worked  by  a  single  pair  of  bu&loes  or  oxen, 
going  round  with  the  lever  A.,  fig.  1926,  which  is  fixed  on  the  top  of  the  right-band 
roller.  The  two  rollers  have  endless  screw-heads  b,  which  are  formed  of  four  spiral 
grooves  and  four  spiral  ridges,  cut  in  opposite  directions,  which  turn  into  one  another 
when  the  mill  is  working.  These  rollers  and  their  heads  are  of  one  piece,  made  of  the 
toughest  and  hardest  wood  that  can  be  got,  and  such  as  will  not  impart  a  bad  taste  to 
the  juice.  They  are  supported  in  a  thick  strung  wooden  &ame,  and  uteir  distance  &nm 
ench  other  is  regulated  by  means 
of  wedges,  which  pass  through 
mortises  in  the  frame-planks,  and 
a  groove  made  in  a  bit  of  some  sort 
of  hard  wood,  and  press  upon  the 
axis  of  one  of  the  rollers.  The  axis 
of  the  other  presses  against  the 
left-hand  side  of  the  hole  in  the 
frame-boards.  The  cane-juice  runs 
down  the  rollers,  and  through  a 
hole  in  the  lower  frame-board,  into 
a  wooden  conductor,  which  carries 
it  into  an  earthen  pot.  Twr  long- 
pointed  stakes  or  piles  are  driven 
into  the  earth,  to  keep  the  mill 
steady,  which  is  all  the  fixing  it 
requires.  The  under  part  of  the 
lowermost  plank  of  the  frame  rests  upon  the  surface  of  the  ground,  which  is  chosen 
level  and  very  firm,  that  the  piles  may  hold  the  faster.  A  hole  is  dog  in  the  earth, 
immediately  below  the  roout  of  the  conductor,  to  receive  the  pot. 

The  mill  used  in  Burdwan  and  near  Calcutta  is  simply  two  small  wooden  cylinders, 
grooved,  placed  horizontally,  close  to  each  other,  and  turned  by  two  men,  one  at  each 
end.  This  simple  engine  is  said  to  express  the  juice  completely,  but  slowly.  It  is 
very  cheap,  the  prime  cost  not  being  two  rupees ;  and  being  easily  moved  from  field 
to  field.  It  saves  much  labour  in  the  carriage  of  the  cane.  Notwithstanding  this 
advantage,  so  rude  a  machine  must  leave  a  large  proportion  of  the  richest  jnice  in  the 
cane-trash. 

The  sugar-mill  of  Chinapatam,.^.  1927,  consists  of  a  mortar,  lever,  pestle,  and 
relator.  The  mortar  is  a  tree  about  10  feet  in  length  and  14  inches  in  diameter : 
a  IS  a  plan  of  its  upper  end ;  i  is  an  outside  view ;  and  o  is  a  vertical  section.  It  is 
sunk  perpendicularly  into  the  earth,  leaving  one  end  2  feet  above  the  surfitce.  The 
hollow  is  conical,  truncated  downwards,  and  then  becomes  cylindrical,  with  a  hemi- 
spherical projection  in  its  bottom,  to  allow  the  juice  to  run  freely  to  the  small  opening 
that  conveys  it  to  a  spout,  from  which  it  falls  into  an  earthen  pot.    Bound  the  upper 


1926 


Digitized  by 


Google 


940 


SUGAR 


month  of  the  cone  is  a  cirenlar  esrit^,  which  collects  any  of  the  jnice  that  may  ran 
over  from  the  upper  ends  of  the  pieces  of  cane ;  and  thence  a  canal  oonTeys  this 
juice  down  the  outside  of  the  mortur,  to  the  epout.  The  beam  d,  is  about  16  feet  in 
length  and  6  inches  in  thickness,  being  cut  out  £rom  a  large  tree  that  is  divided  by  a 
fork  into  two  arms.  In  the  fork  an  excavation  is  made  for  the  mortar  b,  round  which 
the  beam  turns  horizontally.  The  surface  of  this  excavation  is  secured  by  a  semi- 
circle of  strong  wood.  The  end  towards  the  fork  is  quite  open,  for  changing  the 
beam  without  trouble.  On  the  undivided  end  of  the  beam  si  ts  the  bullock-driver, 
,„„»  e,   whose  catUe  are 

'  yoked    by    a    rope 

which  comes  from 
the  md  of  the  beam ; 
and  they  are  pre- 
vented from  drag- 
ging out  of  the  circle 
by  another  rope, 
Trtiich  passes  from 
the  yoke  to  the 
forked  end  of  the 
beam.  On  the  arms, 
/,  a  basket  is  placed, 
to  hold  the  cuttings 
of  cane ;  and  between 
this  and  the  mortar 
sits  the  man  who 
feeds  the  mill.    Just 

as  the  pestle  comes  round,  he  places  the  pieces  of  cane  sloping  down  into  the  cavity 
of  the  mortar ;  and  after  the  peistle  has  passed,  he  removes  those  away  that  have  been 
squeezed. 

The  following  describes  the  primitive  rude  mill  and  boiler  used  in  preparing  the 
extract  of  sugar-cane,  and  which  are  usually  let  to  the  ryots  by  the  day.  The  mill  in 
XKnnjpur.yi;.  1928,  is  on  the  principle  of  a  pestle  and  mortiur.  The  pestle,  however, 
does  not  beat  the  canes,  but  is  rubbed  against  them,  as  is  done  in  many  chemical  trit- 
urations ;  and  the  moving  force  is  two  oxen.  The  mortar  is  generally  a  tamarind  tree, 
one  end  of  which  is  sunk  deep  in  the  ground,  to  give  it  firmness.  The  part  projecting, 
a,  may  be  about  2  fe«t  high  and  a  foot  and  a  half  in  diameter ;  and  in  the  upper  end  a 
hollow  is  cnt,  like  the  small  segment  of  a  sphere.  In  the  centre  of  this,  a  channel  de- 
scends a  little  way  perpendicularly,  and  then  obliquely  to  one  side  of  the  mortar,  so 

that  the  juice  as  sqnei-zad 
from  the  cane,  runs  off  by 
means  of  a  spout,  i,  into  a 
strainer  e,  through  which 
it  falls  into  an  earthen 
pot  that  stands  in  a  hole, 
d,  under  the  spout  The 
pestle,  e,  is  a  tree  about 
18  feet  in  length,  and  I 
foot  in  diameter,  rounded 
at  its  bottom,  which  rubs 
against  the  mortar,  and 
which  is  secured  in  its 
place  by  a  button  or  knob 
mat  goes  into  the  channel 
of  the  mortar.  Theniov- 
ing  force  is  npplicd  to  a 
horizontal  beam. /,  about 
16  feet  in  length,  which 
turns  round  about  the 
mortar,  and  is  fastened  to 
it  by  a  bent  bamboo. 
It  is  suspended  from  the 
uppr  end  of  the  pestle  by 
a  bamboo,  g,  which  has 
been  cnt  with  part  of  the  root,  in  which  is  formed  a  pivot  that  hangs  on  the  upper 
point  of  the  pesUe.  The  cattle  are  yoked  to  tlie  horizontal  beam,  at  about  10  feot 
from  the  mortar,  move  round  it  in  a  circle,  and  are  driven  by  a  man  who  sils  on  the 
beam  to  increase  the  weight  of  the  tritnratiog  powor.    Scarcely  any  machine  mora 
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miaenble  can  b«  oonceired ;  and  it  voold  be  totally  ineffactnal,  ware  not  the  cane 
cut  into  thin  slicen.  This  is  a  troablesoma  part  of  the  operation.  The  grinder  site 
on  the  ground,  having  before  him  a  bamboo-stake,  irhioi  is  driven  into  the  earth 
with  a  deep  notch  formed  in  its  upper  end.  He  passes  the  canes  eradnally  through 
this  notch,  and  at  the  same  time  cuts  offthe  slices  with  a  kind  of  rude  chopper. 

The  boiling  apparatus  is  somewhat  better  contrived,  and  is  placed  uncfer  a  s  ed, 
though  the  mill  is  wiUioat  shelter.  The  fireplace  is  a  considerable  cavity  dug  in  the 
ground,  and  covered  with  an  iron  boiler,  |>,  fig.  1920.  At  one  side  of  thfa  is  an 
opening,  q,  for  throwing  in  fuel ;  and  opposite  to  this  is  another  opening,  which  com- 
municates with  the  horizontal  flue.  This  is  formed  by  two  parallel  mnd  walls,  r,  r, 
*,  »,  about  20  feet  long,  2  feet  high,  and  18  inches  distant  from  each  other.  A  row  of 
eleven  earthen  boilers,  t,  is  placed  on  these  walls,  and  the  interstices,  u,  are  filled  with 
clay,  which  completes  the  fiimaoe-flue,  an  opening,  v,  being  left  at  the  end,  for  giving 
vent  to  the  smoke, 
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The  juice,  as  it  comes  firom  the  mill,  is  first  put  into  an  earthen  boiler  that  is  most 
distant  from  the  fire,  and  is  gradually  removed  from  one  boiler  to  another,  until  it 
reaches  the  iron  one,  where  the  process  is  completed.  The  inspissated  juice  that  can 
be  prepared  in  twenty-four  hours  by  such  a  mill,  with  sixteen  men  and  twenty  oxen, 
amounts  to  no  more  than  476  lbs. ;  and  it  is  only  in  the  southern  parts  of  the  district, 
where  the  people  work  night  and  day,  that  the  sugar-works  are  productive.  In  the 
northern  districts,  the  people  work  only  during  the  day,  and  inspissate  about  one-half 
the  quantity  of  juice. 

Of  the  Manttfaetitrt  <)f  .Sugar  in  the  West  Indict. — Cane-juice  varies  exceedingly  in 
richness,  with  Uie  nature  of  the  soil,  the  culture,  the  season,  and  variety  of  the  plant. 
When  left  to  itself  in  the  colonial  climates,  the  juice  runs  rapidly  into  the  acetous 
fermentation.  Hence  arises  the  necesnty  of  subjecting  it  immediately  to  clarifying 
processes,  speedy  in  their  action.  When  deprived  of  its  green  fecula  and  glutinous 
extractive,  it  is  still  subject  to  fermentation  ;  but  this  is  now  of  the  vinous  kind.  The 
juice  flows  ftom  the  mill  through  a  wooden  gutter  lined  vrith  lead,  and  being  con- 
ducted into  the  sugar-house,  is  received  in  a  set  of  large  pans  or  cauldrons,  called 
'darifiers.'  On  estates  whicli  make  on  an  average,  during  crop  time,  ftom  15  to  20 
hogsheads  of  sugar  a  week,  three  clarifiers,  of  400  gallons'  capacity  each,  are 
sufficient.  With  pans  of  this  dimension,  the  liquor  may  be  drawn  off  at  once  hj  a 
stopcock  or  syphon,  without  disturbing  the  fecnlenciei  alter  they  subside.  The 
clarifiers  are  sometimes  placed  at  one  end,  and  sometimes  in  the  middle  of  the  house, 
particularly  if  it  possesses  a  double  set  of  evaporating  pans. 

Whenever  the  stream  from  the  mill-cistern  has  filled  the  clarifier  with  fresh  juice, 
the  fire  is  lighted,  and  the  temper,  or  dose  of  slaked  lime,  difihsed  uniformly  through 
a  little  juice,  is  added.  If  an  albuminous  emulsion  be  used  to  promote  the  darillying, 
very  little  lime  will  be  required ;  for  recent  cane-liquor  contains  no  appreciable 
portion  of  acid  to  be  saturated.  In  fact,  the  lime  and  alkalis  in  general,  when  used 
in  small  quantity,  seem  to  coagulate  the  glutinous  extractive  matter  of  the  juice,  and 
thus  tends  to  brighten  it  up.  Excess  of  lime  may  also  be  corrected  by  a  little  alum- 
water.  Where  canes  grow  on  a  calcareous  marly  soil,  in  a  favourable  season  the 
saccharine  matter  gets  so  thoroughly  elaborated,  and  the  glutinous  mucilage  so 
completely  condense^  that  a  clear  juice  and  a  fine  sugar  may  m  obtained  without  the 
use  of  lime. 

As  the  liquor  grows  hot  in  the  clarifier,  a  scum  is  thrown  vp,  eonristiqg  of  the 
coagulated  feculenciee  of  the  cane-juice.  The  fire  is  now  gradnally  urged  till  the 
temperature  approaches  the  boiling  point ;  to  which,  however,  it  must  not  be  suffered 
to  nse.  It  is  imown  to  be  sufficiently  heated,  when  the  scum  rises  in  blisters,  which 
break  into  white  froth ;  an  appearance  observable  in  about  forty  minutes  after  kindling 
the  fire.  The  damper  being  shut  down,  the  fire  dies  out ;  and  after  an  hour's  repose, 
the  clarified  liquor  is  ready  to  be  drawn  off  into  the  last  and  largest  in  the  series  of 
evaporating  pans.  In  the  British  colonies,  these  are  merely  numbered  1,  2,  8,  4,  S, 
beginning  at  the  smallest,  which  hangs  right  over  the  fire,  and  is  called  the  teache  ; 
because  in  it  the  trial  of  the  syrup,  by  toucA,  is  made.  The  fiame  and  smoke  proceed 
in  a  straight  line  along  a  fine  to  the  chimney-stalk  at  the  other  end  of  the  furnace. 
Va»  area  of  this  flue  proceeds,  with  a  slight  ascent  from  the  fire,  to  Ihe  apertnie  at 
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the  txiUom  of  the  chimney;  mthat  between  the  niT&co  of  the  grate  and  the  bottom 
of  the  teaebe  there  ia  a  distance  of  28  inches ;  vhile  between  the  bottom  of  the  fine 
and  that  of  the  grand,  "So.  6,  at  the  other  end  of  the  range,  there  are  barely  18 
inches. 

In  some  sugar-honses  there  is  planted,  in  the  angular  space  between  each  boiler,  a 
basin,  one  foot  wide  and  a  few  inches  deep,  for  the  purpose  of  receiving  the  scum 
which  thence  flows  off  into  the  grand  copptr,  along  a  gutter  scooped  out  on  the  mnig^ 
of  the  brickwork.  The  skimmiugs  of  the  grand  are  thrown  into  a  separate  pan,  placed 
at  its  side.  A  large  cylindrical  eooler,  about  6  feet  wide  and  2  feet  deep,  has  been 
placed  in  certain  sugar-works  near  the  teache,  for  receiving  successire  charges  of  its 
inspissated  qnrnpi  Each  finished  charge  is  called  a  skipping,  because  it  is  skipped 
or  laded  ont  The  term  tiriiiiig  is  also  applied  to  the  act  of  emptying  the  teache. 
When  upon  one  skipping  of  symp  in  a  state  of  incipient  granulation  in  the  cooler,  a 
second  skipping  is  poured,  this  second  congeries  of  saccharine  particles  agglomerates 
round  the  first  as  nvdei  of  crystallisation,  and  produces  a  larger  grain ;  a  result  im- 
proved by  each  successive  skipping.  This  principle  has  been  long  known  to  the 
chemist,  but  does  not  seem  to  have  been  always  properly  considered  or  appreciated 
by  the  sugar-planter. 

From  ue  above-deeeribed  cooler,  the  symp  is  transferred  into  wooden  chests  or 
boxes,  open  at  top,  and  of  a  rectangular  shape,  also  called  coolers,  but  which  are  more 
properly  crystalliserg  or  granulators.  These  are  commonly  six  in  number ;  each  being 
about  1  foot  deep,  7  feet  long,  and  6  or  6  feet  wide.  When  filled,  such  a  mass  is 
collected  as  to  fiivonr  slow  cooUng,  and  consequently  laige-grained  crystallisation.  If 
these  boxes  be  too  shaUow,  the  grain  is  ezoeedingly  ii^jured,  as  may  be  easily  shown 
by  pouring  some  of  the  same  symp  on  a  small  tray ;  when,  on  cooling,  the  sugar  will 
appear  like  a  muddy  soft  sand. 

The  due  concentration  of  the  symp  in  the  teache  is  known  by  the  boiler,  by  the 
appearance  of  a  drop  of  the  symp  pressed  and  then  drawn  into  a  thread  between  the 
thumb  and  fore-finger.  The  thiead  eventually  breaks  at  a  certain  limit  of  extension, 
shrinking  from  the  thumb  to  the  suspended  finger,  in  lengths  somewhat  proportional 
to  the  inspissation  of  the  symp.  But  the  appearance  of  granulatioa  in  the  thread 
must  also  be  considered ;  for  a  viscid  and  damaged  syrup  may  give  a  long  enough 
thread,  and  yet  yield  almost  no  ciystalline  grains  when  cooled.  Tenacity  and  granular 
aspect  must  therefore  be  both  taken  into  the  account,  and  will  continue  to  constitute 
the  insctical  guides  to  the  negxo  boiler,  till  a  less  barbarous  mode  of  concentrating 
cane-juice  be  substituted  for  the  present  naiti  teache,  or  sugar  frying -^n. 

A.  visooos  symp  containing  much  gluten  and  sugar,  altered  by  lime,  requires  a 
higher  temperature  to  enable  it  to  granulate  than  a  pure  saccharine  symp;  and 
therefore  the  thermometer,  though  a  useful  aid,  can  by  no  means  be  leguded  as  a 
sure  guide,  in  determining  the  proper  instant  for  striking  the  teache. 

The  colonial  curing-house  is  a  spacious  building,  of  wniCh  the  earthen  floor  is  ex- 
cavated to  form  the  molasses-reservoir.  This  is  lined  with  sheet-lead,  boards,  tarras, 
or  other  retentive  cement;  its  bottom  slopes  a  little,  and  it  is  partially  covered  by  nn 
open  massive  frame  of  joist-work,  on  whidi  the  plotting  casks  are  set  upright.  'Aeae 
are  merely  empty  sugar-hogsheads,  withont  headings,  having  8  or  10  holes  bored  in 
their  bottoms,  through  each  of  which  the  stalk  of  a  plantain-leaf  is  stuck,  so  as  to 
protrude  downwards  6  or  8  inches  below  the  level  of  the  joists,  and  to  rise  above  the 
top  of  the  cask.  The  act  of  transferring  the  crude  concrete  sugar  from  the  crystal- 
lisers  into  these  hogsheads,  is  called  potting.  The  bottom  holes,  and  the  spongy 
stalks  stuck  in  them,  allow  the  molasses  to  drain  slowly  downwards  into  the  sunk 
cistern.  In  the  common  mode  of  procedure,  sugar  of  average  quality  is  kept  &om  3 
to  i  weeks  in  the  cnring-house ;  that  which  is  soift-grained  a^  glutinous  must  remain 
6  or  6  weeks.  The  cnring-house  should  be  close  and  warm,  to  favour  the  liquefac- 
tion and  drainage  of  the  viscid  molasses. 

Ont  of  120,000,000  lbs.  of  raw  sugar  which  used  to  be  annually  shipped  by  the 
St  Domingo  planters,  only  96,000,000  lbs.  were  landed  in  France,  aocoiding  to  the 
authority  of  Butrone,  constituting  a  loss  by  drainage  in  the  ships  of  60  per  cent  The 
average  transport  waste  in  the  sugars  of  the  British  colonies  cannot  be  estinrnted  at 
less  than  12  per  cent,  or  altogether  upwards  of  27,000  tons )  'What  a  tremendous 
sacrifice  of  i^opert^  I 

Symp  intondiid  for  forming  clayed  sugar  must  be  somewhat  more  concentrated  in 
the  teaiche,  and  run  off  into  a  copper  cooler,  capable  of  receiving  three  or  four  suc- 
cessive skippings.  Here  it  is  stirred  to  ensure  uniformity  of  product  and  is  then 
transferred  by  ladles  into  conical  moulds,  made  of  coaiae  potteiy  or  of  sheet  iron, 
having  a  Bttuh  orifice  at  the  apex,  which  is  stopped  with  a  plug  of  wood  wrapped  in 
a  leaf  of  maiae.  These  conical  pots  stand  with  the  base  upwards.  As  their  capacity, 
whan  laigest,  is  considerably  less  than  that  of  the  smallest  potting-casks,  and  as  the 
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{«oeM8  lasts  Bavaial  ireskB,  the  daying-house  requires  to  bare  Torjr  eonaideiable 
dimensions.  Whenever  the  symp  is  properly  granulated,  -which  happens  usually  in 
about  18  or  20  hours,  the  plugs  are  removed  from  the  apices  of  the  cones,  and  each 
is  set  on  an  onrthen  pot  to  receive  the  drainings.  At  the  end  of  21  hours  t^e  cones 
are  transferred  over  empty  pots,  and  the  molasses  contained  in  the  former  ones  is 
either  sent  to.the  fermenting-house  or  sold.  The  claying  now  begins,  irhich  consists 
in  applying  to  the  smoothed  surface  of  the  sugar  at  tJie  base  of  the  cone  a  plaster  of 
argillaceous  earth,  or  tolerably  tenacious  loam  in  a  pasty  state.  The  water  diffiisad 
among  the  clay  escapes  from  it  by  slow  infiltration,  and  descending  with  like  slow- 
ness through  tlie  body  of  the  sugar,  carries  along  with  it  the  residual^  viscid  syrup, 
which  is  more  readily  soluble  than  the  granulated  particles.  Whenever  the  first 
magma  of  clay  has  become  dry,  it  is  replaced  by  a  second ;  and  this  occasionally  in 
its  turn  by  a  third,  whereby  the  sugar-cone  gets  tolerably  white  and  clean.  It  is 
then  dried  in  a  stove,  cut  transversely  into  frusta,  crushed  into  a  coarse  powder  on 
wooden  trays,  and  shipped  off  for  Europe.  Clayed  sugars  are  sorted  into  different 
shades  of  colour  according  to  the  part  of  the  cone  &om  which  they  were  cut.  The 
clayed  sugar  of  Cuba,  which  ia  sun-dried,  is  called  '  Havannah  sugar,'  from  the  name 
of  the  shipping  port. 

Clayed  sugar  can  be  made  only  &om  the  ripest  cane-juice,  for  that  which  contains 
much  gluten  would  be  apt  to  get  too  much  burned  by  the  ordinary  process  of  boiling 
to  bear  the  claying  operation.  The  syrups  that  run  off  from  the  second,  third,  and 
fourth  applications  of  the  clay-paste,  are  concentrated  afresh  in  a  small  building  apart, 
called  the  refintry,  and  yield  tolerable  sugars.  Their  drainings  go  to  the  molasses- 
dstem.  The  cones  remain  for  20  days  in  the  claying-house  before  the  sugar  is  taken 
out  of  them. 

Claying  is  seldom  bad  recourse  to  in  the  British  plantations^  on  account  of  the 
increase  of  labour,  and  diminution  of  weight  in  the  produce,  for  which  the  improve- 
ment in  quality  yields  no  adequate  compensation.  Such,  however,  was  the  esteem  in 
which  the  french  consumers  held  dayed-sugar,  that  it  was  prepared  in  400  plantations 
of  St  Domingo  alone. 

SuoAB  BsnNi^fo. — The  raw  or  Hnscovado  sugar,  as  usually  imported,  is  not  in  a 
state  of  sufficient  purity  for  use.  Tbe  sugar  is  blended  with  more  or  less  of  fruit- 
and  grape-sugars,  with  sand  and  clay,  with  albuminous-  and  colouring-matter,  chiefly 
caramel  To  separate  the  pure  sugar,  the  plan  formerly  adopted  was  to  add  blood, 
eggs,  and  lime-water  to  a  solution  of  the  raw  sugar,  and  after  applying  heat,  to 
remove  the  thick  scum  of  coagulated  albumen,  which  also  removed  a  considerable 
portion  of  colouring-matter.  The  dear  liquid  was  concentrated,  and  the  semi- 
crystalline  mass  being  placed  in  conical  moulds,  as  much  of  the  molasses  as  would 
drain  by  gravitation  was  allowed  to  escape  tttaa.  the  points  of  the  moulds,  and  the 
remainder  was  expelled  by  allowing  water  or  a  solution  of  pure  sugar  to  trickle 
through  the  mass  of  crystals.  The  loaves,  being  trimmed  into  shape  and  dried, 
were  St  for  sale. 

By  this  process  only  a  small  proportion  of  the  sugar  was  made  into  loaf.  The 
method  of  removing  the  colouring-matter  was  crude,  imperfect,  and  expensive  ;  and 
the  high  temperature  requisite  for  the  fermentation  of  me  syrup  not  only  injured 
its  coloar,  but  oonvarted  a  large  proportion  of  the  sugar  into  the  uncrystallisable 
Tarie^. 

These  defects  were  remedied,  to  a  great  extent,  by  the  adoption  of  Howard's 
vacuum-pan,  for  the  concentration  of  syrups  under  diminished  atmospheric  pressure, 
and  consequently  at  a  low  temperature  together  with,  the  use  of  mtering-beds  qf 
animal-diarcoal  for  the  removal  of  colouring-matter. 

There  are  three  dasses  of  sugar-refineries  in  this  country,  the  chief  productions  of 
which  are,  respectively : — 

1st,  Loaf-sugar. 

2nd.  Crystals  {i.e.  large,  well-formed,  dry  white  crystals  of  sugar). 

Srd.  Crushed  sugar. 

In  the  former  two,  good  West  India,  Havannah,  Hauritius,  or  Java  sugar  are 
almost  exdusively  used.  In  the  last,  all  classes  of  sugar  are  indiscriminately  em- 
ployed. The  manufacture  of  loaf-sugar  is  chiefiy  carried  on  in  London ;  of  crystals, 
in  Bristol  and  Manchester ;  of  crushed  sugar,  in  Liverpool,  Greenock,  and  Qlasgow. 
Besides  these  places,  whidi  are  the  chief  seats  of  the  sugar-refining  trades,  this 
branch  of  industry  is  carried  on  more  or  leas  at  Plymouu,  Southampton,  Goole, 
Sheffield,  Kewton  (Lancashire),  and  Leith.  The-  methods  vary  a  little  in  different 
refineries ;  but  the  following  description  refers  to  the  most  modem  and  best  conducted 
which  are  to  be  found  in  this  country.  The  general  arrangements  of  a  sugar-bouse 
are  shown  in^i^.  1930. 

LoAv-SroAB.— &M»M.     The  xav  migar  is  emptied  bxm  the  hogsheads,  boxes, 
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or  mat*,  m  the  com  may  be,  and  diteharged  thiongh  a  gmting  in  the  floor  into  « 

copper  pen,  aboat  8  feet  in  djameter.  Tnis  dissolving  pan  is  somotimes,  although 
incorrectly,  called '  a  defecator,'  it  was  formerly  called '  a  blow-up,'  from  the  practice  of 
blowing  steam  into  it,  bnt  the  practice  and  the  name  are  now  antiquated.  Hot  water 
is  addM,  and  the  solntion  is  ncilitated  by  the  action  of  an  agitator,  or  stirrer,  kept 
in  motion  by  the  steam-engine.  The  proportions  of  sugar  and  water  are  regnlated  so 
that  the  liquid  attains  a  specific  gravity  of  about  1'360,  or  29°  Beanmi,  as  a  higher 
density  than  this  would  interfere  with  subsequent  processes.  A  copper  coil  or 
canng  to  the  pan,  heated  by  steam,  flimisbes  the  meana  of  raising  the  liquid  to  • 


J930 


temperature  of  165°.  The  plan  of  boiling  the  '  liquor '  is  becoming  gradually  die- 
ased.  If  the  solution  is  acid,  snfiScient  lime-water  is  added  to  make  it  neutral.  The 
nse  of  blood,  which  was  formerly  added  at  this  stage,  is  in  most  cases  dispensed  with ; 
the  advantage  arising  from  its  use  is  readily  obtained  from  the  employment  of  an 
increased  amount  of  animal-charcoal  in  a  subsequent  process,  while  the  mischief 
arising  from  the  introduction  of  nitrogenoua  matter  so  prone  to  decompose  is  avoided. 
Some  machinery  is  used  Ibr  crushing  the  hard  lumps  to  facilitate  solution. 

Semoval  of  intohtble  matter. — ^The  liquor  having  been  brought  to  the  requisite 
density  and  temperature,  and  also  being  perfectly  neutxal,  is  pasrad  through  the  bag- 
filter. 

The  apparatus  eonsiits  of  an  upright  square  iron  or  copper  case,  a,  a,  fig.  1931,  abont 
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S  or  8  feet  high,  fnmished  with  doors ;  beneath  is  a  cistern  with  a  pipe  for  receiving  and 
carrying  off  the  filtered  liquor ;  and  above  the  case  is  another  cistern,  e.  Into  the  upper 
sistern  the  syrnp  is  introduced,  and  passes  thence  into  the 
mouths  e,  e,  of  the  several  filters,  d,  d.  These  consist  each  of  a 
bag  of  thick  twilled  cotton  of  cloth,  about  2  feet  in  diameter 
and  6  or  8  feet  long,  which  is  inserted  into  a  narrow  '  sheath,' 
or  bottomless  bag  of  canvas,  about  5  inches  in  diameter,  for 
the  purpose  of  folding  the  filter-bag  up  into  a  small  space,  and 
thus  enabling  a  great  extent  of  filtering  surfaces  to  become 
pressed  into  one  box.  The  orifice  of  each  compound  bag  is 
tied  round  a  conical  brass  mouth -piece  or  nozzle  e,  which  screws 
tight  into  a  corresponding  opening  in  the  bottom  of  the  upper 
dstem.  From  40  to  400  bags  are  mounted  in  each  filter-case. 
The  liquor  which  first  passes  is  generally  turbid,  and  must  be 
pumped  back  into  the  upper  cistern,  for  refiltration.  The  in- 
terior of  the  case  is  furnished  with  a  pipe  for  injecting  steam, 
which  is  occasionally  used  for  warming  the  case.  Fig,  1932 
shows  one  mode  of  forming  the  founol-shaped  nozzles  of  the 
bags,  in  which  they  are  fixed  by  a  bayonet-oatch.  Fig.  1988 
shows  the  same  made  &st  by  means  of  a  screwed  cap,  which  ia 
more  secure. 

When  the  bags  are  fouled  from  the  accumulation  of  clay  and 
a  slimy  substance  on  their  inner  sur&ces,  the  filter  is  unpacked, 
the  bags  withdrawn  from  the  sheaths,  and  well  washed  in  hot 
water.  This  washing  is  usually  performed  with  a  dash-wheel, 
or  some  one  of  the  numeroiis  kinds  of  washing-machines  now 
in  use.  Perhaps  that  of  Manlove  and  Alliott,  of  Nottingham, 
is  in  greatest  favour.  The  dirty  water,  with  the  addition  of  a 
little  lime,  is  smartly  boiled,  and  after  some  hours  being 
allowed  for  subsidence,  the  supernatant,  clear,  weak  solution  <$ 
sugar  is  removed  and  used  in  the  first  process  (solution),  while 
the  muddy  residue  is  placed  in  canvas  bags  and  subjected  to 
pressure.    The  residue,  technically  called  acum,  is  thrown  away. 

Stmoval  of  colour. — The  liquor  issuing  from  the  bag-filters  generally  resembles  in 
colour  dark  sherry  wine.  To  render  this  colourless  it  is  passed  through  deep  filtering- 
beds  of  granulated  burnt  bones  or  animal-charcoal.  When  this  substance  was  first 
introduced,  beds  of  a  few  inches  in  depth  were  considered  sufSdent,  but  the  quantity 
of  charcoal  used  per  ton  of  sugar  has  steadily  increased,  and  filters  of  no  less  a  depth 
than  50  feet  are  now  sometimes  used. 

Cylinders  of  wrought  or  cast  iron,  varying  in  diameter  from  5  to  10  feet,  and  in 
height  from  10  to  50,  having  a  perforated  false  bottom  a  couple  of  inches  above  the 
true  one,  are  filled  with  granulated  animal-charcoal. 

The  grain  varies  from  the  size  of  turnip-seed  to  that  of  peas,  some  refiners  pre- 
ferring it  fine,  and  others  coarse. 

Liquor  from  the  bag-filteis  is  run  on  to  the  charcoal  till  the  cylinder  is  perfectly 
filled,  when  the  exit  tap  at  the  bottom  is  opened,  and  a  stream  of  dense  saccharine 
fiuid,  perfectly  colourless,  issues  forth.  The  amount  of  sugar  which  the  charcoal 
will  discolour  depends  upon  the  age  and  composition  of  the  charcoal,  the  degree 
of  perfection  with  which  the  previous  revivification  has  been  performed,  and  the 
quality,  colour,  and  density  of  the  liquor  to  be  operated  upon.  One  ton  of  charcoal 
is  sometimes  used  to  purify  two  tons  of  sugar ;  and  in  at  least  one  refinery,  where  in- 
ferior sugar  is  operated  on,  two  tons  of  charcoal  serve  for  one  ton  of  sugar.  In  most 
provincial  refineries  about  one  ton  of  charcoal  is  used  to  one  of  sugar ;  but  in  London, 
from  the  deamess  of  fuel  and  other  causes,  a  smaller  proportion  of  charcoal  is  em- 
ployed. The  liquor  from  the  charcoal  filter,  at  first  colourless,  becomes  slightly 
tinged,  and  in  course  of  time,  varying  from  24  hours  to  72,  the  power  of  the  charcoal 
becomes  exhausted,  the  partially  decoloured  syrup  is  passed  through  a  fresh  charcoal 
filter,  and  the  sugar  is  washed  out  &om  the  charcoal  by  means  of  hot  water.  The 
charcoal  is  ready  to  be  removed  for  revivification,  which  process  has  already  been 
described. 

Concentration. — The  next  process  in  sugar-refining  is  the  evaporation  of  the  clari- 
fied syrup  to  the  granulating  or  crystallising  point.  The  more  rapidly  this  ia 
effected,  and  the  less  the  heat  to  which  it  is  subjected,  the  better  and  greater  is  the 
product  in  sugar-loaves.  Ko  apparatus  answers  tile  refiner's  double  purpose  of  safety 
and  expedition  so  well  as  the  vacuum-pan. 

The  vacuum-pan,  invented  by  Howard,  and  patented  in  the  year  1812,  ia  M 
enclosed  copper  vessel,  heated  by  steam,  passing  through  one  or  more  copper  coib, 
.  Tofc  nr.  8  p 
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and  a  iteun-jacket  The  Tapovr  arising  tram  the  boUinc  (olntion  of  gogar  is  «ob> 
denied  by  an  injection  of  cold  vater,  tlie  anangement  of  wnicli,  and  the  maintenance 
of  a  vacuum,  closely  reaemble  the  condenser,  injection,  and  air-pump  of  an  ordinary 
condensing  steam-engine. 

Fig.  1934  shows  the  structure  of  a  single  Tacnnm-pan.  The  horizontal  diametar 
of  the  copper  spheroid  c  c,  is  from  7  to  10  feet ;  the  depth  of  the  under  hemisphere  a, 
is  at  least  2  feet  from  the  level  of  the  flange ;  and  the  height  of  the  dome-oover  ia 
from  3  to  6  feet  The  two  hemispheres  (of  which  the  inferior  one  is  double,  or  has 
a  steam-jacket),  are  put  together  by  bolts  and  screws,  to  preserve  the  joint*  tight 
against  atmospheric  pressure. 

The  steam  enters  through  the  valve  F,  traversing  the  camai  ooil  D,  and  filling  the 
steam-jacket,  the  condensed  water  issuing  team  a  small  pi^  below,  o  represents  the 
dome  of  the  vacuum-pan,  the  vapour  nom  which,  passing  in  the  direction  of  s, 
allows  any  particles  of  sugar  carried  over  by  the  violence  of  the  ebullition  to  be 
deposited  in  the  receiver,  k. 
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The  vapour  is  condensed  by  jets  of  cold  water  itsoing  &om  a  perforated  ppe,  and 
the  water,  unoondensed  vapour,  and  air,  are  removed  by  the  action  of  a  powerful  air- 
pump.  L  is  the  measure  cistern,  from  which  the  successive  charges  are  admitted 
into  the  pan ;  i  and  x  represent  respectively  a  thermometer  and  a  barometer :  the 
former  being  required  to  indicate  the  tem^rature  of  the  boiling  syrup,  and  the  latter 
the  diminished  atmospheric  pressure  within  the  pan.  p  is  the  discbarge  cock ;  and  u, 
the  proof-stick,  is  an  apparatus  inserted  air-tight  into  the  cover  of  t£e  vacnum-pan, 
and  which  dips  down  into  the  syrup,  serving  to  ti^e  out  a  sample  of  it,  without  allowing 
air  to  enter.  It  is  shown  in  detail,  in  Jig.  1939,  which  represents  a  cylindrical  rod, 
capable  of  being  screwed  air-tight  into  the  pan  in  an  oblique  direction  downwards. 
The  upper  or  exterior  end  is  open  ;  the  under,  which  dips  into  the  syrup  is  dosed, 
and  has  on  one  side  a  slit  a  {figt.  1936,  1939),  or  notch,  about  \  in.  wide.  In  this 
external  tube,  there  is  another  shorter  tube  b,  capable  of  moving  round  it,  through  an 
arc  of  180°.  An  opening  upon  the  under  end  e,  corresponds  with  the  slit  in  the 
outer  tube,  so  that  both  may  be  made  to  coincide,  y!^.  1984,  A.  A  plugi2,  is  put  in 
the  interior  tube,  but  so  as  not  to  shut  it  entirely.  Upon  the  upper  end  there  is  a 
projection  or  pin,  which  catches  in  a  slit  of  the  inner  tube,  by  which  this  may  be 
turned  round  at  pleasure.  In  the  lower  end  of  the  plug  there  is  a  hole  e,  wiiich  can 
be  placed  in  communication  with  the  lateral  openings  in  both  tubes.    Hence  it  ia 
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poBfrible,  vhen  tiie  plug  and  the  innor  tabe  an  bioaght  into  the  nropet  position,  a, 

fig.  1935,  to  fll  the  cavity  of  the  nd  irith  the  eyrup,  and  to  take  it  out  irithont 

ulowing  any  air  to  enter.    In 

order  to  &cilitate  the  turning  1936  1931; 

of  the  inner  tube  -within  the 

outer,  there  ia  a  groove  in  the 

under  port,  into  which  a  little 

greaae  may  be  introduced. 

Whenever  a  proof  haa  been 
taken,  the  plug  must  be  placed 
in  reference  to  the  inner  tube, 
as  shown  in  Jig.  1985,  c,  and 
then  turned  into  the  position 
a;  when  the  cavitr  of  the 
plug  will  again  be  filled 
with  symp.  o  most  now  be 
turned  back  to  the  former 
position,  whereby  all  inter- 
course with  the  vacuum-pan 
is  cut  off;  the  plug  being  drawn  out  a  little,  and  placed  out  of  communication  with 
the  inner  tube.  The  plug  is  then  turned  into  the  position  B,  drawn  out,  and  the 
proof  examined  by  the  fingers. 

The  method  of  using  the  vacuum-pan  varies  with  the  character  of  the  grain 
required  to  be  produced.  On  commencing  boiling,  the  syrup  should  be  run  in  as 
qmckly  as  possible,  till  the  whole  heating-surface  is  coverad,  when  the  steam  is 
turned  on,  and  the  evaporation  conducted  at  a  temperature  of  from  170°  to  180° 
Fahr.  As  soon  as  the  syrup  begins  to  granulate,  the  temperature  becomee  reduced  to 
160°;  and  finally  just  before  the  evaporation  is  completed,  and  the  sugar  ready  to  be 
discharged  into  the  heater,  it  is  further  reduced,  and  approaches  146°,  being  the 
lowest  temperature  at  which  proof-sugar  boils,  3  inches  &om  a  perfect  vacuum. 
When  tbe  sugar-boiler  ascertains,  by  withdrawing  a  sample  of  the  syrup  by  means 
of  the  proof-stick,  and  examining  it  against  the  light  between  his  finger  and  thumb, 
that  the  crystals  are  in  a  sufficiently  forward  state  for  his  purpose,  he  adds  another 
measnreful  to  that  already  in  the  pan,  and  the  same  process  is  repeated  till  the 
whole  charge  has  been  admitted.  After  each  successive  charge  the  crystals  continue 
increasing  in  size  to  the  end  of  the  operation,  those  first  formed  acting  as  nuclei ;  a 
$Up,  as  it  is  technically  called,  or  a  panful  of  the  concentrated  sugar,  may  be  made 
in  from  two  to  four  hours  firom  the  commencement  of  the  boiling.  If  a  fine-grain 
sugar  be  required,  greater  quantities  of  syrup  are  admitted  at  each  charge  of  the 
measure,  and  vie$  ver»S. 

MaJditg  of  Lonf-mgar. — ^The  proof-sugar  at  a  temperature  not  exceeding  146°  is 
then  let  down  throu^^  a  cock  or  valve  in  the  bottom  of  the  pan  into  the  heater.  The 
•ugsr-liquor  consists  at  this  stage  of  the  process  of  a  large  number  of  small  crystals 
floating  m  a  medium  of  syrup. 

The  heater  is  an  open  copper  pan  of  about  the  same  capacity  as  the  vacuum-pan, 
and  is  furnished  with  a  steam-jacket  and  provided  with  an  agitator, — in  &ct,  it  closely 
resembles  the  dissolving-pan  nsed  for  Uie  first  process.  The  object  to  be  attained  in 
the  heater  is  to  raise  the  sugar  to  a  temperature  of  180°,  which  has  been  found  by 
practice  to  be  the  point  best  adapted  for  hardening  and  completing  the  formation  of 
the  crystals,  duting  which  process  the  sugar  is  constantiy  stirred. 

The  sugar  is  then  run  out  through  a  cock  in  the  bottom  of  the  heater  into  a  ladle, 
from  whence  it  is  poured  into  moulds  or  cones  of  sheet  iron  strongly  painted.  The 
sizes  of  the  moulds  vary,  from  a  capacity  of  10-lb.  loavtt  to  that  of  d6-lb.  bastards — 
a  kind  of  soft  brown  sugar  obtained  by  the  concentration  of  the  inferior  syrups. 
These  moulds  have  the  oriiSces  at  their  tips  closed  with  nails  inserted  through  pieces 
of  cloth  or  India-rubber,  and  are  set  up  in  rows  close  to  each  other,  in  an  apartment 
adjoining  the  heaters.  Here  they  are  left  several  hours,  commonly  the  wh<ue  night, 
after  being  filled,  till  their  contents  become  solid,  and  they  are  lifted  next  morning 
into  an  upper  floor,  kept  at  a  temperature  of  about  100°  by  means  of  steam-pipes, 
and  placed  over  gutters  to  receive  the  symp  drainings ;  the  plugs  being  first  removed, 
and  a  steel  wire,  called  '  a  piercer,'  being  thrust  up  to  clear  away  any  concretion  &om 
the  tip.  The  syrup  which  fiows  (dP  spontaneously  is  called  '  green  symp.'  It  is  kept 
separate.  In  the  course  of  one  or  two  days,  when  the  drainage  is  nearly  complete, 
some  finely-clarified  symp,  made  from  a  filtered  solution  of  fine  raw  sugar  is  poured 
to  the  depth  of  about  an  inch  upon  the  base  of  each  cone,  the  surface  having  been 
previously  rendered  level  and  soUd  by  an  iron  tool,  called  a  '  bottoming  trowel.'  The 
liquor,  in  percolating  downwaids,  being  already  a  saturated  symp,  can  dissolve  none 
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of  the  OTstalline  sagar,  but  only  the  coloured  matter  and  molasMe ;  'rhsnibj,  at  eadi 
successive  liquoring,  the  loaf  becomes  whiter,  from  the  base  to  the  apex. 

To  economise  the  quantity  of  '  fine  liquor'  used,  it  is  usual  to  give  n  first  and  even 
a  second  liquor  of  an  inferior  quality  before  applying  the  finishing  liquor,  -which  is  a 
dense  and  almost  saturated  solution  of  fine  sugHr  absolutely  free  firom  colour.  A  few 
moulds,  taken  promiscuously,  are  emptied  from  time  to  time,  to  ini<pect  the  progress  of 
the  blanching  operation ;  and  when  the  loaves  appear  to  have  acquired  as  much  colour, 
according  to  the  language  of  refiners,  as  is  wanted  for  the  particular  market,  they  are 
removed  from  the  moulds,  turned  on  a  lathe  at  the  tips,  if  necessary,  set  for  a  short 
time  upon  their  bases,  to  diffuse  their  moisture  equally  through  them,  and  then  trans- 
ferred into  a  stove  heated  to  180"  or  140°  by  steam-pipee,  where  they  are  allowed  to 
remain  for  two  or  three  days,  till  they  are  baked  thoroughly  dry.  They  axe  then 
taken  out  of  the  stove,  and  put  up  in  paper  for  sale. 

The  drainage  of  the  last  portion  of  the  liquor  Scorn  the  moulds  is  sometimes  accele- 
rated by  means  of  a  vacuum.  Centrifugal  action  has  been  also  proposed  for  this 
purpose,  but  has  not  been  found  to  succeed. 

The  drainings  from  the  moulds  which  are  collected  in  gutters,  and  ran  into  cisterns 
are  boiled,  and  form  an  inferior  quality  of  sugar.  The  drainings  from  this  last  sugar 
consist  of  treacle  or  syrup,  which  is  always  obtained  as  a  final  product 

Manvfacture  ef  dryitaU. — The  use  of  centrifugal  action  for  the  separation  of 
liquids  and  solids  has  been  adopted  in  the  arts  for  many  years ;  its  application  for 
the  separation  of  syrup  and  sugar  occurred  to  several  individuals,  but  it  was  best 
effected  by  means  of  the  admirable  hydro-extractor,  invented  by  Manlove  and  Alliott 
of  Nottingham.  Various  modifications  of  this  machine  have  been  proposed  and 
patented,  but  it  is  very  doubtftal  whether  anything  that  has  been  yet  devised  has  im- 
proved upon  the  original  machine. 

The  semi-fiuid  mass  is  removed  to  the  centrifugal  machines  with  the  least  possible 
delay,  and  each  machine  barely  attains  its  maiimum  speed  before  the  syrup  is  dis- 
charged. To  cleanse  the  snrfue  of  the  crystals  they  are  washed  with  liquor,  sprinkled 
in  the  machine  by  means  of  a  watering-can,  a  few  pints  being  used  to  each  cwt 

By  this  process  the  percentage  of  sugar  obtained  from  the  first  and  each  separata 
crystallisation  is  considerably  less  than  that  obtained  in  the  making  of  loaf-sugar  or 
the  ordinary  method  of  making  '  crushed,'  though  the  total  product  does  not  vary 
materially,  being  rather  more  than  that  of  the  former  where  the  product  is  stove- 
dried  and  less  than  the  latter,  which  is  sold  damp.  .  The  drainage  is  diluted,  filtered 
through  animal-charcoal,  boiled,  and  passed  through  the  centrifugal  machines,  and 
results  in  a  second  quality  of  sugar,  the  crystals  being  smaller.  The  drainage  from 
this  is  treated  in  a  similar  manner,  and  a  third  quality  of  crystals  is  the  result.  A 
fourth  quality  of  crystals  is  also  sometimes  obtained,  the  drainage  from  which  is 
again  boiled  and  laid  aside  in  large  moulds  to  crystallise  for  about  a  week,  whan 
treacle  and  a  low  quality  of '  pieces '  is  the  final  result.  The  drainages  are  sometimes 
filtered  along  with  inferior  qualities  of  raw  sugar. 

The  dif&culty  with  which  these  large  and  beautiful  crystals  obtained  by  this  process 
dissolve,  is  an  obstficle  to  their  extensive  consumption ;  but  Messrs.  Iinzel,  of  Bristol, 
have  lately  intioduced  a  sugar  in  smaller  ciystab,  which  dissolyes  almost  as  readily 
as  loaf-sugar. 

Crushed  Sugar. — This  process  closely  resembles  the  manufacture  of  loaf-sugar,  but 
the  raw  sugar  used  is  generally  of  an  inferior  quality.  The  filtration  through  the 
animal-charcoal  is  in  consequence  not  so  perfect ;  the  concentration  resembles  that  of 
loaf-sugar,  but  the  use  of  a  heater  is  dispensed  with,  and  the  process  of  liquoring  is 
also  dispensed  with  where  practicable.  The  first  crystallisation  is  called  'crushed' 
and  the  second  '  pieces,'  the  drainage  from  which  goes  by  the  name  of '  syrup.'  When 
this  syrup  is  diluted,  filtered  through  animal-charcoal,  and  concentrated,  it  is  called 
'golden  syrup.' 

Treatment  of  Itolcaut. — ^Foreign  and  colonial  molasses,  containing  a  large  propor- 
tion of  crystallisable  sugar,  are  purchased  by  refiners.  The  Muscovado  molasses  from 
Cuba,  from  Porto  Sico,  Antigua,  and  Barbadoes,  are  esteemed  the  best,  but  the  quality 
of  molasses  deteriorates  as  improvements  in  the  manufacture  of  sugar  are  intrnduced 
on  the  plantations.  The  treatment  of  molasses  formerly  was  simple ;  it  was  merely 
concentrated  and  allowed  to  stand  for  several  weeks  in  large  moulds  to  drain.  The 
liquid  was  sold  as  treacle,  and  the  impure  soft,  dark  sugar,  called '  bastards,'  found  a 
market  amongst  the  poorer  classes,  especially  in  Ireland. 

The  better  plan  is  to  dilute  the  molasses,  filter  it  through  animal-charcoal,  and 
concentrate  to  the  crystallising-point,  but  withont  forming  crystals.  This  readily 
crystallises  in  the  moiUds,  and  in  place  of  the  bastards  and  treacle,  a  bright  yellow 
sugar  and  a  fair  quality  of  syrup  are  the  result  Good  molasses  yields  40  per  cent. 
sugar,  40  per  cent  syrup,  the  remaining  20  per  cent  being  water,  &A,  and  losa. 
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Palm-  or  Dait-iugar. — ^Many  trees  of  the  palm  tribe  vield  a  copious  supply  of  srroet 
Juico,  -which,  when  boiled  down,  gives  a  dark-brown  deliquoseont,  mw  sugar,  called  in 
India  Jaggery.  The  wild  date-palm  and  the  gommuto-palm  yield  the  largest  propor- 
tion of  this  kind  of  sugar,  which  is  chemically  identical  with  the  sugar  from  the  cane, 
though  the  cnideness  of  the  manufactnre  is  rciy  injurious  to  it,  and  causes  &  large 
proportion  to  assume  the  uncrystallisnble  condition.  One  twenty-fourth  of  all  the 
cane-sugar  extracted  for  useful  purposes  is  obtained  from  the  palm-tree. 

Beet-root  Sugar. — The  extraction  of  sugar  from  beet-root,  has  become  an  important 
mano&cture  in  several  countries  on  the. Continent,  especially  in  France  and  Germany. 
It  was  developed  in  consequence  of  the  difficulty  of  obtaining  colonial  sugar  in  France 
during  the  blockade  in  the  time  of  Napoleon  L    See  Bset-boot. 

The  proportion  of  sugar  varies  very  much.  The  average  proportion  of  sugar  ex- 
tracted from  beet  is  6  per  cent,  though  it  is  stated  that  7^^  per  cent,  is  obtained  in 
some  well-conducted  manu&ctories.  In  France  and  Belgium  the  average  yield  is  14 
or  15  tons  of  beet  to  the  acre,  while  about  Magdeburg  they  do  not  exceed  10  to  12 
tons,  but  the  latter  are  richer  in  sugar. 

During  the  first  year  of  its  life  the  root  is  developed  to  its  full  size,  and  secretes  the 
whole  amount  of  sugar  which,  in  the  natural  life  of  the  plant,  furnishes  the  material 
for  the  growth  and  maturity  of  its  upper  part. 

The  &st  manipulations  to  which  ue  beets  are  exposed  are  intended  to  clear  thrm 
from  the  adhering  earth  and  stones  as  well  as  the  fibrous  roots  and  portions  of  the 
neck.  The  roots  are  washed  by  a  rotatory  movement  upon  a  grating  made  like  an 
Archimedes'  screw,  formed  round  the  axis  of  a  sqxiirrel-cage  cylinder,  which  is  Uid 
horizontally  beneath  the  surface  of  water  in  an  oblong  trough.  It  is  turned  rapidly 
by  means  of  a  toothed  wheel  and  pinion.  The  roots,  after  being  sufBciently  agitated 
in  the  water,  are  tossed  out  by  the  rotation  at  the  opposite  end  of  the  cylinder. 

The  parenchyma  of  the  beet  is  a  spongy  mass,  whose  cells  are  filled  with  juice. 
The  cellular  tissue  itself,  which  forms  usually  only  a  twentieth  or  twenty-flf Ui  of  the 
whole  -weight,  consists  of  ligneous  fibre.  Compression  alone,  however  powerful,  is 
inadequate  to  force  out  all  the  liquor  which  this  tissue  contains.  To  effect  this  object, 
the  roots  muse  bo  subjected  to  the  action  of  an  instrument  which  will  tear  and  open  up 
the  greatest  possible  number  of  these  cells.  Experiments  ha^-e,  indeed,  proved,  that 
by  the  most  considerable  pressure,  not  more  than  40  or  60  pr  cent,  in  juice  can  be 
obtained  from  the  beet;  wtiilst  the  pulp  procured  by  the  action  of  a  grater  produces 
from  75  to  80  pep  cent. 

The  beet-root  rasp  is  represented  in  figt.  1040, 1841.  <t,  a  is  the  framework  of  Uie 
machine ;  h,  the  feed-plate,  made  of  cast  iron,  divided  by  a  ridge  into  two  parts ;  c, 
the  hollow  drum ;  i,  its  shaft,  upon  either  side  of  whose  periphery  nuts  are  screwed 
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for  securing  the  saw  blades  e,  «,  which  are  packed  tight  against  each  other  by  means 
of  laths  of  wood ;  /  is  a  pinion  upon  the  shaft  of  the  drum,  into  which  the  wheel  g 
works,  and  which  is  keyed  upon  the  shaft  h;  t  is  the  driving  rigger ;  k,  pillar  of 
support;  2,  blocks  of  wood,  with  which  the  workman  pushes  the  beet-roots  against 
the  revolving  rasp  ;  m,  the  chest  for  receiving  the  beet-pap  ;  n,  the  wooden  cover  of  the 
drum,  lined  with  sheet  iron.  The  drum  should  make  600  or  000  turns  in  the  minute. 
By  the  process  of  M.  Schntzenbach  the  manufactnre  may  be  carried  on  during  the 
whole  instead  of  during  a  few  winter  months.    At  Wsghausel,  near  Carlaiohe,  this 
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system  is  adopted.  The  beets  hanng  been  'washed  an  rapidly  ent  Tip  into  small 
pieces,  and  subjected  to  the  diying  heat  of  a  coke-flie  for  six  hours.  They  lose  from 
86  to  84  per  cent  of  their  weight;  the  dried  root  may  be  kept  without  iqjnry  fat 
many  months,  and  the  sngar  is  eztzacted  by  infusion.  At  this  colossal  establishment, 
which  in  1865  employed  8,000  people,  and  the  building  of  which  covered  12  acres  of 
land,  there  were  twenty  infusinp;  vessels,  12  to  14  feet  deep  and  7  wide.  A  cwt  of 
raw  roots  cost  7il;  and  the  dried  root  contained  46  to  47  per  cent,  of  sugar;  the 
capital  employed  was  eighty  millions  of  francs. 

Whether  the  juice  is  extracted  ih>m  f^esh  or  dried  beets  the  subsequent  raocemes 
are  the  same.  The  juice,  having  been  extracted  either  by  infusion  or  by  submitting 
the  rasped  pulp  to  hydraulic  pressore,  is  placed  in  a  shallow  vessel,  and  mixed  with 
as  much  milk  of  lime  as  renders  it  strongly  alkaline,  it  is  then  boiled,  generally  by 
means  of  a  copper  coil  heated  by  high-pressure  steam.  The  excess  of  lime  is  removed 
by  passing  a  stream  of  carbonic  acid  gas  through  the  liquid.  The  gas  is  generally 
produced  by  forcing  a  stream  of  air  through  an  enclosed  coke-fiiv.  The  liquid  is 
next  filtered  through  cloth  concentrated  to  a  specific  gravity  of  26°  B.,  filtered 
through  animal-charcoal,  and  treated  in  all  rsspects  similarly  to  ordinary  cane-sugar 
in  a  refinery.  Though  the  vacuum-pan  is  employed  in  most  beet-root  eetablishmenta, 
there  are  some  manufacturers  who  continue  to  evaporate  in  open  vessels. 

The  large  amount  of  water  which  has  to  be  removed  in  the  concentration  of  beet- 
root syrups  involves  the  use  x>f  so  much  fuel  that  to  econ<muse  it  an  ingenious 
apparatus  has  been  constructed  W  H.  Cail  of  Paris.  The  principle  adopted  is  to  use 
the  steam  generated  from  the  ebullition  of  liquid  in  one  vessel  for  bcnling  another,  the 
steam  from  which  in  like  manner  boils  a  third. 

The  cultivation  of  the  sugar-beet,  so  largely  conducted  on  the  Continent,  has  been 
introduced  into  this  country.  See  Dr.  Voelcker's  paper  '  On  the  Cultivation  of  Sugar- 
beet  in  England,'  Joum.  8oc.  Jrlt,  March  10,  1871. 

In  1873  the  total  production  of  beet-root  sngar  in  Europe  amoanted  to  1,142,896  tons. 

MapU-niffor. — The  manufacture  of  sugar  from  the  juice  of  a  species  of  maple-tree^ 
which  grows  spontaneously  in  many  parts  of  ITortb  America,  appears  to  have  beon 
first  attempted  about  1762,  by  some  of  the  formers  of  New  England. 

The  sugar  maple,  the  Jetr  taecharinum  of  linnmns,  thrives  especially  in  the  States 
of  New  York  and  Pennsylvania,  and  yields  a  larger  proportion  of  sugar  than  that 
which  grows  upon  the  Ohio.  It  is  found  sometimes  in  thickets,  but  more  usually  inter- 
spersed among  other  trees.    It  is  supposed  to  arrive  at  perfection  in  40  years. 

The  extraction  of  maple-sugar  is  a  great  resource  to  the  inhabitants  of  districts  far 
removed  from  the  sea,  and  the  process  is  very  simple.  After  selecting  a  spot  among 
surrounding  maple-trees,  a  shed  is  erected,  called  the  lugar-camp,  to  protect  the 
boilers  and  the  operators  &om  the  vicissitudes  of  the  weather.  One  or  more  augers, 
three-fourths  of  an  inch  in  diameter ;  small  troughs  for  receiving  the  sap ;  tubes  of 
elder  or  sumach,  8  or  10  inches  long,  laid  open  through  two-tbiras  of  their  length, 
and  corresponding  in  sice  b>  the  auger-bits ;  pails  for  emptying  the  troughs,  and 
carrying  the  sap  to  the  camp ;  boilers  capable  of  boiling  16  or  16  gallons ;  moulds 
for  receiving  the  syrup  inspissated  to  the  proper  consistency  for  concreting  into  a  loaf 
of  sugar ;  and.  lastly,  hatchets  to  cut  and  cleave  the  fuel,  are  the  principal  utensils 
requisite  for  this  manufacture.  February  and  the  beginning  of  March  is  the  sugar- 
season. 

The  trees  are  bored  obliquely  from  below  upwards,  at  18  or  20  inches  above  the 
ground,  with  two  holes  4  or  6  inches  asunder.  Care  must  be  taken  that  the  auger 
penetrates  no  more  than  half  an  inch  into  the  alburnum,  or  white  bark ;  as  experience 
has  proved  that  a  greater  discharge  ot  sap  takes  place  at  this  depth  than  at  any  other. 
It  is  also  advisable  to  perforate  in  the  south  face  of  the  trunk. 

The  trough,  which  contains  2  to  3  gallons,  and  is  made  commonly  of  whits  pine,  is 
set  on  the  ground  at  the  foot  of  each  tree,  to  receive  the  sap  which  flows  through  the 
two  tubes  inserted  into  the  holes  made  witji  the  auger ;  it  is  collected  together  daily, 
and  carried  to  the  camp,  where  it  is  poured  into  casks,  out  of  which  the  boilers  are 
supplied.  In  every  case  it  ought  to  be  boiled  within  the  course  of  two  or  three  days 
from  flowing  out  of  the  tree,  as  it  is  liable  to  nm  quickly  into  fermentation,  if  the 
weather  become  mild.  The  evaporation  in  urged  by  an  active  fire,  with  careful 
skimming  during  the  boiling ;  and  the  pot  is  continually  replenished  with  more  ttf, 
till  a  large  body  has  assumed  a  syrupy  oonsistoiqy.  It  is  then  allowed  to  cool,  and 
passed  through  a  woollen  cloth,  to  me  it  fiomimpuritiea. 

The  syrup  is  transferred  into  a  boilerto  three-fourths  of  its  capacity,  and  it  is  urged 
with  a  brisk  fire,  till  it  acquires  the  requisite  consistency  far  being  poured  into  Uie 
moulds  or  troughs  prepared  to  receive  it.  This  point  is  ascertained,  as  usual,  by  its 
exhibiting  a  granular  aspect,  when  a  fow  drops  are  drawn  out  into  a  thread  between 
the  finger  and  thanb.    If  in  the  course  of  the  last  boiling,  the  liquor  fioth  up  consi- 
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dcnbly,  a  small  bit  of  batter  or  fat  is  thrown  into  it.  After  the  molasses  has  been 
drained  from  the  concreted  loarea,  the  sugar  is  not  at  all  deliquescent,  like  equally 
brown  sugar  from  the  cane.  Maple-sngnr  is  in  taste  equally  agreeable  with  cane-sogar, 
and  it  sweetens  as  well.  When  refined  it  is  equally  fair  with  the  loaf-sugar  of  Europe. 

The  period  during  which  the  trees  discharge  their  juices  is  limited  to  about  six 
weeks.  Towards  the  end  of  the  flow,  it  is  less  abundant,  less  saccharine,  and  more 
difficult  to  be  crystallised. 

The  total  production  of  msple-sugar  has  been  estimated  at  4S  millions  of  pounds. 

Fotato-ntgar. — The  manufacture  of  sugar  from  starch  detired  from  potatoes,  from 
woody  matter,  and  from  rags,  can  be  effected  by  treating  them  with  sulphuric  acid  and 
heat ;  but  the  process,  interesting  though  it  is,  is  rarely  if  ever  adopted  at  present,  aa 
the  sugar  is  inferior  in  quality  to  that  obtained  from  the  cane,  and  is  dearer  in  price. 

The  specific  gravity  of  cane  and  beet-root  sugar  isl'S??,  not  r6065  as  given  byBer- 
Eelins  and  others ;  that  of  starch-sugar,  in  crystalline  tuits,  is  1  '39,  or  perhaps  1-40,  as 
it  varies  a  little  with  its  state  of  dryness.  At  1-342  syrup  of  the  cane  contains  seventy 
per  cent,  of  sugar ;  at  the  same  density  syrup  of  starch-sugar  contains  seventy-five 
and  a  half  per  cent,  of  concrete  matter,  dried  at  260°  Fahr.,  and,  therefore,  freed 
from  the  ten  per  cent  of  water,  which  it  contains  in  the  granular  state.  Thus,  another 
distinction  is  obtained  between  the  two  sugars  in  the  relative  densities  of  their  solu- 
tions, at  like  saccharine  contents,  per  cent. 

One  of  the  most  important  considerations  for  a  sugar-refiner  is  to  furnish  himself 
amply  with  bone-charcoal  of  the  best  quality,  and  to  devote  unsparing  attention  to  the 
process  of  revivification.  The  theory  of  the  action  of  bone-charcoal  upon  solutions  of 
raw  sugar  and  other  coloured  liquids  need  not  be  discussed  here.    See  Crabcoai,. 

The  following  Table  contains  the  average  results  of  many  analyses  made  by  Dr. 
Wallace  of  Glasgow,  of  several  kinds  of  raw  sugar  as  imported  into  Greenock  and 
Glasgow,  and  of  the  difierent  products  of  a  Greenock  sugar-house : — 


Cane-sugar  . 

II 

1 

1 

1 

1 

1 

II 

ll 

M 

1 

94-4 

05'7 

96-4 

07-3 

87-7 

68-3 

62-7 

39-6 

48-0 

82-6 

Fruit-sugar  . 

2-2 

0-3 

1-8 

0-6 

6-0 

160 

8-0 

330 

180 

37-2 

Extractive  and  colour- 

ing-matter 

0-8 

0-4 

01 

••• 

0-6 

1-2 

0-6 

2-8 

1-6 

8-6 

Ash      ...        . 

0-2 

1-6 

0-2 

0-2 

0-8 

1-5 

1-0 

2-6 

1-4 

3-4 

Insdublo  matter  . 

0-1 

... 

1-7 

•  •• 

•  •• 

•  •• 

«•• 

•  •• 

•  •• 

Water  .... 
Total    . 

2-8 

2-0 

0-8 

20 

60 

14-0 

37-7 

22-7 

31-1 

23-4 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

Sugar  In^ported  in  1873  :— 

Olflflfl 

Eeflned  or  sugar  equal  in  quality. 

and  sugar-candy 

Unrefined  sugar                  1st 

2nd 

3rd 

*th 

Owts. 

2,273,490 
810,934 
8,871,492 
3,913,726 
6,664,177 

Taloe                   Duty 
£                ».    d. 
3,847,271        8    Opercwt. 

—  2  10       „ 

—  2    8       „ 

—  2    6,. 

—  2    0       „ 

Total  unrefined  of  all  kinds 

14,241,328 

17,066,026 

Cwts.                « 
Glncose,  liquid  or  vegetable  syrup       .        36,306           43,378 
Molasses 620,316         246,768 

Sogar  Imported  in  1874 : — 

Owts. 

Talne 

Befined  and  Candy 
Unrefined     . 
Holasses 

2,617,861            4,098,638 

.      14,216,728          16,901,046 

339,352               181,644 

Export  of  sugar,  refined  and  candy,  in  1874  :  — 

980,729  cwts.;  Valne,  1,227,164;. 

BVOAK  OT  IM&B,  properly  Acetate  of  Lead  (Acetate-  de  plomb  ;  8ddt  Saiume, 
Fr. ;  Ektigeaartt  Blmotyd,  BUituoker,  Ger.),  is  prepared  by  dissolving  pure  litharge, 
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with  heat,  in  strong  vinegar,  made  of  malt,  vood,  or  wino,  till  the  add  be  satn* 
rnted.  A  copper  boiler,  rendered  negatirely  electrical  by  soldering  a  strap  of  lead 
within  it,  is  the  best  adapted  to  this  process  on  the  great  scale.  325  parts  of  finely 
groand  and  sifted  oxide  of  lead  require  67S  parts  of  strong  acetic  acid,  of  spec  grar. 
7°  Beanmi,  for  neutralisation,  and  afford  960  parts  of  crystallised  sugar  of  lead. 
The  oxide  should  be  gradually  sprinUed  into  the  moderately  hot  vinegar,  with  eon* 
slant  stirring,  to  prevent  adhesion  to  the  bottom ;  and  when  the  proper  qoantitj  is 
dissolved,  the  solution  may  be  weakened  with  some  of  the  washings  of  a  preceding 
process,  to  dilute  the  acetate,  after  which  the  whole  should  be  heated  to  the  boiling 
point,  and  allowed  to  cool  slowly  in  order  to  settle.  The  limpid  solution  is  to  be 
drawn  off  by  a  syphon,  concentrated  by  boiling  to  the  density  of  32°  B.,  taking  care 
that  there  be  always  a  &int  excess  of  add,  to  prevent  the  possibility  of  any  basic  salt 
being  formed,  which  would  interfere  with  the  formation  of  regular  crystals.  Should 
the  concentrated  liquor  be  coloured,  it  m.iy  be  whitened  by  filtration  through  granular 
bone-black. 

Stoneware  vessels,  with  salt-glaze,  answer  best  for  cirstallisers.  Their  edges 
should  be  smeared  with  candle-grease,  to  prevent  the  salt  creeping  over  them  by 
tfflorcaccnt  vegetation.  The  crystals  are  to  be  drained,  and  dried  in  a  stove-room 
very  slightly  heated.  It  deserves  remark,  that  linen,  mats,  wood,  and  paper,  imbued 
with  sugar  of  lead,  and  strongly  dried,  readily  take  fire,  and  burn  away  like  tinder. 
Whon  the  mother-waters  cease  to  afford  good  crystals,  they  should  be  decomposed  by 
carbonate  of  soda,  or  by  lime  skilfully  applied,  when  a  carbonate  or  an  oxide  will  be 
obtained,  fit  for  treating  with  fresh  vinegar.  The  supernatant  acetate  of  soda  may 
be  employed  for  the  extraction  of  pure  acetic  acid. 

A  main  point  in  the  preparation  of  sugar  of  lead  is  to  use  a  strong  add ;  otherwise 
much  time  and  acid  are  wasted  in  concentrating  the  solution.  This  salt  crystallises 
in  colourless,  transparent,  four-  and  six-sided  prisms,  &om  a  moderately  concentrated 
solution  ;  but  from  a  stronger  solution,  in  small  needles,  which  hare  a  yellow  cast  if 
the  acid  has  been  slightly  impure.  It  has  no  smell,  a  sweetish  astringent  metallic 
taste,  a  spedfic  graviUr  of  2-345 ;  it  effloresces  slightly  in  a  dry  atmosphere,  and  when 
heated  above  212°  Fahr.it  froths  up  and  loses  all  its  water  of  crystallisation,  together 
with  some  acetic  add,  &lling  into  a  powder  which  passes  slowly  in  the  air  into  car- 
bonate of  lead.  If  heated  to  536°  Fahr.  it  is  entirely  liquid,  and  at  a  higher  tempomture 
is  decomposed,  disengaging  acetic  and  carbonic  acids,  and  some  Acetone ;  the  residue 
consisting  of  very  finely  divided  and  very  combustible  metallic  lead.  The  crystals  of 
acetate  of  lead  dissolve  in  1)  time  their  wdght  of  water  at  60°  Fahr.,  but  in  much  less 
of  boiling  water,  and  in  8  parts  of  alcohol.  The  solution  feebly  reddens  litm*-p«per, 
although  it  imparts  a  green  colour  to  syrup  of  violets.  The  constituents  of  the 
normal  salt  are,  6871  oxide  of  lead,  27°08  acetic  add,  and  14*21  water,  in  100,  or 
PbO.CH'O*  *  3H0  [»b  (CH'©')*  +  saPOj. 

Acetate  of  lead  is  much  used  in  calico-pnnting.  It  is  poisonous,  and  ought  to  b« 
prepared  and  handled  with  attention  to  this  circumstance. 

Four  subacetates  of  lead  are  generallv  acknowledged  to  exist,  viz. : — 

Setquibatic  acetate.  This  is  obtained  by  heating  the  neutral  acetate  in  a  capsule  till 
the  fiised  mass  becomes  white  and  porous  ;  this  is  then  dissolved  in  water  and  evapo- 
nited,  when  on  cooling  pearly  laminse  separate ;  they  are  solnble  in  water  and  alcohol, 
and  the  solution  possesses  an  alkaline  reaction. 

Dibasic  acetate.  This  salt,  when  in  solution,  is  known  as  Goulard's  extract,  and  is 
formed  by  boiling  together  a  solution  of  the  neutral  acetate  and  an  equivalent  quan- 
tity of  pure  litharge  (oxide  of  lead).    In  the  solid  state  it  is  crystalline. 

Tribasie  acetate.  This  salt  is  the  most  stable  of  the  subsalts.  It  is  obtained  in  the 
crystalline  state,  by  leaving  to  itself  a  cold  saturated  solution  of  the  neutral  acetate, 
to  which  one-fifth  of  its  volume  of  caustic  ammonia  has  been  added.  It  may  also 
bo  made  b^  digesting  7  parts  of  pure  litharge  with  a  solution  containing  6  parts  of 
the  crystallised  neutral  acetate.  It  forms  long  silky  needles,  which  are  very  soluble 
in  water,  but  insolnble  in  alcohol.  Carbonic  add  transmitted  through  the  solution 
predpitates  the  excess  of  oxide  of  lead,  in  the  state  of  carbonate ;  a  process  long  dnco 
described  by  Thinard,  for  making  white  lead. 

Bexbask  acetate.  This  subealt  is  obtained  by  boiling  any  of  the  other  acetates 
with  an  excess  of  litharge.  It  is  a  predpitate,  which,  when  examined  by  the  micro- 
scope, presents  a  crystalline  aspect  It  is  slightly  soluble  in  boiling  water,  from 
which,  in  cooling,  white  silky  needles  are  deposited.'  This  salt  is  frequently  found 
in  commercial  white  lead.  The  solutions  of  subacetates  are  rapidly  decomposed  by 
the  carbonic  acid  of  the  atmosphere. 

BOnrX.  Quite  a  recent  instance  of  improved  economy  is  found  in  the  treatment 
of  the  wool  of  sheep.  It  has  been  ascertained  that  sheep  derive  from  the  soil  upon 
T^ich  they  pasture  a  coosideinble  amount  of  potash,  which,  i^tet  it  has  cinwlated  in 
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the  blood,  is  secreted  from  the  skia  with  the  sweat,  and  remains,  generally  in  connec* 
tion  -with  tliis,  attached  to  the  wool.  Cberreul  discovered,  some  time  ago,  that  this 
peculiar  mixture,  known  by  the  French  as  Suint,  constitutes  not  less  than  one-third 
(he  weight  of  the  raw  merino  fleece,  from  which  it  is  easily  removed  by  immersion  in 
cold  water.  In  ordinary  wools  the  suint  is  less,  the  amount  being  about  16  per  cent 
of  the  raw  fleece.  Formerly  it  was  considered  as  a  _kind  of  soap,  mainly  for  the 
reason  that  the  wool,  besides  this  sometimes  contained  about  8  per  cent,  or  a  ilot 
incousiderable  quantity  of  fat.  This  fat,  however,  is  usually  combined  with  earthy 
matters,  mostly  with  lime,  and  consequently  forms  a  soap  whiui  is  very  insoluble.  The 
soluble  suint  is  a  natural  salt  (sudorats  of  potash)  arising  ftom  the  combination  of 
potash  with  a  peculiar  animal  acid,  of  which  little  is  known.  Especial  effort  has 
lately  been  directed  to  suint,  in  older  to  obtain  as  much  as  possible  of  the  potash 
eliminated  from  the  animal,  and  a  special  industry  has  been  established  in  various 
portions  of  the  great  French  wool  district,  such  as  Kheims,  Elboeu^  &c. 

A  company  purchases  from  the  wool-raiser  the  solution  of  the  suint  obtained  by 
rinsing  the  wool  in  cold  water,  the  price  paid  for  it  being  higher  in  proportion  as  it  is 
more  concentrated  As  a  general  thing  it  is  maintained  that  a  fleece  weighing  nine 
pounds  contains  20  ounces  of  suint,  which  should  contain  about  one-third  part,  or  six 
to  seven  ounces  of  potash,  attbongh  not  more  than  five  and  one-half  ounces,  are  per- 
haps directly  available. 

In  the  wool  manufactories  of  the  towns  just  referred  to,  there  ore  nearly  60,000,000 
pounds  of  wool  washed  annually,  the  yield  of  about  6,750,000  sheep.  This  quantity 
should  contain  over  3,000,000  pounds  of  pure  potash.  Thus  the  water  in  which  the 
wool  is  washed,  and  which  was  formerly  thrown  away,  is  made  to  yield  a  product 
adding  appreciably  to  the  value  of  the  wool  itself^  and  more  than  covering  the  cost  of 
its  treatment  It  is,  of  course,  not  an  easy  matter  to  utilise  the  solution  of  suint  on  a 
large  scale ;  but,  wherever  the  work  is  carried  on  by  the  wholesale,  as  it  is  in  connec- 
tion with  all  great  manufivctoring  establishments,  it  will  undoubtedly  become  a  regular 
part  of  the  process  of  manufacture. 

BVXiVHATa  or  AltVaax^  AVD  VOTASSA  is  common  alum.  See  Aunt. 

SinbPHATa  or  BAXTTA  is  the  mineral  called  Heavy-Spar.    See  Babtpa, 

SrLPH&TE    OF. 

SVXdPBATa  or  OOPraS,  noman  or  Slue  Vilriot  (Kupfervitriol,  Qer.), 
000.30*  (CuSO*),  is  a  salt  composed  of  sulphuric  add  and  oxide  of  copper,  and 
may  bo  formed  by  boiling  the  concentrated  acid  upon  the  metal,  in  an  iron  pot  It' is, 
however,  a  natural  product  of  many  copper  mines,  ttom  which  it  flows  out  in  the 
form  of  a  blue  water,  being  the  result  of  the  infiltration  of  water  over  copper  pyrites, 
which  has  become  oxygenated  by  long  exposure  to  the  air  in  subterranean  excavations. 
The  liquid  is  concentrated  by  heat  in  copper  vessels,  and  then  set  aside  to  crystallise. 
The  salt  forms  in  oblique  four-sided  tables,  of  a  fine  bine  colour ;  has  a  spec  gravity 
of2'104;  an  acerb,  disagreeable,  metallic  taste;  and,  when  swallowed,  it  causes  violent 
vomiting.  It  tiecomes  of  a  pale  dirty  blue,  and  effloresces  slightly,  on  long  exposure 
to  the  air ;  when  moderately  heated,  it  loses  36  per  cent  of  water,  and  £ills  into  a 
whitish  powder.  It  dissolves  in  1  parts  of  water  at  60°,  and  in  2  of  boiling  water, 
but  not  in  alcohol ;  the  solution  has  an  acid  reaction  upon  litmus-paper.  When 
strongly  ignited,  the  acid  flies  off,  and  the  black  oxide  of  copper  remains.  The  con- 
stituents of  crystallised  sulphate  of  copper  are  oxide,  31-80;  acid,  32*14;  and 
water,  36'06.  Its  chief  employment  in  this  country  is  in  dyeing,  and  for  preparing 
certain  green  pigments.  (See  Schselb's  and  ScRWEntFUBTH  Okksn.)  In  France, 
as  well  as  in  F^land,  the  farmers  sprinkle  a  weak  solution  of  it  upon  their  grains 
and  seeds  before  sowing  them,  to  prevent  them  being  attacked  by  birds  and  insects. 
SeeOopPBK. 

BVXrBATS  or  tMOl,  Green  vitriol,  Cmperat  (Coujieroee  verte,  Fr. ;  Eiten- 
vUriol,  Scharf^taurea  Eisenoxydvi,  Get.),  Fe0.S0*(re8O*),  is  a  compound  of  Eolphu- 
ric  acid  and  protoxide  of  iron  ;  hence  called,  by  chemists,  the  protosulphate ;  oonsisting 
of  26'10  of  protoxide  of  iron,  29*90  of  sulphuric  acid,  and  44-00  of  water,  in  100  parts. 
It  may  be  prepared  by  dissolving  iron  to  saturation  in  dilute  sulphuric  acid,  evapo- 
rating the  solution  till  a  pellicle  forms  upon  its  sur&ce,  and  setting  it  aside  to  crystallise. 
The  copperas  of  commerce  is  made  in  a  much  cheaper  -way,  by  stratifying  the  pyrites 
found  in  the  coal-measures  (  Vitriulkies  and  Strahlkiee  of  the  Germans),  upon  a  sloping 
puddled  platform  of  stone,  leaving  the  sulphide  exposed  to  the  weather,  till,  by  the 
absorption  of  oxygen  it  effloresces  ;  lixiviating  -with  water  the  supersulphate  of  iron 
thus  formed,  saturating  the  excess  of  acid  with  plates  of  old  iron,  then  evaporating  and 
crystallising.  The  other  pyrites,  which  occurs  often  crystallised,  called  by  the  Germans 
Schtcffelkict  or  Eiimlcies,  must  be  deprived  of  a  part  of  its  sulphur  by  calcination 
before  it  acquires  the  property  of  absorbing  oxygen  from  the  atmosphere,  and  thereby 
passing  from  a  bisulphide  into  a  sulphate.     Alam-scbist  very  commonly  contains 


Digitized  by 


Google 


954  SULPHUR 

pyrites,  and  affords,  after  being  roasted  and  weather-worn,  a  eonaiderable  quantity  of 
copperas,  which  must  be  carefally  separated  by  ciystallisation  from  the  alum. 

This  liquor  used  formerly  to  be  conceDtrated  directly  in  leaden  vessels ;  but  tho 
first  stHge  of  the  operation,  is  now  carried  on  in  stone  canals  of  considerable  length, 
Taulted  oyer  with  bricks,  into  which  the  liquor  is  admitted,  and  subjected  at  the 
surface  to  the  actioa  of  flame  and  heated  air,  from  a  furnace  of  the  rererberatory 
land,  constructed  at  one  end,  and  discharging  its  smoke  by  a  high  chimney  raised  at  the 
other.  (See  Soda  MiJTuyAcruBH.)  Into  this  oblong  trough,  resting  on  dense  clay, 
and  rendered  tight  in  the  joints  by  water-cement,  old  iron  is  mixed  with  the  liquor, 
to  neutralise  the  excess  of  acid  generated  from  the  pyrites,  as  also  to  correct  the 
tendency  to  snperozidation  in  copperas,  which  would  injure  the  fine  green  colour 
of  the  crystals.  After  duo  concentration  and  saturation  in  this  snr&ce-eTapoiHtor, 
the  solution  is  ran  off  into  leaden  boilers,  where  it  is  brought  to  the  proper  density 
tor  affording  regular  crystals,  which  it  does  by  slow  cooling,  in  stone  cisterns. 

Copperas  forms  sea-green,  transparent,  rhomboidal  prisms,  which  are  withont  smell, 
but  hare  an  astringent,  acerb,  inky  taste  ;  they  speedily  become  yellowish-brown  in 
the  air,  by  peroxidation  of  the  iron,  and  effloresce  in  a  warm  atmosphere ;  they 
dissolve  in  1'48  parts  of  water  at  60°,  in  0-27  at  190°,  and  in  their  own  water  of 
crystallisation  at  a  higher  heat.  This  salt  is  extensirely  used  in  dyeing  black, 
especially  hats;  in  making  ink,  and  Prussian-blue,  for  reducing  indigo  in  the  bine  rat, 
in  the  China  bln»-dye,  for  making  the  Qerman  oil  of  vitriol,  and  in  many  chemical 
and  medidnal  preparations. 
SUXtPKATB  or  XiTW.  See  AiABAsnm ;  Qrvstni ;  Selekits. 
SnPHATB  or  BKAOirBSZA.  See  Epsov  Salts  ;  Magnesia,  Sitlpbate  op. 
SUXVHATX  or  MAJrOAirSBB  is  prepared  on  the  great  scale  for  the  calico- 
printers,  by  exposing  the  peroxide  of  the  metal  and  pit-coal  ground  together,  and 
made  intoa  paste  with  sulphuric  acid,  to  a  heat  of  400°  Fahr.  On  lixiviating  the  calcined 
mass,  a  golntion  of  the  salt  is  obtained,  which  is  to  be  evaporated  and  crystallised. 
It  forms  pale  ametliyst-coloured  prisms,  which  have  an  astringent  bitter  taste,  dissolve 
in  2i  parts  of  water,  and  consist  of — ^protoxide  of  manganese,  81-03 ;  sulphuric  add, 
35-87  ;  and  water,  82-20,  in  100  parts. 

StntPBATB  or  MSSCUXT.     SeeHEBCDBT. 
BiriiPaA.Ta  or  POTASB.    See  Potash. 

smPKATB  or  809A  is  commonly  called  GUmba'i  salt,  from  the  name  of  the 
chemist  who  first  prepared  it.    See  Soda,  Svlphatb  op. 

BUXiPKATa  or  XXttC,  called  also  White  Vtlriol,  is  commonly  prepared  in  the 
Hartz,  by  washing  the  calcined  and  effloresced  sulphide  of  zinc  or  blende,  on  the 
same  principle  as  green  and  blue  vitriol  are  obtained  from  the  sulphides  of  iron  and 
copper.  Pure  sulphate  of  zinc  made  be  made  most  readily  by  dissolving  zinc  in 
dilute  sulphuric  acid,  evaporating  and  crystallising  the  solution.  It  forms  prismatic 
crystals,  which  have  an  astringent,  disagreeable,  metallic  taste ;  they  effloresce  in  a 
dry  air,  dissolve  in  2-8  parts  of  water  at  60°,  and  consist  of — oxide  of  zinc,  28-20  ; 
acid  28-18 ;  water,  43-53.  Sulphate  of  zinc  is  used  for  preparing  drying  oils  for 
varnishes,  and  in  the  reserve  or  resist  pastes  of  the  calioo-pnnter.    See  Zmc 

SUXiPKATaS  are  saline  componnds  of  sulphuric  add  -nrith  oxidised  bases.  _  The 
minutest  quantity  of  them  present  in  any  solution  may  be  detected  by  the  precipitate, 
insoluble  in  nitric  or  munaUc  acid,  which  they  affinrd  with  nitrate  or  chlonde  of 
barium.  They  are  mostly  insoluble  in  alcohol. 
■vXiPazsB  or  OAxaoir.  See  Casbon,  BistnfinsB  op. 
snXiPBXTBB  aro  a  class  of  salts,  consisting  of  solphnrous  add,  combined  in 
equivalent  proportions  with  the  oxidised  bases. 

SUXiPannif  Bnmttone  {Sou/re,  Fr. ;  Schw^el,  Ger.),  is  an  elementary  substance 
of  great  importance.  It  is  abundantly  distributed  in  nature,  either  in  the  free  state  or 
in  combination  with  other  elements.  In  the  free  state  it  is  found  in  three  different 
forms :  Isc,  as  kidney-shaped  lumps,  disseminated  through  beds  of  tertiary  and 
recent  formations ;  2nd,  in  calcareous  formations  of  Miocene  age,  assodated  with 
gypsum  and  rock-salt :  it  is  under  these  circumstances  that  it  is  principally  found 
in  the  mines  of  Sicily,  which  supply  nearly  all  the  sulphur  of  commerce  in  Europe ; 
3rd,  as  sublimations  around  the  mouths  of  volcanoes,  where  it  is  mixed  -with  the 
Bcoriee  and  lava.  The  solfataras  of  Guadaloupe  and  Fouzzales  supply  it  in  this  state. 
The  sulphur  mines  of  Sicily,  of  which  the  principal  are  mtuated  near  Cattoliea, 
Girgenti,  Licata,  Caltanisetta,  Caltascibetta,  Centorbi,  andSommatino,  snpply  immense 
quantities  of  sulphur.  According  to  Signor  Mottum,  the  present  annual  production  of 
Sicily  is  about  160,000  tons.  The  Romagna,  Spain,  and  Iceland  likewise  supply  sulphur. 
Sulphur  is  also  found  largely  in  nature  in  combination,  as  sulphuric  acid,  and  with 
metals  farming  sulphides ;  these  latter  combinations  are  known  as  pyrites.  See  PTBrrss. 
The  process  for  the  separation  of  the  salphor  at  the  celebrated  soUatara  of 
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poosales,  near  Kaples,  where  the  snlphiur  is  condenied  in  oonriderable  quantjtiea 
amongst  the  gravel  collected  in  the  circle  which  forms  the  interior  of  the  crater,  is 
conducted  as  follows  :  the  mixture  of  sulphur  and  gravel  is  du^  up  and  submitted  to 
distillation  to  extract  the  sulphor,  and  the  gravel  is  returned  to  its  original  place,  and 
in  the  course  of  about  thirty  years  is  again  so  rich  in  sulphur  as  to  serve  for  the  same 
process  again.  The  distillation  is  effected  in  the  following  manner : — Ten  earthen 
pota,  of  about  a  yard  in  height,  and  4^  gallons  imperial  in  capacity,  bulging  in  the 
middle,  are  ranged  in  a  fnrnEice  called  a  gallery ;  five  being  set  on  the  one  side,  and 
five  on  the  other.  Theee  are  so  distributed  in  the  body  of  the  walls  of  the  gallery, 
that  their  belly  prcgects  partly  without  and  partly  within,  while  their  top  rises  out  of 
the  vault  of  the  roof.  The  pots  are  filled  with  lumps  of  the  sulphur  ore  of  the  size 
of  the  fist;  their  tops  are  closed  with  earthenware  lids,  and  from  their  shoulder 
proceeds  a  pipe  of  about  2  inches  diameter,  which  bends  down,  and  enters  into  another 
covered  pot,  with  a  hole  in  its  bottom,  standing  over  a  tub  filled  with  water.  On  ap- 
plying heat  to  the  gallery,  the  sulphur  melts,  volatilises,  and  mns  down  in  a  liquid 
state  into  the  tubs,  where  it  congeals.  When  one  operation  is  finished,  tlie  pots  are 
re-charged,  and  the  process  is  repeated. 

The  sulphur  thus  obtained  is  still  more  or  less  impure,  and  in  this  case  can  only  be 
used  in  the  manufacture  of  sulphuric  acid ;  it  is  therefore  subjected  to  another  process 
of  purification,  which  will  now  be  described : — 

Fiff.  1942  represents  one  of  the  cast-iron  retorts  tised  at  Marseilles  for  refining 
sulphur,  wherein  it  is  melted  and  converted  into  vapours,  which  are  led  into  a  large 
chunber  for  condensation.  The  body,  a,  of  the  retort  is  an  iron  pot,  8  feet  in 
diameter  outside,  22  inches  deep,  half  an  inch  thick,  which  weighs  1 4  cwts.,  and 
receives  a  charge  of  8  cwts.  of  crude  sulphur.  The  grate  is  8  inches  under  its  bottom, 
whence  the  fiame  rises  and 
plays  round  its  sides.  A  cast- 
iron  captal,  b,  being  luted  to 
the  top,  and  covered  with  sand, 
the  opening  in  front  is  shut 
with  an  iron  plate.  The  chamber 

d,  is  23  feet  long,  1 1  feet  wide, 
and  13  feet  high,  with  walls  32 
inches  thick.  In  the  roof,  at 
each  gable,  valves  or  flap-doors, 

e,  10  inches  square,  are  placed 
at  the  bottom  of  the  chimney  c. 
The  cords  for  opening  the  valves 
are  led  down  to  the  side  of  the 
furnace.  The  entrance  to  the 
chamber  is  shnt  with  an  iron 
door.  In  the  wall  opposite  to 
the  retorts,  there  are  two  aper- 
tures near  tlie  floor,  for  taking 
out  the  sulphur.  Each  of  the 
two  retorts  belonging  to  a  J{^ 
chamber  is  charged  with  7^  or 
8  cwts.  of  sulphur;  but  one  is  fired  first,  and  with  a  gentle  heat,  lest  the  brimstone 
firoth  should  overflow ;  but  when  the  fumes  begin  to  rise  copiously,  with  a  stronger 
flame.  The  distillation  commences  within  an  nour  of  kindling  the  fire,  and  is  corn* 
pleted  in  six  hours.  Three  hours  after  putting  fire  to  the  first  retort,  the  second  is 
in  like  manner  set  in  operation. 

When  the  process  of  distillation  is  resumed,  after  having  been  some  time  suspended, 
explosions  may  be  apprehended,  from  the  presence  of  atmospheric  air :  to  obviate 
the  danger  of  which,  the  flap-doors  must  be  opened  every  10  minutes ;  but  they  should 
remain  closed  during  the  setting  of  the  retorts,  and  the  reflux  of  sulphurous  fumes  or 
acid  should  be  carried  off  by  a  draught-hood  over  the  retorts.  The  distillation  is 
carried  on  without  interruption  during  the  week,  the  charges  being  repeated  four 
times  in  the  day.  By  the  third  day,  the  chamber  acquires  such  a  degree  (k  heat  as  to 
preserve  the  sulphur  in  a  liquid  state  ;  on  the  sixth,  its  temperature  becoming  nearly 
800°  Fahr.,  gives  the  sulphur  a  dark  hue,  on  which  account  the  furnace  is  allowed  to 
cool  on  the  Sunday.  The  fittest  distilling  temperature  is  about  248°.  The  sulphur  is 
drawn  off  through  two  iron  pipes  cost  in  the  iron  doors  of  the  orifices  on  the  side  of 
the  chamber  opposite  to  the  furnace.  The  iron  stoppers  being  taken  out  of  the  mouths 
of  the  pipes,  the  sulphur  is  allowed  to  run  along  an  iron  spout  placed  over  red-hot 
charcoal,  into  the  appropriate  wooden  moulds. 

Other  forms  of  apparatus  have  been  used  of  late  years  in  Italy  for  the  «ztiaetion  of 
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snlphnr.  The  Airnace  most  generally  used  is  known  as  thft  calearotu,  and  consists  of 
a  circular  -wall  of  masonry,  within  which  tie  ore  is  piled  up.  Steam  ^t  high  pressure 
has  also  been  applied  to  the  fusion  of  the  sulphur.  See  a  paper  by  M.  f  irckhey,  en- 
titled, '  Bes  Divers  Procidis  en  nsuage  en  Italie  pour  llbctraction  du  Soufre  de  sea 
Hinerais,'  BuU.  d.  I.  Soc.  de  tind.  Min.  1873. 

According  to  Signor  Parodi,  there  are  now  (187*)  260  sulphur  mines  in  Sicily.  The 
ore  yields  from  16  to  40  per  cent,  of  sulphur,  but  the  eztraction  is  so  wasteful  that  an 
arerage  of  only  14  per  cent,  is  obtained. 

In  some  ^aces  sulphur  is  obtained  from  the  sulphides  of  iron  and  copper.  In 
Saxony  and  Bohemia,  they  are  introduced  into  large  earthenware  pipes,  which  tniTena 
a  furnace-gallery ;  and  the  sulphur  exhaled  flows  into  pipes  filled  with  cold  water  on 
the  outside  of  the  furnace :  900  parts  of  sulphide  afford  from  100  to  160  parts  of 
sulphur,  and  a  residuum  of  protoeulphide. 

Pyrites,  as  a  bisulphide,  consisting  of  45'5  parts  of  iron  and  54*6  of  sulphnr,  may, 
by  proper  chemical  means,  be  made  to  giye  off  one-half  of  its  sulphur,  or  about  27  per 
cenc 

The  great  disadvantage  in  the  sulphur  prepared  team  pyrites  is,  that  some  of  the 
pyrites  contain  a  large  quantity  of  arsenic,  and  the  sulphur  thus  obtained  &om  them 
generally  contains  sulphide  of  arsenic,  hence  the  sulphuric  acid  made  from  it  would 
contain  arsenic,  and  thus  be  unfitted  for  many  purposes  of  the  arts ;  though  a  tolerably 
good  sulphuric  acid  may  be  made  directly  from  the  combustion  of  pyrites,  instead  of 
sulphur,  in  the  lead-chambers.    See  Ptrhes. 

Sulphnr  occnrs  in  commerce  in  two  different  forms,  viz.  solid,  or  in  powder :  th» 
former  is  generally  in  sticks,  and  is  called  lump,  roll,  or  stick  sulphur;  and  the  latter 
as  tiMxmtd  or  flnwcrt  of  tulphur ;  and  also  the  kind  principally  used  in  medicine,  as 
precipitated  tulphur  or  milk  of  tulphur.  These  different  forms  are  caused  by  the 
different  modes  of  preparation;  if  the  sulphur  be  sublimed  into  large  chambers, 
which  are  kept  cool  during  the  operation,  the  product  will  appear  as  a  powder 
{evUimed  or  fiowert  of  tulphur) ;  but  if  the  chamber  be  allowed  to  get  hot,  the  sulphnr 
melts,  and  is  run  off  into  moulds,  and  forms  the  lump  sulphur.  The  washing  of  the 
sublimed  sulphur  is  to  remove  any  sulphurous  or  sulphuric  acid,  which  it  generally 
contains  when  taken  from  the  chamber.  The  precipitated  tulphur  is  formed  1^  boiling 
ordinary  sulphur  with  lime  and  water  ;'the  sulphur  enters  into  combination  with  the 
lime,  forming  a  sulphide  of  calcium  and  hyposulphite  of  lime,  which  dissolve  in  the 
water ;  to  the  fllterod  liquid  hydrochloric  acid  is  added,  which  unites  with  the  lima 
and  precipitates  the  sulfur.  The  sulphur  thus  precipitated  is  of  a  pale  yellow  colour, 
and  when  first  precipitated  will  pass  through  a  filter  with  the  water,  just  as  if  it  wer« 
in  solution,  from  the  fact  of  its  being  so  finely  divided.  Some  manu&ctursrs  use 
sulphuric  acid  instead  of  hydrochloric  acid  in  this  process,  and  .therefore  the  milk  of 
sulphur  found  in  the  shops  is  generally  largely  contaminated  with  sclphate  of  lime, 
feels  gritty  between  the  teeth,  and  sparkles  when  looked  at  in  one  direction. 

Ordinary  sulphur  may  be  crystalline  or  amorphous ;  it  is  capable  of  crystallising  in 
two  different  forms,  and  is  hence  said  to  be  dimorphous.  One  form  is  that  of  acute 
rhombic  octahedrons,  belonging  to  the  prismatic  system,  which  is  the  principal  form 
assumed  by  native  sulphur,  and  may  be  obtained  artificially  by  the  spootaneons 
evaporation  of  a  solution  of  sulphur  in  bisulphide  of  carbon ;  the  second  form  is  that 
of  acute  rhombic  prisms,  belonging  to  the  oblique  system,  which  is  obtained  by  fusing 
sulphur  in  a  crucible,  and,  when  partly  cooled,  breaking  the  crust  which  is  formed  on 
the  top,  and  pouring  out  the  part  which  still  remains  liquid,  when  tlieixut  which  has 
become  solid  will  remain  in  long  crystals.  These  crystals  differ  not  only  in  shape,  bnt 
also  in  specific  gravity ;  the  octahedral  crystals  having  a  specific  gravity  of  2-046< 
and  the  prisms  a  speafic  gravity  of  1-982.  The  red  tint,  so  common  in  the  crystals 
of  Sicily,  and  of  volcanic  districts,  has  been  ascribed  by  some  mineralogists  to  the 
presence  of  realgar,  and  by  others  to  iron ;  but  Stromeyer  has  found  the  sublimed 
orange-red  sulphur  of  Vulcano,  one  of  the  lipari  Islands,  to  result  &om  a  natural 
combination  of  sulphur  and  selenium. 

Sulphur  also  presents  another  peculiarity.  At  all  ordinary  temperatures  it  is  solid, 
bnt  it  melts  at  232°  Fahr.,  and  at  this  temperaturo  it  is  as  finid  as  water;  if  the  heat 
be  now  gradually  raised,  it  will  become  thicker  and  thicker  until,  between  430°  and 
480"  Fahr.,  it  is  so  tenacious  that  the  vessel  containing  it  may  bo  inverted  fi>r  a 
moment  without  losing  .iny  of  its  contents ;  if  while  in  this  state  it  is  cooled  suddenly, 
as  by  pouring  it  into  cold  water  it  will  remain  for  many  hours  perfectly  soft  and 
fiexi  jie,  and  may  be  drawn  out  into  threads ;  it  now  presents  none  of  the  appearances 
of  iialphur,  and  is  called  amorphous  tulphur.  After  some  time,  however,  it  regains  its 
former  properties,  becoming  brittle  and  crystnllino,  and  may  bo  restored  still  more 
rapidly  to  its  original  state  by  melting  and  slow  cooling.  If  the  tempraturo  be  still 
nused  above  480°  Fahr.,  the  sulphur  between  this  and  the  boiling-point  792°  Fahr., 
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beeomM  again  perfectly  liquid.  TVlien  heated  in  contact  inth  the  ur,  enlphur  ignites 
and  burns  with  a  pale  blue  flame,  generating  salpburous  acid  gas,  which  is  employed, 
to  bleach  woollen  and  silken  goods ;  to  disinleot  vitiated  air,  though  for  this  purpose 
it  is  greatly  inferior  to  chlonne;  to  kill  mites,  moths,  and  other  destracUve  insects 
in  zoological  collections ;  and  to  counteract  too  rapid  fermentation  in  wine-vats,  &c. 

Sulphur  has  a  slight  odour,  and  scarcely  any  taste.  It  is  a  very  bad  conductor  of 
heat;  and  a  lamp  of  sulphur,  even  by  the  heat  of  the  hand,  will  produce  a  crackling 
sound,  and  often  break  in  pieces.  It  is  a  bad  conducior  of  electricity,  and  by  friction 
becomes  strongly  charged  with  electricity,  which  is  of  the  negative  kind.  Sulphur 
is  insoluble  in  water  and  alcohol ;  but  is  dissolved  by  oil  of  turpentine  and  the 
fatty  oils :  the  best  solvent  of  it,  however,  is  bisulphide  of  carbon.  In  its  chemical 
relations  it  is  allied  to  oxygen,  &&  It  has  been  known  from  the  most  remote  ages, 
and  from  its  kindling  at  a  moderate  temperature  is  employed  for  readily  proenriog 
fire,  and  lighting  by  its  flame  other  bodies  lees  combustible. 

Sulphiur  is  also  employed  for  cementing  iron  bars  into  stones ;  fbr  taking  impressions 
from  seals  and  cameoe,  for  which  purpose  it  is  kept  previously  melted  for  some  time 
to  give  the  casta  an  appearance  of  bronze.  Its  principal  nses,  however,  are  for  the 
manu&ctures  of  gunpowder  and  sulphuric  acid. 

There  is  another  form  in  which  sulphur  is  sometimes  known,  and  this  is  what  is 
termed  hone  brimstone  or  blaci  sulphur.  It  is  the  dregs  of  the  subliming  pot  after  the 
purification  of  sulphur,  and  often  contains  large  quantities  of  arsenic 

The  parity  of  sulphur  may  be  known  by  its  being  completely  volatilisable,  and  by 
being  soluble  in  bisulphide  of  carbon ;  i>ny  earthy  impurities  would  in  either  case 
remain  behind. 

Bir&VKXnULTZOir  is  the  process  by  which  woollen,  silk,  and  cotton  goods  are 
exposed  to  the  vapours  of  burning  sulphur— sulphorona  acid  gas. 

Sulphuring-rooms  are  sometimes  constructed  upon  a  great  scale,  in  which  blankets, 
shawls,  and  woollen  clothes  may  bo  suspended  ^eely  upon  poles  or  cords.  The  floor 
should  be  flagged  with  a  sloping  pavement,  to  favour  the  drainage  of  the  water  that 
drops  down  from  the  moistened  cloth.  The  iron  or  stoneware  vessels,  in  which  the 
sulphur  is  burned,  are  set  in  the  comers  of  the  apartment.  They  should  be  increased 
in  number  according  to  the  dimensions  of  the  place,  and  distributed  nniformly  over 
it.  The  windows  and  the  entrance  door  must  be  made  to  shnt  hermetically  close. 
In  the  lower  part  of  the  door  there  should  be  a  small  opening,  with  a  sliding  shutter, 
which  may  be  raised  or  lowered  by  the  mechanism  of  a  cord  passing  over  a  pulley. 

SVXVRmtSnFBS  BTSBOOBVi  or  Hydrotulphuric  aeid.  Sulphur  does  not 
nnite  directly  with  hydrogen  when  in  the  free  state,  but  when  the  sulphides  of  those 
metals  which  dissolve  in  dilute  acids  with  liberation  of  hydrogen  are  treated  with  the 
same  acids,  they  are  dissolved,  and  the  hydrogen,  as  soon  as  liberated,  unites  with  the 
sulphur  of  the  sulphide,  and  is  evolved  as  sulphuretted  hydrogen.  Sulphide  of  iron  is 
the  most  general  substance  that  is  used  for  this  purpose ;  the  action  goes  on  without 
the  application  of  heat.    The  following  equation  represents  the  decomposition  : 

FeS  +  HO.SO>-  FeO.SO'  -f  ES     (FeB  +  VSO*  "  reSO<  +  M<a). 

This  substance  does  not  yield  the  gas  in  the  pure  state  ;  hence,  when  its  purity  is 
an  object,  it  is  obtained  by  the  action  of  hydrochloric  acid  on  tersulphide  of  antimony ; 
in  this  case  the  gas  is  only  liberated  by  the  application  of  heat : 

SbS'  +  3Ha  -  SbCl>  +  3BS     (Bb'S*  -t-  6K01  -  BbHJf  +  SB'S). 

The  sulphide  of  iron  may  easily  be  prepared  by  projecting  into  a  red-hot  crucible  a 
mixtnre  of  2^  parts  of  solphnr  and  4  parts  of  iron-fllings,  or  borings  of  cast  iron,  and 
excluding  the  air  as  much  as  possible.  Another  process  is  to  raise  a  bar  of  iron  to  a 
white  heat,  and  then  mb  it  with  a  lump  of  sulphur,  over  a  vessel  of  water,  when  the 
drops  effused  sulphide  fall  into  the  water. 

Sulphuretted  hydrogen,  at  ordinary  temperatures,  is  a  colonrless  gas,  possessing  a 
most  disgusting  odour.  It  is  liberated  by  many  vegetable  and  animal  substances  in  a 
state  of  decay.  Its  density  is  I'171,  and  it  contains  I  part  of  hydrogen  and  16  parts 
of  snlphnr  by  weight  It  possesses  the  properties  of  an  add,  and  its  solution  in  water 
reddens  litmus-paper. 

At  a  temperature  of  60°,  and  onder  a  pressure  of  17  atmoroheres,  it  is  condensed 
to  a  highly  limpid  colourless  liquid,  of  specific  gravity  0*9,  ana  when  cooled  to— 122° 
solidifies,  and  is  then  a  white  crystalline  translucent  substance,  heavier  than  the 
liquid.  In  the  tmdiluted  state  this  gas  is  ver^  suffocating :  the  best  antidote  is  a  little 
cluomie,  which  decomposes  it  immediately,  liberating  the  snlphnr : 

HS  +  CI  »  HCl  +  S    (tPU  -(-  CI'  -  2BCI  +  a). 

It  is  reiy  soluble  in  water,  that  liquid  dissolving  2}  times  ita  bulk  of  tin  gu;  tba 


Digitized  by 


Google 


958  SULPHUBIC  ACID 

solatioD  qnicUy  beoomra  milky  tnm  the  depontios  of  snlphnr,  tiis  oxygen  of  the  air 
unitiiig  with  the  hydrogen : 

ES+0~HO  +  S     (B>S +  0»BH> +  •). 

The  principal  om  of  (olphniettad  hydrogen  is  in  the  laboratoiy  for  the  separation 
of  oeitun  metals  from  their  solutions.  Being  much  heavier  than  air,  it  can  be  poured 
from  one  veesel  to  another. 

•U&PBmuo  AOXS,  FUriolie  Acid,  ot  OS  of  VUriol.  {Jmd  tu^urigue,  Fr. ; 
Seito^diStire,  Ger.).  This  important  liquid  DO\r  forms  an  extensive  article  of  manu- 
facture. It  was  formerly  prepared  by  the  distillation  of  sulphate  of  iron  or  green 
vitriol,  ttaia  which  it  received  its  name  cSoilqf  vitriol  or  vitriolic  acid.  It  was  subse- 
quently foond  that  it  might  be  produced  by  the  combustion  of  sulphur,  and  the  ultim- 
ate fwther  oxidation  of  uie  sulphurous  acid,  thus  obtained,  by  the  means  of  nitric  acid ; 
and  from  time  to  time  improvements  have  been  made  in  the  process,  until  it  is  now 
almost,  perhaps  entirely,  piarfect 

In  the  first  place  the  sulphur  is  burnt  on  suitable  hearths,  and  the  gulDhurous  acid 
produced  is  carried  by  flues,  together  with  some  nitrous  and  citric  acids,  generated 
in  the  same  furnace  from  a  mixturo  of  nitie  and  sulphuric  acid,  into  the  large  leaden 
chambers,  into  which  steam  and  air  an  also  admitted ;  here  the  different  gases 
react  on  each  other,  and  the  sulphurous  acid  becomes  converted  into  sulphuric  acid, 
which  falls  into  the  dilute  sulphuric  acid  which  is  placed  in  the  bottom  of  the  chamber, 
which  thereby  becomes  stronger,  and,  when  of  sufficient  strength,  is  drawn  off,  and 
concentrated  first  in  leaden  vessels,  and  finally  in  vessels  of  platinnm. 

The  place  whore  the  sulphur  is  burnt  is  a  kind  of  furnace,  but  instead  of  the  ^rate^ 
then  is  a  stone  hearth  or  iron  plats,  called  the  toU.  The  nitn-pot  or  pan  is  of 
cast  iron.  In  it  the  nitro  is  decomposed  by  the  sulphuric  add,  and  it  is  plaoed  in  the 
burner  when  required.  The  leaden  chamber  has  the  form  of  a  parallelepiped,  the 
size  varjring  with  the  amount  of  work  required  to  be  done.  To  produce  10  tons  of 
oil  of  vitriol  weekly,  the  chamber  should  have  a  capacity  of  35,000  cubic  feet ;  or  a 
length  of  187  feet,  a  breadth  of  12}  feet,  and  a  height  of  15  feet.  The  bottom  is 
covered  to  the  depth  of  3  or  4  inches  with  water  acidulated  with  sulphuric  add. 
These  leaden  chambers  an  sometimes  divided  into  3  or  4  compartments  by  leaden 
curtains  placed  in  them,  which  cause  the  mon  perfect  mixtun  of  the  gases.  Fig.  1943 
is  a  drawing  of  one  thus  divided,  taken  from  Fereira's  '  Materia  Medica.' 

1943 


On,  Of  TiiaioL-CHAiiBui. 
a.  Bteam-twller. 
i.  fieoUon  of  fomace  ot  bamer. 
d  and/.  Leaden  coztaias  bom  the  roof  ot  the  chamber  to  within  bIz  Inches  ot  the  ttoor. 

e.  Leadm  curtains  rising  tnm  the  floor  to  vlthin  >ii  Inches  of  the  rooL 

f.  Leaden  oondnlt  or  Tent-tnbe  for  the  diacbaige  ot  mioandanslhle  giaea.  It  •honld  wmimnnlrets 
With  a  toll  chimne;  to  carry  off  these  gases,  and  to  cocasion  a  slight  draught  through  the  chamber. 

These  curtains  serve  to  detain  the  vapours,  and  cause  them  to  advance  in  a  gradual 
manner  through  the  chamber,  so  that  generally  the  whole  of  the  sulphurous  acid  is 
converted  into  sulphuric  acid  and  deposited  in  the  water  at  the  bottom  before  it 
reaches  the  discharge  pipes ;  but  as  such  is  not  always  the  case,  there  are  sometimes 
smaller  chambers,  also  containing  water,  appended  to  the  larger,  from  which  they 
receive  the  escaping  gases  before  they  are  allowed  to  pass  out  into  the  air,  and  thus 
provent  loss.  These  smaller  chambers  an  seen  in  Jig.  1944  e,  4,  also  taken  from 
Penira's  '  Materia  Medica.' 

Another  method  for  preventing  this  loss  was  contrived  by  M.  Gay-Luasac,  and 
made  the  subject  of  a  patent  in  this  country  by  his  agent,  M.  Sautter.  It  consists  in 
cansing  the  waste  gas  of  the  vitriol-chamber  to  ascend  through  the  ehemieai  catcadt 
of  M.  Clement  Cesormes,  and  to  encounter  then  a  stream  of  sulphuric  acid  of  spedflc 
gravity  1-750.  The  nitrons  aoid  gas,  which  is  in  a  well-regiuated  chamber  always 
slight^  redundant,  is  perfectly  absorbed  by  the  said  sulphuric  acid ;  which,  thus  im- 
pregnated, is  made  to  trickle  down  through  another  ca8<^o,  up  throngh  which  passes 
a  current  of  sulphurous  acid,  from  the  combustion  of  sulphur  in  a  little  adjoining 
chamber.  The  condensed  nitrous  add  gas  is  thereby  immediately  transformed  into 
nitrous  gas  (binozide  of  nitrogen),  which  is  transmitted  &om  the  second  cascade  into 
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the  large  vitriol-chamber,  and  there  exercises  its  well-lmown  reaction  upon  its  aeriform 
ooDtenu.  The  economy  thus  effected  in  the  sulphuric-acid  manufucture  is  such  that 
for  100  parU  of  sulphur,  3  of  nitrate  of  soda  will  suffice,  instead  of  9  or  10  as  usually 

consiuned.  ,_.  t    u     u  • 

The  flue  or  -waste-pipe  serves  to  cany  off  the  residual  gaa,  which  sboold  contain 
nothing  but  the  nitrogen  of  the  atmosphere,  which  has  been  introduced. 

Then  are  at  least  two  plans  at  present  in  use  for  burning  the  sulphur  continuously 
in  the  oven.  In  the  one,  the  sulphur  is  laid  on  the  hearth  (or  rather  on  the  flat  hearth 
in  the  separate  oven,  above  described,)  and  is  kindled  by  a  slight  fire  placed  under  it ; 
which  fire,  however,  is  allowed  to  go  out  after  the  first  day,  because  the  oven  becomes 
by  that  time  sufficiently  heated  by  the  sulphur-flames  to  carry  on  the  subsequent  com- 
bustion.   Upon  the  hearth,  an  iron  tripoa  is  set,  supporting,  a  few  inches  above  it  a 
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On.  0*  YrnnoL  Uikufactobt. 

a.  Solphnr  tmmer  or  furnace. 

i.  Hrst  leadsn  clumber.  In  the  mumfaetory  txam  which  the  sbOTe  sketch  wu  made  this 
ohunber  wai  70  feet  lose,  20  feet  wide,  and  20  feet  high ;  but  the  liie  vuies  cooilderably  in  dUIeient 
estabUahmsntB. 

d  Mri  }  ™»11«  1">^™  ohambers, 
e.  Bteom-boUer. 

/.  Flue  pipe  or  ohlmney  of  the  fomace. 
g.  Staom-plpe. 

h.  The  floe  or  pipe  oonvsTliig  the  naldnal  gu  from  the  fint  to  the  second  leaden  diamber. 
i.  Pipe  amrejiag  the  gaa,  not  absorbed  In  the  flnt  and  aeoond  chamber.  Into  the  third, 
k.  Fins  or  waste  pipe. 

I.  Uimhole,  by  which  the  workmen  enter  the  cfhamber  when  the  pioceaa  ia  not  going  on. 
m.  Pipe  tor  withdrawing  a  small  portion  of  snlphorio  add  from  the  chamber,  in  eider  to  obtain 
its  sp.  gr.  by  the  hydrometer. 

hemispherical  cast-iron  bowl  (basin)  charged  with  nitre  and  its  decomposing  portion 
of  strong  sulphuric  acid.  In  the  other  plan,  12  parts  of  bruised  sulphur  and  1  of  nitre, 
are  mixed  in  a  leaden  trough  on  the  floor  with  1  of  strong  sulphuric  acid,  and  the 
mixture  is  shovelled  through  the  sliding  iron  door  upon  the  hot  hearth.  The  succes- 
sive charges  of  sulphur  are  proportioned,  of  course,  to  the  size  of  the  chamber.  In  one 
of  Uie  largest,  which  is  120  feet  long,  20  broad,  and  16  high,  12cwts.  are  burned  in  the 
course  of  24  hours,  divided  into  6  charges,  every  fourth  hour,  of  2  cwts.  each.  In 
chambers  of  one-sixth  greater  capacity,  containing  1,400  meters  cube,  1  ton  of  sulphur 
is  burned  in  24  hours.  This  immense  production  was  first  introduced  at  Chaunay  and 
Bieuze,  under  the  management  of  M.  Clement  Desormes.  The  bottom  of  the  chamber 
should  be  covered  at  first  with  a  thin  stratum  of  sulphuric  acid,  of  sp.  gr.  1-07,  which 
decomposes  hyponitric  acid  into  oxygen  and  binoxide  of  nitrogen  ;  but  not  with  mere 
-water,  which  would  absorb  the  hyponitric  acid  vapours,  and  -withdraw  them  from  their 
sphere  of  action.  The  crystalline  compound,  described  below,  is  often  formed,  and  is 
deposited,  at  low  temperatures,  in  a  crust  of  considerable  thickness  (from  one-half  to 
one  inch)  on  the  sides  of  the  chamber,  so  as  to  render  the  process  inoperative.  A 
circumstance  of  this  kind  occurred,  in  a  very  striking  manner,  during  winter,  in  a 
manufacture  of  oil  of  -vitriol  in  Bussia ;  and  i^  has  sometimes  oocnned,  to  a  moderate 
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nteat,  in  ScotUnd.  It  i*  called,  at  Marseilles,  the  makdit  ia  cluanbrt*.  It  may  bo 
certainly  prerentad,  by  maintaining  the  interior  of  the  chamber,  by  a  jet  of  steam,  at 
a  temperature  of  100°  Fshr.  When  these  crystals  fall  into  the  dilute  acid  at  the 
bottom,  they  are  decomposed  vith  a  Trolent  cffprrescence,  and  a  hissing  gurgling 
noise,  somewhat  like  that  of  a  ton  of  beer  in  brisk  fermentalion. 

The  introduction  of  steam  is  a  modem  inTention,  which  has  TBStly  facilitated  and 
increased  the  production  of  oil  of  vitriol.  It  serres,  by  powerful  agitation,  not  only 
to  mix  the  di^rent  gaseous  molecules  intimately  together,  but  to  impel  them  against 
each  other,  and  thus  bring  them  within  the  sphere  of  their  mutual  chemical  attmotion. 
This  is  its  mechanical  effoot  Ita  chemical  agency  is  still  more  important.  By  sup- 
plying moisture  at  every  point  of  the  immense  included  space,  it  determines  the 
formation  of  hydrous  sulpnurio  acid,  from  the  oompound  of  nitric,  hyponitrio,  sul- 
phurous, and  dry  sulphuric  acids. 

Besides  the  process  here  described,  whidi  is  called  the  eontinwmt  process,  then  was 
another  formerly  adopted,  called  the  mtermUtent  process.  This  was  also  carried  on 
in  large  leaden  chambers,  but  instead  of  a  continuous  stream  of  air,  as  passes  into 
the  chambers,  through  the  furnace  by  the  continuous  process,  the  chambers  were 
opened  now  and  then  to  introduce  fresh  atmospheric  air.  This  process  is,  however, 
now  abandoned. 

By  the  continnona  method,  snlphuric  add  may  be  currently  obtained  in  the  chambers, 
of  the  spedflc  gravity  I'3S,  or  1-45  at  most ;  but  when  stnmger,  it  absorbs  and  retains 
permanently  much  nitrons  acid  gas ;  by  the  intermittent  process,  however,  it  may  be 
obtained  as  dense  as  I'fiSO,  or  even  1-620;  hence  where  ^el  is  high  priced,  as  near 
Paris,  this  method  recommended  itself  by  economy  in  the  concentration  of  the  acid. 
In  Great  Britain,  and  even  in  most  parts  of  France,  however,  where  time,  workmen's 
wages,  and  interest  of  capital,  are  the  paramount  considerations,  manufacturers  do  not 
find  it  for  their  interest  in  general  to  raise  the  density  of  the  add  in  the  chambers 
above  1*400,  or  at  most  1-500 ;  as  the  further  increase  goes  on  at  a  retarded  rate, 
and  ita  concentration  ttora,  1-400  to  1-600,  in  leaden  pans,  costs  very  little. 

For  many  purposes  in  the  arts  the  add,  as  it  is  taken  from  the  leaden  chambers,  is 
quite  strong  enough,  and  is  employed  under  the  name  of '  Chamber  Add.' 

At  about  the  specific  gravity  of  1-35,  in  Great  Britain,  the  liquid  of  the  chambers 
is  run  off  by  the  syphon  above  described,  into  a  leaden  gutter  or  spont,  which 
discharges  it  into  a  series  of  rectangular  vessels  made  of  large  sheets  of  load  of  1 2  or 
14  lbs.,  to  the  square  foot,  simply  folded  up  at  the  angles  into  8  or  10  inches  deep, 
resting  upon  a  grate  made  of  a  pretty  dose  row  of  wrought-iron  bars  of  considerable 
strength,  under  which  the  flame  of  a  furnace  plays.  Where  coals  are  rety  cheap, 
each  pan  may  have  a  separate  fire ;  but  where  they  are  somewhat  dear,  the  flame, 
after  passing  under  the  lowest  pan  of  the  range,  which  contains  the  strongest  add  (at 
about  1*600),  proceeds  upwards  with  a  slight  slope  to  heat  the  pans  of  weaker  acid, 
which,  as  it  concentrates,  is  gradually  run  down  by  syphons  to  replenish  the  lower 
pans,  in  proportion  as  their  aqueous  matter  is  diasipMfid.  The  three  or  four  pans 
constituting  the  range  are  thus  placed  in  a  straight  line,  but  each  at  a  different  level, 
terrace-like. 

When  the  add  has  thereby  acquired  the  denrity  of  1*650,  or  1*700  at  moat,  it  mnst 
be  removed  from  the  leaden  evaporators,  because  when  of  greater  strength  it  would 
begin  to  corrode  them ;  and  it  is  transfeired  into  leaden  coolen,  ormn  through  a  long 
refrigentory  wonq-pipe,  surrounded  by  cold  water.  In  this  state  it  is  introdnoed  into 
glass  or  platinum  retorts,  to  undergo  a  final  concentration,  up  to  the  spedflc  gravity 
of  1*842,  or  even  oocadonally  1*846.  When  glass  retorts  are  used,  they  are  set  in  a 
long  sand-bath  over  a  gallery-ftimace,  resting  on  fire-tiles,  tmder  which  a  powerfiil 
flame  plays ;  and  as  the  flue  gradually  ascends  ftam  the  flreplace  near  to  which  it  is 
most  distant  from  the  tiles,  U>  the  remoter  end,  the  heat  acts  with  tolerable  equality 
on  the  first  and  last  retort  in  the  range.  When  platinum  stills  are  employed,  they 
are  fltted  into  the  inside  of  cast-iron  pots,  which  protect  the  thin  bottom  and  sides  of 
the  predous  metal  The  fire  bdng  applied  directly  to  the  iron,  causes  a  safe,  rapid, 
and  economical  concentration  of  the  acid.  The  iron  pots,  with  their  platinum 
interior,  filled  with  concentrated  boiling-hot  ml  of  vitriol,  are  lifted  out  of  the  fire- 
seat  by  tadde,  and  let  down  into  a  dstem  of  cold  water,  to  effect  the  speedy  re- 
frigeration of  the  add,  and  fadlitata  its  transvasion  into  carboys  packed  in  osier 
badcets  lined  with  straw.  Sometimes,  however,  the  add  is  cooled  by  running  it 
slowly  off  through  a  long  platinum  syphon,  surrounded  by  another  pipe  filled  with 
cold  water.    Fig.  1945  shows  a  contrivance  for  this  purpose. 

The  tmder  stopcock  a  being  shut,  and  the  leg  b  being  plunged  to  nearly  the  bottom 
of  the  still,  the  worm  is  to  be  filled  with  concentrated  cold  add  through  the  funnel  c. 
If  that  stopcock  is  now  shut,  and  a  opened,  the  add  will  fiow  out  in  such  quantity  as 
to  rarefy  the  small  portion  of  air  in  the  upper  part  of  the  pipe  b,  soffidently  to  mako 
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the  hot  ndd  bm  np  orer  the  bend,  and  set  the  syphon  in  action.  The  flow  of  the 
fluid  is  to  be  so  legnlated  by  the  stopcock  a,  that  it  may  be  greatly  cooled  in  it« 
passage  by  the  surroonding  cold  water  in  the 
vessel  /,  which  may  be  replenished  by  means  of 
the  tube  and  Ainnel  d,  and  orerflow  at  e. 

The  platinum  retort  admits  of  &om  four  to 
six  operations  in  a  day,  when  it  is  well  mounted 
and  managed.  It  has  a  platinum  capital, 
furnished  with  a  short  neck,  which  conducts 
the  disengaged  Taponn  into  a  lead-wonn  of 
condensation ;  and  uie  liquid  thus  obtained  is 
returned  into  the  lead-pans.  Great  care  must 
be  taken  to  prevent  any  particles  of  lead  from 
getting  into  the  platinum  vessel,  since  at  the 
temperature  of  boiling  sulphuric  add,  the  lead 
unites  with  the  precious  metal,  and  thus  caosea 
holes  in  the  retort  These  must  be  repaired 
by  Boldeiing  on  a  plate  of  platinum  with  gold. 

Sanitary  motives  alone  induced  the  makers 
of  soda  to  condense  their  waste  hydrochloric 
acid  in  the  first  instance ;  though  they  now  dis- 
cover its  worth  as  a  means  of  manu&cturing 
chloride  of  lime,  and  would  not  again  return 
to  the  nnisanoe-creating  i^ystem  if  they  might. 

The  complicated  chuiges  which  take  place  in 
the  leaden  chambers  durine  the  conversion  of 
the  sulphurous  add  into  sulphuric  acid,  were  first 
traced  by  M.  Clteient  Desonnes.  He  showed 
that  hyponitric  add  and  sul]^urotts  add  gases 
when  mixed  react  on  each  other  through  the  intervention  of  moisture  ;  that  there 
thonoe  resulted  a  crystalline  combination  of  sulphuric  add,  binozide  of  nitrogen,  and 
water.  That  this  crystalline  compound  was  instantly  deatroyed  by  more  wnter,  with  the 
separation  of  the  sulphuric  add  in  a  liquid  state,  and  ^e  disengagement  of  binoxida 
of  nitrogen ;  that  this  gas  re-constituted  hyponitric  add  at  the  expense  of  the  atmo- 
spheric oxygen  of  the  leaden  chamber,  and  thus  brought  matters  to  their  primary 
condition.  From  this  point,  starting  again,  the  partides  of  sulphur  in  the  sulphurous 
add,  through  the  agency  ot  water,  became  fully  oxygenated  by  the  hyponitric  acid, 
and  foil  down  in  heavy  drops  of  sulphuric  add,  while  the  binoxide  of  nitrogen 
derived  from  the  hyponitric  aad,  had  again  recourse  to  the  air  for  its  lost  dose  of 
oxygen.  This  beautiful  interchange  of  the  o:^genous  prindple  was  found  to  go  on, 
in  their  experiments,  till  either  the  sulphnions  add  or  oxygen  in  the  air  was  ex- 
hausted. 

They  verified  this  propoddon,  with  regard  to  what  occurs  in  snlphuric-add 
chambers,  by  mixing  in  a  crystal  globe  the  three  substances,  binoxide  of  nitrogen, 
sulphurous  add,  and  atmospheric  air.  The  immediate  production  of  red  vapours 
indicated  the  transformation  of  the  binoxide  into  hyponitric  add  gas ;  and  now  the 
introduction  of  a  very  little  water  caused  the  proper  reacHon,  f»  opaque  vapours 
arose,  which  deposited  white  star-formed  crystals  on  the  surface  of  the  glass.  The 
gases  were  once  more  transparent,  and  colourless ;  but  another  addition  of  water 
melted  these  crystals  with  effervescence,  when  ruddy  vapours  appeared.  In  this 
manner  the  phenomena  were  made  to  alternate,  till  the  oxygen  of  the  induded  air 
was  expended,  or  all  the  sulphurous  add  was  converted  into  smphurie.  Hie  redduory 
gases  were  found  to  be  hyponitric  add  gas,  and  nitrogen  without  sulphurous  add 
gas ;  while  unctuous  sulphuric  add  bedewed  the  inner  surface  of  the  globe.  Hence, 
Siey  justly  conduded  their  new  theory  of  the  manufEicture  of  ml  of  vitriol  to  be 
demonstrated. 

There  are  some  points  in  the  mano&ctnre  of  sulphuric  add  which  require  attention. 

let  If  the  heat  in  the  sulphnr-fnmace  is  too  high,  or  when  there  is  not  a  snffident 
supply  of  air,  some  sulphur  sublimes,  and  is  condensed  in  the  chamber,  and  at  last 
faUs  into  the  sulphuric  add  at  the  bottom  of  the  chamber.  By  this  means,  not  only 
is  less  sulphuric  add  i^oduced,  but  the  sulphuric  add,  when  drawn  from  the 
chamber,  contains  some  sulphur  in  suspension :  in  this  case  it  must  be  allowed  to 
stand,  so  as  to  deposit  the  s^phur,  which  may  be  collected,  washed,  dried,  and  again 
used.  If  the  sulphur  were  not  removed  before  concentrating,  it  would,  at  the  tem- 
perature requisite  for  evaporation,  decompose  the  sulphuric  add,  with  the  escape  of 
sulphurous  add  gas,  and  hence  much  sulphuric  add  would  be  lost.  The  reaction  that 
would  take  place  is  represented  by  the  following  equatimi  :— 

Vol.  ni.  3  a 
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Solpliaiic  add.  Sslpbor.  Salpbnrow  Hid  gu.  Vfttat. 

29*0*  +  •  -  3SO*  +  2HH>. 

2iid.  If  tbers  is  not  a  snfficient  qoantity  of  steam  admitted  into  the  chamber,  the 
solid  compound  of  sulphuric  acid  and  binoxide  of  nitrogen,  above  mentioned,  voold 
be  formed  on  the  sides  of  the  chambffl,  and  thus  remove  the  ozidisine  agent  fipom 
action,  and  hence  a  large  quantity  of  sulphurous  acid  would  escape  by  ^e  vMte-pipe 
unchanged. 

3rd.  A  defldency  of  nitric  acid  in  the  chamber  also  causes  great  loss ;  the  sul- 
phurous acid,  as  inthe  former  case,  escaping  unozidised. 

The  first  of  these  three  snlnectB  vas  counteracted  by  H.  Grovelle,  vho,  taking 
advantage  of  an  idea  put  forth  by  M.  Clement  Beeormes,  constructed  a  furnace  for 
burning  the  sulphur,  so  as  to  have  a  double  current  of  air.  He  substituted  for  the 
sole  of  the  furnace  some  parallel  bars  of  iron,  on  -vhicb  -were  placed  cast-iron  pans  or 
boxes,  bound  together,  but  leaving  intervals  for  the  entrance  of  air  between  each : 
these  were  filled  with  sulphor,  which  was  then  ignited,  and  thus  a  plentiful  sui^ly  of 
air  was  constantly  kept  up. 

The  reactions  which  take  place  in  the  sulphnric-acid  chamber  hare  teetauj  been 
studied  by  Mr.  H.  A.  Smith,  who  concludes,  contrary  to  generally-received  opinions, 
that  under  certain  circumstances  addon  can  take  place  between  diy  sulphurous  acid 
and  nitric-acid  gases  without  the  intervention  of  steam.  He  believes  that  the  best 
form  of  chamber  should  be  long  and  not  high,  haying,  in  fact,  the  following  dimen- 
sions :  length  150  feet,  width  95  to  30  feet,  and  height  10  to  12  feet  The  tempera- 
ture should  be  kept  as  nearly  as  possible  at  200°  Fahr.,  and  in  starting  the  chamber 
ha  recommends  that  sulphuric  acid  should  be  run  on  the  bottom  in  preference  to 
water.    See  '  The  Chemistry  of  Salphuric  Acid  Manufacture,'  by  H.  A.  Smith,  1873. 

Fuming,  or  Nordhauem  Sviphurio  Acid.  At  Nordhausen  and  other  parts  of  Siumny, 
sulphuric  acid  continues  to  be  made  upon  the  old 
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plan.  This  consists  in  first  subjecting  sulphate 
of  iron,  or  green  vitriol,  to  a  gentle  heat,  by  which 
it  is  deprived  of  its  water  of  crystallisation ;  it 
is  then  distilled  in  earthenware,  tubular,  or  pear- 
shaped  retorts,  of  which  a  large  number  are  placed 
in  a  galleiy-fomace.  Fig.  1946  shows  the  fireplace ; 
abb,  chamber  on  each  side  of  the  fireplace,  for 
demving  the  green  vitiol,  c  e,  of  its  water. 

To  these  retorts  are  adapted  earthenware  re- 
oeivers,  into  which  some  ordinary  sulphuric  acid 
is  previously  placed,  to  condense  all  the  anhydrous 
sulphuric  acid  which  comes  over.  The  heat  is 
raised  gradually,  and  at  last  the  retorts  are  sut^eeted  to  an  intense  heat,  which  is  kept 
up  for  several  hours. 

Some  sulphurous  acid  gas  escapes,  arising  from  the  decomporition  of  some  of  the 
sulphuric  add  of  the  sulphate  by  the  oxide  of  iron,  and  nothing  remains  in  the  retorts 
but  aesquiozide  of  iron. 

Anhj/drotu  Sulphuric  Acid,  or  Sulpkuria  Anhj/dride.  This  is  most  easily  obtained  by 
subjecting  the  Nordhausen  sulphuric  add  to  a  gentle  heat  in  a  glass  retort,  to  which 
is  adapted  a  dry  receiver  placed  in  ice.  YHiite  fumee  of  anhydrous  sulphuric  acid 
come  over  and  are  condensed  in  the  recdver.  Care  must  be  taken  to  avoid  water 
coming  into  contact  with  it,  aa  it  unites  with  it  with  some  violence. 

It  is  best  to  have  a  receiver  which  can  be  hermetically  sealed  as  aooa  as  the  opera- 
tion is  completed. 

PropertiM  of  tie  d^jferent  Sulphuria  Acidt. 

Anh/drout  Sulphwic  Acid,  or  Su^httrie  Ankjjdride.  (SO*.)  This  is  a  white  txy- 
staUine  body,  very  much  resembling  asbestos  in  appearance.  Exposed  to  the  air, 
some  of  it  absorbs  moisture,  and  the  rest  flies  off  in  white  fumes.  Dropped  into  water 
it  produces  a  hissing  noise,  just  like  red-hot  iron,  and  in  large  quantities  causes  ex- 
plosion. It  melts  at  66°  Fahr.,  and  boils  at  about  120°  Fahr.  The  sp.  gr.  of  the 
liquid,  at  78°  Fahr.,  is  1-97  (Pereara),  and  that  of  it*  vapour  3-0  {JfiitcheHich).  It 
does  not  present  add  properties  unless  moisture  be  present. 

Nordhauien  Sulphttric  Acid.  HO.SO'.SO'  (B^BO'SO*).  This  is  an  oily  liquid,  gene- 
rally of  a  brown  colour  (from  some  organic  matter),  which  gives  off  white  ihmea  of 
anhydrous  sulphuric  acid  when  exposed  to  the  air.    Its  sp.  gr.  is  about  I  '9.    It  is 
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imported  in  ston«ware  bottles,  baving  a  stoneware  screw  for  a  stopper.  It  is  probably 
only  a  solution  of  anhydrous  sulphuric  acid  in  ordinary  oil  of  Titriol,  as,  after  being 
subjected  to  a  gentle  heat,  nothing  remains  but  the  latter.  It  often  contains  several 
impurities.  It  is  principally  used  for  dissolving  indigo,  which  it  does  completely 
without  destroying  the  colour. 

Ordinary  Sulphuric  Acid,  or  OU  of  Vitriol.  HO.SO' (H»aO«).  Sp.gr.  1-845.  This  is, 
when  pure,  a  colourless,  transparent,  highly  acrid,  and  most  powerfully  corrosive 
liquid.  It  is  a  very  strong  mineral  acid,  one  drop  being  sufficient  to  communicate  the 
power  of  reddening  litmus-paper  to  a  gallon  of  water,  and  produces  an  ulcer  if  placed 
upon  the  skin.  It  chars  most  organic  substances.  This  depends  upon  its  attraction 
for  water,  which  is  so  great  that,  when  exposed  in  an  open  saucer,  it  imbibes  one-third 
of  its  weight  from  the  atmosphere  in  twenty-four  hours,  and  fully  six  times  its 
weight  in  a  few  months.  Hence  it  should  be  kept  excluded  from  the  air.  If  four 
parts,  by  weight,  of  the  strongest  acid  be  suddenly  mixed  with  one  part  of  Trater, 
both  being  at  50°  Fahr.,  the  temperature  will  rise  to  300°  Fahr. ;  while,  on  the  other 
hand,  if  four  parts  of  ice  be  mixed  with  one  of  sulphuric  acid,  they  immediately  liquefy 
and  sink  the  thermometer  to  4°  below  zero.  In  this  last  case  the  heat,  that  would 
otherwise  have  been  given  o^  has  been  employed  in  liquefying  the  ice.  XTpon  the 
mixing  the  acid  and  water  they  both  suffer  condensation,  the  dilute  acid,  thus  formed, 
occupying  less  space  than  the  two  separately,  and  hence  the  evolution  of  heat.  This 
affinity  for  water,  which  sulphuric  acid  possesses,  is  often  made  use  of  for  evaporating 
liquids  at  a  low  temperature.  The  liquid  is  placed  in  a  dish  over  another  dish  con- 
tainin|;  sulphuric  acid,  and  both  are  placed  under  the  receiver  of  an  air-pump. 
Such  IS  the  rapidity  with  which  the  evaporation  is  carried  on,  that  if  a  small  vessel 
of  water  be  so  placed  it  will  speedily  be  frozen.  Sulphuric  acid  is  decomposed  by  several 
substances  when  boiled  with  them  ;  such  are  most  organic  substances,  sulphur,  phos- 
phorus, and  several  of  the  metals,  as  mercury,  copper,  tin,  &c. 

Snlphnric  acid  of  sp.  gr.  1-846,  boils  at  about  620°  Fahr.,  and  may  be  distilled 
unchanged.  This  is  ue  best  way  to  obtain  it  pure.  It  is  a  most  powerful  poison. 
If  swallowed  in  its  concentrated  state,  even  a  small  quantity,  it  acts  so  powerfully  on 
the  throat  and  stomach  as  to  cause  intolerable  agony  and  speedy  death.  Watery 
diluents,  mixed  with  chalk  or  magnesia,  are  the  readiest  antidotes. 

Ordinary  oil  of  vitriol  generjSly  contains  some  sulphate  of  lead,  which  will  be 
precipitated,  as  a  white  powder  by  dilution  with  water ;  since  so  much  of  it  is  made 
nx>m  iron  pyrites  at  the  present  aaj,  it  contains  arsenic  in  variable  quantities.  The 
best  test  for  sulphuric  acid,  either  free  or  combined,  as  soluble  salts,  is  a  salt  of 
barium.  An  extremely  small  quantity  of  sulphuric  acid,  or  a  soluble  salt  of  it,  is 
thus  easily  detected  by  the  greyish-white  dond  of  sulphate  of  baryta  which  it 
occasions  in  the  solution.  100  parts  of  the  concentrated  acid  are  neutralised  by  143 
parts  of  dry  pure  carbonate  of  potash,  and  by  110  of  dry  pure  carbonate  of  soda. 

The  presence  of  saline  impurities  in  solphnric  acid  may  be  determined  by  evapo- 
rating a  ceruin  quantity  to  dryness  in  a  platinum  capsule.  If  more  than  2  grains  of 
residue  remain  out  of  5U0  of  acid  it  may  be  considered  impure. 

Of  all  the  acids,  the  sulphuric  is  most  extensively  used  in  the  arts,  and  is,  in  fact, 
the  primary  agent  for  obtaining  almost  all  the  others,  by  disengaging  them  from  their 
saline  combinations.  In  this  way  nitric,  hydrochloric,  tartaric,  acetic,  and  many 
other  adds,  are  procured.  It  is  employed  in  the  direct  formation  of  alum,  of  the 
sulphates  of  copper,  aae,  potassa,  soda ;  in  that  of  sulphuric  ether,  of  sugar  by  the 
sacchariflcation  of  starch,  and  in  the  preparation  of  phosphorus,  &c.  It  serves  also 
for  opening  the  pores  of  skins  in  tannmg,  for  clearing  the  surfaces  of  metals,  for 
determining  the  nature  of  several  salte  by  Uie  add  characters  that  are  disengaged,  (tc. 

The  TaUe  on  next  page,  which  shows  the  quantity  of  concentrated  and  dry  sulphuric 
acid  in  100  parts  of  dilute,  at  different  densities,  was  constructed  by  Dr.  Ure. 

•nVBUXOini  AOZB.  (SO*.)  Sulphurftunigations  are  mentioned  by  Homer, 
but  sulphurous  acid,  of  which  these  aro  composed,  was  first  acciuatel;^  examined  by 
Stahl,  Scheele,  and  Frie^ey,  and  afterwards  by  Gaj-Lussac  and  Beizelins. 

It  escapes  from  the  earth,  in  the  gaseous  form,  in  th«  vicinity  of  volcanoes,  but  is 
always  prepared  ardficially  when  required  tOr  use,  and  for  this  purpose  several  pro- 
cesses are  employed. 

1.  By  heating  copper-cuttings,  or  mereniy,  with  coneentzated  sulphnric  acid  in  a 
glass  flask,  sulphate  of  copper,  or  persnlplu^  of  marenry,  and  sulphurous  acid  are 
formed: 

Cu     +  2(H0.S0')     =       CuO.SO«      ■¥  S0«        +     2H0. 

Copper.       Sulpbnrio  sold.     Solpbate  ot  copper,       Snlpbarons  add.      Water. 

On    +   aac'so'    =      ooso*       -t-       so*       +    avo. 
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Uqnld 

Sp.gI»T. 

Diy 

Uqnld 

^gtaT. 

Dry 

liquid 

8p.gt»T. 

Drj 

100 

1-8460 

81-44 

66 

1-6603 

53-82 

32 

1-2834 

2609 

99 

1-8438 

80-72 

66 

1-6390 

6300 

31 

1-2260 

25-28 

98 

1-8416 

79-90 

64 

1-6280 

52-18 

30 

1-2184 

24-46 

97 

1-8391 

79-99 

63 

1-5170 

51-37 

29 

1-2108 

23-66 

96 

1-8366 

78-28 

62 

1-6066 

50-66 

28 

1-2032 

22-83 

96 

1-8340 

77-46 

61 

1-4960 

40-74 

27 

1-1966 

22-01 

94 

1-8288 

76-66 

60 

1-4860 

48-92 

26 

1-1876 

21-20 

93 

1-8236 

76-83 

69 

1-4760 

4811 

26 

1-1792 

20-38 

92 

1-8181 

72-02 

68 

1-4660 

47-29 

24 

1-1706 

19-87 

91 

1-8126 

74-20 

67 

1-4560 

46-48 

23 

1-1626 

1875 

90 

1-8070 

7S-39 

66 

1-4460 

45-66 

22 

1-1649 

17-94 

89 

1-7986 

72-67 

66 

1-4360 

44-85 

21 

1-1480 

17-12 

88 

1-7901 

71-76 

64 

1-4866 

44-03 

20 

1-1410 

16-31 

87 

1-7816 

70-94 

63 

1-4170 

43-22 

19 

1-1330 

15-49 

86 

1-7728 

70-12 

52 

1-4073 

42-40 

18 

11246 

1468 

85 

1-7640 

60-81 

61 

1-3977 

41-58 

17 

1-1166 

13-86 

84 

1-7640 

68-49 

60 

1-3884 

40-77 

16 

11090 

13-05 

83 

1-7426 

67-68 

49 

1-3788 

39-96 

16 

1-1019 

1213 

82 

1-7316 

66-86 

48 

1-3697 

39-14 

14 

1-0968 

11-41 

81 

1-7200 

66-06 

47 

1-3612 

38-32 

13 

1-0887 

10-60 

80 

1-7080 

65-28 

46 

1-3630 

37-61 

12 

1-0809 

9-78 

79 

1-6972 

64-42 

46 

1-8440 

36-69 

11 

1-0743 

8-97 

78 

1-8860 

63-60 

44 

1-3346 

86-88 

10 

1-0682 

815 

77 

1-6744 

62-78 

43 

1-3255 

36-06 

9 

1-0614 

7-34 

76 

1-6624 

61-97 

1    42 

1-8165 

84-26 

8 

10644 

6-22 

76 

1-6600 

61-16 

41 

1-3080 

33-48 

7 

1-0477 

6-71 

74 

1-6416 

60-34 

40 

1-2999 

32-61 

6 

1-0405 

4-89 

73 

1-6321 

69-62 

39 

1-2913 

81-80 

6 

1-0386 

408 

72 

1-6204 

68-71 

38 

1-2826 

30-98 

4 

1-0268 

3-26 

71 

1-6090 

67-89 

37 

1-2740 

30-17 

8 

10206 

2-446 

70 

1-6976 

57-08 

36 

1-2664 

29-35 

2 

1-0140 

1-63 

69 

1-6868 

56-26 

35 

1-2672 

28-54 

1 

1-0074 

0-1584 

68 

1-5760 

56-46 

34 

1-2490 

27-72 

67 

1-6648 

54-63 

83 

1-2409 

26-91 

Th«  snlphoions  add  is  passed  throogh  a  Trash-bottle,  to  remove  any  trace  of  snlphnrie 
acid  -wluch  may  come  over,  and  then  through  a  tube  containing  (uiloride  of  calcium, 
if  the  gas  be  -wanted  dry ;  it  may  then  be  collected  over  mercury  in  the  pneumatic 
trough,  or  by  displacement  of  air ;  it  cannot  be  collected  over  vater,  owing  to  its  great 
solubility  in  that  liquid. 

2.  By  heating  charcoal,  or  almost  any  organic  substance,  irith  conoentiated  gnl- 
phoric  add  in  uie  same  apparatus  as  above;  but  in  this  case  the  sulphurous  add  is 
contaminated  with  a  large  quantity  of  earbonio  add,  which,  however,  does  not  inter- 
fere with  it  in  many  cases,  as  when  employed  in  the  manufsctare  of  alkaline  sul- 
phites: 

C        .f     2(H0.80«)    -        C0»        -^        230'        +     2H0. 


Chatooal. 


Solphorio  add.      Oarbonks  add.       Snlphiuom  add.       Water. 


aa:'8o< 


oo* 


aso' 


3,  By  the  combustion  of  sulphur  or  iron  pyrites  in  oxygen  gas  or  in  atmospheric 
air,  and  this  is  the  process  most  generally  employed  on  tiie  large  scale,  as  in  the 
manufacture  of  sulphuric  arid.    See  Sulfhukic  Acid. 

S        -h         0'     -        SO*. 

v-v--  <-v^  '-V-' 

Snlj^ar.  OxTgen.      Snlphnnnu  add.  ' 

Propertiee.  At  ordinary  temperatures  and  atmospheric  pressure  sulphurous  add  is 
a  colourless,  tzansparent  gas,  possessing  the  disagreeable  odour  so  well  known  to  thufo 
who  have  burnt  a  snlphu>match.  It  is  neither  combustible,  nor  a  supporter  of  com- 
bustion, and  is  always  the  product  obtained  by  burning  sulphur  in  air.  It  is  a  weak 
acid,  and  is  very  soluble  in  water,  that  liquid  at  60°  VSa.  dissolving  more  than  thirty 
times  its  volume  of  the  gas ;  the  solution  of  sulphurous  acid,  thus  obtained,  bleaches 
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tome  Tegetable  colours,  as  well  as  the  gas  itself,  yjz.  those  of  loses  and  violets,  tee., 
but  in  most  cases  the  coloars  may  be  restored  by  treating  with  a  weak  acid  or  alkali. 
It  cannot  be  respired  in  the  pure  state,  as  it  immediately  causes  spasm  of  the  glottis ; 
but  if  diluted  wiUi  air  and  uea  brewed,  it  acts  as  a  local  irritant,  exciting  cough, 
pain,  and  a  sense  of  diynees  of  the  mont]i  and  throat.  Its  sp.  gr.  is  2'3 ;  100  cubic 
inches  weighing  68'69  grains.  Its  solution  in  water  may  be  kept  any  time  without 
change,  as  long  as  air  is  excluded,  but  when  air  gains  access  to  it,  it  is  gradually  con- 
verted into  sulphuric  add. 

•tlXVXITBS.  Impressions  taken  by  the  goldsmiths  of  the  sixteenth  century  from 
the  engravings  executed  on  plate,  paxes,  &c.,  and  which  they  obtained  by  spreading 
a  layer  of  melted  sulphur  on  the  face  of  the  plate,  producing  a  cast  in  relitfotOxe 
lines  engraved.  Some  few  of  these  proofs  exist  in  the  British  and  Continental 
Huseums,  and  are  known  as  aulphitri.  They  are  amongst  the  rarest  spedmens  con- 
nected with  the  art  of  engraving. 

•U  J*MI  I  JMUMHUVl'JtT.    The  determination  of  sulphur. 

•VMAOS,  or  8RVMAOB.  A  spedes  of  the  genus  Shut,  used  in  tanning.  It 
is  known  also  as  lumae  and  tkumae.  It  consists  of  the  gn)und-leaves,  foot-stalks, 
and  young  twigs  of  several  varieties  of  plants,  technically  known  as  sumacs,  but 
botanicnlly  belonging  to  the  genus  Situ  of  the  Natural  Order  Anacardiaeea.  The 
sumac  of  commerce  is  chiefly  obtained  from  the  BHiu  Coriaria,  in  the  following 
manner: — A  short  time  before  the  blooming  of  the  plant  in  June  or  July,  the 
younger  twigs  ore  cut  off,  dried  in  the  sun,  next  beaten,  so  as  to  detach  the  leaves  and 
flower  panicles,  which  are  next  coarsely  ground  up  by  means  of  millstones.  The 
shrub  just  named  is  a  native  of  Asia,  but  is  cultivated  in  many  parts  of  Europe,  more 
espedally  in  Sicily,  Spain,  Southern  France,  and  Hungary.  Sumac  is  also  prepared 
from  the  BHus  Cotinutt 

In  the  South  of  France  a  peculiar  kind  of  sumac  is  prepared,  and  known  locally  as 
redout  or  redott.  It  is  derived  from  the  Coriaria  myrtifolia,  or  tanner's-herb,  which 
contains  a  violently  poisonous  substance. 

The  leaves  of  the  Arbutus  Uva-urti,  better  known  in  pharmai^  than  in  technology, 
are  used  as  sumac  in  Dalecarlia,  Sweden. 

The  following  are  the  chief  varieties  of  sumac  known  in  the  trade: — 

Sicilian  Sumac. — The  most  esteemed  article,  fetching  always  a  high  price, 

Spaniih  fSumoM.— Exported  from  HaUiga,  Friego  orHohna,  VallMoIid. 

Portugueae  Sumact. — ^From  Oporto. 

Batian  Samoa. 

French  Sumacs. 

The  artides  are  dassifled  here  according  to  their  amount  of  tannin. 

Imports  in  1873. 

Vilne 
Tons  £ 

From  Italy 11,806  183,087 

„    Austrian  Territories ....      1,804  16,017 

„    Other  countries        ....         672  0,827 


Total        ....      18,782  208.881 

WWUM/WMM  OIXi.    See  Oils. 

•mnr  consists  of  the  flbre  of  the  Crotolaria  juncea,  a  totally  different  plant  from 
the  CantuMt  sativa,  from  which  hemp  is  obtained.  Sunn  is  grown  in  various  places 
of  Bindoetan.  The  strongest,  whitest,  and  most  durable  spedes  is  produced  at 
Comercolly.    It  is  also  known  as  Bengal  Biimp. 

BmrSTOVa.  A  variety  of  felspar,  of  a  pale  yellowish  colour,  found  in  Siberia. 
It  is  almost  perfectly  transparent  wnen  viewed  in  one  direction ;  but  by  reflected 
light  it  appears  full  of  minute  golden  spangles.    See  Fxlsfab. 

•UFWtVBOSVKATa,  properly  superphosphate  of  lime,  much  used  as  a  manure. 
See  Phosphates,  and  JSjotvam. 

smsax  Wf  A«llTi»i  Thin  bands  of  shelly  limestone,  occurring  here  and  there 
in  the  Weald  Olay,  especially  in  the  upper  part.  This  limestone  is  prindpally  com- 
posed of  the  remains  of  freshwater  snails,  a  spedes  of  PaUidina,  and  it  has  been 
named  Sussex  marble,  in  consequence  of  its  great  development  in  that  county. 
Although  the  stone  is  not  remarkable  for  any  particular  beauty  of  Colour,  bdng 
generally  of  a  uniform  bluish  or  greyish-green  tint,  the  sections  of  the  chambers  of 
the  shelU  give  it,  when  polished,  a  pleasing  appearance,  and  it  has,  in  coasequence, 
been  frequently  made  use  of  in  former  times  in  the  construction  of  tombs  and  sepulchral 
monuments  in  many  of  our  older  churches. — H.  W.  B. 
Tools  employed  in  shaping  metals. 
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{Hirvndo  tteulenta).  These  liitis  constnet  tho 
edible  neats  wbieh  fona  k>  conaideTsble  4  part  of  Chinese  commerce.  It  is  the  Larvet 
of  the  Japaneee,  the  Salangana  of  some  irriters  on  the  Eatttza  Aiehipelsgo.  The 
nests  an  made  of  a  parncnlsr  species  of  sea-veed  (see  Alom),  vhich  the  bird 
macerates  and  braises  Wore  it  emplojfe  the  material  in  htyers,  so  as  to  form  the 
whitish  gelatinons  enp-shaped  nests  so  much  prized  as  delicacies  by  the  Chinese. 

KWJkMV'StO'ynt.  Then  is  a  production  of  600,000  paf&  made  annnally  &om 
abont  7,000  swans'-doim  skins,  imprated  into  Britain. 

•  W  MBV-WASnS  is  the  person  irtio  extracts  from  the  sweepings,  potsherds. 
See.  of  re6neries  of  riWer  and  gold,  the  small  residuum  of  precious  metal. 

S  W  JKBTXaATS.    Any  article  pnpared  chiefi;  with  sugar  is  so  called.    A  con- 
siderable number  an  described  nnder  OoinrBcnoMZBT. 
■TOAMOBa.    The  wood  of  the  Aetr  ptetido-platanua. 

•TWim  is  a  crystalline  rock,  consisting  of  orthoclase-fslspar  and  hornblende  ; 
bat  the  term  is  also  frequently  amilied  to  a  miztan  of  hornblende,  orthodase,  and 
quarts.  It  takes  its  name  from  the  city  c^  S|yene,  in  the  d^ebaid,  near  tiie  Chtaiacts 
of  the  Kile,  but  the  rook  then  is  not  a  true  syenite.  It  is  an  excellent  bailding^stone, 
and  was  imported  &om  Egypt,  by  the  Bomans,  for  the  architectural  and  statuary 
decorations  of  their  cafatal.  Hornblende  is  the  characteristic  ingredient,  and  serves 
to  distinguish  syenite  troia  ^nite,  with  which  it  has  been  sometimes  confounded. 
The  Egyptian  ^enite,  containing  but  little  hornblende,  with  a  good  deal  of  qnartz 
and  mica,  approaches  most  nearly  to  granite.  It  is  equally  metalliferous  with  porphyry. 
In  the  bland  of  Cyprus,  it  is  rich  in  copper ;  and  in  Hungary,  it  contains  many  valuable 
gold  and  silver  mines.  Syenite  forms  a  considerable  part  of  the  Criffle,  a  hill  in 
Oallowsy.  The  so-called 'granites' of  Leicestershire  mon  nearly  approach  syenites. 
A  eanful  study  of  the  rocks  of  the  Grooby,  Markham,  and  Bardon  Hill  quarries,  will 
show  a  gradual  ehan^  of  the  granitic  rock,  through  syenite,  into  a  greenstone-porphjry. 
This  stone  is  eztensiyely  used  in  the  metoopolis  and  other  large  towns  for  '  pitching ' 
and  paving.  Much  of  the  '  granite '  of  the  Channel  Island;,  used  in  the  metropolis 
for  r«td-metal,  is  a  syenite,  or  at  least  a  homblendic  or  lyenitie  granite. 

•TXiVAvinii  or  Graphio  IWtinum.  A  valuable  on  of  gold  and  silTer, 
foond  at  Offenbanya  in  Tranqrlvania,  in  narrow  veins  traversing  porphyry,  and 
at  Gold  Hill,  North  Carolina.  Its  analysis  by  Pete  gave :  silver,  1 1-47 ;  ptld,  21 -S? ; 
teUurium,  89-07;  lead,  0*35;  copper,  076;  antimony,  O'SSie  total,  lOO'OO. 

BIJiVXn.  Chloride  of  potassium;  a  mineral  formerly  df  great  rarity,  but 
found  of  late  years  in  abundance  among  the  deposits  of  potash-ssdta,  overlying  the 
rock-salt  of  Stassfurt  in  Prussian  Saxony,  and  at  Ealnscz  in  Oalicia.  Sylvine  is  nn 
important  source  of  other  salts  of  potassium. 

•TKBOUk  Signs  adopted  by  chemists  to  indicate  the  simple  dements,  or  the 
combinations  of  them,  forming  a  compound  body.  A  symbolic  language  has  been 
universally  adopted  by  chemists,  and  the  facilities  it  offers  very  strongly  recommend 
it.  The  symbols  H,  0,  S,  C,  stand  respectively  for  hydrogen,  oxygen,  sulphur,  and 
carbon  ;  each  elementary  substance  being  represented  by  the  initial  letter  of  its  Latin 
name.  When  the  initial  letter  of  any  two  elements  an  similar,  as,  for  example, 
carbon,  chlorine,  and  calcium — the  first  and  third,  or  second  letten  of  the  name  an 
taken,  as  CI  (Chlorine),  Ca  (Calcium).  See  ^-Toiao  Wkiohts,  for  the  symbols  of  nil 
the  Jcnown  elements. 

These  symbols  not  only  npresent  the  element,  but  the  rdatiTe  qnantities  of  it 
which  enters  into  combination.  This  is,  of  course,  an  arbitrary,  though  conrenient 
arrangement.  The  letten  HO,  for  example,  represent,  not  menly  hydrogen  and 
oxygen,  but  1  part  of  hydrogen  and  8  parte  of  oxygen,  which  in  combination  re- 
presents water.  A  figure  placed  on  either  nf  the  right-hand  oomen  of  the  symbol  for 
any  element  indicates  the  number  of  atoms  which  enter  into  the  combination  spoken 
of,  as  HO'  npresents  2  atoms  of  oxygen  comlrined  with  I  atom  of  hydrogen — ^peroxide 
of  hydrogen.  A  figun  placed  on  the  left  band  doubles  all  that  follows  it  up  to  the 
addition  sign -for  bracketed  (^mbols:  2H0  represents  2  atoms  of  water;  KO, 
/talium  or  potassium  and  ox^en<- potash;  SO',  sul|^nr  and  oxygen •  sulphurous 
acid ;  E0,80*  npresents  sulphate  of  potash,  but  E0,2S0*  indicates  £t-8ulphate  of 
potash. 
A  combination  of  symbols  representing  a  compound  body  constitates  n/ormnla. 
WWMTMMUMM  is  a  Qreek  wxtrd,  whiim  signifies  '  combination,'  and  is  applied  to  the 
chemical  action  which  unites  dissiinilar  bodies  into  a  unifarra  compound :  as  sulphuric 
acid  and  lime  into  gypsnm ;  or  chlorine  and  sodium  into  culinary  salt. 

vmw  is  a  solution  of  sugar  and  water.  Cane-juice,  concentrated  to  a  density 
of  1*800.  forms  a  syrup  which  does  not  ferment  in  the  transport  home  tma  the 
West  Indies,  and  may  be  boiled  and  nfined  at  one  step  into  snperioc  sugar-loaTea. 
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VA8ASBSXIU  A  siliceous  concoction  resembling  hydrophane,  which  is  formed 
in  the  interior  of  the  stem  of  the  large  Indian  bamboo. 

TAMMSMWT,  A  delicate  kind  of  tabby  or  watered  silk,  produced  by  passing  the 
silk  through  engraved  rolls. 

TASBT.  Watered  silk ;  the  ti&ct  being  produced  by  subjecting  the  silk  when 
damp  to  pressure. 

TASBTZVO,  or  Watering,  is  the  process  of  giving  stuffi  a  wary  appearance  by  a 
peculiar  mauipnlation  with  the  calender. 

TASITLAS  BVAB.    A  silicate  of  lime,  known  otherwise  as  WoUasionite. 

TAOAMftHftO  is  a  resin  obtained  from  the  Fagara  octandta,  a  tree  which 
grows  in  Mexico  and  the  West  Indies.  It  occurs  in  yollovish  pieces,  of  a  strong 
smell,  and  a  bitterish  aromatic  taste. 

TtLTWWSt  is  a  light  silk  fabric,  with  a  considerable  Instte  or  gloss. 

TA&O  is  a  mineral  of  which  several  varietiea  are  recognised,  as  :— 

FoliaUd  Tde.    This,  the  purest  crystalline  talc,  composed  of  easily  separable  foliii, 

5 resenting  light  green,  greenish-white,  and  white  colours.  This  is  often  found  massive, 
isseminatod  in  plates,  imitative,  or  crystallised  in  small  six-sided  tables.  It  is 
splendent,  pearly,  or  semi-metallic,  tmnslucenti  flexible,  bnt  not  elastic.  It  yields  to 
the  nail ;  spec  grav.  2'77.  Before  the  blowpipe,  it  first  whit«ns,  and  then  fuses  into 
an  enamel  globule.  It  consists  of— silica,  62 ;  magnesia,  27  ;  alumina,  1-6 ;  oxide  of 
iron,  3'0 ;  water,  6.  Elaproth  found  2^  per  cent,  of  potash  in  it.  It  is  found  in 
beds  of  clay-slate  and  mica-elate,  in  Abe^eenshire,  Banfishire,  Perthshire,  Salzburg, 
the  Tyrol,  and  St  Gothard. 

The  substance  used  in  sheets  as  a  cover  for  gas-jeta,  although  often  called  talc,  is 
really  mica. 

TaUou  SMe.  A  slaty  rod:  of  a  greenish-grey  colour ;  it  is  masmva^  with  tabular 
fragments,  translucent  on  the  edges,  soft,  with  a  white  streak ;  easily  ant  or  broken, 
but  is  not  flexible  ;  and  has  a  greasy  feel.  It  occurs  in  the  same  localities  as  the 
preceding.  It  is  employed  in  the  ciayon-maun&ctiures ;  also  as  a  crayon  itself,  by 
carpenters,  tailors,  and  glaziers. 

Induraitd  Talc.  An  impure  slaty  talc,  with  a  nearly  compact  texture  and  of  superior 
hardness  to  common  talc 

Soapstone  or  Steaiiit  {Specktttin,  Gcr.) ;  coarse  grey  and  greyish-green  massive 
THrieties,  generally  granular ;  also  of  fine  texture.  The  Potttont,  or  Lapii  oUaris, 
includes  t£e  coarser  granular  specimens,  of  dark  colour  and  more  or  less  impure. 
Slabs  of  steatite  ore  extensively  used  as  fire-stones.  It  is  often  turned  into  ornamental 
articles.  When  ground  it  is  used  to  diminish  frictioa,  and  it  was  employed  in  ihe 
manu£M!tare  of  some  kinds  of  porcelain.  Venetian  talc  is  used  for  removing  stains 
(torn  woollen  cloth.  The  fine  varieties  of  talc,  when  coloured  with  the  safflower,  form 
a  rouge  for  the  toilet.    See  Stbaths. 

TMblMW  (,8ttif,  Fr. ;  Tdff,  Oer.),  is  the  concrete  tat  of  quadrupeds  and  man. 
That  of  the  ox  consists  of  76  parts  of  stearine  and  24  of  oleine  ;  that  of  the  sheep 
contains  somewhat  more  stearine.    See  Fat  and  Stkasine. 

Ox-tallow  was  alone  used  formerly,  and  our  great  supply  was  from  Bussia.  Aus- 
tralia now,  and  America  too,  however,  export  to  Europe  a  large  quantity  of  mutton- 
tallow. 

The  drier  the  food  upon  which  animals  are  fed  the  more  solid  is  the  tallow ;  hence 
the  Kussian  tallow  is  the  best,  the  animals  being  fed  for  eight  months  of  the  year  on 
dry  fodder. 

In  the  animal  the  tallow  exists  in  separate  globules,  and  the  object  of  melting  it 
out  is  to  combine  all  these  into  one  mass.  The  rmdering  of  tallow,  as  it  is  termed, 
consists  in  cutting  the  &t  into  small  pieces,  and  placing  it  in  a  pan  ovw  a  naked  firo. 
The  heat  is  regulated,  and  the  first  action  is  the  bursting  of  the  cells  ;  these  pour  out 
their  milky  contents,  which  become  clear  gradually,  as  the  water  which  it  contains  is 
evaporated. 

Mechanical  power  is  sometimes  applied  to  lud  in  the  rendering.  The  fat  is  plaeed 
under  a  millstone  working  on  edge,  and  thus  the  cells  are  torn  and  crushed,  and  when 
this  is  once  effected,  the  tallow  separates  with  great  ease  at  a  moderate  temperature. 
Dorrett  employed  weak  salphuric  add  to  act  upon  the  tallow,  by  mixing  this  acid  with 
boiling  water,  and  retaining  it  after  the  £it  has  been  placed  within  it,  until  the 
separation  of  the  fatty  matter  is  completed.  Some  admit  steam  to  the  melting  mass, 
by  which  a  larger  quantity  of  tallow  appears  to  be  obtained.  TaUow  is  generally 
so  impure,  iia,t  it  has  to  be  clarified  by  the  candle-maker.     This  is  e^ted  bgr 
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remeltug  the  taUov,  and  mudng  -with  it  some  substancea  which  render  insolnble  Uis 
galatinoas  matters,  and  precipitate  the  adrendtioas  admiztoxea.    See  Gaitsus  and 
Pat. 
Tallow  and  Stearine  Imported  in  1874 

FromBonia        .  . 

„    Arsentine  Bepublie 
„    TTmted  States 
„    Australia 
„    Other  ootmtiies   . 

Total      .        .        .  1,164,799  2,816,261 

See  BUTCHsmm. 
See  On-s. 

VAUKX  OO&S.  An  alloy  known  also  as  'Abyssinian  gold ; '  it  is  mnch  used 
for  making  imitation  jewellery.  Dr.  0.  Winkler  says :  '  The  alloy  is  not  galvanically 
gilt,  but  is  plated,  that  is  to  say,  a  rery  thin  sheet  of  gold  is  made  to  adhere  to  a 
yellow  metal  (in  100  parts— copper,  90*74;  zinc,  8'33)  by  rolling  the  metals  together 
and  afterwards  shaping,  monlding,  and  chiselling  it  by  means  of  steel  tools,  the  amount 
of  gold  varying  from  1-03  to  0'03  per  cent.'  Articles  made  of  this  alloy  are  said  to 
wear  really  welL    See  Abtssinian  GK>u>. 

TMMMJLO.    See  ToxB&c. 

VAKraro  is  a  term  used  by  miners  to  express  the  filling  np  of  the  hole  wUch 
they  hare  bored  in  a  rock,  after  the  gunpowder  for  blasting  has  been  placed  in  the 
bottom  of  the  hole,  with  sand,  the  d&ru  of  the  rock,  or  other  mattets.  This,  being 
beaten  hard  together,  presents  n^rly  as  much  resistance  to  the  mechanical  force  of 
the  powder,  when  exploded,  as  the  rock  itself.    See  Mnniro. 

TASOUk    Laminaria  diffiiaUt.    See  AiaiE. 

TAXnMATJk    An  ore  of  bismuth.    See  Bisxtith. 

TJkMMXm,  or  TAraZO  AjOXB.  (Tatmin,  Fr.;  Geristof,  Qec.j  Under  the 
name  tcamiit  were  formerly  indnded  all  those  astringent  principles  which  were 
capable  of  combining  with  the  skins  of  animals  to  form  leather,  of  precipitating  gela- 
tine or  of  forming  bluish-black  preci|ntates  with  the  persalts  of  iron,  and  of  yielding 
nearly  insoluble  oAnponnds  with  some  of  the  organic  alkalis.  But  it  has  of  lata 
years  been  proved  th^  there  are  several  di%rent  kinds  of  tannic  acid,  most  of  which 
possess  an  add  reaction. 

These  principles  are  widely  difiused  in  the  vegetable  kingdom ;  most  of  our  forest 
trees,  as  the  oak,  elm,  pines,  firs ;  pear  and  plimi  trees  contain  it  in  variable  quantities. 
It  is  also  found  in  some  fruits.  Many  shrubs,  as  the  sumach  and  whortleberry, 
also  contain  it  in  great  quantities,  and  on  that  account  are  largely  used  in  dyeing 
and  tanning.  The  roots  of  the  tormentilla  and  bistort  are  also  powerfully  astrin- 
gent from  containing  it  Coffee  and  tea  also  contain  a  modification  of  this  principle. 
The  astringent  principle  in  all  the  above  mentioned  (except  coffee)  precipitate  the 
persalts  of  iron  blnisn-bladc,  or  if  a  free  acid  be  present  the  solution  becomes 
aaxk.  green.  The  astringent  principle  of  many  vegetables  precipitate  the  persalts 
of  iron  of  a  dark  green;  such  are  catechu,  kino,  &o.  Some  few  plants  contain 
another  modification  of  tUs  astringent  principle,  which  precipitates  the  persalts  of 
iron  of  a  geej  colour,  such  are  rhatany,  the  common  nettle,  &c 

Many  of  these  tannic  acids  have  received  names  which  refer  to  the  plants  from 
which  they  are  obtained.  The  most  important  and  best  known  of  all  these  is 
the  gaUo-tanmo  acid,  or  that  which  is  extracted  &om  gall-nuts.  There  are  also 
querct-tannio  acid,  from  the  oak ;  moritannic  aoid,  or  that  from  the  fustic  {Sfortia 
tiiwtoria).  Sic.    See  Lbathbb. 

The  Table  on  the  next  page  shows  the  quantity  of  extractive  matter  and  tan  in  100 
parts  of  the  several  substances  there  named. 

TArazvCk  [Tanner,  Fr. ;  Garberti,  Oer.)  This  is  the  name  given  to  the  process 
employed  for  converting  the  skins  of  animals  into  leather,  and  is  strictly  a  chemical 
process,  consisting  in  the  combination  of  the  tannic  acid  of  the  different  tanning 
materials  with  the  gelatine  of  the  skins. 

Many  attempts  have  been  made  to  quicken  the  tanning  process,  but  the  leather  so 
formed  is  generally  of  inferior  quality  and  less  durable.    See  Lsatsbb. 

TAiraTf  Thnaeetumvulgan.  A  plant  common  to  Britain,  growing  in  waste  places ; 
sometimes  placed  in  beds  to  drive  fieas  from  them.  It  is  veiy  bitter,  and  has  an  aro- 
matic odour. 

TAVTAIillM.  This  is  an  exceedingly  rare  substance,  found  in  the  minerals 
fanttUite  and  yUro-Umtalite.    It  was  discovered  by  Mr.  Eatcbett,  in  a  mineral 
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bionglit  from  NorHi  Amenca,  and  he  called  it,  on  that  account^  Columbi»m,  Ekeberg 
discorered  it  in  1808  in  the  Swedish  minerals,  and,  considering  it  a  new  metal,  he  called 
it  TafUaliim.  Dr.  Wollaston,  in  1809,  aonght  to  show  that  &tehett's  columbkim  and 
Ekebergfa  tantalum  were  one  and  the  same  substance ;  bnt  H.  Boss  afterwards  proved 
that  they  were  distinct,  and  gaye  the  name  of  Nwibium  to  the  former  colnmbituu. 

Tantalum  has  not  yet  been  applied  to  any  commercial  purpose. 

TAP-OZVBSK.  Fuddling-fumace  slag.  This  is  a  basic  silicate  of  iron.  Its 
general  composition  may  be  seen  from  the  following  analysis  of  tap-cinder  ftoisi  a 
StaSbrdshire  ftimace,  by  Dr.  Percy :  silica  28'86,  protoxide  of  iron  S9'83,  peroxide  of 
iron  23'7d,  protoxide  of  manganese  6'17,  alumina  0*91,  lime  0'28,  sulphide  of  iron 
0*62,  phosphoric  add  G'42.    See  Ibon  and  Siao. 

TA>-HO>».    The  hole  in  a  puddling  furnace,  through  which  the  slag  flows  out 

TAVawntT  is  an  ornamental  figured  textile  fabric  of  worsted  or  taSi,  for  lining 
the  walls  of  apwtments ;  of  which  the  most  famous  is  that  of  the  Qobelins  Royal 
Hanuiactoiy,  near  Paris.    See  Cakpbts,  Licb,  Textus  Fabrics,  and  Wbatino. 

TAVXOOA.  (JIanioo  and  CHpipa,  Fr. ;  Weuee  Sago,  Gtta.)  Tapioca  is  cassava- 
meal,  which,  while  moist  or  damp,  has  been  heated,  for  the  purpose  of  drying  it,  on 
hot  plates.  By  this  treatment  the  itarch-grains  swell,  many  of  them  bnrst,  and  the 
whole  agglomerates  in  small  irregular  masses  or  lumps,  ^e  drying  to  which  it  is 
subjected  renders  it  diJBenlt  of  mlntion.  In  boiling  water  it  swells  up,  and  forms 
a  VISCOUS  jelly-like  mass.    See  Stabce. 

TA^VA  iniT.    The  vegetable  ivary  of  commerce.    See  Ivobt,  VBasTASLE. 

VABt  OOA&.  This  substance,  when  properly  distilled,  is  capable  of  yielding 
naphtha,  a  fixed  oil,  and  jntch,  the  two  former  of  which  are  vastly  more  valuable  than 
tar.  The  relative  proportion  of  these  products  is,  however,  very  variable,  according 
to  the  kind  and  quality  of  the  tar  employed.  Thus  tar  from  the  condenser  is  more 
valuable  for  its  products  than  the  tar  of  tJie  same  coal  taken  ih)m  the  hydraulic  main, 
and  again  cannel  coal-tar  is  always  superior  to  common  coal-tar.  In  general  we  may 
estimate  the  available  amoimt  of  the  volatile  and  fixed  matters  of  coal  somewhat  in 
the  following  order : — 

Kaphtba  Dead  oU  Pitch 

Common  coal-tar  8  62  86 

Ordinary  oannel  tar  9  60  31 

Boghead  catmel  tar  15  67  18 

Of  these  the  naphtha  is  In  large  demand  for  the  solution  of  caontchoue,  the  lighting 
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of  lamps,  and  other  purposes.  The  dead  uil  contaiiw  poraffine,  and  is  an  excellent 
Inbricator  for  madunery :  the  uses  of  pitch  need  not  be  enumerated.  See  Axusss, 
Qas-Coal,  DsatKocnvx  BismxAiroir,  Naphtha,  and  FrrBoutm. 

TAXf  WVOB  (Goudron,  Fr. ;  Thter,  Ger.),  is  the  viscid,  brovn-black,  resino- 
oleaginous  componnd,  obtained  by  distilling  wood  in  dose  TeBsels,  or  in  orens  of 
a  peculiar  construction.  Stockholm  tar,  An^tangei  tar,  and  American  tar  come  into 
our  markets.  According  to  Beichenbaeh,  tar  contains  the  peculiar  proximate  prin- 
ciples, poraffine,  eupum,  iraaote,  pieamar,  pUtacat,  besides  pTrogenoos  reein  or 
pgretint,  pyrogenons  oil  or  pyroUine,  and  vinegar. 

The  Stockholm  tar  is  regarded  as  the  best ;  vs  have  a  description  of  the  mode  in 
which  it  is  prepared,  by  Dr.  Clarke,  in  his  '  Travels  in  Scandinavia ' : — 

'  The  situation  most  fiivourable  to  the  process  is  in  a  forest  near  to  a  marsh  or 
bog,  because  the  roots  of  the  fir,  from  vhich  tar  is  principally  extracted,  are  always 
most  productive  in  such  places.  A  conical  cavity  is  then  made  in  the  ground 
(generally  on  the  side  of  the  bank  or  sloping  hill),  and  the  roots  of  the  fir,  together 
with  logs  and  billets  of  the  same,  being  neatly  trussed  in  a  stack  of  the  same  conical 
shape,  are  let  into  the  cavity.  The  whole  is  then  covered  with  a  tuif  to  prevent  the 
volatile  parts  from  being  dissipated,  which,  by  means  of  a  heavy  wooden  mallet  and 
wooden  stamper,  worked  separately  by  two  men,  is  beaten  down  and  rendered  as 
firm  as  possible  about  the  wood.  The  stack  of  billets  is  then  kindled,  and  a  slow 
combustion  of  the  fir  takes  place  as  in  working  charcoal.  During  this  combustion 
the  tar  exudes,  and  a  cast-iron  pan  being  at  the  bottom  of  the  funnel,  with  a  spout 
which  projects  throngfa  the  side  of  the  bank,  barrels  are  placed  beneath  this  snout  to 
collect  the  fluid  as  it  comes  away.  As  fiist  as  the  barrels  are  filled  they  are  bungod 
and  ready  for  immediate  export^on.'  Wood-tar  is  obtained  as  a  secondary  product 
in  the  manufacture  of  acetic  acid,  in  the  diy  distillation  of  wood. 

Tar  In^porttd  in  1873  :— 

BuReb  £ 

FromBussia 174,280  value    239,160 

„    Sweden 12,670  „         19,127 

,.    Germany 9,658  „  13,094 

,|    United  States  of  America   .        .      16,218  „         22,072 

„    Other  countries .....        2,604  „  3,670 

Total    .    216,830  „       297,182 

Tar  Imported  in  1874  :— 

288,810  Bamis;  value  369,749;. 


TASSi  or  VetcK    A  well  known  fodder-plant  (  Vicia  lativa), 

TAJWAraxir  (from  Tar).  Canvas  imbued  with  tar,  used  to  cover  the  hatch- 
ways of  a  ship  to  prevent  rain  or  sea  water  from  entering  the  hold,  and  for  other 
purposes. 

VAMBMM,    See  Tbass. 

VAMXA  {Intaniatura,  ItaL)  A  mosaic  wood-work  practised  in  Italy  in  the 
fifteenth  centniy. 

TJkMITJkM  {Tartre,  Fr. ;  Weinitein,  Oer.) ;  called  also  argal  or  argot,  is  the  crude 
bitaitrate  of  potash,  which  exists  in  the  juice  of  the  grape,  and  is  deposited 
firom  wines  in  their  fermenting  casks,  being  precipitated  in  pr^rtion  as  the  alcohol 
is  formed,  in  consequence  of  its  insolubility  in  that  liquid.  Then  are  two  sorts  of 
argol  known  in  commerce,  the  iHiite  and  the  red ;  the  former,  which  is  of  a  pale- 
pinkish  colour,  is  the  crust  let  fall  by  white  wines ;  the  latter  is  a  dark  red,  from 
red  wines. 

The  crude  tartar  is  purified,  or  converted  into  cream  of  tartar,  At  KoBt^dliar,  by 
the  following  proKsesa : — 

The  argal  having  been  ground  under  vertical  millstones  and  sifted,  one  part  of  it 
is  boiled  with  15  of  water  in  conical  copper  kettles  tinned  on  the  inside.  As  soon  ns 
it  is  dissolved,  3^  parts  of  ground  pipe-clay  are  introduced.  The  solution,  being  well 
stirred  and  then  settled,  is  drawn  off  into  roystallising  vessels  to  oool;  the  ctystalc 
found  concreted  on  the  sides  and  bottom  are  picked  out,  washed  with  water,  and  dried. 
The  mother-water  is  employed  upon  a  fresh  portion  of  argol.  The  crystals  of  tlie 
first  crop  are  re-dissolved,  re-ciystallised,  and  exposed  upon  strotched  canvas  to  the 
sun  and  air  to  be  bleached.  The  clay  serves  to  abstract  the  colouring-matter.  The 
crystals  formed  upon  the  surface  are  the  whitest,  whence  the  name  '  cream  of  tartar '  is 
derived. 

Purified  tartar,  the  bitartnite  of  potash,  is  thus  obtaiaed  in  hard  dusters  of  small 
colourless  crystals,  which,  examined  by  a  lens,  are  seen  to  be  transparent  four-sided 
prisma.    It  lias  no  smell,  but  a  feebly  acid  taste ;  is  tmchaogeable  in  the  air,  has  a 
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specific  gravitj  of  1-963,  dissolrea  in  16  parts  of  boiling  water,  and  in  200  parts 
at  60°  BUir.  It  is  insoluble  in  alcohol.  It  consists  of  24-966  potash,  70-278  tartaric 
acid,  and  4-768  water.    See  Abqol  ;  Foush,  Bitabtritb  of. 

TAmXAB,  OMMAM  OV.    Acid  tartrate  of  potash. 

TASVAS  aMano.  Tartrate  of  potash  and  antimony,  prepared  hj  boiling 
teioxide  of  antimony  in  solution  of  cream  of  tartar. 

TAmTAXXO  Aon>,  (Acide  tartrique,  Br. ;  Weuuteinslkn,  Oer.)  This  is  pre- 
pared by  adding  gradnally  to  a  boiling-hot  solution  of  100  parts  of  tartar  (bitartrate 
of  potash)  in  a  huge  copper  boiler,  26  parts  of  chalk  (earbmate  of  lime)  made  into  a 
smooth  pap  with  water.  A  brisk  eflknrescence  ensues,  from  the  disengagement  of  tho 
carbonic  acid  of  Uie  chalk,  wliile  its  base  combines  with  the  acid  excess  in  the  tartar, 
and  forms  an  insoluble  predpitste  of  tartrate  of  lime.  The  supernatant  liquor,  which 
is  a  solution  of  nentral  tartrate  of  potash,  must  be  drawn  off  by  a  syphon,  and  decom- 
posed by  a  solution  of  chloride  of  calcium  (muriate  of  lime).  28}  parts  of  the  dry 
cUoride  ore  sufficient  for  100  of  tartar.  The  jtartrate  of  lime,  from  both  processes, 
is  to  be  washed  with  water,  drained,  and  then  subjected  ina  leaden  cistern  to  the  ac- 
tion of  49  parts  of  sulphnrio  add,  prerionsly  diluted  with  8  times  its  weight  of  water : 
100  of  diy  tartrate  take  76  of  oil  of  Titriol.  This  mixture,  after  digestion  for  a  few 
days,  is  converted  into  sulphate  of  lime  and  tartaric  add.  The  latter  is  to  be  sepa- 
rated from  the  former  by  decantation,  filtration  throogh  canvas,  and  elntriation  of 
tlie  sulphate  of  lime  upon  the  filter. 

The  clear  add  is  to  be  concentrated  in  leaden  pans  by  a  moderate  heat,  tall  it 
acquires  the  density  of  40°  B.  (sp.  gr.  1-88),  and  then  it  is  run  aS,  clear  fh>m  any 
sediment,  into  leaden  or  stoneware  vessels,  which  are  set  in  a  dry  store-room  for  it  to 
crystallise.  The  ciystals,  bdng  re-dissolved  and  re-crystallised,  become  colourless 
six-nded  prisms.  In  decomposing  the  tartrate  of  lime,  a  very  slight  excess  of  sul- 
phuric acid  must  be  employed,  bemuse  pure  tartaric  add  would  dissolve  any  tartrate 
of  lime  that  may  escape  decomposition.  Bone-black,  previonslyfreed  from  its  carbon- 
ate and  phosphate  m  lime,  by  muriatic  acid,  is  sometimes  employed  to  bleach  the 
coloured  solutions  of  the  first  crystals.  Tartaric  add  contains  nearly  9  per  cent,  of 
combined  water.  It  is  soluble  in  two  parts  of  water  at  60°,  and  in  its  own  weight  of 
boiling  water.  In  its  dry  state,  as  it  exists  in  the  tartrate  of  lime  or  lead  it  consists 
of  36-8  of  carbon,  3  of  hydrogen,  and  60*2  of  oxygen.  It  is  moeh  employed  in 
calico-printing,  and  for  making  sodaie  powders. 

In  consequence  of  the  great  variation  in  the  oonstitnents  of  argol  or  ronj^  tartar, 
the  mannfiicture  of  tartaric  add  is  not  nearly  so  simple  as  a  first  glance  at  its  several 
processes  might  lead  an  inexperienced  individual  to  suppose.  The  theoiy  of  preparing 
tartaric  add  seems,  indeed,  a  remarkably  easy  affiur ;  and  provided  the  materials  operated 
upon  were  pure,  or  of  unilbrm  quality,  no  kind  of  manufiictiire  could  pot  on  less  the 
appearance  of  risk  or  specolatioD.  But  too  many  know,  to  their  cost,  with  what  ready 
facility  the  whole  profit,  and  something  more,  of  a  large  operation  will  occasionally 
ooee  off  through  a  variety  of  unknown  diannels,  and  present  a  sadly  defective  and 
truncated  return  of  saleable  produce.  In  fact,  money  is  not  unfrequently  lost  in  this 
mannfacture  by  very  old  and  experienced  makers.  The  differences  in  argol  arise 
from  the  greater  or  smaller  amount  of  tartrate  of  lime  combined  with  the  bitartrate 
of  potash ;  these  differences  will,  in  a  commercial  way,  amoont  to  from  6  to  26  or  even 
30  per  cenL;  and  herein  resides  a  difficulty  requiring  more  analytical  skill  and 
chemical  knowledge  than  is  commonly  found  amongst  practical  mann&ctnrers.  We 
will  suppose  that  an  argol  has  been  purchased,  contaimng  by  analysis  70  ■per  cent,  of 
bitartrate  of  potash,  but  also,  though  unknown  to  the  purchaser,  containing  20  per 
cent  of  tartrate  of  lime.  According  to  the  process  followed,  this  aigol  would  be 
dosed  with  a  definite  proportion  of  chalk  or  carlxmste  of  lime,  so  as  to  produce 
tartrate  of  lime  with  the  extra  tartaric  add  of  the  supartartrate  of  potash.  This 
tartrate  of  Hme,  being  insoluble,  would  &U  and  mingle  with  the  20  per  cent  already 
existing ;  but  as  in  pracUca  the  quantity  of  sulphuric  acid  employed  for  subsequent 
decomposition  of  this  tartrate  of  lime  is  proportioned  to  the  amount  of  chalk 
originally  employed,  it  follows  that  the  tartrate  of  lime  naturally  present  in  the  ugol 
is  left  undecomposed,  and  comes  to  be  regarded  as  sulphate  of  lime,  to  the  great  loss 
of  the  mannfactnrer,  who  probably  finds  his  more  intelligent  ndghbonr  able  to  buy 
as  he  buys,  and  yet  capable  of  underselling  him  in  die  open  maricet 

The  composition  of  crystallised  tartaric  add,  appears  to  be  represented  by  the 
formula  CH'0>'  (C<K*0«).  By  the  action  of  heat  it  loses  2H0  CHHt),  and  becomes 
anlurdrous  tartaric  add.  Various  metamorphoses  have  been  stated  to  occur  in  tartaric 
add  upon  exposing  it  to  heat  Laurent,  Gerhardt  and  Pasteur  have  investigated  this 
matter,  and  hare  given  the  names  of  nutatartarw  acid  and  itotartaric  acid  to  two  of 
the  results.  Another  add  has  been  investigated  by  Arppe,  the  pyntariaric  acid. 
According  to  Millon  and  Reiset,  the  best  mode  of  preparing  it  u  to  distil  powdered 
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tartaric  acid  with  powdered  pumice-stone.  The  aqneoas  is  separated  bom.  tlie  oily 
distillate  by  a  wet  filter,  and  erapoiated  at  a  gentle  heat,  till  it  commences  to  txjttaX- 
lise.  The  crystals  are  digested  m  nitric  add,  and  thus  the  pnre  pyrotartaric  acid  is 
obtained. 

TJkMmtATtU  are  bibssic  salts,  composed  of  tartaric  acid  and  oxidised  bases,  in 
eqnlTalent  piopottions.  Some  of  the  tartrates  are  employed  in  the  arts,  bitartiate  of 
potash  being  used  as  a  mordant  in  dyeing  woollen  fabrics.  Tartrate  of  chromium  is 
sometimes  used  in  calico-printing,  and  the  tartrate  of  potash  and  tin  in  wool-dyeing. 

TASMCAjnXSa    A  combustible  mineral  found  in  Tasmania.    See  Btsosiib. 

TAWnra  is  the  process  of  preparing  the  white  skins  of  the  sheep^  do^  &c    See 

mUL  {Thi,  Er.;  ZKse,  Ger.)  Thea,  the  tea-plant,  belong  to  the  natoial  order 
Tertutromiacea.  Considerable  discussion  has  ti^en  place  with  reference  to  this  im- 
portant substance,  some  contending  that  green  and  black  tea  are  the  productions  of 
two  different  plants,  the  Thea  viridU  producing  the  green  tea,  and  the  nea  Bohea  the 
black  tea.  There  is  a  third  variety,  the  Thea  Aeeamenti*,  oc  Assam  tea,  which  appears 
to  resemble  both  the  others.  Hr.  Fortune  appears  to  have  proved  that  the  green  and 
black  teas  of  commerce  do  not  depend  upon  specific  differences ;  but  that  in  the  northern 
tea  districts  of  China  the  blad^  and  green  teas  are  both  obtained  from  the  same  species 
or  variety,  namely,  the  Thea  mridit,  while  in  the  Canton  tea  districts  both  the  varieties 
of  tea  are  made  team  the  7%ea  Bohea. 

The  quality  of  the  tea  depends  much  on  the  season  when  the  leaves  are  jncked, 
the  mode  in  which  it  is  prepared,  as  well  as  on  the  district  in  which  it  grows. 
Green  tea,  it  is  stated,  is  coloured  by  the  application  of  an  extract  of  indigo,  of 
Prussian  blue,  and  gypsum ;  and  that  the  fine  odour  which  renders  the  '  flowe^ ' 
Idnds  remarkable^s  derived  from  the  leaves  of  Olea  fragrans,  a  species  of  camellia, 
and  other  similar  plants. 

To  the  black  tea  belong  the  varieties  known  as  Bohea,  Congou,  Canqxn,  Souchong, 
Ggaer,  and  Pekoe.  To  the  green  tea,  TaanJcai/,  Hyton-tkim,  Hyton,  Imperial,  and 
Chmpoader. 

Brande,  in  his  'Manual  of  Pharmacy,'  has  given  a  table  from  which  the  following 
fiicts  are  extracted  : — 


Soluble 

SoIuWo 

Fnciiatated 

IiKolnble 

100  parte  of  Tea 

in  water 

Inslcobol 

byjellT 

rcddne 

Green  Hyson  — 

Best 

41 

44 

31 

66 

J, 

Medium 

34 

43 

26 

58 

Lowest 

31 

41 

24 

67 

Black  SouchoDg- 

-Best 

36 

36 

28 

64 

Medium 

87 

85 

28 

63 

)i 

Lowest 

36 

31 

23 

65 

The  most  remarkable  products  in  tea  are — Ist.  Tannin.  2nd.  An  essential  oil 
to  which  it  owes  its  aroma,  and  which  has  great  influence  on  its  commercial  value. 
3rd.  A  crystalline  substance,  very  rich  in  nitrogen,  theiiu,  which  is  also  met  with  in 
coffee  (whence  it  is  frequently  termed  caffeineX 

Besides  these  three,  M.  Mulder  extracted  from  tea  eleven  other  substances,  which 
are  usnally  met  with  in  all  leaves.  The  same  chemist  foimd,  in  the  various  kinds  of 
tea  from  China  and  Java,  a  little  less  than  a  half  per  cent,  of  their  weight  of  theine. 
Dr.  Stenhouse  obtained  from  1'36  to  098  theine  from  100  parts  of  tea.  On  deter- 
mining the  nitrogen  by  M.  Dumas's  process,  he  obtained  the  following  numbers : — 

Kitrog«n  in  100  parts 
tea  dried  at  aiO° 

Pekoe  tea 658 

Gunpowder  tea     .        .        , 6*16 

Souuiong  tea        ..,.'...        .    6*16 
Assam  tea    ... 6*10 

This  amount  of  nitrogen  is  far  more  considerable  than  has  been  detected  in  any 
vegetable  hitherto  analysed. 

The  proportion  of  products  soluble  in  hot  water  varies  considerably,  and  depends 
chiefly  upon  the  age  of  the  leaf,  which  is  younger,  and  consequently  less  Uqueous,  in 
the  green  than  in  the  black  tea.    On  an  average,  Stenhouse  found  in  100  parts 

Faita  aolable  In 
boOiag  water. 

Dry  black  teas 48-2 

Dry  green  teas 47'1 

Black  teas  in  their  commercial  state     ....    88*4 
Green  teas  do.  do.  ....    48*4 
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When  an  infoiion  of  tea  is  evapomted  to  dryness,  a  chocolate-btovn  niidae  le- 
mains,  which,  when  derived  £K>m  green  giinpoirder,  contains  6-36  per  cent  of  nitrogen ; 
if  from  black  sonchong,  4-70  per  cent,  nilzogan. 

Thfl  snbacetata  of  lead  throws  down  abont  half  the  solnble  oonatitnents  contained 
in  this  infosion.  The  precipitate,  which  is  of  a  more  or  lees  dark  yellow,  according 
to  whether  it  is  derived  from  green  or  Uack  tea,  contains  the  whole  of  the  colonring- 
matter,  the  whole  ot  the  tannin,  and  a  peculiar  acid,  which  afibrds  an  insoluble  salt 
of  a  light  yellow  colour  with  the  subacetate  of  lead. 

To  determine  the  amount  of  theine,  M.  Hnlder  evaporates  the  infusion  with  caustic 
magnesia,  and  treats  the  residue  with  ether,  which  only  dissolves  out  the  theine.  On 
modifying  this  process.  Dr.  Stenhouse  has  obtained  the  following  quantities  of  theine 
&om  100  parts  of 

Hyson 2-40 

Another  kind 2-56 

Mixture  in  equal  parts  of  gunpowder,  hyson,  imperial,  1  „.-. 

caper,  and  pekoe J 

Gunpowder 4*1 

Another  kind 3*6 

These  quantities  are  far  more  considerable  than  have  been  obtained  b^  H.  Mulder ; 
but,  at  the  same  time,  they  do  not  account  for  the  total  amount  of  mtrogen  of  the 
inf^on  in  the  state  of  theine,  for  the  composition  of  theine  being  represented  by 
the  farmnla  C*H*N*0'  (OW*W*0*),  and  this  substance  containing  29*0  per  cent. 
of  mtrogen,  gunpowder  tea  should  contain  7'4  and  sonchong  6-5  theine  in  100  parts  of 
these  teas  taken  in  their  ordinary  state,  if  no  other  nitrogenous  substance  accompanied 
the  theine  in  the  solution. 

The  portion  of  tea  from  which  boUing  water  extracted  no  more  soluble  principle 
contained  in  100  parts,  dried  at  230°,  4-46  nitrogen  for  the  souchong,  and  4'30  for  the 
gunpowder.  These  quantities,  added  to  those  of  the  inflision,  represent  very  nearly 
the  nitrogen  ascertained  by  analysis  to  exist  in  the  entire  leaf. 

On  boUing  for  some  time  the  exhausted  leaves  in  water  containing  j^th  of  their 
weight  of  potash,  a  brown  liquid  is  obtained,  which  affords,  on  the  adcution  of  dilute 
snlphuiic  or  acetic  add,  a  considerable  flocculent  and  brown  ptedintato,  which  con- 
tains 8'46  per  cent,  of  nitrogen  ;  the  product  of  another  preparation  gave  9*93.  Al- 
ooh<d  and  ether  remove  from  this  precipitate  about  30  per  cent,  of  a  green  substence, 
which  appears  to  contain  a  fat  acid.  This  product  is  not  pure  after  this  treatment, 
for  it  is  strongly  coloured  and  contains  pectio  acid ;  neverthelees,  that  which  con- 
tained 8'46  nitrogen  afforded  11*36  of  this  element  after  being  treated  with  alcohol 
and  ether. 

The  Chiaae  method  of  nuMnff  Blaok  Tia. — In  the  first  place,  the  youngest  and 
most  tender  leaves  are  gathered;  but  when  there  are  many  hands  and  a  great 
quantity  of  leaves  to  be  collected,  the  people  employed  nip  off  with  the  forefinger 
and  thumb  the  fine  end  of  the  branch  with  abont  four  leaves  on,  and  sometimes  even 
more,  if  they  look  tender.  These  are  all  brought  to  the  place  where  they  are  to  bo 
converted  into  tea ;  they  are  then  put  into  a  laige,  circular,  open-worked  bamboo 
basket,  having  a  rim  all  round,  two  fingers  broad.  The  leaves  are  thinly  scattered  on 
these  baskets,  and  then  placed  in  a  framework  of  bamboo,  in  all  appearance  like  the 
side  of  an  Indian  hut  without  grass,  resting  on  posto,  2  feet  &om  t£e  ground,  with  an 
angle  of  about  25°.  The  baskets  with  leaves  are  put  in  this  fiame  to  dry  in  the  sun, 
and  are  pushed  np  and  brought  down  by  a  long  bamboo  with  a  circular  piece  of  wood 
at  the  mkU  The  leaves  are  permitted  to  d^  abont  two  hours,  being  occasionally 
turned ;  but  the  time  required  &r  this  process  depends  on  the  heat  of  the  sun.  When 
they  begin  to  have  a  slightly  withered  appearance,  they  are  taken  down  and  brought 
into  the  house,  where  they  are  placed  on  a  frame  to  cool  for  half  an  hour.  They  are 
then  put  into  smaller  baskets  of  the  same  kind  as  the  former,  and  placed  on  a  stand. 
People  are  now  employed  to  soften  the  leaves  still  more,  by  gently  clapping  them  be- 
tween their  hands  with  their  fingers  and  thumb  extended,  uid  tossing  them  up  and 
letting  them  fall,  for  about  five  or  ten  minutes.  Th^  are  dien  again  ySt,  on  the  frame 
during  half  an  hour,  and  brought  down  and  clapped  with  the  hands  as  befbre.  This 
is  done  tiiree  successive  times,  until  the  leaves  become  to  the  touch  like  soft  leather ; 
the  beating  and  putting  away  being  said  to  give  the  tea  the  black  colour  and  bitter 
flavour.  After  this  the  tea  is  put  into  hot  cast-iron  pans,  which  are  fixed  in  a  circular 
mud  fireplace,  so  that  the  fisme'  cannot  ascend  roxmd  the  pan  to  incommode  the  ope- 
rator. This  pan  is  well  heated  by  a  straw  or  bamboo  fire  to  a  certain  degree.  About 
2  lbs.  of  the  leaves  are  then  put  into  each  hot  pan,  and  spread  in  such  a  manner 
that  all  the  leaves  may  get  the  same  degree  of  heat.  They  are  every  now  and  then 
briaUy  turned  with  the  naked  hand,  to  prevent  a  leaf  from  bang  burned.    When  the 
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Isavaa  become  iaoonTeuieotly  hot  to  the  hand,  they  an  qnicUy  taken  oat  and  delivered 
to  another  man  with  a  cloee-worked  bamboo  baaket  ready  to  leceire  them.  A  few 
leave*  that  may  have  been  left  behind  are  smartly  brushed  ont  with  a  bamboo  broom; 
all  this  time  a  brisk  fire  is  kept  np  under  Uic  pan.  After  the  pan  has  been  wed  in 
this  manner  three  or  four  times,  a  bucket  of  cold  water  is  thrown  in,  and  a  soft  brick- 
bat and  bamboo  broom  used,  to  give  it  a  good  scouring  oat ;  the  water  is  thrown  oat 
of  the  pan  by  the  brush  on  one  side,  the  pan  itself  being  never  taken  off  The  leaves, 
all  hot  on  the  bamboo  basket,  are  laid  on  a  table  that  has  a  narrow  rim  on  its  back, 
to  prevent  these  baskets  from  slipping  off  when  pushed  against  it.  The  2  lbs.  of 
hot  leaves  are  now  divided  into  two  or  three  pareels,  and  disbibuted  to  as  many  men, 
who  stand  up  to  the  table  with  the  leaves  right  before  them,  and  each  placing  his  legs 
close  together ;  the  leaves  are  next  collected  into  a  ball,  which  he  gently  grasps  in  his 
left  hand,  with  the  thumb  extended,  the  fingers  close  together,  and  the  hand  resting 
on  the  little  finger.  The  right  hand  must  be  extended  in  the  same  manner  as  the 
left,  but  with  the  palm  turned  downwards,  resting  on  the  top  of  the  ball  of  tea-leaves. 
Soth  hands  are  now  employed  to  roll  and  propel  Uie  ball  along:  the  left  hand  pushing 
it  on,  and  allowing  it  to  revolve  as  it  mores :  the  right  hand  also  pushes  it  forward 
lestiug  on  it  with  some  force,  and  keeping  it  down  to  express  the  juice  which  the 
leaves  contain.  The  art  lies  here  in  giving  the  ball  a  circular  motion,  and  permitting 
it  to  turn  under  and  in  the  hand  two  or  Syxee  whole  revolutions,  before  the  aims  are 
extended  to  their  full  length,  and  drawing  the  ball  of  leaves  quickly  back  without 
leaving  a  leaf  behind,  being  rolled  for  about  five  minutes  in  this  way.  The  ball  of 
tea-leaves  is  from  time  to  time  gently  and  delicately  opened  with  the  fingen,  lifted  as 
high  as  the  face,  and  then  allowed  to  fall  again.  This  is  done  two  or  three  times,  to 
separate  the  leaves;  and  afterwards  the  basket  with  the  leaves  is  lifted  up  as  oAeo, 
and  receives  a  circular  shake  to  bring  these  towards  the  centre.  The  leaves  are  now 
taken  back  to  the  hot  pans,  and  spread  out  in  them  as  before,  being  again  turned  with 
the  naked  hand,  and  when  hot  taken  out  and  rolled:  after  which  they  are  put  into  the 
drying  basket,  and  spread  on  a  sieve  which  is  in  the  centre  of  the  basket,  and  the 
whole  placed  over  a  charcoal  fire.  The  fire  is  very  nicely  regulated ;  there  must  not 
be  the  least  smoke,  and  the  charcoal  should  be  well  picked. 

When  the  fire  is  lighted,  it  is  fanned  until  it  gets  a  fine  red  glare,  and  the  smoke  is 
all  gone  off;  being  every  now  and  then  stirred  and  the  coals  brought  into  the  centre, 
so  as  to  leave  the  outer  edge  low.  When  the  leaves  are  pat  into  the  drying  basket, 
they  are  gently  separated  by  lifting  them  up  with  the  fingers  of  both  hands  extended 
far  apart,  and  allowing  them  to  fall  down  again ;  they  are  placed  3  or  4  inches  deep 
on  the  sieve,  leaving  a  passage  in  the  centre  for  the  hot  air  to  pass.  Befiae  it  is  put 
over  the  fire,  the  d^ng  basket  receives  a  smart  slap  with  both  hands  in  the  act  of 
lifting  it  up,  which  is  done  to  shake  down  any  leaves  that  might  otherwise  drop 
through  the  sieve,  or  to  prevent  them  firom  falling  into  the  fire  and  occasioning  a  smoke, 
which  would  aS&ct  and  spoil  the  tea.  This  slap  on  the  basket  is  invariably  applied 
thronghout  the  stages  of  the  tea-manufacture.  There  is  always  a  large  basket  under- 
neath to  receive  the  small  leaves  that  fall,  which  are  afterwards  collected,  dried,  and 
added  to  the  other  tea  ;  in  no  case  are  the  baskets  or  sieves  permitted  to  touch  or  re- 
main on  the  ground,  but  always  laid  on  a  receiver  with  three  legs.  After  the  leaves 
have  been  half-dried  in  the  drying  basket,  and  while  they  are  still  soft,  they  are  taken 
off  the  fire,  and  put  into  large  open- worked  baskets,  and  then  put  on  the  shelf,  in  order 
that  the  tea  may  improve  in  colour. 

Next  day  the  leaves  are  all  sorted  into  large,  middling,  and  small ;  sometimes  there 
are  four  sorts.  All  these,  the  Chinese  informed  the  writer,  become  so  many  different 
kinds  of  teas :  the  smallest  leaves  they  called  Fha-ho,  the  second  Pow-chong,  the  third 
Suchong,  and  the  fourth,  or  the  largest  leaves,  Toy-chong.  After  this  assortment 
they  are  again  pat  on  the  sieve  in  the  drying  basket  (taking  great  care  not  to  mix 
the  sorts),  and  on  the  fire,  aa  on  the  preceding  day ;  but  now  very  little  more  than 
will  cover  the  bottom  of  Uie  sieve  is  put  in  at  one  time  ;  the  same  care  of  the  fire  is 
taken  as  before,  and  the  same  precaution  of  tapping  the  drying  basket  every  now  and 
then.  The  tea  is  taketi  off  the  fire  with  the  nicest  care,  for  fear  of  any  particle  of 
the  tea  falline  into  it.  Whenever  the  drying  basket  is  taken  cS,  it  is  pot  on  the 
receiver,  the  sieve  in  the  diying-basket  tiken  out,  the  tea  turned  over,  the  sieve  re- 
placed, the  tap  given,  and  the  basket  placed  again  over  the  fire.  As  the  tea  becomes 
crisp,  it  is  taken  out  and  thrown  into  a  large  receiving  basket,  until  all  the  quantity 
on  hand  has  become  alike  dried  and  crisp ;  from  which  basket  it  is  again  removed 
into  the  diving  basket,  but  now  in  much  latger  quantities.  It  is  then  piled  up  8  and 
10  inches  high  on  the  sieve  in  the  drying  ^sket ;  in  (he  centre  a  small  passage  is 
left  for  the  hot  air  to  ascend ;  the  fire  that  was  before  bright  and  clear  has  now  ashes 
thrown  on  it  to  deaden  its  elhct,  and  the  shakings  that  have  been  collected  are  put  on 
the  top  of  all ;  the  tap  is  given,  and  the  basket  with  the  greatest  care  is  puc  over  the 
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tre.  Another  basket  is  placed  over  the  whole,  to  throw  back  any  heat  that  may 
ascend.  Now  and  then  it  is  taken  off,  and  pat  on  the  receiver ;  the  hands,  with  the 
fingers  wide  apart,  are  ran  down  the  sides  of  the  basket  to  the  sieve,  and  the  tea  gendy 
turned  over,  t^e  passage  in  the  centre  again  made,  &c.,  and  the  basket  again  placed 
on  the  fire.  It  is  from  time  to  time  examined,  and  when  the  leaves  have  become  so 
crisp  that  they  break  by  the  slightest  pressure  of  the  fingers,  it  is  taken  off,  when  the 
tea  IB  ready.  All  the  difEerent  kinds  of  leaves  underwent  the  same  operation.  The 
tea  is  now  little  by  little  put  into  boxes,  and  first  pressed  down  with  the  hands  and 
then  with  the  feet  (clean  stockings  having  been  previously  put  on). 

There  is  a  small  room  inside  cf  the  tea-house,  7  cubits  square  and  5  high,  having 
bamboos  laid  across  on  the  top  to  support  a  network  of  bamboo  and  the  sides  of  the 
room  smeared  with  mud  to  exclude  the  air.  When  there  is  wet  weather,  and  the 
leaves  cannot  be  dried  in  the  sun,  they  are  laid  out  on  the  top  of  this  room,  on  the 
network,  on  an  iron  pan,  the  same  as  is  used  to  heat  the  leaves;  srane  fire  is  put  into 
it,  either  of  grass  or  bamboo,  so  that  the  flame  may  ascend  high ;  the  pan  is  put  on 
a  square  wooden  tmme,  that  has  wooden  rollers  on  its  legs,  and  poshed  round  and 
round  this  little  room  by  one  man,  while  another  feeds  the  fire,  the  leaves  on  the  top 
being  occasionally  turned ;  when  they  are  a  little  withered,  the  fire  is  taken  away, 
and  the  leaves  brought  down  and  mannfaotuiod  into  tea,  in  the  same  manner  as  if  it 
hod  been  dried  in  the  sun.  But  this  is  not  a  good  plan,  and  never  had  recourse  to  if 
it.  can  be  possibly  avoided. 

Prtparatum  offaetUious  Green  Tea.  Tea  is  bronght  to  Canton  unprepared;  as 
Bohea,  Soshung,  and  is  thrown  into  a  hemispherical  iron  pan,  kept  very  hot  over  a 
fire.  The  leaves  are  constantly  stirred  till  they  are  thoroughly  neated,  when  they 
are  dyed,  by  adding,  for  each  pound  of  tea,  I  spoonM  of  gypsum,  1  of  turmeric,  and 
2  or  3  of  PyuBsian  blue.  The  leaves  instantly  change  into  a  bluish-green,  and  after 
being  well  stirred  for  a  few  minutes,  are  taken  out,  being  shrivelled  by  the  heat.  They 
are  now  sifted ;  the  small  longish  leaves  fall  through  the  first  sieve,  and  form  Young 
Hyson :  the  roundest  granular  ones  &11  through  the  last,  and  constitute  Qunpovder, 
or  Choo-cha. 

The  observations  of  Uebigaffijrd  a  satisfactory  explanation  of  the  cause  of  the  great 
partiality  of  the  poor,  not  only  for  tea,  but  for  tea  of  an  expensive  and  superior  kind. 
He  says,  '  We  shall  never  certainly  be  able  to  discover  how  men  were  first  led  to  the 
use  of  the  hot  infusion  of  the  leaves  of  a  certain  shrub  (tea),  or  of  a  decoction  of  certain 
roasted  seeds  (coffee).  Some  cause  there  must  be  which  will  explain  how  the  practice 
has  become  a  necessary  of  life  to  all  nations.  But  it  is  still  more  remarkable,  uiat  the 
beneficial  effects  of  both  plants  on  the  health  must  be  ascribed  to  one  and  the  same 
substance  {theine  or  caffeine),  the  raesence  of  which  in  two  vegetables,  belonging  to 
natural  families,  the  products  of  different  quarters  of  the  globe,  could  hardly  have 
presented  itself  to  the  boldest  imagination.  Yet  recent  reseandies  have  ^own,  in 
such  s  manner  as  to  exclude  all  doubt,  that  theme  and  caffeine  are  in  all  respects 
identical.'  And  he  adds,  '  That  we  may  consider  these  vegetable  compounds,  so  re- 
markable for  their  action  on  the  brain,  and  the  substance  of  the  organs  of  motion,  as 
elements  of  food  for  organs  as  yet  unknown,  which  are  destined  to  convert  Uie  blood 
into  nervous  substance,  and  thus  recruit  the  eneigy  of  the  moving  and  thinking  faculties.' 
Such  a  discovery  gives  a  great  importance  to  tea  and  coffee,  in  a  physiological  and 
medical  point  of  view.    See  THEiKB.    Consult  Watts's  '  Dictionaiy  of  Chemistry.' 

Indian  Teas. — The  following  remarks  by  the  late  Br.  Archibald  Campbell  on  Indian 
teas  are  of  interest : — 

Dr.  Campbell's  observation  led  him  to  believe  that  litUe  was  known  of  the  subject 
in  this  country,  although  it  was  40  years  since  tea  was  first  discovered  in  Assam, 
growing  wild,  and  80  years  since  it  was  fonnd  in  the  same  state  in  Cachar.  It  was 
very  satis&ctory  to  be  able  to  state  that  the  Indian  authorities  had  been  roused  to 
vigorous  exertions  in  providing  means  of  communication  between  the  tea-producing 
districts  and  the  seaboard.  Merchants  from  Thibet,  Cashmere,  and  Afghanistan  had 
crossed  the  Himalayas  into  India,  and  were  carrying  off  the  teas  from  the  factories  in 
the  north-west  at  highly  remunerative  prices,  bespeaking  all  the  crop  of  next  year  in 
Kumaon,  and  paying  down  half  the  cash  in  advance.  Taking  all  circumstances  into 
consideration,  the  tea  prospects  were  brighter  than  the  pioneers  of  the  great  Indian 
industry  could  hitherto  boast  of.  The  tea  crop  of  India  was  in  1873  about  20,000,000 
Iba.,  of  which  Daijeeling  contributed  2,600,000.  increasing  at  the  rate  of  .15  per  cent, 
per  annum  on  the  land  actually  under  tea  cultivation — i.e.,  14,000  acres.  For  the 
present  year  (1874)  21,000,0001bs.,  could  be  reckoned  on,  of  which  3,000,0b0  would  bo 
from  Dtujeeling.  There  were  other  lands  which,  when  cultivated,  would  increase  the 
supply.  Dr.  Oimpbell  dwelt  upon  the  quantify  of  spurious  and  adulterated  China 
teas  imported  into  England,  and  the  extent  to  which  pure  Indian  teas  were  kept  beck 
from  the  public  for  the  purpose  of  mixing  to  make  them  saleable. 
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Tea  Importtd  m  1878  with  a  duty  of  6d.  per  lb. 


Ftom  Oemuay 

„     Holland 

„     France 

:;  SS    ;    :    :    :    : 

.,     Japan 

„     United  StatM  of  America  . 

„     British  India: 

„        Bombay  and  Sonde       .       . 

Midia. 

„         Bengal  and  Bnrmah 

„     Other  countries  .... 

Total    . 

Vbe. 

Vtlae 

116.032 
997,480 
6.117,438 
927,718 
187,246,873 
311349 
846,663 

33,719 

31,888 

18,416,606 

331,764 

£9,184 
69,949 
872,670 
76,718 
0,261,937 
18,366 
34,377 

3,096 

3,613 

1.617.484 

17.202 

168,766,269 

11.372.696 

2fca  Imported  in  1874. 


From  British  India 

„     China  (inclnding  Hongkong  and  ICacao) 
.,     Other  conntries 

Total  fl^^^ 

\  Home  consumption 

lla. 

Telne 

18,440.494 

181.669,908 

11,492,918 

£1.621.980 

9,105,307 

846,746 

161,603,410\ 
187,422,668/ 

11,673,032 

The  piodnce  of  the  Teatona  gnmdie;  a  native  of  the  monntainons  parts 
of  the  Vaintmi-  coast.    The  African  teak  is  thoughts  by  some  to  belong  to  another 

genna  (  OldfiMia  Jifiieana).     

TUMMUm  ot  TUSaamfm  VUIMfSUm  {Chard<mh carder,  Fr.;  Weberdi»tel,Qvt.); 
the  head  of  the  thistie,  (fiiptaemfiittomaiii,  is  employed  to  raise  the  nap  of  cloth.  See 

WoOIXHf  MAirDTAOTTmB. 

See  Oils. 
In  a  typical  tooth,  as  developed  in  most  mammahi,  the  greater  part  is 
composed  of  a  snbstance  called  dentine,  the  crown  being  covered  with  a  hard  enatnel, 
whilst  the  remainder  of  the  tooth  is  coated  with  a  cortical  sabetanee  known  as  cement. 
Ivory  is  very  similar  to  dentine.    (See  Ivokt.) 

Br.  Bobert  Dnndas  Thomson  published  the  analyses  of  teeth  by  Alexander  Nasmyth, 
Esq.    Xlie  following  table  has  been  constmoted  from  thoee  analyses : — 


Bnamd 

Ivory 

Bono 

Hnasa 
adult 

Bephast 

Bmnaa 
adult 

Elephant 

Foroom- 
pariKa 

Organic  matter      . 
Phosphate  of  lime  . 
Flnoride  of  calcitmi 
Phosphate  of  magnesia 
Carbonate  of  lime  . 
Chloride  of  sodium 
Chloride  of  potasrium 

} 

6-160 

89160 

-260 

4-01*0 

6-80 

82-66 

1-66 

7-66 
1-06 

26-81 
66-421 
0-62/ 

6<3 

016 

46-66 
62-80 

1-36 
0-06 

35-93 
f6112 
1.  0-63 

9-77 
0-69 

For  a  large  series  of  analyses  of  teeth  by  Von  Bibra,  see  Watties  'Pictionaiy  of 
Chemistry.' 
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TirtA  Imported  in  1873;  Elephant,  Sea-eoiP,  Sea-horse. 
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From 


Germany 
Malta    . 


VMt  Coast  of  Africa  (foreign) : 
Fortognesa  Fossessions       .        . 
Not  particularly  designated 
East  Coast  of  Africa  (natiTe) . 
Britbh  Possessions  on  the  Qoli  Coast 

„  in  South  Africa 

Aden      ...... 

BriUsb  India .        .... 

Other  countriei      .... 


CWtB. 


640 
1,118 
4,638 


449 

2,465 

69 

78 

1,117 

277 

1,201 

1,343 


Total 


Tolna 


22,282 

40,394 

161,737 

19,629 

103,859 

6,000 

2,698 

41,160 

13,440 

58,082 

47,448 


13,386        506,629 


See  EiacTBO-TM.iwiiAPHT. 

TB&xmuc  BZBKUTB.    A  telluride  of  bismuth.    See  TtnraKDnars. 

VUUMtUUXtm.  One  of  the  elementary  bodies,  usually  classed  amongst  the  metals, 
but  it  presents  so  great  an  analogy  to  sulphur  and  selenium,  that  many  are  disposed 
to  remove  it  from  the  metallic  bodies. 

Tellurium  was  originally  found  in  Transylvanian  gold  ores ;  and  more  recently  it 
has  been  found  vith  bismuth.  Tellurium  has  a  silvery  lustre ;  its  texture  is  c^talline 
and  brittle.  Its  speciflc  gravity  is  666,  and  its  atomic  weight  64-6.  from  its 
extreme  rarity,  and  consequent  cost,  it  has  not  yet  found  any  application  in  the  arts. 

TMK9XRXXU  07  8TBSX.  In  metallurgy  the  process  by  which  a  certain  re- 
quired character  is  given  to  steel  or  any  other  metal. 

The  process  of  nardening  or  tempering  steel  is  performed  with  due  relation  to 
the  quality  of  the  steel  and  uie  purposes  for  which  it  is  designed.  In  most  instances 
the  hardening  is  effected  in  water  and  brine :  saw-blades  are  thus  hardened,  after 
being  heated  in  melted  lead  ;  and  sabres  are  heated  in  a  choked  fire  of  charcoal,  and 
then  swung  rapidly  through  the  air.  Mint-stamps  are  hardened  in  oil.  The  common 
method  of  procedure  in  hardening  is  this  :  The  steel  is  overheated,  cooled  in  cold 
water,  and  then  annealed  or  tempered,  by  being  so  far  re-heated  that  oil  and  tallow 
will  bum  on  its  surface ;  or  the  surfaxie  is  ground  and  polished,  and  the  steel  re- 
heated until  it  assumes  a  certain  colour.  The  gradations  of  ooloor  consecutively 
follow :  a  light  straw-yellow,  violet,  blue,  and  Anally  grey  or  black,  when  the  steel 
again  becomes  as  soft  as  though  it  had  never  been  hardened. 

TBacvibBT.  A  gauge  formed  from  a  thin  piece  of  metal,  as  a  guide  to  the  fonn 
of  the  work  to  be  execut^ 

TZHT.  A  portable  locUie,  consisting  of  canvas  sustained  by  poles  and  stretched 
by  cords,  used  for  sheltering  men,  especially  soldiers  in  camp,  &om  the  weather. 
Tents  were  commonly  used  in  the  earliest  penods  of  man's  history.  The  patriarchal 
tribes  dwelt  in  tents.  Layard  describes  one  of  the  sculptured  stones  at  Mosul  as  re- 
presenting Sennacherib  seated  on  a  throne,  placed  at  the  entrance  of  a  city.  Behind 
the  king  was  the  royal  tent  supported  by  ropes,  and  an  inscription,  signifying  '  This  is 
the  tent  of  Sennacherib,  King  of  Asiyria.'  This  was  700  years  before  Christ.  We 
learn  that  Paul  was  a  tent-maker,  therefore  in  those  days  it  was  an  important  calling. 

We  have  no  space  to  enter  into  the  history  of  tents  or  describe  the  varieties  which 
have  been  used  nom  time  to  time.    A  few  words  on  modem  tents  mnst  suffice : — 

J%e  hospital  marquee  is  29  feet  long  and  14|  feet  wide  and  15  feet  high.  This  is 
supposed  to  accommodate  not  less  than  eighteen  or  more  than  twenty-fonr  men.  The 
height  of  each  tent-pole  is  13  feet  8  inches ;  the  length  of  the  ridge-pole  13  feet  10 
inches ;  the  height  of  the  tent-walls  finm  the  ^und  6  feet  4  inches.  The  weight 
of  all  the  material  of  such  a  tent  is  stated  by  Major  Bhodes  to  be  652  lbs. 

The  ventilation  of  tents  has  been  admirably  effected  by  Mr.  Doyle,  to  whom  we 
are  indebted  for  the  information  contained  in  the  following  notes  on  the  subject. 

The  old  method  of  ventilaUng  military  tents  was  very  defective.  Ventilating 
opening  were  made  at  ihe  top  of  the  tent,  but  no  means  were  provided  for  the 
admission  of  fresh  air.  The  result  wag  most  unsatisfactory,  as  may  be  gathered  from 
the  following  evidence  given  before  the  Sebastopol  Committee : — 

'The  tents  were  very  close  indeed  at  night...    When  the  tent  was  doaed  in 
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wet  ireather,  it  was  often  past  bearing.    The  men  became  funt  from  heat  and  clow- 
■ees." 

The  problem  then  vai  to  let  in  fresh  air,  and  produce  a  draft  vithont  ineon- 
reniendng  the  soldiers  as  they  slept. 

The  question  attracted  Hr.  Doyle's  notice  during  the  period  of  the  camp  at  Chobham, 
and  it  appearing  to  him  to  be  one  of  reaey  great  importaiice,  be  andertook,  with  the 
sanction  of  Lord  Baglan,  then  Haster-Geneial  of  the  Ordiiance,  to  try  the  following 
experiment: — 

jQ4^  He  caused  two  openings  to  be  made  in  the  wall  of  a  tent, 

about  4  feet  from  the  ground,  and  introduced  the  air  between 
the  wall  and  a  piece. of  lining  somewhat  resembling  a  carriage- 
pocket,  thus :  a  o,  tiie  wall  of  the  tent ;  b,  the  opening  to  admit 
..?.    air ;  c,  the  lining. 

/'  It  will  be  seen  that  air  so  introdneed  wonid  naturally  take 
an  upward  direction,  and  that  this  conunnnicating  with  the 
opemngs  at  the  top  of  the  tant,  would  probably  produce  the 

desired  effeot 

The  following  extract  from  the  report  on  this  ej^etiment 
will  show,  the  ^ctoal.result:— 

'  The  ventilators  (Mr.  Itoyle's)  were  found  of  great  use  in 
clearing  the  tent  of  the  fetid  atmosphere  consequent  upon  a 
number  of  men  sleeping  in  so  confined  a  space.  The  men  state  that  the  heavy  smell 
experienced  before  the  tent  was  altered  is  almost  banished.' 

In  subsequent  experiments  the  number  of  the  new  openings  was  increased  from  two 
to  three,  and  a  greater  amount  of  ventilafion  thus  obtained.  The  result  according  to 
an  ofBcial  letter  of  thanks  received  on  the  subject,  was  '  quite  successfuL'  The  im- 
provement has  been  since  adopted  into  the  service,  and  by  these  verjr  simple  means 
one  of  the  most  iriiitful  causes  of  sickness  among  our  soldiers  in  camp  finally  removed. 

TSWT,  a  wine,  so  called  from  the  Spanish  tinto,  '  deep-coloured,'  it  being  of  a 
deep  red  colour.    It  comes  chiefly  from  Galicia,  or  Malaga.    See  Vfnos. 

nntMnrAKlA  cHUBUXA.  The  name  of  a  tree  common  in  India,  wMch 
produces  Myrobolans.     See  Crookes's  '  Handbook  of  Dyeing.' 

TWUm-PKATS.  Iron-plate  coated  with  a  mixture  of  tin  and  lead,  instead  of 
pure  tin, 

T»»A  OOTTJU  This  term  means  literally  baied  earth.  It  is  known  in  the 
arts  as  the  material  of  the  ancient  vases,  amphone,  pnterte,  lamps,  statues,  and  bas- 
rilievi.  Monumental  vases  of  tens  cotta  have  beon  found  in  the  tombs,  after  the 
lapse  of  2,000  years,  in  a  fine  state  of  preservation.  The  ancient  tarra-cottn  vases  are 
generally  painted  black,  on  a  red  or  buff  ground;  but  on  some  there  are  blue,  yellow, 
and  other  colours.  The  style  6f  ornamentation  is  much  alike  in  all :  a  few  narrow 
lines,  or  fillets,  with  dots,  meander  fretwork,  laurel,  ivy-leaf,  and  honeysuckle 
borders,  adorning  the  rim,  neck,  and  stand  of  the  vases,  the  centre  or  body  being 
covered  with  allegorical  representations  of  gods,  men,  and  animals.  Terra  cottas  of  the 
type  of  the  early  Greek,  commonly  called  Etruscan  vases,  are  fonnd  throughout  tha 
ancient  Egyptian  cities.  The  art  of  making  the  Greek  terra  cotta  seems  to  have  be- 
come extinct,  about  IfiO  years  before  Christ.  The  modes  in  which  the  Greek  works 
were  made  have  been  subjects  of  much  controversy  among  the  learned  in  art.  The 
body,  or  substance,  appears  to  a  potter,  in  a  commercial  point  of  view,  of  the  lowest 
grade,  as  it  is  common  clay,  very  porous,  and  coarse-grained.  By  some  authors  it  is 
said  they  were  made  of  clay,  mixed  with  sand  only,  and  by  others,  with  clay  mixed 
with  cement.  The  most  probable  eondnsion  is,  that  some  were  made  of  day  only, 
some  of  clay  and  sand,  and  others  (such  as  those  of  ground  and  monumental 
character,  where  it  was  important  that  the  parts  should  be  kept  very  true  in  firing), 
of  clay  mixed  with  potsherds  and  puzzolano  or  other  detritus  of  lava.  The  woiks  are 
less  baked  than  modern  pottery,  and  it  is  doubtful  if  it  would  stand  exposure  to  the 
variations  of  such  a  climate  as  England.  Among  the  remains  of  Greek  pottery  are 
gigantic  amphora)  of  very  coarse  grain,  measuring  as  much  as  8  feet  in  length  by 
3  feet  in  diameter,  and  of  corresponding  thickness.  It  is  said  that  one  of  these 
great  vessels  was  the  tub  of  Diogenes.  Vauqnelin  gives  the  following  analysis  of 
the  Greek  terra-cotta  vases  :  silica,  £3 ;  alumina,  15 ;  lime  8 ;  oxide  of  iron,  &c.,  24. 

The  Boman  terra  cottas  are  of  an  entirely  different  character  trom  those  jost  de- 
scribed, and  consist  chiefly  of  cinerary  urns,  lamps,  and  patera;  and  these  appear 
to  have  been  moulded ;  the  ornament  is  either  incised  or  embossed,  and  odd  fsntastie 
shapes  prevail. 

Terra-cotta  works  of  an  architectural  character  ate  eonatantly  met  with  in  the 

■  BrideDce  ot  Strgeaot  Sawtoo,  artnadier  Onarls. 
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buildings  erected  in  Italy  between  tlie  I2tb  and  17th  eentories.  The  cby  sketches 
and  models  of  Michael  Aogelo,  nnd  other  great  scnlptors,  irare  Tendered  in  terra 
cottos.    Bmmante  employed  terra  cotta  in  decoration. 

The  merit  of  reTivine  in  England  the  manitfactnre  of  terra  cotta  belongs  to 
Jogiah  Wedgwood,  irho  in  1770  established  large  Trorks  in  Stafibrdahire.  About 
1790  a  pottery  iras  established  at  Lambeth  for  the  mannfacture  of  decoiatire  works ; 
and  terra  cotta  was  made  for  many  years  by  a  lady  of  the  name  of  Coode,  and  after- 
wards by  Conde  and  Sealey.  The  chief  materials  used  by  them  were  the  Dorset  and 
Devonshire  clays,  with  fine  sand,  flint,  and  potsherds.  The  chief  portion  of  the  old 
coats-of-arms  abore  the  shop-fionts  of  London  were  made  of  this  terra  cotta.  About 
fifty  years  ago,  Mr.  Bubb,  the  sculptor,  had  a  mann&ctoty  for  terra  cotta.  The  frian 
of  the  Opera  in  the  Haymarket  is  an  example  of  his  work. 

To  explain  the  mode  of  executing  any  work  in  tetra-cotta,  it  is  best  to  describe  tit* 
proper  meaning  of  the  words  '  modelling,' '  moulding,'  and  *  casting.' 

A  model  is  an  original  work  made  by  the  sculptor  in  clay,  and  worked  out  by  the 
fingers  and  small  tools  made  of  bone  and  steel,  varying  &om  about  8  to  10  inches  in 
length.  This  original  work  of  the  artist  is  allowed  to  dry,  and  then  the  moulding 
operation  commences.  This  process  is  effected  by  mixing  pUster-of-Faris  with 
water  to  the  consistency  of  thick  cream ;  this  is  spread  over  the  model,  and  when 
it  has  set  it  is  removed  in  sections,  which,  when  again  carefully  united,  form  the 
mould,  in  which  either  c^y  or  metal  can  be  cast,  and  recave  the  form  of  the  original 
vrork.  For  terra-ootta  work,  unless  many  copies  of  the  original  are  wanted,  moulds 
are  not  employed.  When  only  one  or  two  copies  of  a  work  are  required,  the  original 
models  are  built  up  in  a  cellular  manner,  they  are  then  dried  and  removed  to  a  kiln 
and  baked,  being  a  perfectly  original  work. 

When  moulding  is  performed  for  terra-cotta  works,  sheets  of  clay  are  beaten  on  a 
bench  to  the  consistency  of  glazier's  putty,  and  pressed  by  the  hand  into  the  mould ; 
according  to  the  magnitude  of  the  work  and  the  weight  it  may  have  to  sustain,  tha 
thickness  of  the  clay  is  determined  and  arranged,  and  here  consists  a  part  of  the  ait 
it  Irould  be  impossible  to  describe,  and  whidh  requires  years  of  experience  in  such 
works  to  produce  great  worics  and  fire  them  with  certainty  of  success. 

At  the  Cnrstal  Palace,  Sydenham,  are  several  large  works  manu&ctured  by  Mr.  J. 
M.  Blashfield,  who  has  extensive  terra-cotta  works  at  Stamford.  The  figure  of 
*  Australia,'  modelled  by  John  Bell,  nine  feet  in  height,  and  burnt  in  one  piece ;  the 
colossal  Tritons  modelled  by  the  same  artist,  and  other  works,  are  examples.  After 
the  moulded  article  has  bfcome  sufficiently  dry,  it  is  conveyed  to  a  kiln.  A  slow  fire 
is  first  made,  and  quickened  until  the  heat  is  sufficient  to  blend  and  partially  vitrify 
the  material  of  which  the  mass  is  composed ;  when  snfi^ently  baked,  the  kiln  is 
allowed  to  cool,  and  the  terra  cotta  is  withdrawn. 

A  very  fine  red  term  cotta,  resembling  that  imported  from  Copenhagen  and 
Belgium,  bos  within  the  last  tew  years  been  manu&ctured  at  Watcombe,  near 
Torquay,  in  Devonshire. 

TBxitA  BX  81  AN  MA  is  a  brown  fermginous  ochre,  employed  in  painting, 
obtained  from  Italy.  It  is  a  hydrous  sesquioxide  of  iron,  containing  traces  of 
arsenic;  from  which  we  may  infer  it  is  derived  mainly  &om  decomposition  of 
arsenical  pyrites.  It  is  calcined  before  being  used  as  a  pigment,  and  is  then  known 
as  burnt  sienna.  Saw  sienna  is  not  much  employed ;  it  contains  water,  which  the 
calcined  does  not.  / 

TSSSIA  TAPOmCA.    See  AcAOiA ;  Oatschv  ;  Oambob. 

TBSSmtB.    See  Tile*  and  'Enci.vsno  Tiles. 

TaSTB  are  chemical  reagents  of  any  kind,  which  indicate,  by  special  characters, 
the  composition  of  the  body  to  which  they  are  applied.  AnalyUoal  chemistry  is  based 
on  the  application  of  tests.    See  Watts's  '  Dictionary  of  Chemistry.* 

TSntAB'niSXTB,  or  Tdlurie  Bismuth.  A  teUnride  of  bismuth,  frequently  con- 
taining sulphur.    It  is  a  common  associate  of  gold. 

VMXTUtM  TJHSMXOBm  The  first  business  of  the  weaver  is  to  adapt  those  parts 
of  his  loom  which  move  the  warp  to  the  formation  of  the  various  kinds  of  ornamental 
figures  which  the  cloth  is  intended  to  exhibit.  This  subject  is  called  the  draught, 
drawing  or  reading  in,  and  the  cording  of  looms.  In  every  species  of  weaving, 
whether  direct  or  cross,  the  whole  difference  of  pattern  or  efiect  is  produced,  either 
by  the  succession  in  which  the  threads  of  warp  are  introduced  into  the  heddles,  or  by 
the  succession  in  which  those  heddles  are  moved  in  the  woiUng.  llie  heddles  being 
stretched  between  two  shafts  of  wood,  all  the  heddles  connected  by  tJie  same  shafts^ 
are  called  a  leaf;  and  as  the  operation  of  introducing  the  warp  into  any  number  of 
leaves  is  called  drawing  a  warp,  the  plan  of  succession  u  called  me  '  drau^t.'  When 
this  operation  has  been  performed  correctly,  the  next  part  of  the  weaver's  business  is 
to  connect  tha  difieient  leaves  with  the  levers  w  treddles  by  which  they  are  to  be 
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moTtd,  10  that  one  or  more  may  be  railed  or  sank  bv  erery  tnddle  taeetKMlj,  aa 
may  be  required  to  produce  the  peculiar  pattern.  These  connections  being  made  by 
coupling  the  different  parts  of  the  apparatus  by  cords,  t}iis  operation  is  called  the 
'  cording.'  In  order  to  direct  the  operator  in  this  part  of  his  business,  especially  if  pre- 
vionaly  unacquainted  with  the  particular  pattern  upon  which  he  is  empl<^red,  plans 
are  drawn  upon  paper,  specimens  of  which  will  be  found  in  Jigi.  1948,  1949,  &c. 
These  plans  are  horizontal  sections  of  a  loom,  the  heddles  being  represented  across 
the  paper  at  a,  and  the  treddles  under  them,  and  crossing  them  at  right  angles  at  b. 
lufigi.  1948  and  1949  they  are  represented  as  if  they  were  distinct  pieces  of  wood, 
those  across  being  the  under  shatt  of  each  leaf  of  heddles,  and  those  at  the  left 
band  the  treddles.  See  Wbatino.  In  actnal  weaving,  the  treddles  are  placed  at  right 
angles  to  the  heddles,  the  sinking  coids  descending  perpendicularly  as  nearly  as  poe- 
«ible  to  th6  centra  of  the  latter.    Placing  them  at  the  left  hand,  therefore,  is  only  for 
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ready  inspection,  and  for  practical  convenience.  At  e  a  few  threads  of  warp  are  shown 
as  they  pass  through  the  needles,  and  the  thick  lines  denote  the  leaf  with  which  each 
thread  is  connected.  Thus,  in  fig.  1948,  the  right-hand  thread,  next  to  a,  passes 
through  the  eye  of  a  heddle  upon  tbe  back  leaf,  and  is  disconnected  with  all  the  other 
leaves ;  the  next  thread  passes  through  a  heddle  on  the  second  leaf ;  the  third,  through 
the  third  leaf;  the  fourth,  through  tlie  fourtli  leaf;  and  the  fifth,  through  the  fifth  or 
front  leaf.  One  set  of  the  draught  being  now  completed,  the  wearer  recommences  with 
the  back  leaf,  and  proceeds  in  the  same  succession  again  to  the  front.  Two  sets  of  the 
draught  are  represented  in  this  figure,  and  the  same  succession,  it  is  understood  by 
weavers  (who  seldom  draw  more  than  one  set),  must  be  repeated  until  all  the  warp  is 
included.  When  they  proceed  to  apply  the  cords,  the  right-hand  part  of  the  plan  at 
b,  serves  as  a  guide.  In  all  the  plans  shown  by  these  figures,  excepting  one  which 
shall  be  noticed,  a  connection  must  be  formed,  by  cording,  between  every  leaf  of 
heddles  and  every  treddle :  for  all  the  leaves  must  either  rise  or  sink.  The  raising 
motion  is  effected  by  coupling  the  leaf  to  one  end  of  its  correspondent  top  lever;  the 
other  end  of  this  lever  is  tied  to  the  long  march  below,  and  this  to  the  treddle.  The 
sinking  connection  is  carried  directly  from  under  the  Ic«f  to  the  treddle.  To  diieet  a 
weaver  which  of  these  connections  is  to  be  formed  with  each  treddle,  a  black  spot  is 
placed  when  a  leaf  is  to  be  raised,  where  the  leaf  and  treddle  intersect  each  other  upon 
the  plan,  and  the  sinking  connections  are  left  blank.  !For  example,  to  cord  the  treddle 
1,  to  the  back  leaf,  put  a  raising  cord,  and  to  each  of  the  other  four,  sinking  cords ; 
for  the  treddle  2,  raise  the  second  leaf,  and  sink  the  remaining  four,  and  so  of  the  rest; 
the  spot  always  denoting  the  leaf  or  leaves  to  be  raised.  The^s.  1948  and  1949  are 
drawn  for  the  purpose  of  rendering  the  general  principle  of  this  kind  of  plans  familiar 
to  those  who  nave  not  been  previously  acquainted  with  them ;  but  those  who  have 
been  accustomed  to  manufacture  and  weave  ornamented  cloths,  never  consume  time  by 
representing  either  heddles  or  treddles  as  solid  or  distinct  bodies.  They  content  them- 
selves with  ruling  a  number  of  lines  across  a  piece  of  paper,  sufficient  to  make  the 
intervals  between  these  lines  represent  the  number  of  leaves  required.  Upon  these 
intervals,  they  merely  mark  the  succession  of  the  draught,  without  producing  eveiy 
line  to  resemble  a  thread  of  warp.  At  the  left  hand,  they  draw  as  many  lines  across 
the  former  as  will  afford  an  interval  for  each  treddle :  and  in  the  squares  produced  by 
the  intersections  of  these  lines,  tliey  place  the  dots,  spots,  or  ciphers  which  denote  the 
raising  cords.  It  is  also  common  to  continue  the  cross  lines  which  denote  the  treddle 
a  considerable  length  beyond  the  intersections,  and  to  mark  by  dots,  placed  diagonally 
in  the  intervals,  the  order  or  succession  in  which  the  treddles  are  to  be  pressed  down  in 
weaving.  The  former  of  these  modes  has  been  adopted  in  the  remaining/i^s.  to  10S7 ; 
but  to  save  room,  the  latter  has  been  avoided,  and  the  succession  marked  by  the  order 
of  the  figures  under  the  intervals  which  denote  the  tzeddles. 

Some  explanation  of  the  various  kinds  of  fandfiil  cloths  represented  by  these  plans 
may  serve  further  to  illustrate  this  subject,  which  is,  perhaps,  the  most  important  of 
any  connected  with  the  manufacture  of  cloth,  and  will  also  enable  a  person  who 
thoroughly  studies  them,  readily  to  acquire  a  competent  knowledge  of  the  other 
varieties  in  weaving,  which  are  boundless.  Fy>.  1948  and  1949  represent  the  draught 
and  cording  of  the  two  varieties  of  tweeled  cloth  wrought  with  five  leaves  of  heddks. 
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The  first  is  the  re^ar  or  mn  tveel,  which,  as  erery  leaf  rises  in  regular  saocassion, 
-while  the  rest  are  sunlc,  interweaves  the  warp  and  woof  only  at  evoiy  fifth  interral, 
and  as  the  succession  is  uniform,  the  cloth,  when  woven,  presents  the  appearance  of 
parallel  diagonal  lines,  at  an  angle  of  about  45°  over  the  whole  surface.  A  tweel  may 
have  the  r^;nlarity  of  its  diagonal  lines  broken  by  applying  the  cording  as  in  fig. 
1949.  It  will  be  observed,  that  in  both  figures  the  draught  of  the  warp  is  precisely 
the  same,  and  that  the  whole  difference  of  the  two  plans  consists  i  n  the  order  of  pladng 
the  spots  denoting  the  raising  cords,  the  first  being  regular  and  successive,  and  the 
second  alternate,  ' 
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Figt,  1950  and  1951  are  the  regular  and  broken  tweels  which  maybe  produced  with 
eight  leaves.  This  properly  is  the  tweel  denominated  '  satin '  in  the  silk  manufacture, 
although  many  webs  of  silk  wrought  with  only  five  leaves  receive  that  appellation. 
Some  of  the  finest  Florentine  silks  are  tweeled  with  sixteen  leaves.  When  the 
broken  tweel  of  eight  leaves  is  used,  the  effect  is  much  superior  to  what  could  be 
produced  by  a  smaller  number ;  for  in  this  two  leaves  are  passed  in  every  interval, 
which  gives  a  much  nearer  resemblance  to  plain  cloth  than  the  others.  For  this  reason  it 
is  preferred  in  weaving  the  finest  damasks.  The  draught  of  the  eight-leaf  tweel  differs 
in  nothing  from  the  others,  excepting  in  the  number  of  leaves.  The  difference  of  the 
cording  in  the  broken  tweel  will  appear  by  inspecting  the  ciphers  which  mark  the 
raising  cords,  and  comparing  them  with  those  of  the  broken  tweel  of  five  leaves.  Fig, 
1952  represents  the  draught  and  cording  of  striped  dimity  of  a  tweel  of  five  leaves. 
This  is  the  most  simple  species  of  fanciful  tweeling.  It  consists  of  ten  leaves,  or 
double  the  number  of  the  common  tweel.  These  ten  leaves  are  moved  by  only  five 
treddles,  in  the  same  manner  as  a  common  tweel.  The  stripe  is  formed  by  one  set  of 
the  leaves  fiushing  the  warp,  and  the  other  set,  the  woof.  The  figure  represents  a 
stripe  formed  by  ten  threads,  alternately  drawn  through  each  of  the  two  sets  of  leaves. 
In  this  case,  the  stripe  and  the  intervals  will  be  eqnally  broad,  and  what  is  the  stripe 
npon  one  side  of  the  cloth  will  be  the  interval  upon  the  other,  and  vice  verad.  But 
great  variety  of  patterns  may  bo  introduced  by  drawing  the  warp  in  greater  or  small 
portions  through  either  set.  The  tweel  is  of  the  regular  kind,  bnt  may  be  broken  by 
placing  the  cording  as  in>!^.  1949.  It  will  be  observed  that  the  c(»ding-marks  of 
the  lower  or  front  leaves  are  exactly  the  converse  of  the  other  set ;  for  where  a  raising 
mark  is  placed  upon  one,  it  is  marked  for  sinking  in  the  other ;  that  is  to  say,  the 
mark  is  omitted  ;  and  all  leaves  which  sink  in  the  one,  are  marked  for  raising  in  the 
other;  thus,  one  thread  rises  in  succession  in  the  back  set,  and  four  sink;  but  in  the 
front  set,  four  rise,  and  only  one  sinks.  The  wooi^  of  course,  passing  over  the  four 
sank  threads,  and  under  the  raised  one,  in  the  first  instance,  is  flushed  above;  but 
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where  the  reverse  takes  place,  as  in  the  second  it  is  flashed  below ;  and  thnsthe 
appearance  of  a  stripe  is  formed.  The  analogy  subsisting  between  striped  dimity  and 
domock  is  so  great,  that  before  noticing  the  plan  for  &ncy  dimity,  it  may  be  proper 
to  allude  to  the  domock,  the  plan  of  which  is  represented  by  .^.  1953. 

The  draught  of  domock  is  precisely  the  same  in  every  respect  with  that  of  striped 
dimity.  It  also  consists  of  two  sets  of  tweeling  heddles,  whether  three,  four,  or  five 
leavemre  used  for  each  set.  The  right-hand  set  of  treddles  is  also  corded  exactly  in 
the  same  way,  as  will  appear  by  comparing  them.  But  as  the  dimity  is  a  continued 
stripe  from  the  beginning  to  the  end  of  the  web,  only  five  treddles  are  required  to  more 
ten  leaves.  The  domock  being  chequer-work,  the  weaver  must  possess  the  power  of 
reversing  this  at  pleasure.  He  therefore  adds  five  more  treddles,  the  cording  of  which 
w  exactly  the  reverse  of  the  former ;  that  is  to  say,  the  back  leares,  in  the  former  case^ 
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haring  one  leaf  taised,  asd  foar  rank,  have,  by  'worUng  -with  thew  additional  tieddles, 
one  leaf  sunk  and  tarn  leaves  raised.  The  front  leaves  are  in  the  same  manner  reTorsod, 
and  the  monndng  is  complete.  So  long  as  the  Tearer  continues  to  irork  with  either 
set,  a  stripe  will  be  formed,  as  in  the  dimity ;  but  when  he  changes  his  feet  from  ono 
eat  to  the  other,  the  whole  effect  is  reversed,  and  the  chequers  formed.  The  domock 
pattern  upon  the  design-paper,  fig.  1963,  may  be  thus  explained :  let  every  square  of 
the  design  represent  five  thrrads  upon  either  set  of  the  heddles,  which  are  said  by 
weavers  to  be  once  over  the  draught,  supposing  the  tweel  to  be  one  of  five  leaves ;  draw 
three  parallel  lines,  as  under,  to  form  two  intervals,  tech  representing  one  of  the  sets; 
the  dnugbt  will  then  be  as  follows : — 


1964 


The  above  is  exactly  so  much  ot  the  pattern  as  is  there  laid  down,  to  show  its  ap- 
pearance ;  but  one  whole  range  of  the  pattern  is  comjdeted  by  the  figure  1,  nearest  Co 
the  right  hand  npon  the  lower  interval  between  the  lines,  and  the  remaining  figures, 
nearer  to  the  right,  form  the  beginning  of  a  second  range  or  set.  These  are  to  be  re- 
peated in  the  same  way  across  the  whole  warp.  The  lower  interval  represents  the 
five  front  leaves ;  the  upper  interval,  the  five  back  ones.  The  first  figure  4,  denotes 
that  five  threads  are  to  b«  successively  drawn  upon  the  back  leaves,  and  this  operation 
repeated  four  times.  The  first  figure  4,  in  the  lower  interval,  ezpressra  that  the 
some  is  to  be  done  upon  the  &ont  leaves ;  and  each  figure,  by  its  diagonal  position, 
shows  how  often,  and  in  what  succession,  five  threads  are  to  be  drawn  upon  the  leaves 
which  the  interval  in  which  it  is  placed  represents. 

Comocks  of  more  extensive  patterns  are  sometimes  woven  with  3,  4,  5,  and  even  6 
set  of  leaves ;  but  after  the  leaves  exceed  15  in  number,  they  both  occupy  an  incon- 
venient space,  and  are  very  unwieldly  to  woric.  For  these  reasons  the  diaper  harness 
is  in  almost  every  instance  preferred. 

Fig.  1965  represents  the  draught  and  cording  of  a  &nciful  species  of  dimity,  in 
which  it  will  be  observed  that  the  warp  is  not  drawn  directly  fbim  the  back  to  the 
front  leaf,  as  in  the  former  examples ;  but  when  it  has  arrived  at  either  external  leaf, 
the  draught  is  reversed,  and  returns  {gradually  to  the  other.  The  same  draught  is  fre- 
quently used  in  the  tweelin^  when  it  is  wished  that  the  diagonal  lines  should  appear 
upon  the  cloth  in  a  zigzag  direction.  This  plan  exhibits  the  draught  and  coiding  which 
will  produce  the  pattern  upon  the  design-paper  in  fy.  1948.  Were  all  the  squares 
produced  by  the  intersection  of  the  lines  denoting  the  leaves  and  treddlcs,  where  the 
raised  dots  are  placed,  filled  the  same  as  on  the  design,  they  would  produce  the  eSijct 
of  exactly  one  fourth  of  that  pattern.  This  is  caused  by  the  reversing  of  the  draught, 
which  gives  the  other  side  reversed  as  on  the  design ;  and  when  all  treddlcs,  from  1 
to  16,  have  been  successively  used  in  the  working,  one-half  of  the  pnttern  will  become 
complete.  The  wearer  then  goes  again  over  his  treddles,  in  the  reversed  order  of  the 
ntunoers,  tloia  17  to  80,  when  the  other  half  of  the  pattern  will  be  completed.  From 
this  similarity  of  the  coiding  to  the  design,  it  is  easy,  when  a  design  is  given,  to  make 
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out  the  draught  and  carding  proper  to  work  it ;  and  when  the  coiding  is  given,  to  see 
it*  affect  upon  the  design. 

F^.  1966  leptesents  the  draught  of  the  diaper  mounting,  and  tho  cording  of  the 
front  leaves  which  are  moved  b^  treddles.  From  the  plui,  it  will  appear  that  five 
threads  are  included  in  every  mail  of  the  harness,  and  that  these  are  drawn  in  single 
threads  through  the  front  leaves.  The  cording  forms  an  exception  to  the  general  mles, 
that  when  one  or  more  leaves  are  raised,  all  the  rest  must  be  sunk  ;  for  in  this  instance, 
on*  leaf  rises,  one  rinks,  and  three  remain  sta^onary.  As  additional  mark,  therefore, 
is  used  in  this  plan.  The  dots,  as  formerly,  denote  raising  cords ;  the  blanks, 
sinking  cords ;  and  where  the  cord  is  to  be  totally  omitted,  the  cross  marks  x  an 
placed. 

Fig.  1057  is  the  draught  and  cording  of  a  spot  wliose  two  sides  are  similar,  but 
WTenad.    That  upon  the  plan  forms  a  diamond,  similar  to  the  one  drawn  upon  th» 
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dtsign-^pOF  in  tiis  tliagram,  but  smaller  in  size.  The  draogbt  bore  is  revezscd,  as  ia 
the  dimity  plan,  and  the  treading  is  also  to  be  leversed,  after  arriving  at  6,  to  complete 
the  diamond.  Like  it,  too,  the  raising  marks  form  one-fourth  of  the  pattern.  In 
veaving  spots,  they  are  commonly  placed  at  intervals,  with  a  portion  of  plain  cloth 
between  them,  and  in  alternate  rows,  the  spots  of  one  row  being  between  those  of  the 
other.  But  as  intervals  of  plain  cloth  must  take  place,  both  by  the  warp  and  woof,  2 
leaves  are  added  for  that  purpose.  The  front,  or  ground  leaf,  includes  every  second 
thread  of  the  whole  warp ;  the  second,  or  plain  leaf,  that  part  which  forms  the  inter- 
vals  by  the  warp.  The  remaining  leaves  form  t^e  spots :  the  first  six  being  allotted 
to  one  row  of  spots,  and  the  second  six  to  the  next  row,  where  each  spot  is  in  the 
centre  between  the  former.    The  reversed  draught  of  the  first  is  shown  entire,  and  v 
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succeeded  by  12  threads  of  plain.  One-half  of  the  draught  of  the  next'  low  is  then' 
given,  which  is  to  be  completed  exactly  like  the  first,  and  succeeded  by  12  tbrelds 
more  of  plain  ;  when,  one  set  of  the  pattern  being  finished,  the  same  succession  is  to 
be  repeated  over  the  whole  warp.  As  spots  are  formed  by  inserting  woof  of  coarser 
dimensions  than  that  which  forms  the  fabric,  every  second  thread  only  is  allotted  for 
the  spotting.  Those  included  in  the  front,  or  ground  leaf  are  represented  by  lines, 
and  the  spot-threads  between  them,  by  marks  in  the  intervals,  as  in  the  other  plans. 

The  treddles  necessary  to  work  this  spot  are,  in  number,  14.  Of  these  the  two  in  the 
centre,  a,  b,  (fig.  1057)  when  pressed  alternately,  will  produce  plain  cloth ;  for  b  raises 
the  front  leaf,  which  includes  half  the  warp,  and  sinks  all  the  rest;  while  a  exactly 
reverses  the  operation.  The  spot-treddles  on  the  right  hand  work  the  row  contained 
in  the  first  six  spot-leaves :  and  those  upon  the  left  hand,  the  row  contained  in  the 
second  six.  In  working  spots,  one  thread,  or  shot  of  spotting-woof,  and  two  of  plain, 
are  successively  inserted,  by  means  of  two  separate  shuttles. 

Dissimilar  spots  are  those  whose  sides  are  quite  different  £K>m  each  other.  The 
draught  only  of  these  is  represented  by  fig.  1958.  The  cording  depends  entirely 
upon  the  figure. 

Fig.  1059  represents  any  solid  body  composed  of  parts  Uahei  together.  If  the 
darkened  squares  be  supposed  to  be  beams  of  wood,  connected  by  cordage,  they  will 
give  a  precise  idea  of  textile  fabric.  The  beams  cannot  come  into  actual  contact, 
because,  if  the  lathing  cords  were  as  fine  even  as  human  hairs,  thev  must  still  require 
space.  The  thickness  is  that  of  one  beam  and  one  cord ;  but  if  the  cords  touch  each 
other,  it  may  then  be  one  beam  and  two  cords ;  but  it  is  not  possible  in  practical 
weaving  to  bring  every  thread  of  weft  into  actual  contact.  It  may,  therefore,  be 
assumed,  that  the  thickness  is  equal  to  the  diameter  of  one  tliread  of  the  warp,  added 
to  that  of  one  yam  of  the  weft ;  and  when  these  are  equal,  the  thickness  of  tne  cloth 
is  double  of  that  diameter.    Denser  cloth  would  not  be  sxifBciently  pliant  or  flexible. 

Fig,  1960  is  a  representation  of 
a  section  of  cloth  of  an  open  fabric,  *"™ 

vhere  the  round  dots  which  repre- 
sent the  warp  are  placed  at  a  con- 
siderable distance  from  each  other. 

Fig.  1961  may  be  supposed  a 
plain  fabric  of  that  description 
which  approaches  the  most  nearly 
to  any  idea  we  can  form  of  the  most 
dense  or  close  contact  of  which  yarn 
can  bo  made  susceptible.  Here  the 
warp  is  supposed  to  be  so  tightly 
stretched  in  the  loom  as  to  retain 
entirely  the  parallel  state,  without 
any  curvature,  and  the  whole  ficxuro  is  tlioreforo  given  to  the  woof.  This  mode  of 
weaving  can  never  really  exist ;  but  if  the  warp  bo  sufficiently  strong  to  bear  any 
tight  stretching,  and  the  woof  be  spun  very  soft  and  flexible,  something  very  near 
it  may  be  produced.  This  way  of  making  cloth  is  well  fitted  for  those^oods  which 
require  to  give  considerable  warmth ;  but  they  ore  sometimes  the  means  of  very  gross 
fraud  and  imposition ;  for  if  the  waip  is  made  of  very  slender  threads,  and  the  woof  of 


1960 


1961 


Digitized  by 


Google 


984 


TEXTILE  FABRICS 


1963 


tOacklT  twisted  cotton  or  woollen  yam,  where  the  fibrils  of  the  8tn£^  bang  but  slightly 
bronght  into  contact,  are  rough  and  oozy,  a  great  appeaiance  of  thickness  and 
strength  may  be  given  to  the  eye,  when  the  cloth  is  absolutely  so  flimsy  that  it  may 
be  torn  asunder  as  easily  as  a  sheet  of  writing-paper.  Hany  frauds  of  this  kind  are 
practised. 

In^_.  1962  is  giren  a  representation  of  the  position  of  a  fabric  of  doth  in  section, 
as  it  is  in  the  loom  before  uie  warp  has  been  closed  upon  the  woof,  which  still  appears 
as  a  straight  line.  This  figure  may  usefully  illustrate  the  direction  and  ratio  of  con- 
traction which  must  nnarddably  take  place  in  every  kind  of  cloth,  according  to  the 
dendty  of  the  texture,  the  dimensions  of  the  threads,  and  the  description  of  the  clot}.. 
Let  A,  B,  represent  one  thread  of  woof  completely  stretched  by  the  velocity  of  the 
shntUe  in  passing  between  the  threads  of  warp  which  are  represented  by  the  round 
dots,  1,  2,  &C.,  and  those  distinguished  by  8,  9,  &c.  When  these  threads  are  closed 
by  the  operation  of  the  needles  to  form  the  inner  texture,  the  first  tendency  will  be  to 
move  in  the  direction  1  6,  2  i,  &c,  for  those  above,  and  in  that  of  8  a,  0  o,  &c.,  for 
those^ below ;  but  the  contraction  for  A,  b,  by  its  deviation  from  a  straight  to  a  curved 
line,  in  consequence  of  the  compression  of  the  warp-threads  1  i,  2  i,  &c.,  and  1  a,  2  a, 

&C.,  in  closing,  will  prodnce  by  the 
•^""*  action  of  the  two  powers  at  right 

angles  to  each  other,  the  oblique  or 
diagonal  direction  denoted  by  the 
lines  1,  8—2,  0,  to  the  left,  for  the 
threads  above,  and  that  expressed 
b^  the  lines  2,  8—8,  9,  &c,  to  the 
right,  for  the  threads  below.  Now, 
as  the  whole  deviation  is  produced 
by  the  fleznre  of  the  thread  a,  b,  if 
A  is  supposed  to  be  placed  at  the 
middle  of  the  cloth,  equidistant  from 
the  two  extremities,  ot  teltxigei  as 
they  are  called  by  weavers,  the 
thread  at  1  may  be  supposed  to 
move  really  in  the  direction  1  b,  and  all  the  others  to  approach  to  it  in  the  directions 
represented,  whilst  those  to  the  right  would  approach  in  the  same  ratio,  but  the  line 
of  approximaUon  would  be  inverted.  Fig.  1963  represents  the  common  fabric  used 
for  lawns,  muslins,  and  the  middle  kina  of  goods,  the  excellence  of  which  neither 
consists  in  the  greatest  strength,  nor  in  the  greatest  transparency.  It  is  entirely 
a  medium  between^.  1960  and/^.  1961. 

In  the  cSbrts  to  give  great  strength  and  thickness  to  cloth,  it  will  be  obvious  that 
the  common  mode  of  weaving,  by  constant  intersection  of  warp  or  woo(  aIthoa{[h  it 
may  be  perhaps  the  best  wBch  can  be  devised  for  the  former,  presents  invincible 
obstructions  to  the  latter  beyond  a  certain  limit.  To  remedy  this,  two  modes  of 
weaving  are  in  common  use,  which,  while  they  add  to  the  power  of  compressing  a 
great  company  of  materials  in  a  small  compass,  possess  the  additional  advantage  of 
affording  much  fncility  for  adding  ornament  to  the  superficies  of  the  fabric  The 
first  of  these  is  double  cloth,  or  two  webs  woven  together,  and  joined  by  the  operation. 
This  is  chiefly  used  for  carpets ;  and  its  geometrical  principles  are  entirely  the  same 
as  those  of  plain  cloth,  supposing  the  webs  to  be  sowed  together.  A  section  <^  the 
cloth  will  be  found  in,^.  1964.  See  Oasfits. 
Of  the  nmplest  kind  of  tweeled  fabric,  a  section  is  given  in  fig.  1966. 
The  great  and  prominent  advantage  of  the  tweeled  &bric  in  point  of  texture  arises 
firom  tiw  facility  with  which  a  very  great  quantity  of  materials  may  be  put  closely 
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together.  In  the  figure,  the  warp  is  represented  b^  the  dots  in  the  same  straight 
line  as  in  the  plain  ubrics ;  but  if  we  consider  the  direction  and  ratio  of  contraction, 
upon  principles  similar  to  those  laid  down  in  the  explanation  given  of  fiff.  1962,  w« 
s  shall  readily  discover  the  verv  different  way  in  which  the  tweeM  &bric  is  affected. 
When  the  dotted  lines  are  drawn  at  a,  b,  e,  d,  their  direction  of  contraction,  instead 
of  being  upon  every  second  or  alternate  thread,  is  only  upon  evenr  fifth  thread,  and  the 
natural  tendency  would  consequently  be,  to  bring  the  whole  into  the  form  represented  by 
the  lines  and  dotted  circles  at  <t,  b,  e,  d.  In  point,  then,  of  thickness,  from  the  upper 
to  the  under  superficies,  it  is  evident  that  the  whole  fabric  has  incrMsed  in  the  istio 
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of  nearly  three  to  one.  On  the  other  hand,  it  irill  appear,  that  fonr  threacb  or 
cylinders  being  thus  put  together  in  one  solid  mass,  might  be  supposed  only  one 
thread,  or  like  the  strands  of  a  rope  before  it  is  twisted ;  but,  to  remedy  this,  the 
thread  being  shifted  every  time,  the  whole  forms  a  body  in  which  much  agggregate 
matter  is  compressed ;  but  where,  being  less  firmly  united,  the  accession  of  strength 
acquired  by  the  accumulation  of  materials  is  partially  counteracted  by  the  want  of 
equal  firmness  of  junction. 

The  second  quality  of  the  twecled  fabric,  stuceptibilUff  of  receiving  ornament,  arises 
from  its  capability  of  being  inverted  at  pleasure,  as  in  Jiff.  1966.  In  this  figure,  we 
hare,  as  before,  four  thraads,  and  one  alternately  intersected;  but  here  Uie  ibnr 
threads  marked  I  and  2  are  under  the  woof,  while  those  mailed  3  and  4  are  above. 

Fiff.  1967  represents  that  kind  of  tweeled  work  which  produces  an  ornamental 
effect,    and    aads    even    to    the 

strength  of  a  fstbric,   in  so  far  1966 

as  accumulation  of  nuitter  can 
be  considered  in  that  light.  The 
figure  represents  a  piece  of  velvet 
cdt  in  section,  and  of  that  kind 

which,  being  woven  upon  a  tweeled  J967 

ground,  is  known  by  the  name  of 
Genoa  velvet  1st.  Because,  by 
combining  a  great  quantity  of 
material  in  a  small  compass,  they 
afibrd  great  warmth.  2nd.  JJVom  the  great  resistance  which  they  oppose  to  external 
friition,  they  are  very  durable.  And,  3rd.  Because,  from  the  veiy  natnre  of  the 
texture,  they  afford  the  finest  means  of  rich  ornamental  decoration. 

The  use  of  velvet  cloths  in  cold  weather  is  a  sufficient  proof  of  the  truth  of  the 
first.  The  manufacture  of  plush,  corduroy,  and  other  stuffs  for  the  dress  of  those 
exposed  to  the  accidents  of  laborious  employment,  evinces  the  second;  and  the 
ornamented  velvets  and  Wilton  carpeting  are  demonstrative  of  the  third  of  these 
positions. 

In  the  figure,  the  diagonal  form  which  both  the  warp  and  woof  of  cloth  assume,  is 
very  apparent  from  the  smallness  of  the  scale.  Besides  what  this  adds  to  the 
strength  of  the  cloth,  the  flnshed  part,  which  appears  interwoven,  at  the  darkly- 
shaded  intervals  1,  2,  &c.,  forms,  when  finished,  the  whole  covering  or  upper  surface. 
The  principle,  in  so  far  as  regards  texture,  is  entirely  the  same  as  any  otaer  tweeled 
fabric. 

Fig.  1968,  which  represents  corduroy,  or  king's  cord,  is  merely  striped  velvet.  The 
principle  is  the  same,  and  the  figure  shows  that  the  one  is  a  copy  of  the  other.  The 
remaining  figures  represent  those  kinds  of  work  which  are  of  the  most  flimsy  and 
open  description  of  texture;  those  in  which  neither  strength,  warmth,  nor  dura- 
bility are  much  required,  and  of  which  openness  and  transparency  are  the  chief 
recommendations. 

Fiff.  1069  represents  common  ganze,  or  linau,  a  snbstance  very  moch  used  for 
various  purposes.  The  essential  difference  between  this  description  of  cloth  and  all 
others,  consists  in  the  warp  being  turned  or  twisted  like  a  rope  during  the  operation 
of  weaving,  and  hence  it  bears  a  considerable  analogy  to  lace.  The  twining  of  gauze 
is  not  conUnned  in  the  same  direction,  but  is  alternately  from  right  to  left,  and  vice 
vend,  between  every  intersection 

of  the  woof.    The  fabric  of  gauze  1968 

is  always  open,  flimsy,  and  trans- 
parent ;  but  from  the  taming  of 
the  warp,  it  possesses  an  un- 
common degree  of  strength  and 

tenacity    in    proportion    to    the  19gg 

quantity  of  material  which  it  con- 
tains. This  quality,  together  with 
the  transparency  of  the  fiibric, 
renders  it  peculiarly  adapted  for  ornamental  purposes  of  varioos  kinds,  particularly 
for  flowering  or  figuring,  either  in  the  loom  or  by  the  needle.  In  the  warp  of  gauze 
there  arises  a  mudi  greater  degree  of  contraction  during  the  weaving  than  in  any 
other  species  of  cloth ;  and  this  is  produced  by  the  taming.  The  twisting  between 
every  intersection  of  weft  amounts  precisely  to  one  complete  revolution  of  both 
threads :  hence  this  difference  exists  between  this  and  every  other  species  of  weaving 
namely,  that  the  one  thread  of  waip  is  always  above  the  woof,  and  the  contigaoua 
thrMdis  always  below. 
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Fig.  1970  TspTesonU  agection  of  another  species  of  twislod  doth,  vhieh  U  known 
by  the  name  of  'catgut,'  and  -which  differs  from  the  gauie  only,  by  being  subjected  to 
a  greater  degree  of  tirine  in  weaving ;  for,  in  place  of  one  t*rolution  between  eadi 
intersection,  a  roTolution  and  n  half  are  always  given ;  and  thus  the  warp  is  alternately 
shore  and  below,  aii  in  other  kinds  of  wearing. 

Fig,  1971  is  a  superficial  representation  of  the  most  simple  kind  of  ornamental 
network  produced  in  the  loom.    It  is  called  a  whip-net  by  wearers,  who  use  tlie  term 
•  whip '  for  any  substance  interworen  in  cloth  for  anuunontal  purposes,  when  it  is  dis- 
tinct &om  the  ground  of  the 
1970  fabric.    In  this  the  diSercoeo 

is  merely  in  the  crossing  of  the 
waip;  for  it  is  Teiy  evident 
that  the  crossings  at  1,  2,  3,  4, 
and  5,  are  of  diffBrcnt  tlireads 
from  those  at  6,  7,  8,  and  0. 

Fig,  1972  represents,  super- 
ficially, what  is  called  the 
'  mail-net,'  and  is  merely  a  com- 
bination of  common  gauze  and 
the  whip-net  in  tlie  same 
fabric.  The  gauze  here  being 
in  the  same  direction  as  the 
dotted  line  in  the  former 
figure,  the  whole  fiibric  is  evi- 
dently a  continued  succession 
of  right-angle  triangles,  of 
which  tlie  woof  forms  the  basis,  the  gauze  part  the  perpondiculuv,  and  the  whip 
parts  the  hypothenuscs.  The  contraction  here  being  very  different,  it  is  nocessaiy 
that  the  gauze  and  whip  parts  should  bo  stretched  upon  separate  beams. 

In  order  to  design  ornamental  figures  upon  cloths,  the  lines  which  are  drawn  from 
the  top  to  the  bottom  of  the  paper  may  be  supposed  to  represent  the  warp ;  and  those 
drawn  across,  the  woof  of  the  web ;  any  number  of  threads  being  supposed  to  be 
included  between  every  two  lines.  The  paper  thns  forms  a  double  schIc.  by  which,  in 
the  first  instance,  the  size  and  form  of  the  pattern  may  be  determined  with  great  pre- 
cision ;  and  the  whole  subsequent  operations  of  the  wearer  regulated,  both  in  mount- 
ing and  working  his  loom.  To  enable  the  projector  of  a  new  pattern  to  judge 
I)ropcrly  of  its  effects,  when  transferred  from  the  paper  to  the  cloth,  it  will  be  essen- 
tially necessai^  that  he  should  bear  constantly  in  his  view  the  comparutiro  scale  of 
magnitude  which  the  design  will  bear  in  eiich,  regulating  his  ideas  always  by  square 
or  superficial  measurement.  Thus,  in  the  large  design,  Ju/.  1973,  representing  a  bird 
perched  upon  the  branch  of  a  tree,  it  will  be  proper,  in  tlie  flnt  place  to  count  tha 
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number  of  spaces  from  the  point  of  the  bill  to  the  extremity  of  the  tail;  and  to 
render  this  the  more  easy,  it  is  to  be  observed  that  every  tenth  lino  is  diiiwn  con- 
siderably bolder  than  the  others.  This  number  in  tlie  design  is  136  spaces.  Counting 
again,  from  the  stem  of  the  branch  to  tlio  upper  part  of  the  bird's  head,  he  will  find 
76  spaces.  Between  these  spaces,  therefore,  tho  whole  superficial  measure  of  the 
pattern  is  contained.  By  the  measure  of  the  paper,  this  ma^  be  easily  tried  with  a 
pair  of  compasses,  and  will  be  found  to  bo  nearly  6A  inches  in  length  by  3A  inches 
in  breadth.  Now,  if  this  is  to  be  w6ren  in  a  reed  containing  800  intervals  in  37 
inches,  and  if  every  interval  contains  five  threads,  supposed  to  be  contained  between 
every  two  parallel  lines,  the  length  will  be  6'24  inches,  and  the  Ineadth  3-fi2  inches 
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naarly ;  so  that  the  fignre  upon  the  doth  would  bo  very  nearly  of  tiie  aume  dimen- 
•ione  aa  that  upon  the  paper ;  but  if  a  1,200  reed  were  used,  instead  of  an  800,  the 
dimension  would  be  proportional  ly  contracted. 

A  correct  ideiv  being  formed  of  the  design,  the  wearer  may  proceed  to  mouut  his 
loom  according  to  tlie  pattern ;  and  this  is  done  by  two  persons,  one  of  whom  takoe 
from  the  design  instructions  necessary  for  the  other  to  follow  in  tying  his  cords. 
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Fiff.  1974  is  a  representation  of  the  most  simple  species  of  table  linen,  which  is 
merely  an  imitation  of  chequer-woA  of  mrious  sizes;  and  is  known  in  ScoUand, 
where  the  manufacture  is  chiefly  practised,  by  the  name  of  '  dornock.'  When  a 
pattern  is  formed  upon  tweelcd  cloth,  by  reversing  the  flushing,  the  two  sides  of  the 
fabric  being  dissimilar,  one  may  be  supposed  to  be  represented  by  the  blnck  marks, 
and  the  other  by  the  part  of  the  figure  which  is  left  uncoloured.  For  such  a  pattern 
as  this,  two  sets  of  common  tweeled-heddles,  moved  in  the  onlinanr  way,  by  a  double 
succession  of  he.ldlcs,  are  sufficient.  The  other  part  of  Jtg.  1974  is  a  design  of  that 
intermediate  kind  of  ornamental  work  which  is  called  diaper,  and  which  partakes 
partly  of  the  nature  of  the  dornock,  and  partly  of  that  of  the  damask  and  tapestiy. 
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The  principle  upon  which  all  these  descriptions  of  goods  are  woven  ii  entirely  the 
same,  and  the  only  difference  is  in  the  extent  of  the  design,  and  the  means  by  which 
It  is  executed.  Fig.  107S  is  a  design  for  a  border  of  a  handkerchief  or  napkin, 
which  may  be  executed  either  in  the  manner  of  damask,  or  as  the  spotting  is  practised 
in  the  lighter  fabrics. 

XaZTZKB  rZBXaS  COVSSVBBB.  Mr.  John  Hercer's  plan  of  transforming 
cotton  and  flax  into  fibres  of  fine  silky  texture,  while  their  strength  and  substance 
are  increased,  excited  much  interest  a  few  ^ears  since.  He  subjected  them  to  the 
action  of  caustic  alkaline  lyo,  sulphuric  acid,  or  to  solution  of  chloride  of  zinc,  of 
such  strength  and  at  such  a  temperature  as  produced  certain  remarkable  changes  in 
them,  quite  the  reverse  of  what  most  people  would  have  expected.  The  mode  of 
operating  according  to  this  invention,  upon  cloth  made  \riiolly  or  partially  of 
any  vegetable-fibres  and  bleached,  is  as  follows: — The  cloth  is  passed  through  a 
padding  machine  charged  with  caustic  soda  or  caustic  potash  at  60°  or  70''  of 
Twaddle's  hydrometer,  at  the  common  temperature  of  the  atmosphere  (say  60°  Fahr. 
or  under);  then,  without  being  dried,  it  is  washed  in  water;  and,  after  this,  it  is 
passed  through  dilute  sulphuric  acid,  and  washed  again.  Or  the  cloth  is  conducted 
over  and  under  a  series  of  rollers  in  a  cistern  containing  caustic  soda  or  caustic 
potnsh  at  40°  to  60°  Twaddle,  at  the  ordinary  temperature  (the  last  two  rollers  being 
set  BO  as  to  squeeze  the  excess  of  soda  or  potash  back  into  the  cistern) ;  and  then 
it  is  passed  over  and  under  rollers  placed  in  a,  series  of  cisterns,  which  are  charged 
at  the  commencement  of  the  operfktion  with  water  only ;  so  that  when  the  cloth 
arrives  at  the  last  cistern,  nearly  all  the  alkali  has  been  washed  out  of  it.  Alter 
the  cloth  has  either  gone  through  the  padding  machine  or  through  the  cisterns, 
it  is  washed  in  water,  passed  through  dilute  salphuric  acid,  and  again  washed  in 
water. 

When  grey  or  unbleached  cloth,  made  from  the  above-mentioned  fibrous  material, 
is  to  bo  treated,  it  is  first  Ixnled  or  steeped  in  water,  so  as  to  wet  it  thoroughly  ;  then 
most  of  the  water  is  removed  by  tlie  squeezer  or  hydro-extractor ;  and,  after  this,  it 
is  passed  through  the  soda-  or  potash-solution,  &c.,  as  before  described. 

Warps,  either  bleached  or  unbleached,  are  treated  in  the  same  manner;  bnt, 
after  passing  through  the  cistern  containing  the  alkali,  they  are  passed  .thiou^ 
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sqnoezerg  or  tlirongh  a  hole  in  a  metal  plate,  to  lemore  the  alkali ;  and  then  the  warps 
aie  condncted  through  the  water  cisterns,  ■  soared,'  and  washed,  as  before  described. 

When  thread  or  hank  yam  is  to  be  operated  npon,  the  threads  or  yams  are 
immersed  in  the  alkali  and  then  wran^  out  (as  is  nsoally  done  in  sizing  or  dyeing 
them^;  and  afterwards  thoy  are  subjected  to  the  abore-mentioned  operations  ol 
washing,  soaring,  and  washing  in  water. 

When  any  fibre  in  the  raw  state,  or  before  it  is  mannfiictaied,  is  to  be  treated,  it  is 
first  boiled  in  water,  and  then  £reed  from  most  of  .the  water  by  tbe  bydro-eztiactor 
or  a  press ;  after  which  it  is  immersed  in  the  alkaline  solotion,  and  the  excess  of 
alkali  is  remored  by  the  hydro-extractor  or  a  press ;  then  it  is  washed  in  water, 
soured  with  dilate  sulphuric  acid,  and  washed  again;  and,  finally,  the  water  is 
removed  by  the  hydro-extiactor  or  a  press. 

The  following  are  the  eflects  produced  by  the  above  operations  npon  cloth  made  of 
Tegetable  fibrous  material,  either  alone  or  mixed  with  animal  fibrous  material : — The 
doth  will  have  shrunk  in  length  and  breadth,  or  hare  become  less  in  its  external 
dimensions,  but  thicker  and  closer ;  so  that  by  the  chemical  action  of  caustic  soda  or 
caustic  potash  on  cotton  and  other  vegetable  fabrics,  an  effect  will  be  produced 
somewhat  analogous  to  that  which  is  produced  oa  woollen  by  the  process  of  falling 
or  milling ;  the  doth  will  likewise  have  acquired  greater  strength  and  firmness — 
greater  force  being  required  to  break  each  fibre — it  will  be  found  to  have  become 
nearier  than  it  was  previously  to  being  acted  upon  by  the  alkali,  if  in  both  cases 
it  be  weighed  at  the  temperature  of  60°  Fahr.,  or  under.  It  will  also  have  ac- 
quired greatly  augmented  and  improved  powers  of  receiving  colours  in  printing  and 
dyeing.        

TBAXUUM.  (%mi.  11 ;  at.  wt.  204.)  The  existence  of  a  new  elementary 
substance  in  the  deposit  formed  in  the  leaden  chambers  of  a  sulphuric-acid  factory  was 
indicated  by  Hr.  W.  Crookes  as  far  back  as  March  30, 1861.  Mr.  Crookes  announced 
his  discovery  in  the  following  terms : — 

'  In  the  year  1860,  upwards  of  10  lbs.  of  the  seleniferous  deposit  team  the  sulpbnric 
acid  manufactory  at  Tilkerodc,  in  the  Hartz  Mountains,  were  placed  at  my  dii-posal,  for 
the  purpose  of  extracting  from  it  the  selenium,  which  was  afterwards  employed  in  an 
investigation  upon  the  selenocyanides.  Some  residues  which  were  left  in  the  porifi- 
cation  of  the  crude  selenium,  and  which  from  their  reactions  appeared  to  contain 
tellurium,  were  collected  together  and  placed  aside  for  examination  at  a  more  con- 
venient opportunity.  They  remained  unnoticed  until  the  beginning  of  1862,  when, 
requiring  snme  tellurium  for  experimental  purposes,  I  attempted  its  extinction  fixim 
these  residues.  Knowing  that  the  spectra  of  the  incandescent  vapours  of  both 
selenium  and  tellurium  were  free  from  any  strongly-marked  line  which  might  lead 
to  the  identification  of  either  of  these  elements,  it  was  not  until  I  had  in  vaih  tried 
numerous  chemical  methods  for  isolating  the  tellurium  which  I  supposed  to  be 
present,  that  the  method  of  spectrum  analysis  was  used.  A  portion  of  the  residue, 
introduced  into  a  blue  gas-flame,  gave  abundant  evidence  of  seleniam ;  bnt  as  the 
alternate  light  and  dark  bands  due  to  this  element  became  fainter,  and  I  was 
expecting  the  appearance  of  the  somewhat  similar  bat  doser  bands  of  tellurium, 
suddenly  a  brigki  grem  litu  flashed  into  view  and  as  quickly  disappeared.  An 
isolated  green  line  in  this  portion  of  the  spectrum  was  new  to  me.  1  had  become 
intimately  acquainted  with  the  appearance  of  most  of  the  Artificial  spectra  during 
many  years'  investigation,  and  had  never  before  met  with  a  similar  line  to  this ;  and 
as  £rom  the  chemical  processes  through  which  this  residue  had  passed  the  elements 
which  could  possibly  be  present  were  limited  to  a  few,  it  became  of  interest  to  dis- 
cover which  of  them  occasioned  this  green  line.  After  numerous  experiments,  I 
have  been  led  to  the  conclusion  that  it  is  caused  by  the  presence  of  a  new  element, 
belonging  to  the  sulphur  group ;  but  unfortunately  the  quantity  of  material  upon 
which  I  have  been  able  to  experiment  has  been  so  small,  that  I  hesitate  to  assert  uits 
very  positively.' 

Thallium  is  a  soft  heavy  metal,  resembling  lead ;  it  melts  at  294°  C,  and  is  com- 
pletely volatile  below  a  red  heat,  both  in  the  element^  state  and  in  combination 
(except  when  united  with  a  heavy  fixed  metal).  From  its  hydrochloric  solution  it  is 
readily  predpitated  by  metallic  zinc  in  the  form  of  a  heavy  black  powder  insoluble 
in  the  acid  liquid.  Ammonia  added  very  gradually,  until  in  slight  excess,  to  its  add 
solution  gives  no  precipitate  or  colouration  whatever,  neither  does  the  addition  of 
carbonate  or  oxalate  of  ammonia  to  its  alkaline  solution.  Pry  chlorine  passed  over 
it  at  a  dull  red  heat  unites  with  it,  forming  a  readily  volatile  chloride  soluble  in  water. 
Sulphuretted  hydrogen  passed  through  ite  hydrochloric  solution  precipitates  it  in- 
completely, unless  only  a  trace  of  free  acid  is  present ;  but  in  an  alkaline  solution  an 
immediate  precipitation  of  a  heavy  black  powder  takes  place.  Fused  with  carbonate 
of  aoda  ana  nitre,  it  becomes  solnble  in  water. 


Digitized  by 


Google 


THERMOMETER  989 

Ur.  Crookes  oflervuds  found  the  new  element  in  two  or  three  speciment  of  natiTe 
sulphur,  and  especially  in  tome  specimens  from  the  Liparian  Islands.  Some  samples 
of  Spanish  pyrites  were  likewise  found  to  contain  traces  of  the  substance.  Mr.  Crookes 
called  the  new  element  Thallium  (from  6r.  tlaxx6s,  ihaUoi,  'budding  twig');  and 
described  a  process  by  which  it  may  be  separated.  Thallium  is  lUso  found  in  some 
liUiia-micas  (lepidoliU),  and  in  the  Swedish  mineral  called  CroohemU,  a  selenide  of 
copper  and  thullinm,  which  contains  as  much  us  19  per  cent,  of  thallium. 

On  May  18,  1862,  M.  Lamy  made  known  the  result  of  his  researches  and  experi- 
ments on  a  deposit  formed,  after  the  chambers  had  been  fed  for  a  considerable  time 
with  sulphurous  acid  generated  by  the  combustion  of  Bel^fion  pyrites  from  the  mines 
of  St.  Oneuz  near  Spa.  M.  Frederick  Kuhlmann,  jun.  had  extracted  soTeral 
specimens  of  selenium,  one  of  which  he  placed  at  the  disposal  of  M,  Lamy.  On 
submitting  this  specimen  to  spectrum  analysis,  M.  Lamy  observed  (early  in  1862) 
the  same  green  hue  which  had  been  the  starting-point  of  Mr.  Crookes'  researches. 
It  thus  appears  that  M.  Lamy  was  led  by  independent  observations  of  his  own  to  the 
detection  of  the  green  line-producing  body  previously  observed  by  Mr.  Crookes. 
M.  Lamy.  however;  being  fortunate  enough  to  have  a  very  considerable  amount  of 
the  thalliferous  deposit  at  his  disposal,  was  enabled  to  pursue  his  inveetigution  on  a 
proportionately  extensive  scale.  He  began  a  series  of  experiments  with  the  view  of 
isolating  the  element,  and  soon  succeeded  in  separating  very  appreciable  quantities 
of  the  new  body,  in  the  form  of  a  metallic  ingot. 

For  the  preparation  of  the  salts  of  thallium,  see  Watts's  '  Dictionary  of  Chemistry.' 

TBBBAXlf  B.    One  of  Uie  numerous  alkaloids  obtained  from  opium. 

TKBZVZ.  Syn.  Caffeine.  C"H'*N«0*  (CH'^WO*).  A  feeble  base  contained  in  tea, 
coffee,  and,  in  fact,  in  most  of  the  plants  used  in  the  manner  of  tea ;  such  as  Paraguay 
and  Ouarana  tea.    See  Caffeiks  and  Tbju 

THUrAXS'B  VltVM,  or  Cobalt  She,  is  prepared  by  digesting  the  oxide  of 
cobalt  with  nitric  acid,  evaporating  the  nitrate  of  cobalt  formed,  almost  to  dryness ; 
diluting  it  with  water,  and  Altering,  to  separate  some  arsenate  of  iron,  which  usually 
precipitates.  The  clear  liquor  is  to  be  poured  into  a  solution  of  phosphate  of  soda, 
when  an  insoluble  phosphate  of  cobalt  falls.  This  being  well  washed,  is  to  be 
intimately  mixed  in  its  soft  state  with  eight  times  its  weight  of  well-washed  gelatinous 
alumina,  which  has  been  obtained  by  pouring  a  solution  of  alum  into  water  of  am- 
monia in  excess.  The  uniformly-coloured  paste  is  to  be  spread  upon  plates,  dried  in  a 
stove,  then  bruised  dry  in  a  mortar,  enclosed  in  a  crucible,  and  subjected  to  a  cherry- 
red  heat  for  half  an  hour.  On  taking  out  the  crucible,  and  letting  it  cool,  the  fine 
blue  pigment  is  to  be  removed  into  a  bottle,  which  is  to  be  stoppered  till  used. 

The  arsenate  of  cobalt  may  be  substituted,  in  the  above  process,  for  the  phosphate, 
but  it  must  be  mixed  with  sixteen  times  its  weight  of  the  washed  gelatinous  alumina. 
The  arsenate  is  procured  by  pouring  the  dilate  nitrate  of  cobalt  into  a  solution  of 
arsenate  of  potash.  If  nitrate  of  cobalt  be  mixed  with  alumina,  and  the  mixture  be 
treated  as  above  described,  a  blue  pigment  will  also  be  obtained,  but  paler  than  the . 
preceding,  showing  that  the  colour  consists  essentially  of  alumina  stained  with  oxide 
of  cobalt.    See  Cobalt  Bixb. 

TnOBBOacA  OAOAO.  The  Cocoa  or  Cacao  tree :  tiom  the  seeds  of  which 
both  chocolate  and  cocoa  are  prepared.    See  Cocoa. 

TBBOBKOMZini  is  a  chemical  principle  found  in  cocoa-beans.  It  is  extracted 
by  boiling  with  water,  filtering,  precipitating  with  acetate  of  lead,  seporatibg  the  pre- 
cipitate after  washing  it,  and  then  decomposing  it  by  sulphuretted  hydrogen. 

TBXOXim.    See  Abietenb. 

XRSDUMOmAPHT.  A  term  proposed  by  the  Editor  of  tliis  Dictionary,  in 
Decemtier  1842,  to  express  the  'Art  of  Copying  Engravings,  &c.  on  Metal  Plates;' 
the  effect  being  due  in  all  cases  to  the  influence  of  hoat-radiations.  The  process  is 
fully  described  in  '  Besearchcs  on  Light,'  by  Jlr.  Eobert  Hunt 

THMBMOMSTxat.  An  instrument  used,  as  its  name  signifies,  as  a  measure  of 
heat  A  description  of  this  valuable  instrument  belongs  to  Riysics.  The  principle 
upon  which  it  is  constructed  depends  upon  the  expansion  of  some  fluid  or  solid  by 
heat  We  may  adopt  any  body  as  our  heat-measurer,  if  the  rate  of  expansion  is 
uniform  for  equal  increments  of  heat  and  we  determine  by  previous  experiments 
the  rate  of  expansion  to  which  it  is  subject,  and  construct  a  fixed  scale.  Usually 
either  mercury  or  spirits  of  wine  is  employed. 

Thermtmieirical  TaMe,  by  Dr.  Alfred  S.  Taylor,  F.S.S.—Tho  accompanying  ther- 
mometrical  table  by  Dr.  A.  Taylor  has  been  copied  from  a  thermometer  in  his  pos- 
session, graduated  on  the  scales  of  Fahrenheit  lUaumur,  and  Celsius,  or  the  Centigtade. 
It  has  been  designed  to  obviate  the  necessity  for  those  perplexing  calculations,  so  often 
rendered  necessary  by  the  use  of  difRirent  methods  of  graduation  in  England  and  on 
the  Continent.    In  mo«t  chemical  works^  we  find,  besides  the  rules  given  for  the  convei- 
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Chlor,  Cranoeen  tqI.  **^^_ 

Tin  and  tauL  p.  a.  m.  i  kIm  Alloy  U  T.  <  L. 

(PluDibcn'  lolder)* 

tel,  lol.  Oilarlile  lUw  bolb. 


AlloTtT.  lL.in. 

Oxallo  tthtr,  b,  l-w. 
8lllphiiriouU.l-(;botl>.        -f 


FannaphUullue,  m.,  mllor  la  T.  t  L.  melu. 
OU  of  onuisei,  b.  trOi. 

Starch  coDTeitcd  to  dextrine. 

pr.  iteam,  9  at. 
lul.  Tnrp.  T.  ^"8.    Sulphuric  add,  m  bolla. 


vr. iteaia,  10 at.        -[  ^f  -         AllojlST. <Ij.m.   AnlllneboUi. 


pr.  iteaaiiMat. 

;J72  Zlno  pulTcriiahla. 

Anenioiu  aolil  nU  i  Ballcrlooa  add  bw 
Fhenic  or  earlMlio  aod  bouj. 

Blchlor.  carbon,  b.  d.  v.  4*7. 
pr. ataam.  Hat. 

Fnlminating  metcuiT  explo^a. 
Alloy  UT.lUm. 

.3S3Alla)rUT,4L.in, 
Elaat,  Turp.  V.  tn. 


,393 


Allojl0T.4L.in.  I  !££ 


A]lojaT.4I.m. 

pr.  fltcam,  8  at. 

Alloj  8  T,  4  L.  m. 

Allof  7T.4L.  m.  170. 

|ir,iteui,;tat. 
AUorl&lT.m. 

pr.iteaiii.7aL 

AIl07  8B.»L,«T.ni. 
OUeleml,b,0'S5l, 

pr.aleain,6*ftat. 
Elart.  A.  v.  WK. 


n.eat,  Fiulbleanor. 8B.aL.nT. m.  i/|i 
Alloy  8  B.  SJ  L.  S4  T.  m.  "-"  ~ 


M.m.t.  A.  V,  191-57, 
ruhnlnatlnf  illrer  explodca. 
pr.  Bteam,  b'i  at, 

Elait.  A,  V,  lB-86, 

Elaat.  Turp,  t.  a-i. 
pr.  ateam,  A  at, 

Elart,  A.  V,  lioia. 

Elaat.  Tiurp.T,w,   SaL  nit,  lime  bolb. 
Bulphur  biuvi  ftehlT, 

Elaat.  A.  V.  114-15.  ; 
Terbromlde  Silicon,  b. 
4  pta.  nlphiirlc  aold.  and  I  pt.  water  mixed  i  nr.  iteani,  4*5  at, 

MaitJeh  reain,  m. 
Alloy  8  B.  16  L.  18  T.  m. 
,  A.  Y.  108*31 1  Temp,  of  certain  ikctorlea. 
NlooUne  dliUla. 
pr,  ateam,  4  at, 

Ekii.  A.  y,  ior4S, 

FnlmlnatbiK  gold  explodaa. 

Alloy  8  B,  M  L.  14 11  m. 


_  pr.iteam.3-8at.        -(■   '  i 

Chlor,  cyanogen,  m,  i  8, 0, 1-91,  hq    I       '  | 

Oimpe-mgar  to  Caramel. 
ElaM,A.V,«rw, 


Sat  Bit,  amnmnla  boila. 

pr,  etlam,  t  at, 
FlmcUo  aeU,  m,  i  Elaab  A.  ▼,  »-M, 


Faranaphthalln  or  anthracene  m. 

Arwnlc  vol.  i  ninir  melta  t  hydmret  of  faciuo>  l 

Bucdnie  acid  melti. 

GuD-cotton  cxplodn. 

Alloy  8  B.  a  L.  M  T.  m.  I  atrilene  b.  •«, 

AlloTii  T,  4  L.,  and  II  T.  4  L.  m. 
Sulphiuet  BoUd  I  iodine  boila,  d,  t.  S-Oi. 
Hauc  acid  m. 
Alloy 8 B, a L. ST.  m. 

Oil  of  lemona  bolli,  0848. 
OilofCaKarUlab.0-n8.    Sulphide  Hi  tragcB  exj 


-^1-  Caontehooeiae  boila. 
Elaat.  Tarp.  V.  471. 

Kaliodyl  b. 

Sat.  aoet.  potaah  boUf  i  euplon  U 

Alloy  8  T.  4  L.  m, 

.:.!2  AUoy8B,aL.18T,in. 

OxalcaoldToL  i  elalt.  Turp.  T.  art. 
AlIoy8B.aiL.a0T.ni, 

AUoy8B,aL,40T.m 

.022  Alloy  8  B.  a  L.  a  T.  m. 

Saphtha  boili  I  aUoy  8  B. »  L.  84  T.  ni..  alao  8  B.  a  L.  a  T. 

Frunian  blue  decompoied. 

Alloy  8  B,  18  L,  14  T.  m. 

Oa  of  turpentine  bolli  0«  I  dena.  T.  47. 

_;  13  Alloy  8  B.  18  L.  a  T.  m. 
Klnic  aoidm. 
Alloy  8  B.  10  L.  M  T.  m.  I  oil  Juniper  k 

Allay8B.nL.MT.in. 

BaoU  petroleum  b 

Carb,P<*..at,bo.l.  {^MfififeXS: 

.3112  £TH£RIFICATIOK  endi;  latent  hml t  ether  np. 

iJlo>'  8  B.  18  L.  8  T.  m. ;  MmphlleDC  b.  IS ;  tngaj-  of  mlUt  b. 

AflphaltQin  mclti  i  euiphor  mdtSt  d.  t.  VU. 

Zino  nwlluble. 

AUoy8B.ieL.UT.m. 

J2'J2  AUo7 a  B.  la X..  l« T.  m. 

Orpnim  oonTcrtcd  to  pUuter. 
Bulphnria  add,  I'U  b. 

Py-roxanthln  m. 

ni&it  A.  v.  ge-M. 

Tin  and  UnanUu  p.  m.  melt  i  ncc,  add  roL 
nr.  fteam  locomotive  boUen. 
.     '-'  kTll£KIFICATIO£I  bcgiuk 

Biehlorlda  mlpliar  b. 

Choleitcrino  melts. 
KImmL  a.  V.  85-47. 

OU  black  mnitard  b.  i  loaleia  add  n. 

272  VtMMfl  b.  O'W. 
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Chloride  ben:ol«  m* 


Phloridilne  lolld.    AUorBB.  lOL.  ftT.m.  130. 
Csmphoric  u  Id  r. 
pr.  >tHm.  xa  at. 

ELut.  A.  V.  6P'7X. 

Scbaclo  acid  m.  i  Elait.  alch.  v.  losi 

Bat.  mnr.  «fninoaia  boUi. 

Stt.  uct.  KKla  bolls. 

Frromeocnlc  acid  m. 

EUut.  A.  V.  eo'to. 

pr.  iteani,  S  at, 

Cinnamlc  aeUl  m.  i  caontchonc  mclti .  ^  3^. 
AlloySB.  lL.4T.in. 

Sat.  nit.  Mda  boUa. 

Sat.  ehlor.  itrontlam  bolli . 

Elan.  A.  V.  01-34. 

flrnp  btdli »  per  cent. ;  chlor.  cilclnm  lat.  bolli. 

Sat  nit.  potath  bollt  i  EU<t.  A.  V.  47t. 

Alloy  8  B.  8  Ii.  4  T.  m. 

Chloric  cthor,  I'm  bolh  i  pr.  ttcam,  ]&  at 
EUut.  A.  V.  43-t4. 


b.  I  EIa«».  alch.  T.  M-l.  11m  „ 
Fhloridxino  m, 
Elait.  A.  Y.  39-U. 

Alloy  8  B.  8  L.  S  T.  m. 

Oxalhydric  arid.  b.  1*S7S. 

,       . .  Water  of  the  Dead  3ea  boll*. 

1st.  ctrb.  loda,  chlor.  ofbarinm.  aa-t  chli>rate  potoch  boll. 

Snllvlne  m. ;  nitric  acid,  I'lS  b. 

Sat  chlor.,  cali:Iuni,  boracia  acid  Ik 

Mar.  add,  1-138  b. 
Symp  boUs  a  per  cent.  nwar. 

Chlor.  alnmlnmn  bollt  t  rater  boUi,  bar.  31 113*78. 
Olaubor  lalt  lat.  bollj. 

?J'  .     »JJ^''**'  <  wlphuric  acid  I  pr.  rtaam,  I  at.  10  ~ 
JOO  air  at  3r =137-5.1 

Elut.  A.  y.=:30  8.  Q.  6»J      Water  bolli  bar.  » In. 
Chlorldt  nitrocen  explodM. 

»r    «    «r    n^,^ .  ^'  B-  MADRID. 

W.  B.  EL  8ATTRE  (between  Dead  Be*  and  Akabah.) 
C0MAQILLA8.   Mexican  Bprlngi. 

„  W.  B.  OAVARHIG,  PYRENEES.         ^ 

Volcanic  mud  ;  JORULLO.  8.  AMERICA.  ,-, 

_.  .       Oxychlorocarbonlo  ether  b. 

Elaat  ether  np.  108 ;  Elavt.  A.  V.  S3'8«. 

W.  B.  MEXICO. 

7.471  ft.  eL 

W.  B.  SANTA  F£  DE  BOGOTA. 

ej>0ft.6L    9)  — 
Water  bolla  i  CONVENT  ST.  BERNARD. 

»J34  ft.  cl.  I; 

W.  B.  FABM  OF  ANTXS ANA.  Asd«,  13,000  ft.  d.  ~: 

„  „  Chloric  ether  b.  1-84.        f, 

W.  B.  ■ouroa  of  Oxna,  CENTRAL  ASIA.        ^ 
(15,000  ft.  eler.) 

El«t  A.  V.  13-15, 

Ocyier  Sprlnc*.  Iceland.  1 

Ela«t.  A.  V.  lit  n 

80  _' 

Heat  of  Hold,  beei'-vax.  t_ 

EUfft.  akh*  Tap.  SO  In.  B.  O.  0-813.         ~^- 


_232 


8yrup  lat.  bolls. 

Corroaive  sublimate  volatlliiciL 

Chlurldc  of  nricnic  b. 

Elast.  A.  V,  74-79. 
Marvaritic  acid  :  cattor  oil  m. 
Elsjt.alch.  V.  1661. 
Hyrup  l>'.:lii^9per  ct'ni.  sugar. 
.262  Sat.  tartrate  potaaa  boih. 

Sat.  nitrate  potass  bolls  i  beat  borne  by  Sir  J.  Banks  ard  Dr. 

COtaplen. 
Kvdriodic  acid  bolls  17  ;  also  hrdnArom.  acid,  1*8. 
Etast.  A.  V.  Gl'63  t  pimuriu  acid  m. 
^■at.  acetate  soda  boils. 
Alloy8B.8L.<JT.  m. 
_252  Nitric  add  1*  J2  boils. 

Elu-^t.  nicli.  V.  133-3  ;  dicltl.  carbon  t. 

Benzolne  melts  t  Ilyd.  acct.  acid  bcdis  (Turner). 
ElBst.  A,  V.  a5'&l. 

>[ravy  iniiriatio  ether  b. 
Eiust.  alch,  V.  llH-2. 

«>  1*1  Alloy  S  B.  B  L.  0  T.  m. 

~"   '  (iuiiiiam. 

Sulphuric  add  l'30b.;  pyroeatUcacldm. 

Vcratrine  and  bcnzainKie  m. 
Acoumulfttt-d  lomr>.  uf  air.  EnTKBURGIL 
Aoet.  ocitl  1-1(03  Ij.iils  ;  iiit.  a<:id  1-30  b. 
Sat,  mnr.  ammonia  Niil*. 
8yrup  boils  ii  per  ceut.  lueor. 


U'.l2'i 


SiiUihur  melts,  d.  v.  6'&'> :  Itenzolnc  m. 

Benzoic  acid  raclts,  d.  v.  4*27. 

Hiliciiie  m. 

Zinc  malleable  ;  heat  borne  by  Delaroehe. 

Pnt.  chlor.  sod.  boils. 

Sut.  chlor.  pot.  bolli. 

Sat.  nit.  Btrimtiu  boils. 

Sftt.  nliofl.  xxla  boil*. 

Muriatic  acid  I'Ol?  b.  :  Elost.  A.  V.  Se**. 

Ac(!umulatcd  temp,  of  fllr.  GKNEVA. 

AsiJhaltuiu  soIX  ;  iuOine  melts  |  ebist.  ether  V.  SIO. 

Phosphonn  distils. 

KiflBt.  A.  V.  ivm  inche*  mercury  i  vrape-siiKar nu 

<^>smic  af  Id  volatilised.    Sulphocyanlc  acid  b. 

Hvlvic  acid  m. 

Water  lioilil.n^i  ft.dcp. :  nctcTtiunt melts:  water bolla, har.il. 

"  .;\V.UD£AD8EAaiHl8EAOFTIBE- 


WatcrhoilaSffldep, 
1  ■,*  Water  lH»iIs  bar.  30. 

Water  Itoils  Ml  ft.  olevotioi. 
Water  botlD  1,064  ft.  clrvat ion  t  osmie  add  naltik 
Water  boita  l,Gnnfi.  clcN-ution  ;  Reiklarlk  spr. 
Water  boili  2.i:w  ft.  elevation. 

Water  lioili  2.G7S  (X.  elevation  ;  alloy  8  B.  0 1*.  3  T.  U. 
Water  lK)iU  3,2'Jl  ft,  elevation. 
Water  boils  3,7t-»fi  It.  elevation. 
Woter  l>o1l3  (.ma  ft.  elevation. 
^^'nter  boils  4  sei  ft.  elevation. 
-20*J  Woter  boils  1,411  rt.  elevation. 

Fusible  metal.  HB.  5  L.  3  T.  m.  |  chloral  b.  d.  T.  S. 

EIoMt,  alch.  vaps.  .%3. 

W.  B.  St,  Gotliard.  6,80:  ft.  elevation. 

W.  B.  Mt.  William,  AUSTRALIA,  8,100  ft.  eU 

Water  bolls  ot  (Juito.  i»,311  ft.  el. 

Sodium  melts  i  Trincheru  uprlos*,  B.  A3fERICA. 

-19-2  Water  bolls  summit  cf  Etna.  10,983  ft  eL 
Elost.  ether  vap.  lst-9 1  alch.  rap.  O't. 

Alcohol  b.  O'OG",  2j  per  cent. 

Nitric  add  r:^boUsi  alcohol  b.  0-»8, 30  pr.  0. 

Ozokerite  in. 

-183  Water  boils  Mont  BIsnc  summit,  16^830  ft.  el. 
Fan  ttf  nnono  Bath,  NAPI.KS. 
Slur*  h  (liHwilvcs  :  alch.  b.  tr-rt70.  71  per  cent. 
.A.IX-LA.CHAPF,LLE.  *i>r.  max.  t. 
Jjitcnt  heat,  petroleum  vup.,  aUooU  tnip. 
Benzole,  <rr  benzine.  Ii. 
Alcohol  bolls  0-836,  Hi  per  cent. 

Thermal  ipr.,  I.  LUCON. 
Alcohol  boils,  OTM.  also  0  dlt,  91  pcreont  to  lOB. 
.172  Naphthaline  nwlts. 


CRIAS. 
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Fltoh  mclto. 
rtponr-Uth,  llNLAItp,  max.  t, 

Pudilor.  owlKm  Tap.  fu. 

Hdenlna  m. 
EUut  A.  y.  9-M I  ether  rap.  80-3. 

Stazoh  oooTOrtcd  to  near. 

Baden  Baden  Sprlnci,  max.  t. 

CALFEE,  Iin)IE8.  max.  t. 

I^AOKfiKBS  DE  LUOBOH.epr. 

Elaeb  A.  T.  rtl,  8. 0. 0-|7 1  ether  rap.  tit. 

AlbameBegaUn*. 
„  .  ...  ¥'•*•  A.  vTew. 
Beat  orinMltr  •permaeeU. 

Ileal  of  Inldltrnliihiir. 
yapaiir.bath.Bu£lA. 
Chlorofbrm.  b.  i,  t.  41. 

KItrle  ielda-i)Hp<<.  water,  II  ptt.ftamW>.   (Q- 

Mariaaa  Sprtaio,  S.  AMERICA. 

Elart.  ether,  vap.Ut. 

BARBART,  max.  t 
AUetio  acid  m. 

Ammonia  rtn  b. 
Elait.  A.  V.  41. 

OASn  OF  MOURZOVK,  max.  t. 
FEZZ  Air,  AFRICA,  max.  U 

_.„„,. Terchlor.  dlieon.  b. 

BAONESES  DE  BI0OHRE,n>r. 
Amalgam ■  B. til.  1 T. and » mercary m.  SO. 
Concent,  mlphvile  add  tTapocatea. 
Falmltleaddm. 

PAMPAS,  80DTH  AMERICA. 
CENTRAL  ArRICA.a.  1. 1  BABSORA,  max.  t. 

FOMMCBERRT,  max.  t.       ~ 

PniME.  EGYPT.  CAPE  OF  MODW^gSS.".: 

BARBOE,  ipr. 

MADRAS,  CAIRO,  max.  t.   ^  ' 

Ournarlok  •lirini.-,  IJKKF.NI.AND.         ~ 
Amyknilj.    GDADAlA)UrK.,  max  I 
rvKIS  1793,  EQUaTOK.  max.  t. 

OUAHAXITATO  MINES.  1.700  ft.  dSpfSi  n"^ 

8TRABBUEO,  VIeJ^^.'S^^?¥»{S-,S:  {j         [ 

TEXAS,  i.t.       _ 

M.\RTrNI(<UE.  max.  t. 

,       .        STOCKHOLM,  max.  t. 

Consol.  mmea,  CORNWALL.  1.7*0  ft 

COPENUAuriN,  WARSAW',  max.  t 

EAUX  BO.VNES,  Pyrcnct^ 

max.  t.  of  SUKINAM. 

ROCIIAT.  ipr. 

IS.  MALTA.  EGYpfI'm.'f.'t:    «»_ 

Sejehcllei,  max.  t.  l-ONincHEKKY  m.  t. 

stlilanifcnlittd  Siia, 
T.^.-,.,  ^  CUMANA.m.  t. 

CEYLON,  SENEGAL.  BATAVIA.m.  t. 

CONGO.  MAKILLA.  BE.NAitC.s,  U  VV^N!\!iJi' 11 1 

BOMBAY,  nu  t.t  ITALY,  m.  ■.  t.  D^tc-tree,  VERA  CRUZ. 

Arteilu  weU  (MO  ft.),  BRAZILS,  JAMAICA,  m.  t 

RIO  JANEIRO^  m  t 

CAKTON.  MACAO:  m:  C 

Aldehyde. be,  CAEACCA&^S^lSt: 


.173i:tliTllee1oolwlb. 

float,  ether,  vop.  STS.  tloh.  h.  M  per  eeot  VUJ, 

£lMt.A.y.  11-5. 

Fhonthonij  bumi  rlolentlr  i  uetio  other  b. 
Oil  of  cedar  melt*,  CorlAtwa  Spa. 

EUft  A.  V.  10-4. 
.163  Hcftt  of  fluiditr  teed. 

Albumen  coecnl*  t  eoetie  ether  bt^b  t  FiMkivUi  ■Priiui, 
Koehbnianea.Wleiba(t«i.  CNAPlEi 

Metric  add  nwlU. 

£1a5t.  A.  v.  8-4. 

STEAU-BOATS'  EKGINE-ROOU,  W.  IKDICS. 
_      HECLA,  eerth  at  tummit. 
-163  Thermal  «pr.,  TAJURAU  AXD  RUOA. 

TPlUte  vaz  melU  t  Prrox.  eplrit  hM*. 
Wiesbadea  8pa  i  hydiiod.  ether  b.,  8.  O.  l^t. 

Plombi&rei  ipr. 

AmberBTii  m.   Peroxide  Oilor.  ezplodet. 
leehla  >OTinKi.  NAPLES  |  Lcuker  ipr.  ifiOO  ft  el. 
Aix-la-Chi^le  Spa. 
-142  Chloroform  bolli. 
Yellov  wax  meltt. 

Ammonia  (TM  bolli  i  p7rox]rUc>p.b.  0*011  dseU  A.  V.  ft74. 
Muriatic  wld  1-19  boUf. 

UPPER  EGYPT,  in  a  tent  t  Arlei  9r. 
Elart.  A.  y.  a'L4. 

Marsarie  add  melta. 
Formic  elher  b«  8.  G.  915. 
.  13S  Acetone  boUe  dgmaoetle  sfMt\ 
Oleine  boUn. 

Potaaiiam  melts  i  vapcmr-bath  endi* 
Berger  la  Tapour-bath  U  min. 

1.       JomUo  fprlnsB.  B.  AMERICA  i  MYNPOOREE,  max.  t. 
Bandi  at  8.  IWmuida,  S.  AMEklCA.  air  101'. 
St«arle  and  oleic  aeMi  (mixed)  melt,  BELBEIS,  EGYPT. 
MattoD-tnet  meltf  i  Cratereti  ipr. 

mKatakekaumcne  ipr. 
Btxracluem. 

Stearine  and  cellne  melt  i  myrlftlc  acid  m.  i  elatt.  A.  T.  TK. 

Bindphtde  carbon  b. 

Bath  iprtn^B.  max-  t. ;  mppoaed  depth  %JBO  ft    •Lftriu 

Bromine  boili  i  hot  pump  at  Bath,  dont.  Br.  V.  &'&». 

Enu  Spr.  max.  t. 

King'f  bath  at  Bath  t  taurine  m. 
.  ,.  8at>ammonIae  bollt  0^1 . 
.^''  Spermaceti  melti  \  Moicat  ipringi. 

*Duck,  Oguinea-fovl,  •raren. 

•Piceon  I  PEKIM,  max.  1. 1  VIcfar  ipr.  max.  t 

C.  ibwl  i  CroH  bath  at  Bath. 

•Blrdi,  lOar,  111*. 

Cold-bloodcd  animals  die. 

Temp,  for  iiicuhatiou  (  clast.  ether  vnp.  30  inches. 

*Shc«p  and  pig,  owl ;  phosphorus  melts. 
I AA  *A[K,  d<^.  goal ;  artificial  mcubation. 
.luz  iiAnimal*.  innu,  max.  t. :  ox.  iiifiuit  clUld. 

•.•^tltiirril,  rut,  cut.  jackal,  pantlier. 

•Bui.  Imro,  tiger,  hgric  elephant :  elast.  A.  V.  ltH, 

Warm  Uith  t-mls,  vapour-nith  commences. 

■Temp,  mail,  kite  (birtlal. 

Btooil-htat,  hcdmhoir,  dormouK. 
/ Tvpid  bath  ends,  warm  Iwith  beirin*. 
lEthcr  boil*  0721  -,  ilcun.  V.  SiS. 

Oil  of  roses  melts  ;  cococic  acid  m. 
92  PUTREFACTION  rapid.    Old  lulm  oil  m. 

VALENCIAKA  mine.  MEXICO:  Urcneilc  W^l.»l  ft. 

Elftst.  A.  V.  r36  ;  I'oWicc  mine. 

Tallow  melts. 

ACETOUS  FERMENTATIOy. 

PETE K.'^ BURG.  max.  t. :  oil  Huimces  m. 

Kaisan-yeh.  ASIA  MINOR,  4.S00  ft.  vl. 

Tepid  Inith  bt^gina.  Cocao  bultor  m.  ^n.lt(ft. 

•Tortoise,  Corniith  mintii.  Buxton  Spa,  DOLCOATH  IQKE. 


•Serpents,  SEA  EqUAT0R.M7. 
!  Nitrous  acid  IMS  boils  ;  Buxton  bntli,  J 
EQUAIXJR.  m.  t.  SIO  j  •oyster,  wmiltTrowcsH. 


,  82  Nitrous  acid  IMS  boTls  ;  Buxton  bntli.  ALGIERS,  nt 


I'hosphorus  luminoiia  in  pure  oxygen  ;  KAPy.KS. t,  i, 

Pruseic  acid  boils,  0-69.  [El.  A.  V.  1. 

Fros.  shark,  flyinjr-fish.  scorpion  (.Tropics). 

IiiAccta,  silk^wonn*  hatched,  EcrniLnaUon. 

llrititnl  Spa,  temp.  wasp. 

ME.XIOAN  MINES,  LGMft.  deco  j  SYDNEY.i.!, 

(Jlovrworm,  cricket !  PRUSSIAN  MINES,  880  ft 
_„  Arte!'ian  well,  GRENELLE.  1.100  ft.  deep. 
73  MONKWEABMOUTH  MINE,  I.MO  ft.  deeifc 
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20. 


8ASTA  CEUZ,  TENERETFE. 

Hypoii.  ether  b. :  iodine  vaporised. 

Aldehyd.  boiln  ;  Eloit.  A.  V.  0-711. 

Cotton-tree;  ALGIERS,  m.  t. 

Gippii'  Lund.  AUSTRALIA.  M.VLTA,  m.  t. 

CAPE  Ot  GOOD  HOPE,  FUNCHAI,,  ni.  t. 

EUut.  A.  V.  0-616. 

Cultivation  of  vine  eodi. 

ENGLAND,  m.  «.  t.  tad. 

TOULON,  m.t. 

_  ElMt.  A.  V.  0-M  I  RO.VIE.  NICE,  m.  t. 

iELVHU:  I.  Cm»x.  l.)  NIS.MES.  GENOA.  LUCCA,  m.  t. 

PERPIGNAN,  MONTPELIER.  m.  t. 

■Wntcrford  mmci.  774  ft.  dej!.,  MARSEILLES,  m.  I. 

LISBON,  BOLOGNA,  BORDEAUX.  AIX,  VENICE,  m.  t. 

LYONS.  VERONA.  MILAN,  ni.  I. 

P.VU.  m.  t.    LOWER  EGYPT,  w.  t. 

AMSTERDAM,  PEKIN.  NEW  YORK.  in.  t. 

NANTES.  ST.  MALO.  m.  t. 

MALTA,  w.  t.i  m.  t.  BRUSSELS. 

PENZ.4J<CE,  in.  1.    : 

Cultivfttion  of  vine  begins.  PARIS.  LONDON,  in.  t. 

El»sl.  A.  V.  0-37.  S.  G.  01. 

Salt  mines  CR.VCOW.  no  ft. ;  murintic  acid.  40  at  LiQ.1 

Sulphur,  hyd.  17  at.;  atnmunia,  6'.')  at.  i 

EDINBURGH.  BERLIN.  DUBLIN,  m.  t. 

INVER.NE.SS.  COPENHAGEN,  m.  t. 

COVE  CORK.  w.  t..  m.  t.  TORONTO. 

MONT  PERDU.  PYRENEES.  11.J65  ft.  cl. 

UPSAL.  SrOCKIIOLSI,  QUEBEC,  in.  t. 

CANADA,  m.  I.     ElMt.  A.  V.  0-all. 

CHRISTIANIA.  DRONTHEIM.  m.  t. 

llybemation  of  animal*. 

PETERSBURG,  m.  t.i  Euuiium.  I0.<>»  ft.  il. 

KASAN.m.  t. 

POLAR  SEAS.  Sftl  ft.  deep. 

BERGEN.  PADUA.  COLUMBIA,  r.  w.  t. 

MOSCOW,  m.  t.:  oils  freeic.        ALTEN.  NORWAY,  m.  t. 

Cubontc  »cia  liq.  ai  at,,  N.CAPE  LAPLAND.  L  ABR  A  DOR. 

Elast.  A.  V.  O-S  inch.  S.  G.  OOTj. 

CUMBERLAND.  HO.  N.  A.  m.  J. 

Earth,  YAKUTSK.  350  to  38J  ft.  dep. 

CIIIMBOBAZO,  18,100  ft.  el. 

MONT  BLANC.  l.'..6.-)0  ft. 

HIMALAYAS.  1B.II00  ft.  el. 

IRKUTSK. m.  t. 

SIBEIU.\,  ni.  t. 

Euth  YAKUTSK,  77  ft.  dep. 

AIR  m.  t.  POLAR  SEA. 

KOYA  ZEMBLA,  m.  t.,  PORT  ENTERPRISE,  w.  t. 

Anta^d.  Bulphnrout  acid  boils,    if. 
Oil  of  turpentlui!  freezes.    '    ■ 


Lovcat  natural  temperature  at  YAKUTSK,  in  Siberia. 
—Ji^^t"  below  this  ovale. 


CENTIGRADE  TO  FAHRENHEIT. 


Above  Ice. 
Cx  Vi*3S 


Between  Ice  and  Zero. 

LBI,Cxl-9J 


Water  boils  In  vacuo,  'crab. 

VINOUS    FERMENTATION,    butj-rine    melts,    CAIRO 

DURHAM  COAI,  HQNES,  !)00  A.  [WELL.  810  ft.  deep. 

Cocoa-nut-oil  liquid.  Matiook  both.  Grotto  del  Cane. 

CORDILLERAS.  ANDES,  m.  t.  .1.000  ft.  el. 

Matlock  snrinis.  CUMBERI.AND  COAL  MINES.  600  ft. 

SAXON  MINES,  1,210  ft.;  BukcwcU  spriiiirs.  [mander. 

f  MADEIRA,  ni.w.t.;  air  centre  of  Atl.  waters  of  the  Sca- 

iN.WLES,  m.  t.  Temp,  for  sick  rooms. 

C2    DEEP  MI.VES.  EUROPE  ;  >ca-ba;ik  of  AKuilas. 

PARAMAn'.\.  N  s.  W.  m.  t.;  LEIERS,  w.  t.i  sea  Aiorea. 

Fluoric  acid  boils,  anhyd.  chlorine  liofd.  4  at. 

Acetic  acid  cry  St.  j  Puy  dc  Dilnie.  3.6iW  ft. 

CAIRO,  w.  t.  MINES  OF  BRITTANY  MO  ft..  BERaEN.s.t. 

•Trout.  MEDITERR.VN-EAN  SEA,J,0OOf(. 

Vaucluse  Fountain,  ;«I  ft.  el. 

Artesian  well  VIENNA.  200  ft. ;  Hanwcll,  Klfl  ft. 

Camphor  floats.  Eliiat.  A.  V.  irit, 

PIC  DU  MIDI,  !),'«o  ft. ;  JERSEY,  m.  t, 
'>~    Oil  of  aniseed  solid,  muriatic  ether  boils. 

CLERMONT,  in.  t.  ;  Columbia  r.  ro.  t.  rbecins. 

ITALY,  m.  w,  1. 1  VIENNA,  m.  t. 40-5;  PUTREFACTION 

Liq.  ammou.  boils.  Sat.  at.  32  ;  STRASBITRO,  m.  t. 

W.\RSAW.  BERNE,  m.  t.        [PRAGUE,  OENE%'A,  m.  I. 

TENEKIFFE  PEAK.  12.078  ft.  el. 

ZUIIICII.  GOTTINGEN.  LABK.\DOR.  s.  t. 

Sulphurous  acid  liijf.l.  2  at. ;  protox.  nit.  50  at. ;  Cyanocen,  so 

SEA  EtJUATOR.  2.100  ft.  deep.  [at. 

..,    DEEP  SEA,  common  springs,  IIASTINGS.  w.  t. 
''    LAKE  OF  GENEVA,  1,000  It.  deep  ;  RO.ME.  w.  t. 

LAKE  LUCERNE.  6.V)  ft.  deeji :  oliectle.  PAU.  w.  t. 

St.  acid  fVccies  I  CARPATU.  MOUNr.\INS  ;  mercury  erap. 

CAPE  HORN  SIRF.iCE  OF  SEA;  max.  density  of  water. 

EDINBURGH,  u.t.        ENGLA.S'D.  ni.  w.  t.  87-S.  [w.  t. 

AUohol  boilsiu  vacuo  ;  NOVA  ZEMBLA.s.t..SHETLANi>, 

Fixed  oils  frccic  :  SOUTH  SEA.  12,180  ft.  deep. 

CAPE  HORN  SEA.i.lOon.dccp. 

Mount  Arcajus,  ASIA  MINOR.  lOJOO  ft.  el. 
"2    ICE.  chlor.  wr.  freezes,  sc.  ad.  8rd.  nydr.  trcc^rs. 

P0L.1R  SEA,  2J00  ft.  deep ;  earth  YAKUTSK,  388  ft.  deep. 

Milk  freezes. 

CARTIIAGENA,  SPAIN,  w.  1. 

Salt  water  freezes.  TOSO  ;  vinesar  freezes  ;  formic  acid  flvcxe*. 

Earth  YAKUTSK.  217  ft.  deep. 

.TUNGF'RAU,  summit.  12.725  ft. 

Blood  IrccTes.eartli  YAKL'TSK,  119  ft.  deep. 

Fluin  freezes.  HECLA  (Air)  at  summit,  5,110  ft.  el. 
'>2    oil  beriramot  freezes. 
""    Kakodyl  solid. 

oil  cinnamon  fieezcs,  oleic  acid  CcastoT  oU)  freezes. 

Wine  freezes. 

Earth  YAKUTSK,  60  ft.  dep. 

GULF  BOTHNIA  AIR,  m.  w.  t.i  Great  Bear  Lake,  m.  t. 

AIR  £3,000  ft.  elevation  above  PARIS  (at  surfbcc  97"!. 

Salt  water  freezes.  1101. 
12  RUSSIA.m.  w.  t. 

Prussic  acid  cryst.  0-69  8.  G. 

ALTEN.  NORWAY,  w.t. 

N.  I"OLE.  m.  t.  13  lielow  zero  (calc). 

Mercury  freezes.  1  40"  below  zero,  m.  w.  t.  at  NOVA 

J  Ether  boils  in  vacuo.  )    ZEMBLA  and  YAKUTSK. 
I  Carbonic  acid  freezes  14fl°  below  zero. 
f  Lowest  artiflckl  cold  obtained  by  Natterer,  -2S0»  Fahr. 

FAHRENHEIT  TO  CE.>«TIORADE. 


Bel«wZero. 
Catl-a 


Above  loe. 

F-M 

1-8 


Between  loe  and  Zero 
ai-F 


ABBBETIATI0M8. 

m.  meltf.  n.  t.  mean  tempcimtnK.  w.  winter,  i.  summer,  at.  atmoaphere.  V.  boUs.  t.  volatuiicd.  liq.  liquid, 
llqtt.  liquefied.  Ad.  add.  max.  mazlmnm.  min.  minimum.  Bol.  aolutlon.  W.  B.  water  boUs.  EL  elevatkm.  la 
nfcnuce  to  ftillble  alloys  i  B.  bismuth.  T.  tin.  L.  lead.  pr.  preaottre.  dep.  depresaion.  I.  IslantL  Vapr.  Vapour. 
Elaat.  claatlaity.  FltUd.  Fluidity.  Alch.  Aleohol.  Tttrp.  Turpentine,  dena-dcniity.  In  lecaid  to  places  mean  temp, 
la  Implied  where  aotexptessly  stated,  r.  river,  spr.  sprint.  IV.  fteeiea.  A.  Y.  Aqneona  vapour.  d.T.denlltx  of  vapour. 
8. 0.  ipaidflc  gravity.   The  Elaatlclty  oi  Vapoun  la  (iven  In  Incbei  of  Mercurr- 


TEMFERATUBES  ABOVE  THE  8GAI4E. 

Tin  and  Cadmium  m.  4430.  Tempered  steel  (straw  colour)  480'.  Sulphc  ad.  178  b.  487°.  Blemuth  m.  478°.  Tempered  atecl 
(brown)  500^.  Fixed  oils  b.  saoP.  Tempered  steel  (red  and  purple)  uoo.  Tlie  same  (blue)  MQo.  Lead  m.  81>^.  Bulphc. 
ad.  l-as  b.  648°.  Mercury  b.  681°.  Zincm.eeOo.  Onnpowder  explodes  700°.  Antimony  m.  610°.  Bed  heat  9800.  Flint 
class  m.  lOOQP.  Heat  of  common  flte  1141°.  Brasa  m.  I8690.  Silver  nu  1873o.  Copper  m.  1990°,  Gold  m.  1018°.  Oaat 
lion  s;w°.   Pure  Iron  and  platina  m,  aBO°.   Wind  ftimaee  white  beat  3300°. 
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Bion  of  tbe  degrew  of  one  scale  into  thoM  of  another,  comparatiTe  tableH,  which  hoir* 
ever,  oodtot  no  infoimation  beyond  the  bare  iact  of  the  correspondence  of  certain 
degrees.  In  this  taUe,  the  attempt  has  been  made  to  make  it  convey  information  on 
numerous  interesting  points,  connected  with  temperature  in  relation  to  climatology, 
physical  geography,  chemistry,  and  physiology. 

There  is  another  advantage  which  a  table  of  this  kind  must  possess  over  those 
hitherto  published  in  works  on  chemistry.  In  the  latter,  the  degrees  on  one  scale 
only  run  in  arithmetical  progression,  while  the  oonesponding  degrees  on  the  other 
scale  are  necessarily  given  in  fractional  or  decimal  parts,  and  at  unequal  intervals. 
Thus,  in  some  of  the  best  works  on  chemistry,  a  comparative  table  is  printed,  which 
is  only  fitted  for  the  conversion  of  the  Centigrade  into  Fahrenheit  degpwes,  so  tiiat  a 
person  wishing  to  convert  the  Fahrenheit  into  Centigrade  degrees,  would  have  to 
revert  to  one  of  the  old  formnlse  of  conversion.  This  process  must  also  be  adopted 
whenever  the  Centigrade  degrees  are  given  in  decimal  parts,  for  many  of  the  tables 
published  in  English  works  wrongly  assnme  that  the  Centigrade  degrees  are  always 
given  in  whole  numbers.  The  present  table  renders  such  calculations  nnneeessarr, 
since  the  value  of  any  degree,  or  of  any  part  of  a  degree  on  one  scale,  is  immediUely 
found  on  the  other,  by  looking  at  the  degree  in  a  parallel  line  with  it.  The  main 
divisions  will,  it  is  believed,  be  found  perfectly  accurate.  In  single  degrees  a  little 
inequality  may  be  occasionally  detected ;  but  the  error  has  not  been  found  to  be  such 
as  to  affect  the  calculated  temperature. 

Although  the  Fahrenheit  and  Centigrade  scales  are  the  two  which  are  chiefly 
used  in  Europe,  it  has  been  thought  advisable  to  carry  out  the  parallel  degrees  of 
H^aumur's  scale,  by  dots  on  the  drawing  of  the  tube.  This  table,  therefore,  com- 
prises in  itself  six  distinct  tables,  assuming  the  necessity  for  each  scale  to  be  repre- 
sented in  whole  degrees,  with  the  additional  advantages :  1st,  that  the  space  oecn|Hed 
is  smaller ;  and  i!na,  the  value  of  any  fractional  part  of  a  degree  on  one  may  be  at 
once  determined  on  the  other  two  scales. 

It  is  extraordinary,  considering  the  great  advances  which  have  been  recently  made 
in  physical  science,  and  in  the  manufacture'  of  philosophical  instruments,  that  the 
makers  of  thermometers  should  still  adhere  to  the  old  and  absurd  practice  of  maric- 
ing  on  the  Fahrenheit  scale,  the  unmeaning  words  Temperate,  Summer-heat,  Blood- 
heat,  Fever-heat,  Spirits  boil,  &c,  when  the  instrument  might  be  easily  made  to 
convey  a  large  amount  of  information  in  respect  to  climate,  as  it  is  dependent  on 
temperature. 

It  will  be  seen  that  the  table  here  published  ranges  from  12°  to  374°  Fahrenheit., 
from  —  11°  to  +  190  Centigrade,  and  from  —  9°  to  +  1620  K^umur. 

It  will  be  only  necessary  to  state  generally  those  fitcts  which  the  table  is  intended 
to  illustrate.  They  will  be  fonnd  arranged  opposite  to  their  respective  degrees,  either 
on  the  Centigrade  or  Fahrenheit  side,  according  to  the  space  afRnded. 

Tbe  facts  connected  with  temperature  placed  on  the  scale  may  be  arranged  under 
the  heads  of  Climatology,  Physical  Qeography,  Chemistry,  and  Physiology. 

Climatology.  I.  The  mean  temperatures  of  the  principal  countries,  towns,  and 
cities  in  the  world,  with  the  maxima  and  minima,  as  well  as  the  meon  summer  and 
winter  temperature  of  some  of  the  most  important  localities. 

2.  The  maximum  degrees  of  heat  and  the  minimum  degrees  of  cold  observed  on 
the  sur&ce  of  the  globe,  including  the  accumulated  temperatures  of  air  at  Edinburgh 
and  Geneva. 

Phytioal  Geographj.  1.  The  temperatnre  oi  the  atmosphere,  as  observed  on  the 
summits  of  the  principal  mountains  of  the  Old  and  New  World,  with  the  respective 
elevations  attached;  at  the  sea-level  in  various  latitudes,  from  the  Arctic  to  the 
Antarctic  Seas,  as  well  as  in  deep  mines  and  other  excavations  in  Europe  and  America. 

2.  The  temperature  of  the  ocean  at  the  surface,  and  at  various  depths  to  12,420  feet, 
including  the  temperatnre  of  the  Polar  Seas,  of  the  Mediterranean,  Atlantic  and 
Pacific,  with  the  temperature  of  the  Gulf  Stream. 

3.  The  temperatnre  of  the  waters  of  lakes  and  rivers  at  various  depths,  with  the 
respective  &thomings  attached. 

4.  The  temperatnre  of  the  strata  of  the  Mrth  at  vorioos  depths,  observed  in  some 
of  the  deepest  mines  in  the  Old  and  Kew  World. 

5.  The  temperature  of  the  water  raised  in  Artesian  wells  in  Europe  from  depths 
varying  from  260  to  1,794  feet. 

6.  'Sao  temperature  of  the  principal  thermal  springs  and  baths  observed  in  Europe^ 
Africa,  the  West  Indies,  and  South  America. 

7.  The  temperature  at  which  water  boils  at  all  the  elevated  and  inhabited  spots  in 
the  world,  including  the  summits  of  the  mountains  of  Switzerland,  South  America,  and 
Central  Asia ;  the  boiling  point  for  all  elevations  up  to  6,416  feet,  and  for  1,064  feet 
depression  below  tbe  level  of  the  sea. 
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ChemUtry.  1.  The  eTa^ntting,  bnling,  fosing',  melting,  labliming,  and  congealing 
point!  of  the  prindpnl  solids  and  liquids  in  cheuistiy,  friia.  12°  to  374°  Fahrenheit^ 
from  —  11°  to  +  100°  Centigrade  and  from  —  9  to  +  162°  B^umur,  including  the 
boiling  point*  of  the  satnrated  solntiona  of  nnmeroos  salts,  and  the  meltiiig  points  of 
a  large  nnmber  of  alloys. 

2.  The  tempemtnre  for  figrmentation  of  rariona  kinds,  malting,  patrefkction,  atheri- 
flcation,  and  other  chemical  processes. 

3.  The  boiling  points  of  alcohol  and  adds  of  rarioas  specific  gravities,  trith  the 
respective  densities  of  their  vapours. 

4.  The  pressure  or  elastic  force  of  the  vaponi  of  water,  alcohol,  <h1  of  tnipentine, 
and  ether,  at  various  temperatures. 

6.  The  temperatures,  vith  the  corresponding  pressures,  required  for  the  lique&otion 
of  the  gases. 

6.  The  temperature  for  the  explosioa  and  ignition  of  fulminating  and  combnstiblo 
substances. 

PhyiMogy.  .  1.  The  maximum  degrees  of  natural  and  artificial  heat,  and  minimum 
degrees  of  cold,  borne  by  man  and  animals. 

2.  The  temperature  of  the  body  in  man,  mammalia,  birds,  reptiles,  fishes,  and 
insects. 

3.  The  temperature  at  which  hybernation  takes  place  in  certain  animals. 

4.  The  temperature  for  the  germination  of  seeds,  incubation,  the  artificial  hatching 
of  the  ova  of  birds,  fishes,  and  insects. 

6.  The  temperature  for  the  growth  of  the  sugar-cane,  date,  indigo,  cotton-tree,  and 
for  the  cultivation  of  the  vine. 

6.  The  temperature  for  warm,  tepid,  and  vapour-baths ;  the  vapour-baths  of  Bnssia 
and  Finland. 

Thbbxohehib,  Sdf-^nguttring,  by  Photography.  The  first  person  who  in. this 
country  proposed  to  apply  photography,  and  actually  did  apply  it,  as  a  means  of 
registering  the  movements  of  the  mercury  in  the  thermometer  and  barometer,  and 
also  for  registering  the  variations  in  the  magnetic  intensity,  was  Hr.  Thomas  B. 
Jordan,  at  that  time  Secretary  to  the  Koyal  Cornwall  Polytechnic  Sode^,  The 
results  of  this  gentleman's  methods  and  the  description  of  his  plans  will  be  fbund 
in  the  Sixth  Annual  Btport  of  the  Royal  CornvxtU  PMutiehane  Safety  for  1838. 

Mr.  Bonalds,  of  the  Kew  Observatory,  also  devised  an  arrangement  for  employing 
photography  as  the  means  of  registering  meteorological  inventions,  and  subsequently 
Hr.  Charles  Brooke  perfected  a  method  which  is  now  generally  adopted. 

THSSMOSTAX  is  the  name  of  an  apparatus  for  regulating  temperature,  in 
vaporisation,  distillations,  heating  baths  or  hothouses,  and  ventilating  apartments, 
&c. ;  for  which  Dr.  Ure  obtained  a  patent  in  the  year  1881.  It  was,  in  fiict,  a  diffe- 
rential thermometer,  similar  in  construction  to  Brady's  metallic  thermometer. 

TBZASBimL  C^rHoKS*  (CV>1ra').  A  curious  alkaloid,  formed  by  the 
action  of  sulphuretted  hydrogen  on  aldehyde  ammonia. 

THZSVas'  VXvaOAX.    (£«  Vinaigre  des  quatre  Voteurt,  Fr.)   See  Asoiutic 

»'miWIITi».  {Di  a  coudre,  Er.;  Fiagerhut  (Jmgtrhaf),  Gar )  This  is  a  small  trun- 
cated metallic  cone,  deviating  little  from  a  cyliMer,  smooth  within,  symmetrically 
pitted  on  the  outside  with  numerous  rows  of  indentations,  which  is  put  upon  the  tip  of 
the  middle  finger  of  the  right  hand,  to  enable  it  to  push  the  needle  readily  and  safely 
through  cloth  or  leather,  in  the  act  of  sewing.  This  little  instrument  is  fashioned  in 
two  ways :  either  with  a  pitted  round  end,  or  without  one  ;  the  latter,  called  the  open 
thimble,  being  employed  by  tailors,  upholsterers,  and,  generally  speaking,  by  needle- 
mm.  The  following  ingenious  process  for  making  this  essential  implement,  the  con- 
trivance of  MM.  Kony  and  Berthier,  of  Paris,  has  been  much  celebrated,  and  very  sue- 
cessiUL  Sheet-iron,  one  twenty-fbnrth  of  an  inch  thick,  is  cut  into  stripe,  of  dimensiona 
suited  to  the  size  of  the  intended  thimbles.  These  strips  are  passed  under  a  punch- 
press,  whereby  they  are  cut  into  disks  of  about  2  inches  diameter,  tagged  togeUier  by 
a  taiL  Bach  strip  contains  one  dozen  of  these  blanks.  A  child  is  employed  to  make 
them  red-hot,  and  to  lay  them  on  a  mandril  nicely  fitted  to  their  size.  The  workmaa 
now  strikes  the  middle  of  each  with  a  round-faced  punch,  about  the  thickness  of  his 
finger,  and  thus  sinks  it  into  the  concavity  of  the  first  mandril.  He  then  transfers 
it  successively  to  another  mandril,  which  has  five  hollows  of  sacoesdvely  increasing 
depth ;  and,  by  striking  it  into  them,  brings  it  to  the  proper  shape. 

A  second  workman  takes  this  rude  thimble,  sticks  it  in  the  chuck  of  his  lathe,  in 
order  to  polish  it  within,  then  turns  it  outside,  marks  the  drcles  for  the  gold  ornament, 
and  indents  the  pits  most  cleverly  with  a  kind  of  milling  tool.  The  thimbles  are 
next  annealed,  brightened,  and  gut  inside,  with  a  veir  thin  cone  of  gold-leaf,  which 
is  firmly  united  to  the  siuface  of  the  iron,  simply  by  the  strong  pressure  of  a  smooth 
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•teel  mandnL  A  gold  fillet  is  applied  to  the  outdde,  in  aa  annular  space  torned  to 
teoeiTa  it,  bang  find  by  pressore  at  the  edges,  into  a  minnte  groore  formed  on  the 
lathe. 

Thimbles  are  made  in  this  conntTy  by  means  of  moulds  in  the  stamping  machine. 
See  Suimiia  or  Ukals.       

VMOJtnnrK  or  XKOWEIIM.  a  rare  metal,  discorered  in  1828  by  BeizeUns 
in  the  Norwegian  mineral  thorite,  irbich  contains  abont  fi7  per  cent,  of  Uiotina,  the 
oxide  of  this  metal,  and  where  it  is  assoeiated  with  the  oxide  of  iron,  lead,  manganese, 
tin,  and  uraninm,  besides  earths  and  alkalis.  None  of  the  componnds  of  thorinum 
find  any  use  in  the  arts. 

TMMMASi  XAJrur  AOmUi.  The  doubling  and  twisting  of  cotton  or  linen 
yam  into  a  compact  thread  for  weaving  bobbin-net,  or  for  sewing  garments,  is 
performed  by  a  machine  resembling  the  throstle  of  the  cotton-spinner.  Fiff.  1976 
shows  the  thread-frame  in  a  transrerse  section,  perpendicular  to  its  length,  a,  is  ths 
strong  firaming  of  cast  iron ;  b,  is  the  ereel,  or  shelf,  in  which  the  bobbins  of  yam  I,  i, 
are  set  loosely  upon  their  respectiye  skewers,  along  the  whole  line  of  the  machine. 


th^  lower  ends  taming  in  oiled  steps,  and  thdr  upper  in  wire-eyes ;  o,  is  a  glass  tod 
across  which  the  yam  mns  as  it  is  unwound ;  d,d,  are  oblong  narrow  troops,  lined 
with  lead  and  filled  with  water,  for  moistening  the  thread  during  its  torsion ;  the 
threads  being  made  to  pass  through  eyes  at  the  bottom  of  the  fork  <,  which  has  an 
upright  stem  for  lifting  it  out  without  wetting  the  fingers,  when  anything  goes  amiss ; 
/,/,  are  the  pressing  rollers,  the  under  one  ff,  being  of  smooth  iron,  and  Uie  upper  one 
i,  of  boxwood ;  the  former  extends  firom  end  to  end  of  the  frame,  in  lengths  com- 
prehending eighteen  threads,  which  are  joined  by  square  pieces,  as  in  the  drawing- 
loUers  of  the  mule-jeuny.  The  necks  of  the  under  rollers  are  supported  at  the  ends 
and  the  middle,  by  the  standards  t,  secured  to  s^naie  bases  ^',  both  made  of  cast  iron. 
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The  opper  cylinder  has  an  iron  axis,  and  is  fonned  of  as  maoy  rollers  as  there  are 
threads ;  eadi  roller  being  kept  in  its  place  upon  the  lower  one  by  thegnides  k,  vhosa 
vertical  elots  receive  the  ends  of  the  axis. 

The  jam  delivered  by  the  bobbin  {,  glides  over  the  rod  e,  and  descends  into  the 
tiongh  d  e,  where  it  gets  wetted ;  on  emerging,  it  goes  along  the  bottom  of  the  roller 
g,  turns  np  bo  as  to  pass  between  it  and  h,  then  turns  round  the  top  of  h,  and  finally 
proceeds  obliqnely  downwards,  to  be  wound  upon  the  bobbin  m,  after  traversing  the 
guide-eye  n.  These  guides  are  fixed  to  the  end  of  a  plate  which  may  be  turned  np 
by  a  hinge-joint  at  o,  to  make  room  for  the  bobbins  to  be  changed. 

There  are  three  distinct  simultaneous  movements  to  be  considered  in  this  machine: 
1,  that  of  the  rollers,  or  rather  of  the  under  roller,  for  the  upper  one  revolves  merely 
by  friction ;  2,  that  of  the  spindles  m,  «' ;  3,  the  up-and-down  motion  of  the  bobbins 
upon  the  spindles. 

The  first  of  these  motions  is  produced  by  means  of  toothed  wheels,  upon  the  right 
hand  of  the  under  set  of  rollers.  The  second  motion,  that  of  the  spindles,  is  efifet^ed 
by  the  drum  s,  which  extends  the  whole  length  of  the  frame,  turning  upon  the  shaft 
V,  and  communicating  its  rotatory  movement  (derived  from  the  steam-pulley)  to  the 
whorl  V  of  the  spindles,  by  means  of  the  endless  band  or  cord  d.  Each  of  these 
cords  turns  four  spindles,  two  -opon  each  side  of  the  fiame.  They  are  kept  in  a 
proper  state  of  tension  by  the  weights  e/,  which  act  tangentially  upon  the  arenlar 
arc  d,  fixed  to  the  extremity  of  the  bell-crank  lever  (ff  y,  and  draw  in  a  horizontal 
direction  the  tension  ptdleys  h,  embraced  by  the  cords.  The  third  movement,  or  the 
vertical  traverse  of  the  bobbins,  along  the  spindles  m,  takes  place  as  follows : — 

The  end  of  one  of  the  under  rollers  carries  a  pinion,  which  takes  into  a  carrier 
wheel  that  communicates  motion  to  a  pinion  upon  Uie  exttemity  of  the  shaft  m',  of  the 
heart-shaped  pulley  n'.  As  this  excentrio  revolves,  it  gives  a  reciprocating  motion  to 
the  levers  cf,  of,  which  oscillate  in  a  vertical  plane  round  the  points  p',  ^.  The 
extremities  of  these  levers  on  either  side  act  by  means  of  the  links  &,  upon  the  arms 
of  the  sliding  sockets  r',  and  cause  the  vertical  rod  i/,  to  slide  up  and  down  in  gnide- 
holes  at  t!,  u',  along  with  the  cast-iron  step  i/,  which  bears  the  bottom  washer  of  the 
bobbins.  The  periphery  of  the  heart-wheel  u',  is  seen  to  bear  upon  friction  wheels 
X,  jc",  set  in  frames  adjusted  by  screws  upon  the  lower  end  of  the  bent  levers,  at  such 
a  distance  from  the  point  j)',  as  that  the  traverse  of  the  bobbins  may  be  equal  to  the 
length  of  their  barrel. 

By  adapting  change  pinions  and  their  corresponding  wheels  to  the  rollers,  the 
delivery  of  the  yam  may  be  increased  or  diminished  in  any  degree,  so  as  to  vary  the 
degree  of  twist  put  into  it  by  the  uniform  rotation  of  the  drum  and  spindles.  The 
heart-motion  being  derived  mm  that  of  the  rollers,  will  necessarily  vary  with  it. 

Silk  thread  is  commonly  twisted  in  lengths  of  from  50  to  100  feet,  with  hand  reels, 
somewhat  similar  to  those  employed  for  making  ropes  by  hand. 

Tail X A  OCCWaaTAKIS.  A  coniferous  tree,  from  which  is  obtained  » 
yellow  body,  TTiuyin,  which  is  probably  identical  with  Quercitrin. 

TI&B  OBa>    (Ziegelerz,  uer.)    Axt  earthy  variety  of  red  oxide  of  copper. 

TIUW.  Tile-manufisctnre  is  a  very  comprehensive  term,  embracing  the  following 
varieties : — ^Paving  bricks  or  tiles,  oven-tiles,  foot  tiles,  plain  tiles,  pan  tiles,  hip  tiles, 
ridge  tiles,  circulars,  drain  tiles,  &c. 

The  clay  used  for  making  tiles  is  purer  and  stronger  than  that  used  for  making 
bricks.  When  the  clay  is  too  strong,  that  is,  too  adhesive,  it  is  mixed  with  sand 
before  passing  it  through  the  pug-miU.  As  a  usual  practice  the  clay  is  veaiheredf 
this  is  e£^tea  by  spreading  it  out  in  layers  of  about  two  inches  in  thickness  during 
the  winter,  and  each  layer  is  allowed  the  benefit  of  at  least  one  night's  frost  before  the 
succeeding  layer  is  put  over  it.  This  weathering  is  sometimes  effected  by  exposing 
the  layers  to  sunshine,  which  is  said  to  answer  equally  weU  with  frost.  What  this 
weathering  does  is  by  no  means  clear :  it  is  said  '  to  open  the  pores  of  the  clay.' 
We  believe  that  what  really  takes  place  is,  that  under  the  influences  to  which  it  is 
exposed,  the  particles  break  up  into  smaller  particles,  and  that  we  have  the  clay  in  a 
more  finely  comminuted  state.  The  next  process  is  that  of  tanpering.  After  tiie 
clay  has  been  allowed  to  'mellow,  or  ripen,  in  pits,  under  water,  it  is  passed  through 
the  pug  mill  and  well  kneaded  or  tempered.  It  is  then  dung,  that  is,  cut  into  slices 
with  a  string ;  dnring  which  process  the  stones  fall  out,  or  are  removcMl  by  the  hand ; 
it  is  then  ready  for  the  operation  of  moulding.  This  may  be  performed  by  hand,  or 
by  any  one  of  the  many  machines  which  have  been  devised. 

Fig.  1977  shows  Mr.  Hunt's  machine  for  making  tiles.  It  consists  of  two  iron 
cylinders,  round  which  webs  or  bands  of  cloth  revolve,  whereby  the  clay  is  pressed 
into  a  slab  of  uniform  thickness,  without  adhering  to  the  cylinders.  It  is  then  carried 
over  a  covered  wheel,  curved  on  the  rim,  which  gives  the  tile  the  semi-c^Iindrical  or 
other  required  form  ;  after  which  tiie  tiles  are  polished  and  finished  by  passinjp 
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through  three  iron  moulds  of  a  horso-sboe  form,  as  shown  in  the  centre  of  the  cot, 
vhile  they  are  at  the  same  time  moiatened  fiom  a  water  cinder  placed  above  them. 


The  tiles  are  next  cnt  off  to  snch  lengths  as  are  wanted,  and  carried  awaj  by  an  end- 
less web,  irtience  they  are  transferred  by  boys  to  the  drying  sheWss. 

Flat  tiles,  for  sole  pieces  to  draining  tiles,  are  formed  in  nearly  the  same  manner, 
being  divided  into  two  portions  while  passing  through  the  moidds ;  the  quantity  of 
day  used  for  one  draining  tile  being  as  much  as  for  two  soles. 

^y  hand,  the  work  is  divided  between  a  moulder  and  a  rough  moulder.  The  latter, 
a  boy,  takes  a  piece  of  clay  and  squares  it  up,  that  is,  beats  it  up  into  a  slab  nearly 
the  sh^ie  of  the  mould,  and  about  4  inches  thick,  from  which  ho  cuts  off  a  thin  slice 
the  siie  of  a  tile,  and  passes  it  to  the  moulder.  The  moulder  sands  his  stock-board, 
and,  regulating  the  thickness  of  the  tile  by  four  pegs,  on  which  the  mould  is  placed, 
he  puts  the  piece  of  clay  with  which  he  is  supplied  into  the  mould ;  he  then  smooths 
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the  surface  with  his  very  wet  hands,  removes  the  superfluous  clay,  and  moulds 
it  into  a  curved  shape.  They  are  then  placed  to  dry,  with  the  convex  side  upper- 
most ;  when  holf-d^  the  tiles  are  taken  out  one  by  one,  placed  on  the  thvxIdaMg 
frame,  and  beaten  with  the  thwacker  to  produce  the  requirod  shape ;  when  dry  they 
are  kilned. 

The  following  plan  of  a  ftamaoe,  or  lain,  for  homing  tiles  has  been  found  very 
oonvenient : — 

Fig.  1978,  front  view,  A  A,  B  b,  the  solid  walls  of  the  furnace  -,0(111,  openings  to  the 
ash-pit,  and  the  draught-hole ;  hhh,  openings  for  the  supply  of  fuel,  nrnished  with 
a  sheet-iron  door.  Fw.  1979,  plan  of  the  asn-pits  and  aii^^hannels  c  c  c.  The  prin- 
cipal branch  of  the  ash-pit  d  s  B,  is  also  the  opening  for  taking  out  the  tiles,  after 
removing  the  grate ;  s,  the  smoke-flue.  Fig.  1980,  plan  of  the  kiln  seen  from  above. 
The  grates,  b  h  a.    The  tiles  to  be  fired  are  arranged  upon  the  spaces  ////. 

Of  late  years  the  manufacture  of  encaustic  Ules  and  tessera  for  tesselated  pavements 
has  been  greatly  improved  by  Messrs.  Hinton  of  Stoke-upon-Trent,  and  Hessrs.  Haw 
and  Co.  of  Broseley  in  Shropshire.  The  production  of  such  tiles  by  Prossei's  patent  is 
Mly  described  tinder  Encatistic  Tilks. 

TZXTZWa  or  SVaak.    See  Sran. 

VOK.  (Ittain,  Fr. ;  Zinn,  Oer.)  I^Titb.  Sn ;  M.  wt.  118.  This  metal,  in  its  j)nre 
state,  has  nearly  the  colour  and  lustre  of  silver.  In  hardness  it  is  intermediate 
between  gold  and  lead ;  it  is  venr  malleable,  and  may  bo  laminated  into  finl  less  than 
the  Uiousandth  of  an  inch  in  thickness  ;  it  has  an  unpleasant  taste,  and  exhales  on 
friction  a  peculiar  odonr;  it  is  flexible  in  coda  or  straps  of  considerable  strength, 
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and  eamte  in  the  act  of  bending  a  crackling  sonnd,  called  the  'creaking  of  tin,'  as  if 
sandj  particles  trere  intermixeil.  A  small  quantity  of  lead,  or  other  metal,  deprives 
it  of  this  characteristic  quality.  Tin  melts  at  442°  Fahr.,  and  is  very  fixed  m  the 
fire  at  higher  heats.  Its  specific  gravity  is  7'29.  When  heated  to  redness  vith  £reo 
access  of  air,  it  absorbs  oxygen  with  rapidity,  and  changes  first  into  a  pulverulent 
giey  onde,  and  by  longer  ignition  into  a  yellow-white  powder,  called  'piiity  of  tin.' 
This  is  the  peroxide,  consisting  of  100  parts  of  metal  and  27*2  of  oxygen. 

Tin  has  been  known  f)nm  the  most  remote  antiquity.  It  is  proQibly  mentioned 
in  the  Soaks  of  Moses  ;  and  the  ships  of  Tarshish  ^ppear  to  have  brought  this  metal 
from  islands  eastward  of  the  Persian  Gulf  The  Pn<enicians  carried  on  a  lucrative 
trade  in  it  with  Spain  and  Cornwall. 

^nie  earliest  navigators  appear  to  have  taken  tin  from  the  east  and  from  the  we^t 
to  supply  the  wants  of  Egypt  and  of  Greece.  That  the  Phoenicians,  with  whom,  in 
those  days,  the  maritimo  trade  of  the  world  rested,  collected  tin  from  onr  own  islands 
is  certain ;  at  the  same  time  it  is  highly  probable  that  the  Indian  islands  were  another 
■onrce  ficrai  which  they  obtained  tliis  metal  in  considerable  quantities. 

'  Kauiterot'  says  Humboldt,  '  is  the  ancient  Indian  Sanskrit  word  Kastira ;  iinn 
in  German,  De»  in  Icelandic,  Tin  in  English,  and  Tenn  in  Swedish,  is  in  the  Malay 
and  Javanese  language  Jimah,  a  similarity  of  sonnd  which  reminds  us  of  that  of  the 
old  German  word  Gltisum  (the  name  given  to  transparent  amber)  to  the  modem 
GUu,  glass,  llie  names  of  articles  of  commerce  pass  from  nation  to  nadon,  and 
become  adopted  into  the  most  different  languages.  Through  the  intercourse  which 
the  Phceniciane,  by  means  of  their  factories  in  the  Persian  Gulf,  maintained  with  the 
etut  coast  of  India,  the  Sanskrit  word  Kattira  became  known  to  the  Greeks,  even 
before  Albion  and  the  British  Cassiterides  had  been  visited.' 

The  Cassiterides,  or  Tin  Islands,  have  been  supposed  to  be,  by  some,  the  Islands 
of  Scilly.  This  idea  has  been  far  too  hastily  adopted,  seeing  that  the  SciUy  Islands 
produce  no  tin.  In  all  probability  this  name  was  given  by  the  Phoenicians  to  the 
whole  of  the  western  promontory  of  Cornwall,  the  only  port  of  this  country  with 
which  they  were  acquainted,  the  name  being  without  doubt  derived  &om  the  Kaiti- 
teros  of  the  East. 

There  are  only  two  ores  of  tin:  the  peroxide,  tin-stone,  or  CauiterUe ;  and  tin 
pyrites,  sulphide  of  tin,  or  Slannine :  the  former  of  which  alone  has  been  found  in 
sufficient  abimdance  for  metallurgic  purposes.  The  external  aspect  of  tin-stone  hns 
nothing  very  remarkable.  It  occurs  sometimes  in  t^n  crystals ;  its  lustre  is  ada- 
mantine; its  colours  are  very  various,  as  white,  grey,  yellow,  red,  brown,  black; 
specific  gravity,  6-9  at  least ;  which  is,  perha^,  its  most  striking  feature.  It  does 
not  melt  by  itself  before  the  blowpipe,  but  is  reducible  in  the  smoky  flame  or  on 
charcoal.  It  is  insoluble  in  acids.  It  has  somewhat  of  a  greasy  aspect,  and  strikes 
fire  with  steel. 

This  ore  has  been  found  in  but  a  few  countries  in  a  workable  quantity.  Its  principal 
localities  are,  Cornwall,  Bohemia,  and  Saxony,  in  Europe ;  and  Malacca,  Banca,  and  Bil- 
liton,  in  Asia,  and  Australia.  The  tin  mines  of  the  Malay  Peninsula  lie  between  the 
10th  and  6th  degrees  of  south  latitude.  The  mines  in  the  island  of  Banca,  to  the  east 
of  Sumatra,  ware  discovered  in  1710.  Small  quantities  occur  in  Qalicia  in  Spain,  the 
department  of  Haute-Vienne  in  France,  and  in  the  mountain-chains  of  the  Fichtel 
and  Ricsengebirge  in  Germany.  The  columnar  pieces  of  pyramidal  tin-ore  from 
Mexico  and  Chile  are  found  in  the  alluvial  deposits.  Vast  deposits  of  tin-stone  have 
recenUy  been  discovered  in  Queensland  and  New  South  Wales,  where  the  stream-tin 
is  now  being  actively  worked.  It  has  also  been  found  at  Mount  Bischoff  in  Tasmania. 
Some  tin  has  been  recenUy  worked  in  Pern  (1874). 

The  county  of  Cornwall  is  tlie  most  important  mineral  district  of  the  United 
Kingdom  for  the  number  of  its  metalliferous  minerals,  many  of  which  are  not  found 
in  any  other  part  of  the  island.  At  a  very  early  period  of  our  history  mines  were 
worked  around  the  sea-coasts  of  Coruwall :  of  which  the  evidences  are  still  to  be  seen 
at  Tol-pedden-Penwith,  near  the  Land's  End  ;  in  Gwennap,  near  Truro ;  and  at  Cadg- 
with,  near  the  Lizard  Point  The  traditionary  statements,  that  the  Phcenicians  traded 
for  tin  with  the  Britons  in  Cornwall,  ore  very  iairly  supported  by  corroborative  facts ; 
and  it  is  not  improKiblo  that  the  Ictes,  or  Iktis,  of  the  ancients  was  St.  Michael's  Mount, 
near  Penzance,  and  other  similar  islands  on  the  coast. 

In  the  reign  of  King  John  the  mines  of  the  western  portion  of  England  appear  to 
have  been  principally  in  the  hands  of  the  Jews.  The  modes  of  working  must  ha\-e 
been  very  crude,  and  their  metallurgical  processes  exceedingly  rough.  From  time  to 
time  remains  of  furnaces,  called  Jews'  /unites,  have  been  discovered,  and  small  blocks 
of  tin,  known  as  Jews'  tin,  havn  not  unfrequently  been  found  in  the  mining  localities. 

Till  a  comparatively  recent  date,  tin  was  the  only  metal  whicli  was  sought  for ;  and  in 
many  coses  the  mines  were  abandoned  when  the  miners  came  to  the  'ytUoict'  that  was 


Digitized  by 


Google 


1000  TIN 

the  yellow  snlphide  of  copper.  A  great  quantity  of  tin  has  been  prodneed  by '  stream- 
ing '  (as  washing  the  dibrit  in  the  valleys  is  termed);  and  this  Taliety,  called  '  stream- 
tin,'  produces  the  highest  price  in  the  market.    Very  little  stream-tin  is  now  obtained. 

The  Cornish  ores  occur — 1,  in  small  strata  or  Teins,  or  in  masses;  2,  in  eongeriea 
of  small  Teins ;  8,  in  lai^  veins ;  and  4,  disseminated  in  alluvial  deposits,  as  described. 

The  stanniferous  small  veins,  or  thin  flat  masses,  though  of  small  extent,  are  some- 
times very  numerous,  interposed  between  certain  rocks,  parallel  to  their  beds,  and  are 
commonly  called  tin-floon.  In  the  mine  of  Bottalack  a  tin-fioor  has  been  found  in  the 
Idllas  (a  schistose  lock),  thirty-six  fathoms  below  the  level  of  the  sea ;  it  is  about  a 
foot  and  a  half  thick,  and  occupies  the  space  between  a  principal  vein  and  its  ramifi- 
cation ;  but  there  seems  to  be  no  connection  between  the^Ioo''  and  the  great  vein. 

2.  Stockwerkt,  as  the  Germans  term  Uie  disseminated  masses,  occur  in  granite  and 
in  the  felspar  porphyry,  called  in  Cornwall  dvan.  The  most  remarkable  of  these,  in 
the  granite,  is  at  the  tin-mine  of  C^oclase,  near  St.  Austell.  The  works  are  carried 
OD  in  the  open  air,  in  a  iriable  granite,  containing  felspar — kaolim,  or  china-clay, 
which  is  traversed  by  a  great  many  small  veins,  composed  of  tourmaline,  quartz,  amd 
a  little  tin-stone,  that  form  black  delineations  on  the  face  of  the  light-grey  granite. 
The  thickness  of  these  little  veins  rarely  exceeds  6  inches,  inclucUng  the  adhering 
solidified  granite,  and  is  occasionally  much  less.  Some  of  them  run  nearly  east  and 
west,  with  an  almost  vertical  dip ;  others,  with  the  same  direction,  incline  to  the  south 
at  an  angle  with  the  horizon  of  70  degrees. 

Stanniferous  masses  are  much  more  frequent  in  the  elvan  (porphyry) ;  of  which 
the  mine  of  Trewidden  is  a  remarkable  example.  It  was  worked  among  flattened 
masses  of  elvan,  separated  by  strata  of  killas,  which  dip  to  the  east-nortb-east  at  a 
considerable  angle.  The  tin  ore  occurred  in  small  veins,  varying  in  thickness  from 
half  an  inch  to  8  or  9  inches,  which  were  irregular,  and  so  much  interrupted  that  it 
was  difficult  to  determine  either  their  direction  or  their  inclination. 

8.  The  large  and  proper  metalliferous  veins  are  not  equally  distributed  over  the 
sur&ce  of  Cornwall  and  the  a<^oining  part  of  Devonshire  ;  but  are  grouped  into  three 
districts :  namely,  1,  In  the  south-west  of  Cornwall,  beyond  Truro ;  2,  In  the  neigh- 
bourhood of  St  Austell;  and  3,  In  the  neighbourhood  (^  Dartmoor  in  Devonshire. 

The  first  group  is  by  far  the  richest  and  the  best  explored.  The  great  tin-veins 
are  the  most  ancient  metalliferous  veins  in  Cornwall ;  yet  they  are  not  all  of  one 
formation,  but  belong  to  two  or  more  different  systems.  Their  direction  is,  however, 
nearly  the  same,  but  some  of  them  dip  towards  the  north,  and  others  towards  the 
south.  It  was  formerly  thought  by  the  Cornish  miners  that  tin  occurred  in  the  upper 
portions  of  the  mineral  lodes  only,  and  mines  were  abandoned,  when  in  sinking  the 
miners  came  to  the  '  yellows' — copper  pgritet,  which  were  said  '  to  have  cut  out  the 
tin.'  Within  the  last  few  years,  however,  tin  has  been  found  at  very  great  depths 
below  the  surface  and  beneath  the  copper.  Dolcoath  Mine  is  a  very  remarlnble 
example  of  this.  This  mine  was  first  worked  qs  a  tin  mine  for  a  very  long  period ; 
then  as  a  copper  mine  for  half  a  century ;  and  then,  upon  peraevering  in  depth,  uis  lode 
was  found  to  become  more  and  more  nch  in  tin,  which  is  now  worked  to  great  advan- 
tage.   Other  mines  in  the  same  locality  have  presented  similar  conditions. 

At  Trevaunance  Mine  the  two  systems  of  tin-veins  are,  both,  intersected  by  the 
oldest  of  the  copper- veins ;  indicating  the  prior  existence  of  the  tin-veins.    In  fig. 
iggi  1981,  b  marks  the  first  system  of  tin-veins;  c  the 

ii  r/    i       it  second;  and  d  the  east  and  west  copper-veins. 
'     ■  Some  of  these  tin-veins,  as  at  Foldice,  have  been 

traced  over  an  extent  of  two  miles  ;  and  they  vaiy 
in  thickness  from  a  small  fraction  of  an  inch  to 
several  feet,  the  'average  width  bMng  ttom  2  to  4 
feet;  though  this  does  not  continne  uniform  for 
any  length,  as  these  veins  are  subject  to  con- 
tinual narrowings  and  expansions.  The  gangue 
is  quartz,  chlorite,  tourmaline,  and  sometimes 
decomposed  granite  and  fluor-spar. 

4.  Alluvial  tin  ore,  Stream-iin. — Peroxide  of  tin  occurs  disseminated  both  in  the 
allavium  which  covers  the  gentle  slopes  of  the  hills  adjoining  the  rich'  tin  mines,  and 
also  in  the  alluvium  which  fills  the  valleys  that  wind  round  their  base ;  and  in  these 
deposits  the  tin-stone  has  been  so  abundant  that  for  centuries  the  whole  of  the  tin  of 
Comirall  was  derived  from  them ;  and  it  is  still  so  to  some  extent.  The  most 
important  explorations  of  alluvial  tin  ore  are  grouped  in  the  environs  of  St  Just  and 
St  Austell,  where  they  are  called  sirgam-uiorke,  because  water  is  the  principal  agent 
employed  to  separate  the  metallic  oxide  from  the  sand  and  gravel. 

The  most  extensive  and  productive  stream-works  were  formerly  those  of  Fontewan, 
near  St.  Austell. 
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Vig.  1983  represents  a  verbcal  section  of  the  Pentevan  deposit,  taken  &om  the 
stream-work  ^ppy  Union,  long  since  abandoned.  A  vast  excsTation,  b,  t,  u,  $,  has 
been  hollowed  out  in  the  open  air,  in  quest  of  the  aUnvial  tin  ore  T,  which  occnrs  here  at 
an  unnsnal  depth,  below  tne  level  of  the  strata  b,  i.  Before  getting  at  this  deposit, 
several  snccessire  layers  had  to  be  snnkthrongh,  namely,  1,  2,3,  the  gravel,  containing 
in  its  middle  a  band  of  ochreons  earth,  2,  or  fetmginons  day ;  4,  a  black  peat,  perfectly 
eombostible,  of  a  coarse  teztore,  composed  of  reeds  and  woody  fibres,  cemented  into 
a  mass  by  a  fine  loam ;  S,  coarse  sea-sand,  mingled  with  marine  shells ;  6,  a  blackish 
marine  mnd,  filled  with  shells.  Below  these  the  deposit  of  tin-stone  occurs,  including 
fragments  of  various  size,  of  day-slate,  flinty  slate,  quartz,  iron  ore,  jasper;  in  a  word, 
of  all  the  rocks  and  gauges  to  be  met 
with  in  the  sunoonding  territory,  1982 
with  the  exception  of  graiiits.  Among 
these  fragments  there  occnrred,  in  { 
rounded  partides,  a  coarse  qtiartzose^ 
sand,  and  the  tin-stone,  conunonly  I 
in  small  grains  and  crystals.  Be- 1 
neath  the  bed  T,  is  the  day-slate  I 
called  Jdllat  (a,  x,  t),  which  stipports  I 
all  the  deposits  of  more  recent  forma- 
tion. 

The  system  of  mining  employed) 
in  stream-works  is  veiy  simple.  The 
suoeessive  beds,  whose  thickness  is  shown  in  the  figure,  are  visibly  cut  out  into  steps 
or  platforms.  By  a  level  or  gallery  of  efflux  k,  the  waters  flow  into  the  bottom  of 
the  well  I,  m,  which  contains  the  drainage  pumps  ;  and  these  are  put  in  action  by  a 
machine  j,  moved  by  a  water-wheeL  The  extraction  of  the  ore  is  effected  by  an 
inclined  plane  t,  fut  out  of  one  of  the  sides  of  the  excavation,  at  an  angle  of  about  45 
degrees.  At  the  lower  end  of  this  sloping-  pathway  there  is  a  place  of  loading ;  and 
at  Its  upper  end  h,  a  horse-gin,  for  alternately  raising  and  lowering  the  two  baskets  of 
extraction  on  the  pathway  t. 

Mine-tin — as  distinguished  &om  Stream-tin,  the  former  being  worked  by  the  miner 
out  of  the  lode — requires  pecnliar  care  in  its  mechanical  preparation  or  dressing,  on 
account  of  the  presence  of  fordgn  metals,  itom  which,  as  we  have  stated,  stream-tin 
is  free. 

Tin  ore,  therefore,  should  be  first  of  all  pounded  very  fine  in  the  stamp-mill,  then 
subjected  to  reiterated  washings,  and  afterwards  calcined.  The  order  of  proceeding 
in  Cornwall  and  other  parts  is  folly  described  in  the  artide  Dbbsshto  of  Oees. 
See  also  RoAsrma,  for  a  description  of  the  roasting  processes. 

The  tin  ores  of  Cornwall  and  Devonshire  are  all  smelted  within  the  counties  where 
they  are  mined :  the  vessels  which  bring  the  fuel  from  Wales,  for  smelting  these  ores, 
rotom  to  Swansea  and  Neath  loaded  with  copper  ores. 

Aiutralian  Tin. — ^As  far  back  as  1849  the  Kev.  W.  B.  Clarke,  from  the  character  of 
certain  granites,  predicted  the  occurrence  of  tin  in  New  South  Wales ;  and  in  1863  he 
reported  the  actual  discovery  of  tin  ore  near  the  Severn  Biver.  It  was  not,  however, 
until  recently  that  the  tin  ore  of  New  South  Wales  and  Queensland  has  been  found 
in  snfficient  abundance  to  attract  general  attention.  In  New  South  Wales  the  tin- 
yielding  district  forms  an  elevated  plateau  of  granitic  rocks,  assodated  with  meta- 
morphic  dates  and  sandstones.  The  granite  is,  in  places,  traversed  by  veins  of 
quartz,  rich  in  tin-stone,  and  is  capped  by  a  deposit  of  tin-bearing  detritus  of  variable 
thickness.  The  stanniferous  district  extends  into  the  adjacent  colony  of  Queensland, 
the  ore  having  been  traced  over  an  area  of  about  560  square  miles  in  the  neighbour- 
hood of  the  head-waters  of  the  Severn  Biver  and  its  tributaries.  The  Queensland 
tin  occnrs  partly  in  lodes  associated  with  granitic  rocks,  and  partly  as  stream-tin  in 
beds  of  the  riven  and  in  the  alluvial  flats  on  their  banks. 

From  these  new  districts  the  following  quantities  have  been  obtained: — 

/»  Victoria. — ^Tin  has  been  found  in  the  districts  of  Beechworth,  Eoetong,  Upper 
Murray,  Burrawa  Creek,  Yackandandah,  Cudgewa  Creek,  La  Trobe  Krver,  Ccnner 
Inlet,  Chiltem,  Mansfidd,  Foster,  and  Omea.  In  all  cases  the  black  tin  has  been 
obtained  from  alluvial  deposits — generally  termed  '  black  sand.'  The  quantity  of  tin 
produced  in  Victoria  np  to  the  end  of  1873  has  been  as  follows : — 


f  TOvionsIy  up  to  December  31,  1872 
From  January  1  to  December  31,  1873 

Total        .        .        .  4,006~iy  248,960 


Tin  Ore 

Tin 

Tons   Owta, 

Ite. 

3,831      16 

139,648 

174     16 

109,312 
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The  Tin  district  of  Ifew  Btuih  IFalet  from  the  commencement  of  the  wotUngs  for 
tin  luito  the  pretWDt  time : — 

Or  Smdted  lagoto 

CwtL  Cwt8. 

1873               20,682  ....      1,838 

1873  78,300  ....    20,595 

1874  19,066  for  six  montii     .    46fi6^  fir  six  monik$. 


Queauland. 

On 

Ingoti 

Tons 

Tota 

1873 

1,440 

380  to  London 

,^ 

8^60 

20  „  Sydney 

1874  to  June 

1,630 

500  „  London 

n 

1,760 

16  „  Sydney 

Tanumia. — ^Tin  on  has  also  been  recently  diicorand  at  Mount  BischoC^  in  the 
north-western  put  of  Tasmania.  The  ore  is  not  only  found  aa  an  allurial  deposit, 
but  occois  in  a  porphyritic  rock,  resembling  some  of  the  Cornish  elrans,  and  is  in 
many  places  intimately  associated  with  a  goesany  oxide  of  iron.  It  irill  be  seen  &am 
the  general  statement  of  imports  that  a  small  qiuutity  was  sent  from  this  col<Hiy. 
Large  masses  of  tin  hare  been  found  in  the  alluyial  deposits,  evidently  derived  from 
lodes ;  and  we  understand  some  lodes  have  been  discovered. 

Tin  Dretting. — Most  of  the  tin  ores  in  Cornwall  have  to  be  roasted,  or  calcined,  be- 
fore they  are  fit  for  the  smelting-house,  althou^  in  some  mines  the  admiztme  with 
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other  minerals  is  so  trifling  that  this  operation  is  considered  unnecessary.  The  fur 
nace(/ys.  1083,  1984)  in  which  the  roostiDg  is  carried  on,  is  about  10  feet  long,  S  feet 
6  indues  wide  in  the  middle,  and  3  feet  wide  near  the  mouth.  The  fireplace,  it  will  be 
observed,  is  situated  at  the  back,  the  fiames  playing  through  the  oven  and  ascending  the 
chimney,  which  is  above  the  fiimace-door.  The  man  is  represented  in ^.  198S,as8tir- 
ring  the  ore  with  a  long  iron  rake.  The  ore,  before  it  is  submitted  to  the  action  of  the 
fixe,  is  thoroughly  dried  in  a  circnlar  pit,  placed  immediately  above  the  oven,  into  which 
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it  U  let  down  through  the  opdiuDg,  when  it  is  consideied  to  be  ready  for  calcining. 
Beneath  the  oven  and  connected  with  it  by  an  opening  through  whidi  the  ore  when 
EufiSciently  roasted  is  made  to  pass,  is  an  arched  opening  about  4  feet  wide,  termed 
the  'wriime.'  Here  the  ore  is  oollected,  whilst  another  charge  is  being  placed  in 
the  fomace.  About  7  cwts.  or  8  cwts.  of  nre  is  the  quantity  usually  roasted  at  one 
time.  Whilst  undergoing  this  operation,  dense  fumes  of  arsenic  and  sulphur  escape 
with  the  smoke  from  the  fire,  and  pass  through  large  flufs,  divided  into  several 
chambers  (^figa.  1985  to  1987)  where  the  former  is  collected.  The  flue  is  often  70 
yards  long,  and  the  greatest  deposit  of  arsenic  takes  place  at  about  IS  yards  &om  the 
oven  or  furnace.  Instead  of  b«ing  at  once  completely  roasted,  the  '  whits'  from  the 
stamps  are  sometimes  first  '  raj; '  (or  partially)  burnt,  for  about  six  or  eight  hours. 
The  object  of  this  partial  burning  is  to  save  time  and  expense,  nearly  three-fourths  of 
it  being  thrown  away  after  dresmng  it  from  the  first  burning. 


1986 


1986 


The  machine  called  originally  'Bmnton's  Patent  Calciner'  {fig.  1988),  for  cal- 
cining tin  ore,  is  gradually  coming  into  use  in  Cornwall,  and  is  adopted  in  many  of 
the  larger  mines.  Its  operation  may  be  thus  briefly  described  : — A  revolving  drculiir 
table,  usually  8  feet  or  10  feet  in  diameter,  turned  by  a  water-wheel,  receives 
through  the  hopper  the  tin-stuff  to  be  roasted  or  calcined.  The  frame  of  the  table  is 
made  of  ciist  iron,  with  bands,  or  rings,  of  wrought  iron,  on  which  rests  the  fire-bricks 
composing  the  smr&ce  of  the  table.  The  flames  from  each  of  the  two  fireplaces  pass 
over  the  ore  as  it  lies  on  the  table,  which  slowly  revolves  at  the  rate  of  about  once  in 
every  quaiter  of  an  hour.  In  the  top  of  the  dome,  over  the  table,  are  fixed  three 
cast-iron  frames,  called  the  '  spider,'  from  which  depend  nnmerons  iron  coulters,  or 
teeth,  which  stir  up  the  tin-stuff,  as  it  is  carried  round  under  them.  The  coulters  on 
ODe  of  the  arms  of  the  '  spider'  are  fixed  obliquely,  so  as  to  turn  the  ore  downwards 
from  one  to  the  other — the  last  one  at  the  circumference  of  the  table,  projecting  the 
ore  (by  this  time  fully  calcined)  over  the  edge,  into  one  of  the  two  '  wrinkles' 
beneath.  A  simple  apparatus  called  the  '  batterfly,'  moved  by  a  handle  outside  the 
building,  diverts  the  stream  of  roasted  tin-stuff,  as  it  falls  from  the  table,  either  into 
one  or  tbe  other  as  may  be  required.  Unlike  the  operation  of  roasting  in  the  oven 
previously  described,  the  calciner  requires  little  or  no  attention  ;  the  only  care  requisite 
being  to  see  that  the  hopper  is  fully  supplied,  and  the  roasted  ore  removed  when 
necessary  from  the  wrinkles. 

For  this  description  of  the  burning-house  and  of  the  calciner,  we  are  indebted  to 
Mr.  James  Henderson's  communication  to  the  Institution  of  Civil  Engineers. 

We  have  been  favoured  with  the  following  notes  on  the  action  of  Brunton's  calciners, 
employed  at  Fsbrica  la  Constanto,  Spain,  which  are  of  great  value,  as  are  also  the 
additional  suggestions. 

Diameter  of  revolving  bed,  14  feet 

Bevolution  of  bed  per  hour  ficom  3  to  4,  or  about  1  foot  of  the  circumference  pei 
minute. 
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Ores  introduced  by  hopper,  at  the  rate  of  1  qoiotal  to  every  revolntioi)  of  table. 

Qiuntity  of  ore  calcined  per  day  of  10  hours,  30  to  35  quintals. 

Salt  consumed,  generally  six  per  cent,  of  weight  of  ore. 

Fuel  consumed  per  10  hours,  1,200  to  1,400  lbs.  of  pine-wood. 

Power  employed  to  revolve  table,  half  horse. 


Semarka. — The  furnace  is  charged  with  oro  and  salt  by  means  of  iron  hoppers 
placed  immediately  over  the  centre  of  each  of  the  hearths.  For  the  supply  of  each 
hopper,  a  hea^  of  about  14  quintals  of  ore,  with  6  or  6  per  cent  of  salt,  is  prepared 
from  time  to  time  upon  a  small  platform  on  the  top'of  the  furnaces,  and  a  few  shorels- 
ful  thrown  in  occasionally  as  required,  taking  care,  however,  always  to  have  enough 
ore  in  the  hopper  to  prevent  the  ascension  of  acid  vapours,  &c.,  from  the  furnace.  The 
time  the  mineral  remains  in  the  furnace,  and  the  quantity  calcined  per  hour,  must 
depend  on  the  rapidity  of  motion  of  the  revolving  hearth,  and  the  angle  at  which  the 
iron  stirrers  are  ilzed. 

The  average  amount  passed  through  each  furnace  in  24  hours  is  about  84  quintals 
or  34  quintals  per  hour.  For  eveiy  revolution  of  the  bed,  nearly  1  quintal  isdischaiged 
from  the  furnace. 

The  smelting  of  tin  ores  has  been  effected  by  two  different  methods  ;— 
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In  the  first  a  miztuie  of  the  ore  with  anthracite  was  exposed  to  heat  on  the  hearth 
of  a  lererbeiatary  fturnace  fired  with  coaL 

In  the  Beoond,  the  tin  ore  was  fused  in  a  blast-ftimace,  called  a  blowing-honie,  sup- 
plied with  wood-charcoal.    This  method  is  not  now  practised  in  England. 

In  the  miuiiing-houtu,  where  the  tin  is  worked  in  reverberatories,  two  kinds  of  fur- 
naces are  employed ;  the  reduction  and  the  refining  fbmaces. 

i^«.1989and  1990  represent  the  furnaces  for  smelting  tin  at  Truro,  in  Cornwall:  the 
former  being  a  longitudinal  section,  the  latter  a  ground  plan,  a  is  the  fire-door,  through 
which  pitooal  is  lud  upon  the  grate  &  ;  o  is  the  fire-bridge ;  d,  the  door  for  introducing 
the  ore  ;  «,  the  door  throng^  which  the  ore  is  worked  upon  the  hearth/;  g,  tlie  stoke- 
hole ;  h,  an  aperture  in  the  vault  or 
roof,  which  is  opened  at  the  discharge 
of  the  waste  schlich,  to  secure  the 
firee  escape  of  the  fumes  up  the 
chimney ;  t,  i,  air-channels,  for  ad- 
mitting cold  air  under  the  fire-bridge 
and  the  sole  of  the  hearth,  with  toe 
view  of  protecting  them  from  iigniy 
by  the  intensity  of  the  heat  soore. 
k,  le,  are  basins  into  which  the  melted 
tin  is  drawn  ofiP;  /,  the  flue ;  m,  the 
chimney,  from  35  to  60  feet  high. 
The  roosted  and  washed  schlich  is 
mixed  with  small  coal  or  culm,  along 
with  a  little  slaked  lime,  or  finor- 
spar,  as  a  fiux  ;  each  charge  of  ore 
amounts  to  team  16  to  24  cwts.,  and 
contains  from  60  to  70  per  cent  of 
metal. 

Fig.  1991  represents  in  a  vertical 
section  through  the  tnyiie,  and  jig. 
1992,  in  a  horizontal  section,  in  the 
dotted  line  x,  x,  aifig.  1991,  the  fur- 
nace employed  for  smelting  tin  at  the 
Enegebirge  mines  in  8axony.  a,  are 
the  ftamace-pillars,  of  gneiss ;  b,  b,  are 
shrouding  or  casing  walls  ;  e,  the 
tnyire  wall;  d,  firont  wall,  both  of  granite  ;  as  also  the  tnyire  «.  /,  the  sole 
stone,  of  granite,  hewn  out  basin-shaped  ;  g,  the  eye,  through  which  the  tin  and  slag 
are  drawn  oS  into  the  fore-hearth  A ;  t,  the  stoke-hearth ; 
k,  k,  the  light  ash-chambers  ;  I,  the  arch  of  the  tnyire  ; 
m,  m,  the  common  flue,  which  is  placed  under  the  ftamace 
and  the  hearths,  and  has  its  outlet  under  the  vault  of  the 
tuyite. 

In  the  smelting-fumaces  at  Oeyer  the  following  dimen- 
sions are  preferrod:  length  of  the  tnyire  wall,  11  inches; 
of  the  breast  wall,  11  indies ;  depth  of  the  Aimacel?  inches. 
High  chimney-stalks  are  advantageous  where  a  great 
quantity  of  ores  is  to  be  reduced,  but  not  otherwise. 

The  refining  fumaoee  are  similar  to  those  which  serve 
for  redndng  the  ore  ;  only, 
instead  of  a  basin  of  recep- 
tion, they  have  a  refining 
basin  plaieed  alongside  into 
which  the  tin  is  mn.  This 
basin  is  about  4  feet  in  dia- 
meter, and  32  inches  deep ;  it 
consists  of  an  iron  pan,  placed 
over  a  grate,  in  which  a  fire 
may  be  kindled.  Above  this 
pan  there  is  a  turning  gib,  by 
'  means  of  which  a  bulet  of 
wood  may  be  thrust  down 
into  the  bath  of  metal,  and  kept  there  by  wheeling  the  gibbet  over  it,  lowering  a  rod, 
and  fixing  it  in  that  position. 

Formerlyin  Cornwall  nearly  all  the  tin  was  smelted  in  blast-furnaces;  these  works 
were  called  olowing-lKmiet.    The  smelting-fumaces  were  6  feet  high  from  the  bottom 
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of  the  crucible  (coDeave  hearth)  to  the  thioat,  which  in  placed  at  the  origin  of  a  long 
and  naiTOw  chimney,  interrupted  hj  a  chamber,  vhero  the  metallic  dtut  carried  off  bj 
the  blast  ma  deposited.  This  chamber  was  not  placed  Terticalljr  orer  the  fdnaoe; 
but  the  lower  portion  of  the  chimney  had  an  oblique  direction  from  it.  The  famaos 
was  lined  with  an  upright  cylinder  of  cast  iron,  coated  internally  with  loam,  with  an 
opening  in  it  for  the  blast.  This  opening,  which  corresponds  to  the  lateral  fiusa 
opposite  to  the  charging  side,  receives  a  toyire,  in  which  the  nooles  of  two  cylinder 
single  bellows,  driven  by  a  water-wheel,  were  planted.  The  tuyire  opens  at  a  small 
height  above  the  sole  of  the  furnace.  On  a  level  with  the  sde,  the  irtm  ^lindar 
presents  a  slope,  bdow  which  was  the  hemispherical  basin  of  reception,  set  partly 
beneath  the  interior  space  of  the  furnace,  and  partly  without.  Kear  the  comer  of 
the  building  there  was  a  second  basin  of  reception,  larger  than  the  first,  which  could 
dischaige  itself  into  the  former,  by  a  sloping  gutter.  Near  this  basin  there  was 
another,  for  the  refining  operation.  These  were  ^1  made  either  of  brick  or  east  iron. 
Such  blast-fiimaces  are  now  entirely  superseded  in  this  country  by  the  reverberaUny 
furnace. 

The  quality  of  the  average  ground  tin  ore  prepared  for  smelting  is  sueh  that  20 
parts  of  it  yield  from  12^  to  13  of  metallic  tin  (62|  to  66  per  cent)  The  treatment 
consists  of  two  operations,  imMing  and  ratting. 

Firtt  operation  ;  deoxiditation  of  the  ore,  and  fusion  of  the  tin. — Before  throwing  the 
ore  into  the  smelting  furnace,  it  is  mixed  with  from  one-fifth  to  one-eighth  of  its 
weight  of  blind  coal,  in  powder,  called  culm ;  and  a  little  slaked  lime  is  sometimes 
added,  to  render  the  ore  more  fusible.  These  matters  are  carefully  blended,  and 
damped  with  water  to  render  the  charging  easier,  and  to  prevent  the  draught  from 
sweeping  any  of  it  away  at  the  commencement.  From  20  to  25  cwts.  are  introdnoed 
at  a  charge  ;  and  the  doors  are  immediately  closed  and  luted,  while  the  heat  is  pro- 
gressively raised.  "Were  the  fire  too  strong  at  first,  the  tin  oxide  would  unite  with 
the  quartz  of  the  gangue,  and  form  an  enamel.  The  heat  is  applied  for  6  or  8  hours, 
during  which  the  doors  are  not  opened ;  of  course  the  materials  are  not  stirred.  By 
this  time  the  reduction  is  in  general  finished ;  the  door  of  the  furnace  is  removed,  and 
the  melted  mass  is  worked  up  to  complete  the  separation  of  the  tin  from  the  scoria^ 
and  to  ascertain  if  the  operation  be  in  sofBcient  forwardness.  When  the  reduction 
seems  to  be  finished,  the  scorise  are  taken  out  at  the  same  door,  with  an  iron  rake,  and 
divided  into  three  sorts:  those  of  the  first  class  a,  which  constitute  at  least  three- 
fourths  of  the  whole,  are  as  poor  as  possible,  and  may  be  thrown  away ;  the  sooria  of 
the  second  class  b,  which  contain  some  small  gnuns  of  tin,  are  sent  to  the  stam^; 
those  of  the  third  class  c,  which  are  last  removed  from  the  surface  of  the  bath  of  tin, 
are  set  apart,  and  re-smelted,  as  containing  a  considerable  quantity  of  metal  in  the 
form  of  globules.  These  scorite  are  in  small  quantity.  The  stamp-^lag  contains  fully 
6  per  cent,  of  metallic  tin. 

As  soon  as  the  scoriae  are  cleared  away,  the  channel  is  opened  which  leads  to  the 
basin  of  reception,  into  which  the  tin  consequently  fiows  out.  Here  it  is  left  for  some 
time,  that  the  soorise  which  may  be  still  mixed  with  the  metal  may  separate,  in 
virtue  of  the  difference  of  their  specific  gravities.  When  the  tin  has  sufficientiy 
settled,  it  is  lifted  out  with  ladles,  and  poured  into  case-iron  moulds,  in  each  of  which 
a  bit  of  wood  is  fixed,  to  form  a  hole  in  the  ingot,  for  the  purpose  of  drawing  i  out 
when  it  becomes  cold. 

B^ing  of  Tin. — The  object  of  this  operation  is  to  separate  from  the  tin,  as  com- 
pletely as  possible,  the  metals  reduced  and  alloyed  along  with  it.  These  are,  prin- 
cipally, iron,  copper,  arsenic,  and  tungstm ;  to  which  are  joined,  in  small  qnantitiae, 
some  sulphides  and  arsenides  that  have  escaped  decomposition,  a  little  unre- 
duced oxide  of  tin,  and  also  some  earthy  matters  which  have  not  passed  off  with  the 
sooris. 

Liguaiion. — The  refining  of  tin  consists  of  two  operations;  the  first  being  a 
liquation,  which,  in  the  interior,  is  effected  in  a  rererbentory  furnace  similar  to  that 
employed  in  smelting  the  ore  {figM.  1989,  1990).  The  blocks  -being  arranged  on 
the  hearth  of  the  fiumace,  near  we  bridge,  are  moderately  heated ;  the  tin  melts, 
and  flows  away  into  the  refining-basin ;  but,  after  a  certain  time,  the  blocks  cease 
to  afibrd  tin,  and  leave  on  the  hearth  a  reridnum,  oonsitting  of  a  very  ferruginous 
alloy. 

Fresh  tin-blocks  are  now  arranged  on  the  remains  of  the  first ;  and  thus  the  liqua- 
tion is  continued  till  the  refinins-basin  be  sufficiently  full,  when  it  contains  about  6 
tons.    The  residuums  are  set  aside,  to  be  treated  as  shall  be  presently  pointed  out 

Befining  proper. — Now  begins  the  second  part  of  the  process.  Into  the  tin-bath 
billets  of  green  wood  are  plunged,  by  the  aid  of  tie  gibbet  above  described.  The  dis- 
engagement of  gas  from  the  green  wood  produces  a  constant  ebullition  in  the  tin ; 
bringing  up  to  its  surface  a  species  of  froth,  and  oauaing  the  impoiest  and  densest 
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parts  to  &U  to  the  bottom.  That  Aoth,  oomposad  almMt  wholly  of  the  ooddes  of  tin 
and  foreign  metals,  is  suoeessirely  sldnuned  ol^  and  thrown  back  into  the  furnace. 
When  it  is  jndged  that  the  tin  has  boiled  long  enough,  the  gieen  wood  is  lifted  out, 
and  ihe  bath  is  allowed  to  settle.  It  separates  into  different  zones,  the  upper  being 
the  purest;  those  of  the  middle  are  cha^;ed  with  a  UtUe  of  the  foreign  metals;  and 
the  lower  are  much  contaminated  with  them.  When  the  tin  begins  to  cool,  and  when 
a  more  complete  separation  of  its  different  qualities  cannot  be  looked  for,  it  is  lifted 
out  in  ladles,  and  noured  into  oast-iron  moulds.  It  is  obvious  that  the  order  in  which 
the  snceessire  blous  are  obtained  is  that  of  their  purity ;  those  formed  from  the 
bottom  of  the  basin  being  usually  so  impure  that  they  must  be  subjected  anew  to  the 
refining  process,  as  if  they  had  been  directly  smelted  ficom  the  ore. 

The  refining  operation  takes  five  or  six  hours ;  namely,  an  hour  to  fill  the  basin, 
three  hours  to  boil  the  tin  with  the  green  wood,  and  from  one  to  two  hoois  for  the 
snbsidenee. 

Sometimes  a  simpler  operation,  called  toaring,  is  substituted  for  the  above  artificial 
ebullition.  To  effbct  it  a  workman  lifts  some  tin  in  a  ladle,  and  lets  it  fall  back  into 
the  boiler  &om  a  considerable  height,  so  as  to  agitato  the  whole  mass.  He  continues 
this  manipulation  for  a  certain  time ;  after  whidi,  he  skims  with  care  the  surfue  of 
the  bath.  The  tin  is  afterwards  poured  into  moulds,  unless  it  be  still  impure.  In 
this  case  the  separation  of  the  metals  is  oompleted  by  keeping  the  tin  in  a  fbsed  state 
in  the  bdler  for  a  certain  period,  without  agitation;  whereby  the  upper  portion  of  the 
bath  (at  least  one-half)  is  pure  enough  for  Uie  market 

The  moulds  into  which  the  tin-blocks  are  cast  are  usually  made  of  granite.  Their 
capadty  is  snefa,  that  aa«h  block  shall  weigh  a  little  mere  than  3  cwts.  This  metal  is 
called  'block  tin.'  The  law  rMuires  them  to  be  stamped  or  eointi  by  public  officers, 
before  being  exposed  to  sale.    The  purest  block  tin  is  called  '  refined  tin.' 

The  treatment  just  detailed  gives  rise  to  two  stanniferous  lesiduums,  which  have  to 
be  smelted  again.    These  are — 

1.  The  scoria  b  and  c,  which  contain  some  granulated  particles  of  tin. 

2.  The  dross  found  on  the  bottom  of  the  reverberatory  furnace,  after  re-melting  the 
tin  to  refine  it. 

The  scoria  c  are  smelted  without  any  preparation ;  but  those  marked  b  are  stamped 
in  the  mill,  and  washed,  to  concentrate  the  tin-grains ;  and  from,  this  rich  mixture, 
called  priUitm,  smelted  by  itself  a  tin  is  procured  of  very  inferior  quality.  This  may 
be  readily  imagined,  since  the  metal  which  forms  these  granulations  is  what,  being 
less  fusible  than  the  pure  tin,  solidified  quickly,  and  could  not  fiow  off  into  the  metallic 
bath. 

Whenevsr  all  tlie  tin-blocks  have  thoronghlv  undergone  the  process,  of  liquation, 
the  firo  is  increased,  to  melt  the  less  fWble  residuary  alloy  of  tin  with  iron  and  some 
other  metels,  and  this  is  run  out  into  a  small  basin,  totally  distinct  from  the  refining- 
l)asin.  After  this  alloy  has  reposed  for  some  time,  the  upper  portion  is  lifted  out  into 
block-moulds,  as  impure  tin,  which  needs  ,to  .be  refined  anew.  On  the  bottom  and 
sides  of  the  basin  there  is  deposited  a  white,  brittle  alloy,  with  a  crystalline  fracture, 
which  ocmtains  so  great  a  proportion  of  foreign  metals  that  little  use  can  be  made  of 
it.    About  3^  tons  of  coal  ar6  consumed  in  producing  2  of  tin. 

Summary  <^  Produee  qfTm  i»  Cornwall  and  Dtvon  for  eaeh  of  the  ten  years 
ending  1873. 


Tin  ore 

UatalUotln 

Tear 

No.  Of 

Quantity 

Taloe 

QnanUty 

VsJue 

Tons 

£ 

Tom 

t, 

1864 

174 

13,986 

881,031 

9,296 

996,029 

1866 

166 

14,122 

782,284 

9,038 

878,660 

1866 

146 

18,786 

667,999 

8,822 

781,849 

1867 

117 

11,066 

649,376 

7,296 

670,228 

1868 

109 

11,684 

641,187 

7,703 

766,494 

1869 

117 

13,888 

889,378 

9,366 

1,138,488 

1870 

147 

16,284 

1,002,867 

10,200 

1,299,606 

1871 

146 

16,898 

1,068,738 

11,320 

1,666,667 

1872 

162 

12,300 

1,066,668 

8,241 

1.258,812 

1878 

216 

14,886 

1,056,835 

9,972 

1,829,766 
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ProdueUcm  oftht  JhUch  Tin  Minafor  the  Uut  19  year$. 


Teon 

Banoa' 

Binitao.  oUmated 

BIsta 

Tons 

Slate      Tons 

1865 

128,266  => 

4,238 

2,734  -     »7 

1856 

201,817 

6,643 

6,714      288 

1867 

149,336 

4,928 

3,674      130 

1868 

192,050 

6,867 

9,014      320 

1869 

181,968 

6,006 

4,620       164 

1880 

166,620 

6,465 

8,000      284 

1861 

178.008 

8,709 

13,018      462     1 

1862 

141,770 

4,678 

10,182      361     { 

1863 

191,963 

6,334 

20,686      732    ' 

1864 

161,916 

6,843 

22,380      794    I 

1866 

138,012 

4,554 

30,000     1,066     , 

1866 

168,626 

6,284 

88,000     1,171     1 

1867 

140,670 

4,639 

66,940     2,341     1 

1868 

120,000 

3,960 

60,600     2,161     ! 

1869 

185,868 

4,488 

68,291     2,424     1 

1870 

146,000 

4,672 

89,288     2,858 

1871 

134,906 

4,320 

99,700     8,190     1 

1872 

136,906 

4,825 

108,000     3,456     j 

1873 

140,000 

4,480 

103,000     3,264    1 

1 

Import*  of  Ti»  m  the  year  1873. 


Ooontriw  bom  which  imported 


Holland 

France      

Fortngftl  .••.*•• 

Spun 

Straits  Settlements 

China 

Victoria 

New  South  Wales 

QaeendaDd 

Tasouuua  ....... 

United  States  of  America :  On  the  Atlantie 

Para 

Chili 

Other  parts 

Total  Imports     . 


Tin  on 


Tu» 

1 

30 

12 

7 

1 

m 

8,114 

1,802 

13 

671 

167 

7 


5,-612 


Tin,  blocks,  Ingota, 
bail,  and  ngnlna 


Tons 

1,770 

115 


4,812 

25 

68 

331 

103 

"72 

387 

114 

4 


7,791 


To  test  Uie  qnalil^  of  tin,  dissolve  a  certain  weight  of  it  with  heat  in  hydrochloric 
acid ;  should  it  contain  arsenic,  brown-black  flocks  will  be  separated  during  the  soln- 
tion,  and  arseninretted  hydrogen  gas  will  be  disengaged,  which,  on  being  burned  at 
a  jot,  will  deposit  the  usual  grey  film  of  metallic  arsenic  upon  a  white  saucer  held  a 
little  way  above  the  flame.  Other  metals  present  in  the  tin  are  to  be  sought  for  by 
treating  the  above  solution  with  nitric  acid  of  spec  gray.  1*16,  first  in  the  c^d,  and  at 
last  with  heat  and  a  small  excess  of  acid.  When  the  action  is  over,  the  supernatant 
liquid  is  to  be  decanted  off  the  perozidised  tin,  which  is  to  be  washed  with  very  dilute 
nitric  acid,  and  both  liquors  are  to  be  evaporated  to  dissipate  the  acid  excess,  li,  on 
the  addition  of  water  to  the  concentrated  liquor,  a  white  powder  falls,  it  is  a  proof 
that  the  tin  contains  bismuth ;  if,  on  adding  sulphate  of  ammonia,  a  white  precipitate 
appears,  the  tin  contains  lead ;  water  of  ammonia  added  to  snpersstnration  will  occa- 
sion reddish-brown  flocks,  if  iron  is  present ;  and  on  evaporating  the  supstnataot 
liquid  to  dryness,  the  copper  will  be  obtuned. 

■  1,000  Baooa  slate  weigh  abont  ntons;  tlie  average  weight  o(  1,000  sbte  StnttsUntMbw&an 
8Sto40toiii.    The  weight  of  the  BHUton  slate  Is  the  same  as  tho  Banco. 
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Tin  in  Ingota,  blocks,  ban,  ala,he  or  Tsgulus,  JmporUdin  1874, 184,377  cvte. ;  valoa 
904,488/. 

Tin  uawTought  Exported  in  1874, 155,068  cwts. ;  ralue  813,309{. 

For  the  pnrification  of  tin  from  tnngsten,  see  Tdnostem. 

The  uses  of  tin  are  very  numerous.  Combined  vitb  copper,  in  different  pro- 
portions,  it  forms  Bronze,  and  a  series  of  other  useful  allo^ ;  for  an  aoconnt  of  which, 
see  CoFFBlt.  With  iron,  it  forms  Tin-plate ;  -with  lead,  it  constitutes  Fevter,  and  Solder 
of  TarioQS  kinds.  (See  Lead.)  Tin-foil  coated  with  quidcBilrer  makes  the  reflecting 
surface  of  glass  mirrors.  (See  Glass.)  Nitrate  of  tin  affords  the  basis  of  the  scarlet 
dye  on  wool,  and  of  many  bright  colours  to  the  calico-printer  and  the  cotton-dyer. 
(See  ScABUn  and  Tin-Moboamts.)  A  compound  of  tin  with  gold  gives  the  fine 
crimson  and  purple  colours  to  stained  glass  and  artificial  gems.  (See  Pubplb 
OP  Cassius.)  Enamel  is  mode  by  Audng  oxide  of  tin  with  the  materials  of  flint 
glass.  This  oxide  is  also  an  ingredient  in  the  white  and  yellow  glazes  of  pottery- 
ware.    See  Pdttt  Powdkk. 

TXN  ASSATZW0.  The  ore  of  tin  submitted  to  assay  is  Cassiterite,  peroxide  of 
tin  or  black  tin.  When  the  ore  is  poor  it  must  be  submitted  to  a  washing,  vanning, 
or  other  concentration  process,  to  separate  the  peroxide  of  tin  from  vein-stuff  before 
submittiog  it  to  the  assay.  If  the  ore  is  associated  with  iron  pyrites,  copper  pyrites,  or 
other  foreign  metalliferous  matters,  it  must  be  calcined  or  treated  with  acids,  before 
submitting  it  to  the  final  washing  process.    The  assays  are  made  by  the  dry  method. 

a.  Comiih  method.  This  process  is  conducted  in  black-lead  crucibles  in  an  air-f\imace 
similar  to  that  described  in  Coffer  (Fig.  633).  Two  ounces  (060  grs.)  of  the  ore  are 
mixed  with  about  one-fifth  of  its  weight  of  culm  or  anthracite  powder,  or  charcoal, 
and  heated  for  about  twenty  minutes  at  a  high  temperature ;  the  reduced  metal  is  now 
poured  out  into  a  long  fiat  ingot-mould.  The  slaggy  residue  is  then  scraped  out  from 
the  pot,  and  any  shots  of  metal  separated  by  pounding  and  washing,  and  the  total 
weight  of  metal  ascertained.  A  small  quantity  of  borax  or  finor-spar  is  added  when 
necessary  to  render  the  slag  fluid.    The  assay  may  also  be  made  in  earthen  crucibles. 

b.  By  Fiuion  toith  Cyanide  of  Fotatiium.  This  process  is  conducted  in  earthen  or 
porcelain  crucibles :  100  grs.  of  the  black  tin  is  a  convenient  quantity  to  oper.ite  on.  The 
ore  is  mixed  with  from  four  to  six  times  its  weight  of  cyanide  of  potassium,  and  the 
crucible  and  its  contents  exposed  to  a  low  red  heat  for  about  20  minutes.  The  contents 
are  poured  out  into  the  iron  mould  {jig.  634,  see  Cofpbb),  and  when  cold  the  bntton 
of  tin  is  detached  from  the  slag,  cleaned  and  weighed. 

TnV OA&.  The  Oriental  name  for  crude  borax.  Under  this  name  considerable 
quantities  are  brought  from  the  East  Indies.  But  the  largest  quantities  an  obtained 
from  the  lagoons  near  Monte  Cerbole  in  Tuscany.  Recently,  tincal  of  a  very  fine 
quality  has  been  discovered  in  California.  A  lake  in  Colorado  Territory  contained  so 
much  of  the  bi-borate  of  soda  that  it  was  found  crystallised  out  around  the  edges,  but 
was  soon  exhausted.    See  Bobax. 

XnrcTOBXAX  teAVTSB.  The  colouring-matter  employed  in  dyeing.  See 
Ptbino;  Haddbb;  Tttbxbt  Bbd,  &c. 

TlWOmu  is  a  title  used  by  apothecaries  to  designate  alcohol,  in  a  somewhat 
dilute  state,  impregnated  with  the  active  principles  of  either  vegetable  or  animal 
substances. 

SnrSBB  OXB.  (Zundenrz,  Qei.)  An  impure  arsenical  sulphide  of  antimony. 
It  is  found  at  Andreasberg  in  the  Eartz,  in  soft  flexible  flakes  resembling  tinder,  of  a 
dirty  rsddish  colour  and  with  little  lustre. 

TZmB,  in  metallurgy,  a  modification  of  the  Trompe  adopted  by  the  French. 

VOt  OXkAJrOS  is  an  old  name  of  bismuth.    See  Bisutith. 

'''*™'-'»*A*^ ^ M«r B  for  dyeing  scarlet.    See  Hobdant. 

Mordant  a,  as  commonly  made  by  the  dyers,  is  composed  of  3  parts  of  nitric  acid, 
1  part  of  common  salt  or  of  sal-ammoniac,  and  I  of  granulated  tin.  This  preparation 
is  very  uncertain. 

Mordant  b.  Pour  into  a  glass  globe  with  a  long  neck,  3  parts  of  pure  nitric  acid 
at  30°  B.,  and  1  port  of  muriatic  acid  at  17° ;  stutke  the  globe  gently,  avoidifg  the 
corrosive  vapours,  and  put  a  loose  stopper  in  its  month.  Throw  into  this  nitro- 
muriatic  acid,  one-eighth  of  its  weight  of  pure  tin,  in  small  bits  at  a  time.  When  the 
solution  is  complete,  aud  settled,  decant  it  into  bottles,  and  close  them  with  ground 
stoppers.    It  should  be  diluted  only  when  about  to  be  used. 

Mordant  c,  by  Damboumey. — In  2  drams  (Fr.,  144  grs.),  of  pure  muriatic  acid, 
dissolve  18  grains  of  Malacca  tin.  This  is  reigned  a  good  mordant  for  brightening 
or  fixing  the  colour  of  peachwood. 

Mordant  s,  by  Hellot. — Take  8  ounces  of  nitric  acid,  diluted  with  as  much  water ; 
dissolve  in  it  half  an  ounce  of  sal-ammoniac,  and  3  drams  of  nitre.    In  this  acid  so'tt- 
Vol.  m.  8  T 
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tion  dissolve  1  ounce  of  granulated  tin  of  OoniTaU,  olasrring  not  to  pnt  in  a  fresh 
piece  till  the  preceding  be  dissolyed. 

Mordant  B,  by  Scbeffer.— Dinolve  I  part  of  tin  in  4  of  nitio-mnriatio  acid,  pre- 
pared -vritli  nitric  acid  diluted  with  its  own  weight  of  water,  end  one  thirtjr-seeoodth 
of  sal-ammoniac 

Mordant  r,  b;  Poemer. — Mix  1  poiud  of  nitric  add  with  1  pound  of  water,  and 
dissolve  it  in  an  ounce  and  a  half  of  sal-ammoniac  Stir  it  well,  and  add,  by  yerj 
glow  degrees,  2  ounces  of  tin  turned  into  thin  ribbons  upon  the  lathe. 

Mordant  f,  by  BerthoUet. — Bissolre  in  nitric  acid  of  30°  B.,  one-eighth  of  its 
weight  of  sal-ammoniac,  then  add  by  degrees  one-eighth  of  its  wragfat  of  tin,  and 
dilute  the  solution  with  one-fourth  of  its  weight  of  water. 

Mordant  x,  by  Damboumey. — In  1  dram  ^72  grs.^  of  muriatic  acid  at  17",  one 
of  nitric  acid  at  30°,  and  18  grains  of  water,  dusolve  slowly,  and  with  some  heat,  18 
grains  of  fine  Malacca  tin. 

Mordant  L,  is  the  birch-bark  peseribed  by  Damboumey.  This  bark,  dried,  and 
ground,  is  said  to  be  a  very  valuable  substance  for  fixing  the  otherwise  fligitive  coloiirs 
produced  by  woods,  roots,  archil,  &c 

Tnr-VUlTaS.  The  art  of  coating  copper  with  tin  seems  to  have  been  known  at  an 
early  period.  Pliny  refers  to  this,  and  from  his  description  it  is  probable  the  vessels  to 
be  covered  were  dipped  into  melted  tin,  and  the  '  vata  ttannea '  of  the  Bomans  wers 
copper  vessels  covered  with  tin.  The  difficulty  of  coating  iron  with  tin  was,  however, 
much  greater ;  and  the  process  of  hammering  the  iron  into  sheets  sufficiently  thin, 
and  cleaning  tiie  surface,  which  latter  work  had  often  to  be  done  by  filing,  were  serious 
hindrances  to  the  extensive  tue  of  the  invention. 

The  art  of  tinning  iron  appears  to  have  been  first  practised  in  Bohemia,  and  about 
tlie  year  1620  to  have  been  introduced  into  Saxony, 

Beckmann  states  that, '  in  the  year  1670,  a  company  sent  to  Saxony,  at  their  ex- 
pense, an  ingenious  man  named  Andrew  Yarrenton,  in  order  to  learn  the  process  of 
.  tinning.  Having  acquired  the  necessary  knowledge,  he  returned  to  England  with 
some  Oeiman  workmen,  and  manu&ctured  tin-plate  iidiich  met  with  general  appro- 
bation. Before  the  company  could  carry  on  business  on  an  extensive  Male,  a  man  of 
gome  distinction,  having  made  himself  acquainted  with  Yairenton's  process,  obtained 
a  patent  for  his  art,  and  the  first  undertakers  were  obliged  to  give  np  their  enterprise, 
which  bad  cost  them  a  great  deal  of  money,  and  yet  no  use  whatever  was  made  of 
the  patent  which  had  been  obtained.'  About  the  year  1720  works  for  the  manu&etnrs 
of  tin-plates  were  established  at  Pontypool,  and  these  seem  to  be  the  earliest  of  such 
works  in  England  which  were  permanently  successful. 

In  1728,  John  Payne  invented  a  process  for  rolling  iron.  This  seems  to  have  at 
once  led  to  the  use  of  the  flat  or  sheet  rolls  for  the  manufacture  of  iron  for  tin-plates ; 
but  it  is  very  remarkable  that  no  ftoher  progress  was  made  in  this  discovery  of  roll- 
ing iron  until  1783,  when  Heniy  Cort  invented  the  grooved  rolls.  This  discovery 
was  not  appreciated  for  some  years.  Mr.  Reynolds,  of  Ketley,  erected  Cott's  rolls 
in  1785.  In  1790  Henry  Cort  was  engaged  by  Mr.  Bichard  Crawsbay  to  erect  the 
mills  at  Cyfarthfa,  and,  soon  after,  this  important  improvement  in  the  iron  manufnc- 
turo  was  generally  adopted.  The  writer  proposes  to  give  in  this  paper  a  short  rimme, 
first,  of  the  process  for  cleaning  and  tinning  the  iron-plate,  and  after,  of  the  methods 
of  preparing  the  iron  for  this  purpose. 

The  affinity  of  iron  for  tin  is  much  greater  than  is  generally  supposed.  The  point  at 
which  the  metals  cohere  is  no  doubt  an  actual  alloy ;  and  advantage  is  taken  of  this 
by  the  manufacturers  of  articles  for  domestic  use,  made  in  iron — as  bridle-bits,  com- 
mon stirrups,  small  nails,  &c.  When  the  iron,  whether  wrought  or  cast,  m  perfectly 
clean  and  fru  from  rust,  and  brought  in  contact  with  melted  tin,  at  a  high  tempera- 
ture, an  alloy  seems  to  be  at  once  formed,  protecting  the  iron  from  oxidisation  whilst 
the  tin  lasts.  Many  plans  are  used  for  tinning  iron  articles,  of  small  size,  by  the 
manufacturers.  One  of  the  common  methods  of  the  mann&cturen  of  bridle-bits  and 
small  ware,  in  South  Stafibrdshire,  is  to  clean  the  surface  of  the  articles  to  be  tinned, 
by  steeping  them  for  sufficient  time  in  a  mixture  of  sulphuric  and  hydrochloric  acids, 
diluted  with  water,  then  washing  them  well  with  water,  but  taking  great  care  they  do 
not  rust,  at  once  placing  them  in  a  partially  closed  stoneware  vessel  (such  as  a  com- 
mon bottie),  which  contains  a  mixture  of  tin  and  sal-ammoniac.  This  vessel  is 
thou  placed  on  a  smith's  hearth,  duly  heated,  and  frequentiy  agitated  to  secure  the 
complete  distribution  of  the  tin  over  the  iron.  The  articles,  when  thus  tinned,  are 
thrown  into  water  to  wash  away  all  remains  of  the  sal-ammoniac ;  and  lastly,  cleaned 
in  hot  bran,  or  sawdust,  to  improve  the  appearance  far  sale. 

The  plans  of  cleaning  and  preparing  the  iron  for  tinning  have  twdergone  many 
changes  in  tiie  past  century.  About  1720  the  plan  of  cleaning  was  to  scour  the 
plates  with  sand  and  water,  and  file  off  the  rough  parts,  then  cover  witJi  resin,  and 
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dip  them  in  the  melted  tin,  Abont  1747  the  plates  were,  after  beiug  cold-rolled, 
soaked  for  a  week  in  the  lees  of  bran,  which  had  been  allowed  to  stand  in  water 
abont  ten  days,  to  become,  by  fermentation  sufficiently  acid,  and  then  sconred  with 
sand  and  water.  In  1760  the  plates  were  pickled  in  dilute  hydrochloric  acid  before 
annealing,  and  cleaned  with  dilute  sulphuric  acid  after  being  taken  out  of  the  bran 
lees.  An  improvement  of  great  importance  in  this  process  was  made  abont  1746 ;  tho 
inrentor  seems  to  have  been  Mr.  Mosely,  who  carried  on  tin-plate  works  in  South 
Staffordshire.  This  invention  was  the  use  of  the  grease-pot,  and  in  this  department 
little,  if  any,  improvement  has  since  been  made.  The  plan  was  introduced  into 
South  Wales  in  1747  by  Mr.  John  Jenkins,  and  his  descendants  are  still  amongst 
the  principal  manufacturers  in  the  trade.  The  process  of  cleaning  and  tinning  at  some 
of  the  best  works  now  is  as  follows : — ^When  the  sheet  iron  leaves  the  plate-mill,  and 
after  separating  the  plates,  and  sprinkling  between  each  plate  a  little  sawdust,  the 
effect  of  which  is  to  keep  them  separate,  they  ai«  then  immersed,  or  as  technically 
termed  'pickled,'  in  dilute  sulphuric  acid,  and  after  this  ^daced  in  the  annealing-pot, 
and  left  in  the  fUrnace  about  24  hours ;  on  coming  out,  the  plates  are  passed  through 
the  cold  rolls ;  oftA  passing  the  cold  rolls,  the  plates  seem  to  have  too  much  &e 
character  of  steel,  and  are  not  sufSciently  ductile :  to  remedy  this  they  are  again  an- 
nealed at  a  low  heat,  washed  in  dilute  sulphuric  add,  to  remove  any  scale  of  oxide  of 
iron,  and  scoured  with  sand  and  water ;  the  plates  in  this  state  require  to  be  perfectly 
dean  and  bright,  and  may  be  left  for  months  immersed  in  puro  water  without  rust  or 
injury ;  but  a  few  minutes'  exposure  to  the  air  rusts  them.  With  great  care  to  have 
them  perfectly  clean,  they  are  taken  to  the  stow,  fig.  1903,  being  a  section  through  the 
line  XK  of  the  plan  fig.  19D4.  Taken  from  right  to  left,  1  represents  the  tinman's 
pan ;  2,  the  tin-pot ;  3,  the  washing  or  dipping  pot;  4,  the  grease-pot ;  S,  the  cold  pot ; 
6,  the  list  pot. 
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The  tinman's  pan  is  Aill  of  melted  grease:  in  this  the  plates  are  immersed,  and  left 
there  until  all  aqueous  moisture  upon  them  is  evaporated,  and  they  are  completely 
covered  with  the  grease  ;  from  this  they  are  taken  to  the  tin-pot,  and  there  plunged 
into  a  hath  of  melted  tin,  which  is  covered  with  grease ;  but  as  in  this  first  dipping 
the  alloy  is  imperfect,  and  the  surface  not  uniforinly  covered,  tho  plates  are  removed 
to  the  dipping  or  wash  pot ;  this  contains  a  bath  of  melted  tin  covered  with  grease, 
and  is  divided  into  two  compartments.  In  the  larger  compartment  the  plates  are 
plunged,  and  left  sufficiently  long  to  make  the  alloy  complete,  and  to  separate  any 
Buperauous  tin  which  may  have  adhered  to  the  surface ;  the  workman  takes  the  plate 
and  places  it  on  the  table  marked  B  on  the  plan  and  wipes  it  on  both  sides  with  a 
brush  of  hemp  ;  then  to  take  away  the  marks  of  the  brush,  and  give  a  polish  to  the 
surface,  ho  dips  it  in  the  second  compartment  of  the  washing  pot  This  last  always 
contains  the  purest  tin,  and  as  it  becomes  alloyed  with  the  iron  it  is  removed  on  to  the 
first  compartment,  and  after  to  the  tin-pot.  The  plate  is  now  removed  to  the  grease- 
pot  (No.  4) ;  this  is  filled  with  melted  grease,  and  requires  very  skilful  management 
as  to  the  temperature  it  is  to  be  kept  at.  The  true  object  is  to  allow  any  superfluous 
tin  to  run  off,  and  to  prevent  the  alloy  on  the  sui^aco  of  the  iron  plate  cooling 
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qvicker  than  the  iron.  If  this  veie  neglected  the  &ce  of  the  plate  woold  be  eraekad. 
The  plate  is  removed  to  the  cold  pot  (No.  5):  this  is  filled  -with  tallow,  heated  to  a 
comparatively  low  tempeiature.  Tne  use  of  the  greaEe-pots,  Nos.  4  and  5  is  the  pro- 
cess adopted  in  practice  for  annealing  the  alloyed  plates.    The  list  pot  (Na  6)  is 

used  for  the  purpose  of  removing 
a  small  wire  of  tin,  which  adheres 
to  the  lower  edge  of  the  plate  in 
all  the  foregoing  processes.  It 
is  a  small  cast-iron  bath,  kept 
at  a  snfBdently  high  tempencnre, 
and  covered  with  tin  about  one- 
fonzth  of  an  inch  deep.  In  this 
the  edgee  of  the  plates  are  dipped, 
and  left  nntil  the  wire  of  tin  is 
melted,  and  then  detached  by 
a  quick  blow  on  the  plate  with  a 
stick.  The  nlatas  are  now  care- 
fully cleaned  with  bran  to  free 
them  from  grease.  Lastly,  they 
are  taken  to  the  sorting-room, 
where  every  plate  is  separately 
examined  and  classed,  and 
packed  in  boxes  for  market  aa 
nereafter  described. 

The  tests  of  quality  for  tin- 
plates  are — ductility,  strength, 
and  colour.  To  obtain  these,  the 
iron  must  be  of  the  best  quality, 
and  the  manufocture  must  be 
oonducted  with  proportionate 
skill.  This  necessity  will  ex- 
plain to  some  extent  the  cause 
why  nearly  all  the  improvement! 
in  working  iron  during  the  past 
century  have  been  eiuier  origi- 
nated or  lirst  adopted  by  the  tin- 
plate  makers,  and  a  sketch  of 
the  processes  used  at  difiennt 
times,  in  working  iron  for  tin- 
plates,  will  be,  in  &ct,  a  histoiy 
of  the  trade. 

The  process  of  preparing  the 
beat  or  charcoal  iron  seems  to 
have  undergone  but  little  change 
horn  1720  to  1807.  The  finery, 
the  chafeiy,  and  the  hammer, 
were  the  modes  of  bringing  the 
iron  from  the  pig  to  ue  state 
of  finished  bars.  The  finery  was 
of  the  exact  form  of  the  Jict. 
199S,  1996, 1997,  but  leas  in  size 
than  those  now  used.  The 
chafery  or  hollow  fire  was,  in 
fact,  the  same  as  the  present 
smiths'  forge  fire,  but  on  a  larger 
scale ;  and  the  '  hoUovo,'  or 
chamber,  in  which  the  bloom 
was  heated,  was  made  by  coking 
the  coal  in  the  centre  with  tlio 
blast,  and  taking  care  not  to 
disturb  the  mass  of  coal  above, 
which  was  used  to  reverberate 
the  heat  produced.    Both  the  finery  and  chafery  were  worked  by  blast. 

The  hammers  were  of  two  descriptions :  the  foige  hammer,  a  heavy  mass  for 
shaping  the  blooms,  and  the  tilt  hammer,  much  h'ghtcr  and  driven  quicker,  for  shaping 
the  bars. 

The  chaiige  for  the  finery  was  about  1}  cwt.  of  pig-iioli;  thu^  niid«r  the  first 
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pfoceas,  TT&s  reduced  to  1}  cwt.    It  was,  when  readj,  put  nnder  the  forge  hammer, 
and  shaped  into  a ,'  bloom,'  aboat  2  ftet  long  and  6  inches  thick ;  this  was  then  heated 
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in  the  chafeipr,  and  nnder  the  tilt  hammer  drawn  ont  to  a  '  bar,'  8  to  4  inches  wide, 
and  half  an  inch  thick. 

The  mannfactuTe  up  to  this  point  was  formerly  carried  on  hj  the  iron-masters, 
and  the  iron  in  this  state  was  sold  under  the  name  of  '  tin  bars '  to  the  plate-makers. 
The  average  price  for  these  bars,  from  1780  to  1810,  was  21{.  per  ton.  The  sheet 
and  cold  rolls  were  then  in  use  nearly  as  at  the  present  time. 

In  1807,  Hr.  Watkin  George,  whose  ,^ 

position  had  been  establisbnl  as  one 
of  the  first  engineers  of  his  time, 
by  the  erection  of  the  great  water- 
wheel  and  wdrks  at  Cyfarthfa,  re- 
moved to  Fontypool,  and  undertook 
the  remodelling  of  the  old  works 
there.  He  clearly  saw  that  the  secret 
ot  the  manufacture  was  to  produce 
the  largest  possible  quantity  with 
least  possible  machinery  and  labour. 
His  inventions,  to  tine  end,  worked 
a  complete  change  in  the  trade.  His 
plans  were:  to  first  reduce  the  pig- 
iron  in  a  finery  under  coke,  and  ^eu  bring  this  'refiners'  metal'  (go  termed)  into 
the  charcoal  finery.  The  charcoal  finely  was  built  as  shown  in  figs.  1996,  1996,  and 
1997  :  fig.  1996  being  a  ihrnt  elevation,  j^.  1996  a  horizontal,  and;!^.  1997  a  vertical 
section. 

A  charge  of  3  cwts..of  iron  was  used  in  this,  and  as  it  became  malleable  it  was 
reduced  under  the  hammer  to  what  he  termed  a  '  stamp : '  this  was  a  piece  of  iron 
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about  1  inch  thick,  and  of  any  shape  horizontally.    It  was  next  broken  in  pieces  of  a 
convenient  size,  and  about  81  lbs.  were  '  piled '  on  a  flat  piece  of  tilted  iron,  with 
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li 
or  tlM  'staff'     To  re-heat  this 

2001 


a  handle  about  4  feot  long.    This  rough  shovel,  or  holder,  was  called  the  'poctal,' 
or  th«  'aiAff'     To  TR-hnut-  f3i5.  •niifl"iQ  thg  chafeiy  would  be  a  work  of  great 


cost  and  difficulty,  and  the  brick  hollow  &e  (as  shown  in  fig*,  1998  to  2003 ;  figi. 
1998  and   1999  being  elevations,  and  figi,  2000,  2001,  2002,  and  2009  sections) 


was  invented.    This  is,  the  writer  believes,  one  of  the  inventions  which,  although 
in  work  daring  the  past  fifty  years,  still  points  to  very  great  improvements  m 

.,^  .„  I the  mani^tuie  <rf  iron.    It  is  in 

■     '  _l  =^i,  substance   the    plan   of  using  the 

gases  produced  by  the  decompo- 
sition of  fuel  for  the  working  of 
iron. 

The  ekarcoal  finery  is  also  worked 
by  the  use  of  tiie  gases  to  a  much 
greater  extent  than  is  generally 
known.  The  workman  sends  his 
blast  directly  into  the  mass  of  iron, 
and  the  chanxxil  seems  to  be  simply 
the  means  by  which  he  is  better 
enabled  to  manipulate  the  iron  in 
the  finery,  and  keep  it  covered,  so 
as  to  revive  the  oxiaiBed  metal,  and 
thus  prevent  waste.  A  few  hours  spent  with  any  intelligent  workman  at  the  side  of 
his  charcoal  finery  would  show  the  wasteful  and  expensive  character  of  the  so-called 
new  schemes  for  converting  cast-  into  wrought -iron  by  the  use  of  air  alone.  The 
late  belief  in  these  schemes,  by  men  of  high  repute  and  practical  knowledge  in  the 
trade  is  a  direct  proof  of  the  deficiency  in  knowledge  of  exact  science  as  at  present 
applied  to  the  manufacture  of  iron. 

Tho  pile  was  now  placed  in  the  hollow  fire,  and  brought  to  a,  soft  welding  or 
washing  heat;  again  hammered  out  to  'slabs,'  6  inches  wide  and  throe-quarters 


Digitized  by 


Google 


TIN-PLATES 


1016 


of  on  indt  thick ;  these  were 
re-heated,  cnt  np,  and  after- 
wards  passed  tbrongh  rolls, 
redudng  them  to  'bars,'  6 
inches  by  half  an  inch.  These 
were  known  in  the  trade  aa 
'  hollow  fire  iron,'  or  *  tin- 
bars.'  The  result  of  Mr. 
Watldn  George's  improve- 
ments  was,  to  ;redace  the 
cost  and  double  the  produc- 
tion with  the  same  outlay 
in  machinery.  All  the  tin- 
plates  made  at  this  time  hud 
the  great  defect  of  a  rough 
and  smooth  side.  In  tjie 
year  1820,  Mr.  Wm.  Daniell 
found  a  mode  to  remedy  this 
defect.  Himself  a  maker  of 
tin-bars  and  plates,  he  had 
obstrred  that  the  smooth  side 
of  the  plate  was  always  that 
corresponding  to  the  flat  part 
of  the  '  portal,'  or  '  staff  p  he 
at  once,  having  ascertained 
this  cause,  renodied  the  de- 
fect by  hammering  out  the 
jnle,  notching  it,  and  doubling 
It  over,  so  that  the  tilted 
blade  of  the  '  staff'  was  on 
the  top  as  well  as  the  bottom 
of  the  pile.  This  was  the 
invention  of  'tops  and  bot- 
toms,' and  the  writer  need 
not  remind  practical  men  of 
the  immense  sums  made  by 
this  discovery  during  the  past 
fifty  years. 

Another  improvement  since 
1807i  is  the  use  of  the  mn- 
ning-out  fire ;  it  is  still  adopt- 
ed in  only  a  few  worts. 
This  is  represented  by  fiat. 
2004,  2006,  and  2006.  Fig. 
2004  is  a  vertical  section  ; 
fig.  2006  a  horizontal  sec- 
tion ;  and^.  2006  a  front  ele- 
vation, ^fhis  process  saves 
waste  of  heat  and  labour,  by 
running  the  refined  met^ 
at  once  into  the  chaioeal- 
finery. 

The  'tin-bars'  before  re- 
ferred to,  6  inches  by  half 
an  inch,  are  heated  and  run 
through  rollers  until  they 
form  a  sheet  of  sufficient 
width  ;  this  sheet  is  then 
doubled  and  passed  through 
the  rolls,_  and  this  repeated 
until  this  sheet  is  quad- 
rupled,— the  lominte  are  then 
cut  to  sice,  and  separated  as 
before  described.  The  writer 
asks  careful  attention  to  the 
fact,  that  the  last  part  of  the 
lolling  is  done  when  the  iron 
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is  nearly  cold.  These  sheets  are  next  annealed,  and  were  formerlj  bent  separately  by 
hand,  into  a  saddle,  forming  two  sides  of  a  triangle,  thus  A,  and  placed  in  a  rererber- 
atoiy  fnrnace,  so  that  the  flame  should  play  amongst  them,  and  heat  them  to  redness; 
they  were  then  plunged  into  a  bath  of  muriatic  acid,  or  sulphuric  acid  and  water,  for 
a  few  minutes,  taken  out,  and  drained  on  the  floor,  and  again  heated  in  a  furnace  ; 
after  which,  a  scale  of  oxide  of  iron  'separates  from  the  plate  during  the  work  of 
bending  them  again  straight,  on  a  cast-iron  block. 

The  plates  should  be  now  free  from  rust  or  scale,  and  are  then  passed  cold  through 
the  chilled  rolls :  this  last  process  is  most  important,  as  the  ductility  and  the  stren^ 
and  colour  of  the  tin-plate  depend  upon  this ;  at  this  point  bad  iron  will  crack  or 
split,  and  any  want  of  quality  in  the  iron,  or  skill  in  the  manufacture,  will  be  shown. 

A  great  improvement  in  the  process  of  annealing  was  made  in  1829  by  Mr.  Thomas 
Morgan :  the  plates  were  piled  on  a  stand,  and  coTered  with  a  cast-iron  box,  now 
termed  an  '  annealing  pot ; '  in  this  they  were  exposed  to  a  dull  red  heat  in  a  leverbcr- 
Btory  furnace  for  21  nours.  This  annei^g  pot  with  its  stand  is  represented  by 
Jig.  2007,  in  plan  and  vertical  section. 

2007 
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A  very  important  invention  in  the  manufacture  of  iron  for  tin-plates,  wa<  made  by 
Mr.  William  Daniell  in  1846.  About  2}  cwts.  of  refined  metal  is  placed  in  the  char- 
coid-finery ;  this  is  taken  out  in  one  lamp,  put  under  the  hammer  and  '  nobbled,'  then 
passed  at  once  through  the  balling  rolls,  and  reduced  to  a  bar  6  inches  square  and 
about  2' feet  6  inches  long.  This  bar  is  either  cut  or  sawed  off  in  pieces  6  inches  long, 
and  these  rolled  endways  to  give  a  bar  about  6  inches  wide,  2^  inches  thick,  and  12 
inches  long,  and  in  this  state  the  inventor  calls  it  '  a  billet.'  This  is  heated  in  a 
small  balling  furnace  and  rolled  down  to  a  bar  one-quarter  inch  thick  and  eleven 
inches  wide,  and  will  be  about  six  feet  long.  This  is  taken  at  once  to  the  tin-plate 
mill,  and  the  process  saves  great  expense  in  fuel  and  machinery. 

By  the  old  method  of  annealing,  a  box  of  tin-plates  required  about  13  lbs.  of  tin. 
This  is  now  done  with  about  9  lbs.  for  charcoal  and  8  lbs.  for  coke  plates. 

In  referring  to  tin-plates  the  standard  for  quotatioi;  is  always  taken  as  1  C. 
(Common,  No.  I.)  This  is  a  box  containing  22S  plates,  which  should  weigh  exactly 
112  lbs. 


ThefdttovAng  are  the  Mark$,  Weights,  and  Iteatxirenunt  of  the  Tin  PlaUe  mno  in 

common  uee : — 

Karnes 

Sixes 

No.  In 
a  box 

Welgfatof 
eumbox 

Harks  on 
the  boxes 

Inches 

owt.   qn.    Its. 

Common,  No.  1       .       .       . 

13}  by  10 

226 

1    0      0 

CI 

No.  2       . 

m ,.   0 

1» 

0    8    21 

Cll 

„        No.  3       . 

12}.,     9 

It 

0    3    16 

Cl  1  1 

Cross,  No.  1    . 

13}  „    10 

110 

XI 

Two  Crosses,  No.  1 . 

f» 

1     1    21 

XXI 

Three 

»» 

1     3     U 

XXXI 

Four      „          „    . 

1* 

1    8      7 

XXXXI 

Common  Doubles    . 

16J  by  12} 

100 

0    3    21 

CD 

Cross 

tl 

1    0    U 

XD 

Two  Cross    „ 

it              tt 

» 

1    1      7 

XXD 

Three  „ 

*l 

1     2      0 

XXXD 

Four    „       „ 

„ 

1     2    21 

XXXXD 

Common  Small  Doubles 

16  by  11 

200 

I     2      0 

08D 

Cross          „          „ 

»* 

1    2    21 

XSD 

Two  Cross  „          „ 

»i          »» 

ft 

1    3    14 

XXSD 

»(          *« 

„ 

2    0      7 

XXXSD 

Four    „     „          „ 

„ 

2    1      0 

XXXXSD 

Waster's  Common,  No.  1 

13J  by  10 

225 

10      0 

WCl 

„        Cross           „ 

f*                    *l 

« 

1     1      0 

WXl 
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One  of  the  great  items  of  expense  in  the  mannfacture  of  best  iron,  as  before  described, 
is  the  coet  of  charcoal  for  the  fineries.  About  18S0  the  attention. of  Mr.  Bogers 
-was  directed  to  the  use  of  a  substitute  for  charcoal  in  the  finery.  C!ar|fal  thought  and 
experiment  led  him  to  the  conclusion  that  some  coals  could  be  charred  in  such  a  way 
as  to  produce  a  mechanical  structure  analogous  to  charcoal,  and  at  the  same  time  when 
deprived  of  sulphur  might  be  used  in  the  finery.  These  experiments  resulted  in  the 
manufacture  of '  charred  coal.'  This  material  has  been  trorked  at  several  of  the  prin- 
cipal manufactories  in  South  Wales,  and  declared  equal  in  evfrj  respect  to  charcoal. 

The  preparation  of  the  •  charred  coal '  is  very  simple.  The  coal  is  first  reduced  to 
small,  and  washed  by  any  of  the  ordinary  means  :  it  is  then  spread  over  the  bottom 
of  a  reverberatory  furnace  to  a  depth  of  about  4  inches ;  the  bottom  of  a  furnace  is 
first  raised  to  a  red  heat.  When  the  small  coal  is  thrown  over  the  bottom  a  great 
volume  of  gases  is  given  o£^  and  much  ebullition  takes  place  :  this  ends  in  the  produc- 
tion of  a  light  spongy  mass  which  is  turned  over  in  the  furnace,  and  drawn  in  about 
one  hour  and  a  half.  To  completely  clear  off  the  sulphur,  water  is  now  freely 
sprinkled  over  the  mass  until  all  smell  of  the  sulphuretted  hydrogen  gas  produced 
ceases.  The  result  is  'charred  coaL'  The  quantities  of  'charred  ccol'  hitherto 
produced  have  been  made  on  the  floor  of  an  ordinary  coke  oven,  whilst  red  hot  after 
drawing  the  charge  of  coke. 

2?»  Coating  of  Iron  and  Zinc,  by  Mr.  Morries  Stirling's  patent  process.  _  For  this 
purpose  the  sheet,  plate,  or  othet  form  of  iron,  previously  coated  with  zinc,  either 
by  dipping  or  depositing  from  solutions  of  zinc,  is  taken ;  and,  after  cleaning  the 
sur&ce  by  washing  in  acid  or  otherwise,  so  as  to  remove  any  oxide  or  foreign  matter 
which  would  interfere  with  the  perfect  and  equal  adhesion  of  the  more  fusible  metal 
or  alloy  with  which  it  is  to  be  coated,  it  is  dipped  into  melted  tin,  or  any  suitable  alloy 
thereof,  in  a  perfectly  fluid  state,  the  surface  of  which  is  covered  with  any  suitable 
material,  such  as  fatty  or  oily  matters,  or  the  chloride  of  tin,  so  as  to  keep  the  surface 
of  the  metal  free  from  oxidation ;  and  such  dipping  ia  to  be  conducted  in  a  like 
manner  to  the  process  of  making  tin-plate  or  of  coating  iron  with  zinc.  When  a  flne 
surface  is  required,  the  plates  or  sheets  of  iron  coated  with  zinc  may  bo  passed  be- 
tween polished  rolls  (as  already  described)  before  and  after,  or  either  before  or  after 
they  are  coated  with  tin  or  other  alloy  thereof.  It  is  preferred  in  all  cases  to  use  for 
the  coating  pure  tin  of  the  description  known  as  '  grain  tin.' 

Another  part  of  the  invention  consists  in  covering,  either  wholly  or  in  part,  zinc 
and  its  alloys  with  tin,  and  such  of  its  alloys  as  are  sufficiently  Visible.  To  effect 
this,  the  following  is  the  process  adopted : — ^A  sheet  or  plate  of  zinc  (by  preference 
such  as  has  been  previously  rolled,  both  on. account  of  its  ductility  and  smoothness) 
is  taken,  and  after  cleaning  its  surface  by  hydrochloric  or  other  acid,  or  otherwise,  it 
is  dried,  and  then  dipped  or  passed  in  any  ooavenient  manner  through  the  melted  tin, 
or  ftasible  alloy  of  tin.  It  is  found  desirable  to  heat  the  zinc,  as  nearly  as  may  be,  to 
the  temperature  of  the  melted  metal,  previous  to  dipping  it,  and  to  conduct  the 
dipping,  or  passing-through,  as  rapidly  as  is  consistent  wit£  thorough  coating  of  the 
zinc,  to  prevent  as  much  as  possible  the  zinc  becoming  alloyed  with  the  tin.  It  is 
recommended  also  that  the  tin,  or  alloy  of  tin,  should  not  be  heated  to  a  higher  tem- 
perature than  is  necessary  for  its  proper  fluidity.  The  metal  thus  coated,  if  iu  the 
form  of  sheet,  plate,  or  cake,  can  then  be  rolled  down  to  the  required  thickness ;  and 
sliould  the  coating  of  tin  or  alloy  be  found  insufficient  or  imperfect,  the  dipping  is  to 
bo  repeated  as  above  described,  and  the  rolling  also,  if  desired,  cither  for  smoothing 
the  surface  or  Atrther  reducing  the  thickness. 

Another  part  of  the  invention  consists  in  coating  lead  or  its  alloys  with  tin  or 
alloys  thereof.  The  process  is  to  be  conducted  as  before  described  for  the  coating  of 
zinc,  and  the  surface  of  lead  is  to  be  perfectly  clean.  The  lead  may,  like  the  zinc, 
be  dipped  more  than  once,  either  before  or  after  being  reduced  in  thiduiess  by  rolling. 

Lead  and  its  alloys  may  also  be  coated  with  tin  or  its  alloys  of  greater  fusibility 
than  the  lead  to  be  coated. 

CryttaJliiid  Tin-plate.  See  Moib£b  HirAiLiQim.  It  would  seem  that  the  acid 
merely  lays  bare  the  crystalline  structure  really  present  on  every  sheet,  but  marked 
by  a  film  of  redundant  tin.  Though  this  showy  article  has  become  of  late  years  vul- 
garised by  its  cheapness,  it  is  still  interesting  in  the  eyes  of  the  practical  chemist. 
The  English  plates  marked  f,  answer  well  for  producing  the  Moirie,  by  the  following 
process : — Place  the  tin-plate,  slightly  heated,  over  a  tub  of  water,  and  rub  its  surface 
with  a  sponge  dipped  in  a  liquor  composed  of  four  parts  of  aquafortis  and  two  of 
distilled  water,  holding  one  part  of  common  salt  or  sal-ammoniac  in  solution.  When- 
ever the  crystalline  spangles  seem  to  be  thoroughly  brought  out,  the  plate  must  be 
immersed  in  water,  washed  either  with  a  feather  or  a  little  cotton  (taking  care  not  to 
rub  off  the  film  of  tin  that  forms  the  feathering),  forthwith  dried  with  a  low  heat,  and 
coated  with  a  lacquer-varnish,  otherwise  it  loses  its  lustre  in  the  air.    If  the  whoI« 
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gnrface  is  not  plnnged  at  once  in  cold  irater,  but  if  it  be  partially  cooled  by  niiinUing 
wator  on  it,  the  cirstallisation  will  be  finely  variegated  'with  large  and  smaU  figures. 
Similar  results  Vill  be  obtained  by  blowing  cold  air  through  a  pipe  on  the  tinned 
surface,  while  it  Is  just  passing  &om  the  foxed  to  the  solid  state ;  or  a  variety  of 
delineations  may  be  traced  by  playing  over  the  surface  of  the  plate  with  the  pointed 
Same  of  a  blowpipe. 

Export  of  Tin  Plates  in  the  Year  ending  1872  and  the  tmprevioiu  yeare. 


QunUtlM 

Taloe 

1871 

ins 

1871 

1871 

U7I 

187* 

France 

United  States      . 
British  North  America 
Anstialia     . 
Other  conntnee   . 

Total  .        . 

Tons 
2,128 

86,929 
4,200 
5,141 

21,212 

Ton* 
8,342 

87,360 
4,003 
5,094 

18,284 

Tons 
3,941 

85,531 
3,343 
4.326 

23,327 

£ 

48,683 

2,075,600 

109,463 

187,878 

529,001 

£ 

97,769 

2,770,332 

142,782 

188,015 

608,075 

£ 
138,569 
2,745,916 
117,276 
156,969 
794,111 

119,606 

118,083 

120,468 

2,900,625 

8,806,978 

3,962,841 

(Sym.  Ti ;  At.  wt.  25)  is  a  rare  metal,  discovered  by  Klaproth,  iu 
Henaccanite,  in  1794.  Small  cubes  of  a  copper-red  colour,  and  so  hard  as  to  scratch 
quarts,  which  have  been  found  in  some  of  the  blast-fiirnaces  in  Yorkshire,  Wales,  and 
Cumberland,  wore  thought  to  be  titanium  ;  they  have  recently  been  shown  to  be  a 
cyano-nitride  of  that  metal,  represented  by  TiCy.STi'N  (TiOy'.STt  V).  This  metal 
is  very  brittle,  so  hard  as  to  scratch  steel^  and  very  light,  having  a  specific  gravity  of 
only  5'8.  It  will  not  melt  in  heat  of  any  furnace,  nor  dissolve,  when  eiystallised, 
even  in  nitro-muriatic  acid ;  but  only  when  in  fine  powder.  According  to  Eassenfratz, 
it  presence  in  small  quantity  does  not  impair  the  malleability  of  iron.  By  calcination 
with  nitre,  it  becomes  oxygenated,  and  forms  titanate  of  potash.  Traces  of  this 
metal  may  be  detected  in  many  irons,  both  wrought  and  cast.  The  principal 
minerals  containing  titanium,  are  sphenc,  brookite,  anaiaee,  rutiU,  iieriHt  and  menac- 
oanite.    Butile  has  been  used,  with  donbtfol  advantage,  in  the  preparation  of  steeL 

TOAB'B-STB  TUT.  A  pale  hair-brown  variety  of  wood-Un,  found  neax 
Tregarthy  Moor  in  Cornweill. 

VOAMT.  When  bread  in  thin  slices  is  held  in  front  of  a  bright  fire  it  is  converted 
into  '  toast,'  and  acquires  a  characteristic  fiavour.  This  appears,  according  to  the 
experiments  of  Fiesse,  to  be  a  prodnct  of  the  destructive  distiUation  of  diastase,  which 
all  bread  contains.  When  diastase  is  obtained  from  bread  by  alcoholic  infiision  and 
precipitation  with  water,  and  then  heated  to  330°,  an  intense  odour  of  'toast'  is 
produced. 

TOBAOOOa  It  is  said  that  the  name  '  tobacco '  was  given  by  the  Spaniards  to  the 
plant,  because  it  was  first  observed  by  them  at  Tabasco,  or  Tabaco,  a  province  of 
Yucatan  in  Mexico.  Others  derive  the  name  &om  Taboc,  an  instmment  used  by  the 
natives  of  America  in  smoking  this  herb.  In  1560,  Nicot,  the  French  ambassador  to 
Foitugal,  having  received  some  tobacco  from  a  Flemish  merchant,  showed  it,  on  his 
arrival  in  Lisbon,  to  the  grand  prior,  and  on  his  return  to  France,  to  Catherine  of 
Medicis,  whence  it  has  been  called  Nicotiana  by  the  botanists.  Admiral  Sir  Francis 
Brake,  having  on  his  way  home  from  the  Spanish  Main,  in  1586,  touched  nt  Vuginia, 
and  brought  away  some  forlorn  colonists,  is  reported  to  have  first  imported  tobacco 
into  England.  But,  according  to  Lobel,  this  plant  was  cultivate  in  Britain  before 
the  year  1570 ;  and  was  consumed  by  smoking  in  pipes  by  Sir  Walter  Raleigh  and 
companions,  so  early  as  the  year  1684. 

Tobacco  is  prepared  as  foUows : — The  plants  are  hung  up  to  dry  daring  four  or  five 
weeks  ;  taken  down  out  of  the  sheds  in  damp  weather,  tor  in  d^  tjey  would  bo  apt 
to  crumble  into  pieces ;  stratified  in  heaps,  covered  up,  and  left  to  sweat  for  a  week  or 
two,  according  to  their  quality  and  the  state  of  the  season ;  during  which  time  they 
must  be  examined  frequently,  opened  up,  and  turned  over,  lest  they  become  too  hot, 
take  fire,  or  run  into  putrefactive  fermentation. 

Bespectable  tobacconists  are  very  careful  to  separate  all  the  damaged  leaves  before 
they  proceed  to  their  preparation,  which  they  do  by  spreading  them  in  a  heap  upon  a 
stone  pavement,  watering  each  layer  in  succession  with  a  solution  of  sea-salt,  of  spec, 
grav.  1'107,  called  sauce,  till  a  ton  or  more  be  laid ;  and  leiiving  their  principles  to 
react  on  each  other  for  three  or  fonr  days,  according  totlie  temperature  and  the  natnro 
of  the  tobacco.    It  is  highly  probable  that  ammonia  is  the  volatilising  agent  of  many 
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odonn ,  itnd  Mpe(uall7  of  tobacco.  If  a  freih  green  leaf  of  tobacco  be  cruBhed  between 
the  fingen,  it  emits  merely  the  herbaceous  smell  common  to  many  plants ;  but  if  it 
be  triturated  in  a  mortar  along  irith  a  little  quick-limo  or  caustic  potash,  it  Mrill 
immediately  exhale  the  peculiar  odour  of  snufr.  Analysis  sho\rs  the  presence  of 
ammonia  in  this  plant,  and  fermentation  serres  further  to  generate  free  ammonia  in  it. 
Tobacco  contains  a  great  qnantitr  of  an  azotised  principle,  irhich  by  fermentation 
prodnoee  abundance  of  ammonia ;  the  first  portions  of  irhich  saturate  the  acid  juices 
of  the  plant,  and  the  rest  serve  to  rolatilise  its  odorous  principles.  The  salt  -watet  is 
meflil  chiefiy  in  modezating  the  fermentation,  and  prarratins;  itfrom  passing  into  tlie 
pntrefactire  stage ;  just  as  salt  is  sometimes  added  to  saocnarine  worts  in  tropical 
oonntries,  to  temper  the  fermentative  action.  The  sea-salt,  wiiich  contains  some 
muriate  of  lime,  tends  to  keep  the  tobacco  moist,  and  ia  therefbre  preferable  to  pure 
chloride  of  sodinm  for  this  purpose.  Some  tobacconists  mix  molasses  with  the  salt 
tauce,  and  ascribe  to  this  addition  Uie  violet  colour  of  the  macouba  snuff  of  llartinique ; 
and  others  add  a  solution  of  extract  of  liquorice. 

The  fermented  leaves,  being  next  stripped  of  their  middle  ribs  by  the  hands  of 
children,  are  sorted  anew,  and  the  large  ones  are  set  apart  for  making  cigars.  Most 
of  the  tobaccos  on  sale  in  our  shops  ate  mixtnies  of  different  growths  :  one  kind  of 
smoking  tobacco,  for  example,  consists  of  70  parte  of  Maryland  and  30  of  meagre 
Virginia ;  and  one  kind  of  snuff  consists  of  80  parts  of  Virginia  and  30  parts  of  either 
Mumesfort  or  Warwick.  The  Maryland  is  a  very  light  tobacco,  in  thin  yellcw  leaves ; 
that  of  Virginia  is  in  large  brown  leaves,  tmctooos  or  somewhat  gluey  on  the  surface, 
having  a  smell  somewhat  like  the  figs  of  Malaga;  that  of  Havsjonah  is  in  brownish 
light  leaves,  of  an  agreeable  and  rawer  spi^  smell ;  it  forms  the  best  cigars.  The 
Carolina  tobacco  is  less  unctuous  than  the  Virginian ;  but  in  the  United  States  it 
ranks  next  the  Maryland.  The  shag  tobacco  is  Szied  to  the  proper  point  upon  sheets 
of  copper. 

Tobaeoo  is  cut  into  vhat  is  called  '  shag  tobacco'  by  knife-edged  chopping  stamps. 
For  grinding  the  tobacco-leaves  into  sni^  conical  mortals  are  employed,  somewhat 
like  that  need  by  the  Hindoos  for  grinding  sugar-canes ;  bat  the  sides  of  the  snuff- 
mill  have  sharp  ridges  from  the  top  to  near  the  bottom. 

Mr.  L.  W.  Wright  introduced  a  tobacco-cutting  machine,  which  bears  a  close 
resemblance  to  the  well-known  machines  with  revolving  knives  for  cutting  straw  into 
chaff.  The  tobacco,  after  being  squeezed  into  cakes,  is  placed  upon  a  smooth  bed 
within  a  horizontal  ttoiu^  and  pressed  by  a  follower  and  screws  to  keep  it  compact. 
These  cakes  are  progressively  advanced  upon  the  bed,  or  fed  in,  to  meet  the  revolving 
blades.  The  speed  of  the  feeding-screw  determines  the  degree  of  fineness  of  the 
sections  or  particles  into  which  the  tobacco  is  cut. 

Snuff  is  sometimes  largely  drugged  with  pearlashes,  and  therein  rendered  pungent, 
and  absorbent  of  moisture. 

Befiise  leaves  and  roots,  such  as  those  of  senna,  rhubarb,  and  the  like,  after  their 
medicinal  properties  have  been  extracted  in  the  mannfactnre  of  infusions,  extracts,  and 
tinctures,  by  the  drug^sts,  were  ftnnerly  ground,  coloured  with  burnt  sienna  or  yellow 
ochre,  made  pungent  with  ammonia,  and  then  sold  in  large  quantities  to  the  snuff-manu- 
iacturers.  We  have  reasons  for  believing  that  this  timti  is  but  rarely  practised  now. 
According  to  the  analysis  of  Posset  and  Beimann,  10,000  parts  of  tobacco- 
leaves  contain  6  of  the  peculiar  chemical  principle  nicotine ;  1  of  niootianine ;  287  of 
slightly  bitter  extractive ;  174  of  gum,  mixed  with  a  little  malic  acid ;  267  of  a  green 
resin ;  26  of  vegetable  albumen ;  104*8  of  a  substance  analogous  to  gluten ;  61  of 
malic  add ;  12  cJ  malate  al  ammonia;  4'8  of  sulphate  of  potass ;  6-3  v£  chloride  of 
potassium ;  9*6  of  potava,  which  has  been  combined  with  malic  and  nitric  ncids ; 
16-6  of  phosphate  of  lime ;  24-2  of  lime,  which  had  been  combined  with  malic  acid ;  8-8 
of  silica ;  496*0  of  flbrons  or  ligneous  matter ;  traces  of  starch ;  and  88-28  of  water. 

In  '  Silliman's  Journal,'  vol.  vii.  p.  2,  a  chemical  examination  of  tobacco  is  given  by 
Dr.  Covell,  which  shows  its  components  to  have  been  but  imperfectly  reptesentod  in 
the  above  German  analysis.  He  found,  1,  gom ;  2,  a  viscid  slime,  equally  soluble  in 
water  and  alcohol,  and  precipitable  &om  botb  by  subacetate  of  lead;  3,  tannin ;  4, 
gallic  acid ;  6,  chlaroj^yll  Heaf-green);  6,  a  green  pulverulent  matter,  which  dis- 
solves in  boiling  water,  but  falls  down  again  when  the  water  cools ;  7,  a  yellow  oil, 
possessins  the  anell,  taste,  and  poisonous  qualities  of  tobacco ;  8,  a  large  quantity  of 
a  pale  yeUow  resin ;  9,  nicotine ;  10,  a  white  substance,  analogous  to  morphia,  soluble 
in  hot,  but  hardly  in  cold,  alcohol ;  11,  a  beautiful  orange-red  dye-stuff^  soluble  only  in 
odds :  it  defiagrates  in  the  fire,  and  seems  to  possess  neutral  properties ;  1 2,  nicotinine. 
A  strict  royal  monopoly  exists,  or  existed,  in  Austria  Proper,  France,  Sardinia,  the 
Duchies  of  Parma  and  Lucca,  and  the  Grand-Duchy  of  Tuscany,  and  in  Portugal, 
Spain,  Naples,  and  the  States  of  the  Church  ;  the  license  to  manufacture  is  periodically 
gold  to  companies,  which  regulate  the  prices  of  tobacco  as  they  please.    It  will  be 
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found  that  the  situation  of  all  these  countries  where  the  monopolies  and  high  price* 
are  kept  np,  is  nearly  the  same,  as  to  illicit  trade  in  tobacco,  as  in  England. 

Tobacco  Imported  in  1873 : —  . 

11a.  Talne. 

Unmann&ctured        ....    81,382,733  2,618,799;. 

lbs. 

Entered  for  Home  consumption 41,719,756 

Deduct  Exported  on  drawback,  &c.      .        .        .        .         635,146 


Total 44, 184,61  Of. 

Duty:  containing  10  Ibe.  or  more  of  moisture  in  every  100  lbs.  Zt.  1^.  per  lb. 
Containing  less  than  10  lbs.  of  moisture  in  every  100  lbs.  3s.  6d.  per  lb.    This  WM 
fixed  March  27,  1863.    The  gross  amount  received  in  1873  was  6,049,836{. 

The  total  quantities  of  tobacco  retained  tac  home  consnmption  in  1842  amounted 
to  Dearly  17,000,000  lbs.  Professor  Scbleiden  gives  a  singular  illnstratioo  of  the 
quantity  of  tobacco  consumed.  North  America  alone  produces  annually  upwards  of 
200,000,000  lbs.  of  tobacco.  The  combustion  of  this  mass  of  vegetable  material 
would  yield  about  340,000,000  lbs.  of  carbonic  add  gas,  so  that  the  yeaily  produce  of 
carbonic  acid  gas,  from  tobacco-smoking  alone,  cannot  be  estimated  at  less  tlian 
1,000,000,000  lbs. :  a  large  contribution  to  the  annual  demand  for  this  gas  made  upon 
the  atmosphere  by  the  vegetation  of  the  world. 

It  has  been  observed  by  Lane,  the  learned  annotator  of  the  '  Arabian  Nights,'  (and 
the  observation  was  confirmed  by  the  experience  of  Mr.  Layard,  M.P.,  the  explorer  of 
Assyria),  that  the  growth  and  use  of  tobacco  amongst  Oriental  nations  has  gradually 
reduced  the  resort  to  intoxicating  beverages ;  and  Mr.  Crawford,  in  n  paper  '  On  the 
History  and  Consumption  of  Tobacco,'  in  the  Journal  of  the  Statistical  Society  for 
March  18S3,  remarked,  that  simultaneously  with  the  decline  in  the  use  of  spirits  in 
Oreat  Britain,  there  had  been  a  corresponding  increase  in  the  use  of  tobacco. 

QninUty  of  Oonsnmptios 

Tear  Fopnlatlon  Tobwoo  cansimied  per  brad 


1821    . 

.    21,282,960     . 

.     15,598,152    . 

.    11-71  oz 

1831    . 

.     24,410,439     . 

.     19,633,841     . 

.     12-80  „ 

1841     . 

.    27,016,972    . 

.    22,309,360    . 

.    18-21   „ 

1851     . 

.    27,452,282     . 

.    28,062,978    . 

.    16-86   „ 

The  actual  quantity  now  consumed  is  not  easily  obtainable.  It  has  certainly 
greatly  increased,  and  all  medical  evidence  goes  to  show  that  it  acts  injurioosly  on 
the  health  of  the  people. 

TOaACCO-VXPas  are  made  of  a  fiire-grained  plastic  white  clay,  to  which  they 
have  ^ven  the  name.  It  is  worked  with  water  into  a  thin  paste,  which  is  allowed  to 
settle  in  pits,  or  it  may  be  psssed  through  a  sieve,  to  separate  the  siliceous  or  other 
stony  impurities ;  the  water  is  afterwards  evaporated  till  the  clay  becomes  of  a  doughy 
consistency,  when  it  must  be  well  kneaded  to  make  it  uniform.  Pipe-clay  is  found 
chiefly  in  the  Isle  of  Purbeck,  in  Dorsetshire,  and  at  Newton  Abbot,  in  Devonshire. 
It  is  distinguished  by  its  perfectly  white  colour,  and  its  great  adhesion  to  the  tongue 
after  it  is  baked,  owing  to  the  large  proportion  of  alumina  which  it  contains.  See  Cut. 

A  child  fashions  a  ball  of  clay  from  the  heap,  rolls  it  out  into  a  slender  cylindra 
upon  a  plank,  with  the  palms  of  his  hands,  in  order  to  form  the  stem  of  the  pipe.  He 
sticks  a  small  lump  to  the  end  of  the  cylinder  for  forming  the  bowl ;  which  having 
done,  he  lays  the  pieces  aside  for  a  day  or  two,  to  get  more  consistency.  In  propor- 
tion as  he  makes  these  rough  figures,  he  arranges  them  by  docens  on  a  board,  and 
hands  them  to  the  pipemaker. 

The  pipe  is  finished  by  means  of  a  folding  brass  or  iron  mould,  channelled  insida, 
of  the  shape  of  the  stem  of  the  bowl,  and  capable  of  being  opened  at  the  two  ends. 
It  is  formed  of  two  pieces,  each  hollowed  out  like  a  half-pipe,  cut  as  it  were  length- 
wise ;  and  these  two  jaws,  when  brought  together,  constitute  the  exact  space  for  making 
one  pipe.  There  are  small  pins  in  one  side  of  the  mould,  corresponding  to  holes  in 
the  other,  which  serve  as  guides  for  applying  the  two  together  with  precision. 

The  workman  takes  a  long  iron  wire,  with  its  end  oiled,  and  pushes  it  through  the 
soft  clay  in  the  direction  of  the  stem,  to  form  the  bore,  and  he  directs  the  wire  by 
feeling  with  his  left  hand  the  progress  of  its  point.  He  lays  the  pipe  in  the  groove 
of  one  of  the  jaws  of  the  mould,  with  tlie  wire  sticking  in  it;  apphes  the  other  jaw, 
brings  them  smartly  together,  and  unites  them  by  a  clamp  or  vice,  which  produce* 
the  external  form.  A  lever  is  now  brought  down,  which  presses  an  oiled  stopper 
into  the  bowl  of  the  pipe  while  it  is  in  the  mould,  forcing  it  sufficiently  down  to 
form  the  cavity;  the  wire  being  meanwhile  thrust  backwards  and  forwai-ds  so  as  to 
pierce  the  tube  completely  through.    The  wire  must  become  visible  at  the  bottom  of 
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the  bowl,  otherwise  the  pipe  wUl  be  imperfect  The  wire  is  now  withdrawn,  the 
jaws  of  the  mould  opened,  the  pipe  taken  out,  and  the  redundant  clay  removed  with 
a  knife.  After  drying  for  a  day  or  two,  the  pipes  are  scraped,  polished  with  a  piece 
of  hard  wood,  and  the  stems  being  bant  into  the  desired  form,  they  are  carried  to  the 
baking  kiln,  which  is  capable  of  &ng  60  gross  in  from  8  to  12  hours.  A  worlcman 
and  a  child  can  easily  make  6  gross  of  pipes  in  a  day. 

No  tobacco-pipes  are  so  highly  prized  as  those  made  at  Natolia,  in  Turkey,  out 
of  meerschaum,  a  hydrous  silicate  of  magnesia,  of  a  soft  greasy  feel,  which  is  formed 
into  pipes  after  having  been  softened  with  water.  It  becomes  white  and  hard  in  the 
kiln.    See  MxsnscHAUM. 

A  tobacco-pipe  kiln  should  diffiise  an  equal  heat  to  every  part  of  its  interior,  while 
it  excludes  the  smoke  of  the  fire.  The  crucible,  or  large  sagger,  A,  A,  Jifft.  2008 
and  2009,  is  a  cylinder,  covered  in  with  a  dome  l.  It  is  placed 
over  the  fireplace  B,  and  enclosed  within  a  fiimace  of  ordinary 
brickwork  d  d,  lined  with  fire-bricks  e,  k.  Between  this  liaing 
and  the  cylinder,  a  space  of  about  4  inches  all  round  is  loit 
for  the  circulation  of  the  flame.  There  are  12  supports  or 
ribs  between  the  cylinder  and  the  furnace  lining,  which  form 
so  many  fines,  indicated  by  the  dotted  lines  x,  in  fig.  2000  (the 
dotted  circle  representing  the  cylinder).  These  ribs  are  per- 
forated with  occasional  apertures  as  shown  in  fiff.  2008,  for 
the  purpose  of  connecting  the  a<^'oining  flues ;  but  the  main 
bearing  of  the  hollow  cylinder  is  given 
by  five  piers,  4,  4,  e,  formed  of  bricks  PCJ  2009 
projecting  over  and  beyond  each  other. 
One  of  these  piers,  c,  is  placed  at  the 
back  of  the  fireplace,  and  the  other  four 
at  the  sides  h,  4.  These  prqject  nearly 
into  the  centre,  in  order  to  support  and 
strengthen  the  bottom ;  while  the  flues 
pass  up  between  them,  unite  at  the  top 
of  the  cylinder  in  the  dome  l,  and  dis- 
charge the  smoke  by  the  chimney  n. 

The  lining  B,  b,  of  the  chimney  is 
open  on  one  side  to  form  the  door,  by 
which  the  cylinder  is  charged  and  discharged.  The  opening  is  permanently  closed  as 
high  as  k,  fig.  2008,  by  an  iron  plate  plastered  over  with  fin-day ;  above  this  it 
is  left  open,  and  shut  merely  with  temporary  brickwork  while  the  furnace  is  going. 
When  this  is  removed,  the  fomace  can  be  fiUed  or  emptied  through  the  opening,  the 
cylindric  crucible  having  a  correspondent  aperture  in  its  side,  which  is  closed  in  the 
following  ingenious  way,  while  the  furnace  is  in  action.  The  workman  first  spreads  a 
layer  of  day  round  the  edge  of  the  opening :  he  then  sticks  the  stems  of  broken  pipes 
across  &om  one  side  to  the  other,  and  plasters  up  the  interstices  with  clay,  exactly  Iiks 
the  lath-and-plaster  work  of  a  ceiling.  The  whole  of  the  cylinder,  indeed,  is  constructed 
in  this  manner,  the  bottom  being  composed  of  a  great  many  fragments  of  pipe-stems, 
radiating  to  the  centre ;  these  are  coated  at  the  circumference  with  a  layer  of  clay. 
A  number  of  bowls  of  broken  pipes  are  inserted  in  the  day ;  in  these  other  frag- 
ments are  placed  upright  to  form  the  sides  of  the  cylinder.  The  ribs  round  the  out- 
side, which  form  the  flues,  are  made  in  the  same  way,  as  well  as  the  dome  l  ;  by 
which  means  the  cylindric  case  may  be  made  very  strong,  and  yet  so  thin  as  to 
require  little  clay  in  the  building,  a  moderate  fire  to  heat  it,  while  it  is  not  apt  to  split 
asunder.  The  pipes  are  arranged  within,  as  shown  in  the  figure,  with  their  bowls 
resting  against  the  circumference,  and  their  ends  supported  on  circular  pieces  of  cla^, 
r,  which  are  set  up  in  the  centre  for  that  purpose.  Six  small  ribs  are  made  to  project 
inwards  all  round  the  crudble,  at  the  proper  heights  to  support  the  different  ranges 
of  pipes,  without  having  so  many  resting  on  each  other  as  to  endanger  their  being 
crushed  by  the  weight.  By  this  mode  of  distribution,  the  furnace  may  contain  60 
gross,  or  7,200  pipes,  all  baked  within  eight  or  nine  hours ;  the  fire  being  gradually 
raised,  or  damped  if  occasion  be,  by  a  plate  partially  slid  over  the  chimney-top. 

TOSSTi  Sura,  Ifee-ra,  '  sweet  juice.'  The  proprietors  of  cocoa-nut  plantations  in 
the  peninsula  of  India,  and  in  the  Island  of  Ceylon,  instead  of  collecting  a  crop  of 
nuts,  frequently  reap  the  produce  of  the  trees  by  extracting  sweet  juice  from  the 
flower-stalk.  When  the  flowering  branch  is  half  shot,  the  toddy-drawers  bind  the 
stock  round  with  a  young  cocoa-nut-leaf  in  several  places,  and  beat  the  madix  with  a 
short  baton  of  ebony.  This  beating  is  repeated  daily  for  ten  or  twelve  days,  and 
about  the  end  of  that  period  a  portion  of  the  flower-stalk  is  cut  off.  The  stump  then 
begins  to  bleed,  and  an  earthy  vessel  (chatty)  or  a  calabash  is  suspended  nnder  it,  to 
receive  the  juice,  which  is  by  the  Europeans  called  toddy. 
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A  thin  tUee  is  taken  from  the  stnmp  daily,  and  the  toddy  is  removed  tirice  a  day. 
A  cocoa-nut  fireqaently  puehes  out  a  nev  spadix  once  a  month ;  and  after  each  spsdix 
begine  to  bleed,  it  continnee  to  produce  freely  for  a  month,  by  which  Ume  another  is 
ready  to  supply  its  place.  The  old  spadix  continues  to  gire  a  little  juice  for  another 
month,  after  which  it  withws ;  so  that  there  are  sometimes  two  pots  attached  to  a  tree 
at  one  time,  but  never  more.  Each  of  these  spadices,  if  allowed  to  grow,  wonld  pro- 
dues  a  bonch  of  nuts  from  two  to  twenty.  Trees  in  a  good  soU  produce  twelve 
bunxihee  in  the  year ;  but  when  less  favourably  situated,  they  often  do  not  give  more 
than  six  bnnchet.  The  quantity  of  six  English  pnts  of  toddy  is  sometimes  yieUed 
by  a  tree  daily. 

Toddy  is  much  in  demand  as  a  beverage  in  the  neighbonifaood  of  villages,  especially 
where  European  troops  are  stationed,  When  it  is  dnmk  before  sunrise,  it  is  a  coi^ 
delicious,  and  pardcolarly  wholesome  beverage;  but  by  eight  or  nine  o'clock  fermen- 
tation has  made  some  progress,  and  it  is  then  highly  intoxicating.' 

TOZiV  is  a  brownish-red  balsam,  extracted  from  the  stem  of  the  Myroxylon  iolui- 
finun,  a  tree  which  grows  in  South  America.  It  is  composed  of  resin,  oil,  and  benzoic 
acid.  Having  an  agreeable  odour,  it  is  sometimes  used  in  perfumery.  It  has  a  place 
in  the  Materia  Hedtea. 

TO&VZniira.  C"H*N  (<m).  a  volatile  base  isomeric  with  Istidine, 
fbrmed  tiom  tolaole,  by  processes  analogous  in  all  respects  to  those  by  which  aniline 
is  piodneed  ttom  benzole. 

TO&VOUi.  C"H*  (OTB*).  Syn.  Hydntnt  of  iolumvle.  A  hydrocarbon  pro- 
duced ifi  the  destmctive  distillation  of  the  resin  of  toln.  It  is  also  produced  by  the 
decomposition  of  toluylic  acid  by  baryta  at  a  high  temperature.  Coal-naphtha  contains 
it  in  laige  quantity.    For  its  physic&l  properties,  see  CAsno-HysBinas. 

TraOAOi  or  WkUa  Copper.  An  alloy  of  copper  and  zinc,  containing  8S  per  cent, 
of  the  former  and  IS  of  the  latter. 

TOV.  An  English  weight  of  20  cwts.,  acooiding  to  the  statate,  or  2,240  lbs.  It 
varies  in  difbient  districts : — 

South  Wales,  from  2,400  lbs.  to  2,618  lbs. 

Ayrshire,  from  2,464'  lbs.  to  2,520  lbs. 

North  Stafibrdshire,  coal,  2,400  lbs. 
Co.  do.  stone,  2,520  lbs. 

Copper  ores  are  sold  by  the  ton  of  21  cwts.  of  112  lbs.  or  2,352  lbs. 

In  Kewcastle  the  leases  are  by  the  ton  of  440  bolls  of  86  gallons  each  a  48  tons, 
11  cwts.  2  qrs.  17  lbs.  statute. 

TOWKA  or  TOVQimr  BBAV.  The  f^nit  of  the  Dipteryx  odorata  affords  a 
concrete  crystalline  volatile  oil  (itearopttnt),  called  Coumarine  by  the  P'rench.  It  is 
extracted  by  digestion  with  alcohol,  which  dissolves  the  stearoptene  and  leaves  a  fat 
oil.  It  has  an  agreeable  smell,  and  a  warm  taste.  It  is  funble  at  122°  Fahr.,  and 
Tolatile  at  higher  heats.  

TOOXB,  ASTIPIULAX  WAJnU'AOTOBB.  TeeHl  diottld  be  made  of  the 
best  ivory.  The  following,  however,  is  one  of  the  processes  adopted  for  the  artificial 
manufacture  of  teeth.  Pure  qnarts  is  calcined  by  a  moderate  heat  When  taken 
from  the  fire  it  is  thrown  into  cold  water,  which  breaks  it  into  numberless  pieces. 
The  pieces  of  calcined  quarts  are  ground  into  fine  powder.  Next  fluor-spar,  free  from 
all  impurities,  is  gioand  up  in  like  manner  into  a  fine  powder. 

The  next  step  is  to  mix  together  nearly  equal  parts,  by  weight,  of  the  powdered 
spar  and  quartz.  This  mixture  is  again  ground  to  a  greater  fineness.  Oxide  of  tin 
is  now  added  to  it,  for  the  purpose  of  producing  an  appropriate  colour,  and  water  and 
china  day  to  make  it  plastic  and  give  it  consistency.  This  mixture  resembles  soft 
paste,  which  is  transfeired  to  the  hands  of  females,  who  are  engaged  in  filling  moulds 
with  it.  After  the  paste  has  been  moulded  into  proper  shape,  two  small  platina 
rirets  are  inserted  near  the  base  of  each  tooth,  for  the  purpose  of  fiistening  it  (by  the 
dentist),  to  a  plate  in  the  mouth.  They  are  now  transferred  to  a  furnace,  where  they 
are  *  cured,'  as  it  is  technically  called ;  that  is,  half-baked  or  hardened.  The  teeth 
are  now  ready  to  receive  the  enamel,  which  is  applied  by  women ;  it  consists  of  spar 
and  quartz  which  has  been  ground,  pulverised,  and  reduced  to  the  state  of  a  soft  paste, 
which  is  evenly  spread  over  the  half-baked  body  of  the  tooth,  by  means  of  a  delicate 
brush.  The  teeth  must  be  next  subjected  to  an  intense  heat.  They  are  put  into 
orens,  lined  with  platina  and  heated  by  a  furnace,  in  which  the  necessary  heat  is 
obtained.  The  baking  process  is  superintended  by  a  workman,  who  occasionally 
removes  a  tooth  to  ascertain  whether  those- within  hare  been  sufficiently  baked.  This 
is  indicated  by  the  appearance  of  the  tooth. 

■  ContrlbationB  to  the  Hlitoi?  of  (be  Cocoa-nut  Tree.  B;  Heu;  Mgnhsll,  bq.,  Sejiotr  ^''f^'iT 
ot  Hospltato. 
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TOFAX.  The  fnndAmantal  form  is  a  scalene  4Hsi<!ed  pyramid ;  but  the  secondaiy 
forms  have  a  prismatic  character,  and  are  frequently  obserred  in  1-sided  prisms, 
terminated  by  4  planes.  The  lateral  planes  of  the  prism  are  longitudinally  striated. 
Fracture  conchoi'dal,  uneven;  lustre  vitreous;  colours,  white,  yellow,  green,  bine, 
generally  of  pale  shades.  Hardness,  8 ;  spec.  gray.  8-6.  Prismatic  topaz  con- 
sists, according  to  Berzelios,  of  alumina,  67*46;  silica,  34-24 ;  fluoric  add,  7-76.  In 
a  strong  heat  the  faces  of  crystallisation,  but  not  those  of  cleavage,  are  covered  vrith 
small  blisters,  which  however  immediately  crack.  With  borax,  it  melts  slowly  into  a 
transparent  glass.  Its  powder  colours  the  tincture  of  violets  green.  Those  crystals 
which  possess  different  mces  of  crystallisation  on  oppoate  ends  acquire  the  opposite 
electricities  on  being  heated.    By  friction  it  acquires  positive  electricity. 

Most  perfect  crystals  of  topaz  have  l>een  fonnd  in  Siberia,  of  green,  blue,  and  white 
colours,  along  with  beryl,  in  the  Uralian  and  Altai  mountains,  as  also  in  Kamtschatka ; 
in  Brazil,  where  they  generally  occur  in  loose  crystals,  and  pebble-forms  of  bright 
yellow  colours ;  and  in  Hucla  in  Asia  Minor,  in  pale  straw-yellow  regular  crystals. 
They  are  also  met  with  in  the  granitic  detritus  of  Cairngorm  in  Aberdeenshire.  The 
blue  varieties  are  absurdly  called  oriental  aquamarine  by  lapidaries.  If  enosed  to 
heat,  the  Saxon  topaz  loses  its  colour  and  becomes  white  ;  the  deep  yellow  Brazilian 
varieties  assimie  a  pale  pink  hue,  and  are  then  sometimes  mistaken  for  spinelle, 
to  which,  however,  they  are  somewhat  inferior  in  hardness.  Topas  is  also  dis- 
tinguishable by  its  double  refractive  property.  Tsvemier  menUons  a  topaz,  in  the 
possession  of  Uie  Great  Mogul,  which  weighed  157  carats,  and  cost  20,000/.  sterling. 
There  is  a  specimen  in  the  Musetunof  Natural  History  at  Paris  which  weighs  4  ounces 
2  gros.    Topazes  are  not  scarce  enough  to  be  very  highly  valued.    See  Qkms. 

TOKBAinra,  or  Torbane-HiU  mineral.     See  Bookbas  Coal. 

TOBSZra.  A  preparation  of  Peat,  for  which  works  were  established  at  Hor- 
wich,  in  Lancashire.  It  does  not  appear  that  this  manufacture  was  attended  wiUi 
success.  

TOBBSr AOnoir.  Boasting  ores  to  d«piiv«  tliem  of  snlphnr,  anenic,  or  other 
volatile  subetanees. 

TtHTfff »  OTHTiTi.  or  rather  leaU;  a  homy  substance  that  covers  the  hard 
strong  covering  of  a  bony  contextnie,  which  encloses  the  Testudo  imbrioata,  Linn, 
The  lamellte  or  plates  of  this  tortoise  are  thirteen  in  number,  and  may  be  readily 
separated  from  Uie  bony  parts  by  placing  fire  beneath  the  shell,  whereby  they  start 
asunder.  They  vary  in  thickness  from  one-eighth  to  one-quarter  of  an  inch,  ac- 
cording to  the  age  and  size  of  the  animal,  and  weigh  from  6  to  25  lbs.  The  larger 
the  animal,  the  better  is  the  shell.  This  substance  may  be  softened  by  the  heat  of 
boiling  -water ;  and  if  compressed  in  this  state  by  screws  in  iron  or  brass  moulds,  it 
may  be  bent  into  any  shape.  The  moulds  being  then  plunged  in  cold  water,  the  shell 
becomes  fixed  in  the  form  imparted  by  the  mould.  If  the  turnings  or  filings  of 
tortoise-shell  be  subjected  skiUully  to  gradually  increased  compression  between 
moulds  immersed  in  boiling  water,  compact  objects  of  any  desired  ornamental  figure 
or  device  may  be  produced.  The  soldering  of  two  pieces  of  scale  is  easily  effected, 
by  placing  their  edges  together,  after  they  are  nicely  filed  to  one  bevel,  and  then 
squeezing  them  strongly  between  the  long  flat  jaws  of  hot  iron  pincers,  made  some- 
what like  a  hairdresser's  curling  tongs.  Ae  pincers  should  be  strong,  thick,  and  just 
hot  enough  to  brown  paper  slightly  without  burning  it.  They  may  be  soldered  also 
by  the  heat  of  boiling  water,  applied  along  with  skilful  pressure.  But  in  whatever 
way  this  process  is  attempted,  the  surfaces  to  be  united  should  be  made  very  smooth, 
level,  and  clean :  the  least  foulness,  even  the  touch  of  a  finger,  or  breathing  upon  them, 
would  prevent  their  coalescence.     See  Horn. 

Tortoiso-shell  is  manufactured  into  various  objects,  putly  by  cutting  out  the  shapes 
and  partly  by  agglutinating  portions  of  the  shell  by  heat.  When  the  shell  has  become 
soft  by  dipping  it  in  hot  water,  and  the  edges  are  in  the  cleanest  possible  state  without 
grease,  they  are  pressed  together  with  hot  flat  tongs,  and  then  plunged  into  cold 
water,  to  fix  them  in  their  position.  The  teeth  of  the  larger  combs  are  parted  in 
their  heated  state,  or  cut  out  irith  a  thin  frame  saw,  while  Uie  shell,  equal  m  size  to 
two  combs  with  their  teeth  interlaced,  as  in  fy.  2010,  is  bent  like  an  arch  in  the 
direction  of  the  length  of  the  teeth,  as  in  jiff.  2011.  The  shell  is  then  flattened,  the 
points  are  separated  with  a  narrow  chisel  or  pricker,  and  the  two  aombs  are  finished, 
while  flat,  with  coarse  single-cut  flies  and  triangular  scrapers.  They  are  finally 
warmed,  and  bent  on  the  knee  over  a  wooden  mould,  by  means  of  a  strap  passed  round 
the  foot,  just  as  a  shoemaker  fixes  his  lost.  Smaller  combs  of  horn  and  tortoise-shell 
are  parted  while  flat,  by  an  ingenious  machine,  with  two  chisel-formed  cutters  placed 
obliqnely,  so  that  each  cut  produces  one  tooth.  See  Rogers's  Comb-cutting  Machine^ 
'Trans.  Soc.  Arts,'  vol.  xlix.  part  2,  since  improved  by  Mr.  Kelly.  In  making  the 
frames  for  eye-glasses,  spectacles,  &c.,  the  apertures  for  the  glasses  were  toimeAj  cut 
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oat  to  the  circular  form  with  a  tool  something  like  a  carpenter's  centre-bit,  or  vith  a 
crovn  saw  in  the  lathe.  The  disks  so  cnt  oat  were  used  for  inlaying  in  the  tops  of 
boxes,  &C.  This  required  a  piece  of  shell  as  large  as  the  front  of  the  spectacle ;  but 
a  piece  one-third  of  the  size  will  now  suffice,  as  the  eyes  are  strained  or  pulled.  A. 
long  narrow  piece  is  cut  out,  and  two  slits  are  made  in  it  with  a  saw.  The  shell  is 
then  warmed,  tho  apertures  are  palled  open,  and  fastened  upon  a  taper  triblet  of  the 
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appropriate  shape ;  as  illustrated  hjfigt.  2013,  20H,  and  2015.  The,grooTe  for  the 
edge  of  the  glass  is  cut  with  a  small  circular  cutter,  or  sharp-edged  saw,  about  three- 
eighths  or  half  an  inch  in  diameter ;  and  the  glass  is  sprung  in  when  the  &ame  is 
expanded  by  heat. 

In  making  tortoise-shell  boxes,  the  round  plate  of  shell  is  first  placed  centrally  orer 
the  edge  of  the  ring,  as  in  jig.  2010  ;  it  is  slightly  squeezed  with  the  small  round 
edgeblock  g,  and  the  whole  press  is  then  lowered  into  the  boiling  water ;  after  immer. 
sion  for  aliout  half  an  hour,  it  is  transferred  to  the  bench,  and  g  is  pressed  entirely 
down,  so  as  to  bend  the  shell  into  the  shape  of  a  saucer,  as  at  fig.  2018,  withont 
catting  or  injuring  the  material ;  and  the  press  is  then  cooled  in  a  water-trough.  The 
same  processes  are  repeated  with  the  die  d,  which  has  a  rebate  turned  away  to  the 
thickness  of  the  shell,  and  completes  the  angle  of  the  box  to  the  section,  >N|r.  2017i 
ready  for  finishing  in  the  lathe.  It  is  always  safer  to  perform  each  of  these  processes 
at  two  successire  boilings  and  coolings.  Two  thin  pieces  are  cemented  together  by 
pressure  with  the  die  «,  and  a  device  may  be  given  by  the  engraved  die/ {fig.  2016). 

TOSBZVO  or  KOZXXO.  A  process  in  dressing  ores,  by  which  they  are  kept 
suspended  in  water  by  agitation.    See  Dbesshto  of  Obes. 

TOVCB-OVXBS&HB  and  TOUCB-STOn  are  means  of  ascertaining  the 
quality  of  gold  trinkets.  The  touch-needles  are  bars  of  known  composition,  and  the 
touch-stone  is  black  basalt ;  according  to  the  streak  made  by  the  article  to  be  tested, 
as  compared  with  that  made  by  the  needles,  its  quality  is  inferred. 

TOVBXCAUra.  A  silico-borate  of  alumina  and  several  other  bases,  usually 
with  flaorine.  This  mineral  is  used  in  the  construction  of  polariscopes.  The  bla<^ 
varieties  are  known  as  Schorl,  the  red  as  Bubellite,  and  the  blue  as  Indieolite. 

TOPB-TiM-MOIB.  A  name  given  to  a  kind  of  starch  obtained  from  the  Canna 
edulii,  one  of  the  Marantacea,  or  Arrowroot  order. 

TO'Vr.    See  Rax. 

TBAOAOAaXBi  OVM,  {Gonmit  adracanie,  Fx. ;  Thtganth,  Ger.)    See  Oux. 

TMABB  or  TAHSASt  A  German  term  for  a  tertiary  earth,  probably  volcanic; 
which  occupies  wide  areas  in  the  Eifel  district  of  the  Hhine.  Its  basis  appears  to  be 
pumice-stone,  mixed  with  fragments  of  basalt  and  calcined  slate.  When  powdered  it 
IS  used,  like  the  pottohmo  of  Italy,  as  an  hydraalic  ceme&t. 
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A  white  concretionaiy  limestone  deposited  from  springs  holding 
carbonate  of  lime  in  solution.    Trarertin  is  compact ;  tufa  is  a  porous  body. 

TXa&OUl  ia  the  viscid  biotra  nncrystallisable  syrup  which  drains  from  the  sugar- 
refining  monlds.  Its  spec  grav.  is  generally  1-4,  and  it  contains  upon  an  average  75 
per  cent,  of  solid  matter.    Bee  Sugak. 

TSaVOZXi,  BXTTaS.    One  of  the  cloven  which  possesses  a  bitter  taste. 

TBSWT  SASrS  or  'VnUkMn.  A  river  sand  found  in  some  parts  of  the  Trent, 
and  also  in  the  Severn,  and  some  other  places ;  used  for  polishing  Oerman  silver. 

TSXVO&X  {Terra pourrie,  Fr. ;  Tr^,  Qer.)  is  a  mineral  of  an  earthy  fracture,  a 
yellowish-grey  or  white  colour,  oomporition  impalpably  fine,  meagre  to  the  touch, 
docs  not  adhere  to  the  tongue,  and  bums  white. 

M.  Khrenberg  has  shown  that  those  friable  homogeneous  rocks,  which  consist 
almost  entirely  of  silica,  are  actually  composed  of  the  exuvise  or  rather  the  skeletons 
of  Infusoria  {animalcida),  of  the  family  of  Sarcellaria,  and  the  genera  Cocconema, 
Gonphauema,  Sec  They  are  recognised  with  such  distinctness  in  the  microscope,  that 
their  analogies  with  living  species  may  be  readily  traced,  and  in  many  cases  there  is 
no  appreciable  difference  between  the  living  and  the  fossil  forms.  The  species  are  dis- 
tinguished by  the  number  of  partitions  or  transverse  lines  upon  their  bodies.  The 
length  is  about  j^th  of  a  line.  M.  Ehrenberg  made  his  observations  upon  the  tripolis 
of  Billeii  in  Bohemia,  of  Santafiora  in  Tuscany,  of  the  Isle  of  France,  and  of  Frandsbad, 
near  Eger. 

Tripoli  is  said  by  Brooke  and  Miller  to  be  found  near  Prague  in  Saxony,  in  France, 
TripoB,  Corfa.  Tripoli  has  been  confounded  by  many  writers  with  the  English 
Rottenstone.  Mr.  lurwan,  in  his  'Elements  of  Mineralogy,'  says,  'Mr.  Eaase  who 
has  lately  analysed  it  found  100  parts  of  it  to  contain  90  of  silicious  earth,  7  of  argill, 
and  3  of  iron ;  but  the  red  sort  probably  contains  more  iron.' 

TKOKVB,  TKB.  The  Irompe,  or  water-blowing  engine,  fys.  2010,  2020,  2021, 
is  employed  in  some  of  the  great  metallur^cal  works  of  the  Continent.    Fig.  2019  is 


the  elevation ;  fia.  2020  is  a  vertical  section,  made  at  right  angles  to  the  elevation. 
The  machine  is  tormod  of  two  cylindrical  pipes ;  the  bodies  of  the  tromgt,  b  b,  set  up- 
Voi,  m.  S  U 
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right,  called  the  funnel,  which  terminate  above  in  a  -water-ciitern  a,  and  helow  in  a 
close  basin  under  «,  called  the  tub  or  drmn.  The  conical  part  p  of  the  funnel  has 
been  called  etranffuillon,  being  itrangUd,  aa  it  were,  in  order  that  the  water  discharged 
into  the  body  of  the  trompe  3xa\\  not  fill  the  pipe  in  falling,  but  be  divided  iiito  man/ 
streamlets.  Below  this  narrow  part,  boles,  $;,  are  perforated  obliquely  through  the 
substance  of  the  trompe,  called  the  rent-holes  or  nostrils,  for  admitting  the  air,  which 
the  water  carries  with  it  in  its  descent.  The  air  afterwards  parts  from  the  water,  by 
dashing  upon  a  cast-iron  slab,  placed  in  the  drum  upon  the  pedestal  d.  An  aperture, 
at  the  bottom  of  the  drum,  allows  the  water  to  flow  away  after  its  &11 ;  but  to  prevent 
the  air  from  escaping  along  with  it,  the  water  as  it  issues  is  received  in  a  chest, 
Imon,  divided  into  two  parts  by  a  vertical  side-plate  between  mn.  By  raising  op 
lowering  this  plate,  the  water  may  be  maintained  at  any  desired  level  within  the  drum, 
so  as  to  give  the  included  air  any  determinate  degree  of  pressure),  The  superfluous 
water  then  flows  off  by  the  hole  o.    Sea  Asfeb^tob. 

The  air-pipe  «/,  fy.  2021,  is  fittad  to  the  uppisr  part  of  the  drum :  it  is  divided,  by 
the  point  f,  into  three  tubes,  of  which  the  prindpnl  one  is  destined  for  the  furnace  of 
cupellation,  whilst  the  other  two,  gg,  serve  for  different  melting  furnaces.  £ach  of 
these  tubes  ends  in  a  leathern  pot^ket,  and  an  iron  nose-pipe,  k,  adjusted  in  the  tnyire 
of  the  furnace.  At  Fesy,  and  in  the  whole  of  Savoy,  a  floodgate  is  fitted  into  the 
upper  cistern,  a,  to  regulate  the  admission  of  water  into  the  trompe ;  but  in  Camiols 
the  funnel  is  closed  with  a  wooden  plug,  suspended  to  a  cord,  which  goes  round  a 
pulley  mounted  upon  a  borizontfil  axis,  as  shown  in  /Ig.  2020.  By  the  plug  a  being 
raised  more  or  less,  merely  the  quantity  of  water  required  for  the  operation  is  admitted. 
The  plug  is  pierced  lengUiwise  with  an  oblique  hole,  ec,  in  which  the  small  tabe  e  ia 
inserted,  with  its  top  some  way  above  the  water  level,  through  which  air  may  be  ad- 
mitted into  the  heart  of  the  column  descending  into  the  trompe  p  g. 

The  ordinary  height  of  the  trompe  apparatus  is  about  26  or  27  feet  to  the  upper  level 
of  the  water-cistern ;  its  total  length  is  11  meters  (36)  feet),  and  its  width  2  feet,  to 
give  room  for  the  drums.  It  is  situated  10  meters  (83^  feet)  from  the  melting  furnace. 
This  is  the  case  at  the  smelting  works  of  Jauerberg,  in  Upper  Carniola. 

TROVA.    A  name  given  by  the  AfHcans  to  Natbok. 

TKOUBXiaB.  Disturbances  in  the  strata,  interfering  with  the  progress  of  work 
in  a  coal  mine. 

TXUTrKMB,  A  mushroom-like  vegetable  production,  found  underground  in 
Northamptonshire  and  elsewhere,  but  imported  as  a  luxury  from  Italy. 

TVBB8.  The  manufacture  of  iron  tubes  for  gas,  water,  and  other  purposes  has 
become  one  of  extreme  importance.  Mr.  Eussell,  of  Wednesbury,  patented  a  process 
which  has  been  carried  out  on  a  very  large  scale.  In  this  process  plate-iron,  previously 
rolled  to  a  proper  thickness,  is  cut  into  such  strips  or  lengths  as  may  be  desirable, 
and  in  breadth  corresponding  witli  the  width  of  the  tube  intended  to  be  formed. 

The  sides  of  the  metal  are  then 
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bent  up  with  swages  in  the  usual 
way,  so  as  to  bring  the  two  edges 
as  close  as  possible  together.  The 
iron  thus  bent  is  then  placed  in 
an  air  or  blast  furnace,  and 
brought  to  a  welding  heat,  in 
which  state  it  is  withdrawn  and 
placed  under  the  hammer.  Fig. 
2022,  A,  is  the  anvil  having  a 
block  or  boktai,  with  a  groove 
suited  to  and  corresponding  with  a 
similar  groove  b,  in  the  face  of  the 
block,  c  is  a  wheel  with  projecting 
knobs,  which,  striking  in  succes- 
sion upon  the  iron-shod  end  of  the 
hAmmer-shaft,  causes  it  to  strike 
rapidly  on  the  tube.  In  this  pro- 
cess the  tube  is  repeatedly  heated 
and  hammered,  until  the  welding 
ia  complete  &om  end  to  end.  A 
nmndril  may  be  inserted  or  not  during  the  operation.  When  the  edges  of  iron  have 
been  thus  thoroughly  united,  the  tube  is  again  heated  in  a  furnace,  and  then  passed 
through  a  pair  of  grooved  toUers  similar  to  those  used  in  the  production  of  rods.  fy. 
2022.  Suppose  a  tube  D,  to  be  passing  through  these  rollers,  of  which  fig.  2023 
represents  a  croas-section,  immediately  upon  its  being  delivered  llrom  the  groove  it 
receives  an  egg-shaped  core  of  metal  fixed  upon  the  extremity  of  the  rod  m,  over 
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which  the  tube  slidjng  on  it*  progtees,  the  inside  and  outside  are  perfected  together. 
Hr.  Cort  patented  a  similar  process  for  the  mann&cture  of  guu-barrels. 

Brass  or  eofper  tnbas  are  formed  of  rolled  metal,  whit'h  is  cut  to  the  required 
breadth  bj  means  of  reTolving  disks :  in  thi  large  sizes  of  cubes  the  metiil  is  partially 
curred  in  its  length  by  means  of  a  pair  of  rolls ;  when  in  this  condition  it  is  passed 
through  a  steel  hole  or  a  die,  a  plug  being  held  in  such  a  position  as  allovs  the  metal 
to  pass  between  it  and  the  interior  of  the  hole.  Oil  is  used  to  lubricate  tlie  metal ; 
the  motion  is  communicated  bj  povrer,  the  drairing  apparatus  being  a  pair  of  huge 
nippers,  whidi  holds  the  brass,  and  is  attached  to  a  chain  and  revolyea  round  a  wind- 
lass or  cylinder.  The  tube  in  its  unsoldered  state  is  annealed,  botmd  round  at 
intervals  of  a  fev  inches  with  iron  wire,  and  solder  and  boras  applied  along  the  seam. 
The  operation  of  soldering  is  completed  by  passing  the  tube  through  an  air-store, 
heated  with  '  ooke* '  or  '  breezes',  which  melts  the  solder,  and  unites  the  two  edgos 
of  the  metal,  and  forms  a  perfect  tube  ;  it  is  then  immerseid  in  a  solution  of  sulphuric 
acid,  to  remove  scaly  deposits  on  its  surface,  the  wire  and  extra  solder  having  been 
previously  removed :  it  is  then  drawn  through  a  '  finishing  hole  plate,'  when  tlie  tube 
u  completed. 

Mandril-drawn  tubes,  as  the  name  indicates,  are  drawn  upon  a  very  accurately 
turned  steel  mandril ;  by  this  means  the  internal  diameter  is  rendered  smooth ;  the 
tube  formed  by  this  process  is  weU  fitted  for  telescopes,  syringes,  small  pump- 
cylinders,  &C. 

The  manu&cture  in  all  its  details  is  described  by  Mr.  W.  G.  Aitken,  of  Bixmingham, 
in  the  following  article : — 

lianufaeture  of  Tuba  in  Lead,  Tin,  Iron,  Steel  and  Brast,  whether  soldered, 
plain,  taper,  ornamental,  solid,  6t  seamless. 

The  introduction  of  water  into  public  and  private  establishments  as  provision  for 
heating  and  ventilating,  the  use  of  tubes  for  the  conveyance  of  gas,  the  large  demands 
for  tubes  also  required  in  the  constmction  of  locomotive  and  marine  enginb-boilers, 
have  been  the  means  of  dev^oping  what  is  now  an  important  branch  of  national  in- 
dustry. Tubes  w  pipes  ue  essential  requisites  at  the  day,  and  may  be  said  to  have 
originated  in  the  practical  application  of  science  to  the  wants  of  the  present  and  coming 
generations :  as  pipes  to  let  pure  water  in  and  carry  foul  water  out,  pipes  for  warming, 
ventilating,  and  drainage,  pipes  to  bring  in  gas,  and  to  carry  away  the  results  of  ita 
combustion,  pipes  for  the  nch  man's  marble  or  earthenware  bath,  pipes  for  the  poor 
man's  brick  kitchen,  pipes  for  fountains  and  cesspools,  for  arresting  conflagration 
and  pestilence,  for  the  locomotive  on  the  iron  road,  and  the  steamboat  as  it  cleaves  the 
ocean-wave.  This  brief  allusion  to  the  multifarious  uses  to  which  pipes  or  tubes 
are  applied  may  be  accepted  either  as  introductory  to  the  modus  operandi  or  means  by 
which  tubes  are  produced  from  various  metals.  There  is  every  reason  to  believe 
that  in  the  early  stages  of  tube-manu&cture  tabes  generally  were  formed  by  casting, 
the.  aperture  being  produced  by  means  of  a  core  of  sand  laid  in  a  print  in  a  mould. 
They  were  cast  in  short  lengths,  and  soldered  together,  or  they  were  turned  up  from 
flat  sheet-metal  and  the  edges  united  by  means  of  soldering  if  lead  or  brass ;  or  if  of 
iron,  they  were  welded  ;  the  methods  of  manipnlation  now  adopted  arising  from  the 
increasing  demand  for  such  forms  at  metal, 

Ltad-pipet  were  formerly  prodnced  by  being  ca«t  in  sand-moulds,  a  ^linder  or  '  core ' 
of  sand  being  laid  in  ooneeponding  to  the  internal  diameter  of  t^e  aperture.     These 
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were  cast  in  short  lengths  and  soldered  together,  or  they  were  produced  team  milled 
or  rolled  sheet  lead  and  soldered  together  with  soft  or  plumber's  solder  at  the  seam  or 
junction  of  the  two  edges  of  the  sheet  lead:  then  followed  the  process  by  which  the 
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tube  was  elongated  from  a  thick  cylinder,  or  billet  of  lead,  hy  meau  of  the 

drawbench,  the  liillet  in  its  interior  being  supported  by  a  mandril  of  steel;  and  in 
that  condition  it  was  drawn  through  a  succession  of  wortlea  or  tools  which  diminished 
the  external  diameter  of  the  billet  until  the  desired  external  diameter  of  the  tube 
was  arrived  at.  As,  however,  the  drawbench  is  an  important  machine  in  the 
production  of  tube  formed  of  every  kind  of  metal,  a  cut  is  here  introduced  to  show  its 
coiistructioii. 

la  Jiff.  2025,  an  elevation  of  drawbench,  k.x.  k.L  represents  the  &ame  of  the  draw- 
bench  ;  c  the  innion  connected  with  the  driving  abeSt  of  the  engine ;  b  the  toothed 
wheel ;  n  d  d  d,  the  endless  chain ;  b  the  clip  to  which  the  plyers  are  attached ;  f  the 
two  snags  or  standards  against  which  the  die  m  is  held  in  the  process  of  drawing. 
Fig.  2026,  represents  an  end  section  of  the  drawbench  at  f; 
Jiff.  2028,  representation  of  a  section  of  endless  chain ;  ^. 
2029,  section  of  wheel  and  pinion,  k  represents  the  driving 
shaft,  and  o  the  pulley  or  sheaf  in  which  the  chain  moves. 
J^.  2030,  X  shows  hook  which  is  inserted  into  interstices 
of  endless'  chain  at  n,  into  which  the  plyers  or  nippers  ara 
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attached  in  which  the  spit,  mandril,  or  metal  is  placed  and  held  in  the  process  of 
drawing  the  tube.  Fiff.  2027  represents  the  '  snags '  or  standards  against  which  the 
tool  n  is  held.  Fiff.  2031  represents  section  of  tool  m  ;  Jiff.  2032  section  through  o 
showing  projections  which  catch  the  interstices  or  apertures  in  chain.  Jiff.  2028, 
and  drag  it  along ;  a  corresponding  pulley  or  sheaf  is  placed  at  i,  Jiff.  2025. 

Beverting  to  the  manufacture  of  lead-tube,  the  billet  was  cast  in  metal  moulds  or  chills, 
tlius,^^.  2033,  AAArepresents  metal  mould  and  b  the  steel  mandril ;  into  the  space  cc,  the 
lead  was  poured ;  the  result  was  a  casting  or '  billet,'  when  the  mould  was  opened,  and  the 
mandril  B  withdrawn.  The  result  was  a  hollow  cylinder,^.  2034,  in  section.  Into 
Uie  space  una  mandril  was  introduced.  Jig.  2036,  in  form  correaponding  to  its  internal 
di.imeter,  the  parallel  part  of  mandril  d  d  being  of  the  length  of  the  intended  tube. 
The  '  billet'  alluded  to  was  passed  on  to  the  mandril  DS ;  and  held  1^  the  shoulder  of 
the  diminishing  part  thereof  in  front  of  the  nose  of  the  billet,  and  on  the  reduced 
portion  of  the  mandril  a  series  of  '  wortles'  or  'dies' 
were  placed,  diminishing  in  diatneter  to  the  required 
external  size  of  the  tube ;  in  this  condition  the  mandril 
and  billet  was  taken  to  the  drawbench,  the  largest  die 
placed  against  the  snags  or  rest  for  the  die,  and  the 
billet  drawn  through  and  thereby  reduced  in  diameter 
and  elongated:  then  followed  drawing  through  the 
other  and  smaller  or  diminishing  dies  in  succession  as 
described ;  the  last  operation  consisted  in  withdrawing 
the  spit  gr  mandril :  an  easy  operation,  and  simply 
effected  by  reversing  the  billet  and  using  a  die,  the  fall 
size  of  the  mandril  to  be  withdrawn,  the  drawbench 
assisting  in  the  operation.  By  a  similar  process. 
Block  Tin  tube,  now  so  largely  used  in  gas-fitting,  for 
liquor-fountains,  and^otber  purposes,  is  still  made ;  its 
brightness  being  produced  in  the  process  of  drawing 
by  a  cutting-die,  which  shaves  off  a  thin  portion  of  the 
metal  and  exposes  its  brilliancy:  the  polish  is  given  by 
the  dies  which  follow  in  succession.  It  will,  however, 
be  evident  that  the  process  alluded  to  is  a  slow  one,  and 
but  imperfectly  adapted  to  supply  the  great  demand  for 
lead-pipes  now  existing.  An  exceeding  rapid  process 
for  its  production  is  now  adopted,  in  which  an  hydraulic 
press,  operating  on  a  molten  mass  of  lead,  farces  it  in 
its  melted  state  through  a  suitably-formed  annular 
space,  and  produces  lengths  of  tube  limited  only  in 
their  length  by  the  quantity  of  liqnid  lead  operated 
upon.  The  process  will  be  best  understood  by  reference 
to  the  cnt,  Jiff.  2036,  which  consists  of  a  double-ended  piston,  operated  upon  by  a 
liyiiranlic  apparatus,  a  lead  fhrnace,  and  a  nosol  or  exit  ftom  which  issnes  the  pipe. 


Digitized  by 


Google 


TUBES  1029 

'made.  Supported  on  pillim  k  k  stands  an  arrangement  of  metal  in  which  is  indosod 
an  annnlar  furnace  under  c;  represented  by  A  A,  with  proTision  for  introducing  fire.  In 
centre,  marked  c,  is  the  melted  lead  contained  in  a  cylinder  fitted  with  piston,  con- 
nected with  that  of  the  hydraulic  press,  d  ;  the  lead  is  introduced  at  the  spout  or 
feeder,  b  ;  on  the  cylinder,  c,  being  filled,  the  feeder,  b,  is  unscrewed,  and  a  solid  pltig 
introduced.  The  white  line  ascending  through  the  space,  c,  is  a  mandril,  which  is 
the  size  of  the  interior  of  the  intended  tube.  K  represents  suitably-formed  dies,  the 
size  of  the  external  diameter  of  the  tube  required  ;  the  space  between  the  interior  of 
the  die  and  the  exterior  of  the  mandril  is  that  through  which  the  melted  lead  is  forced 
which  forms  the  tube,  it  being  formed,  congealed,  or  solidified  at  the  point  where  it 
oomes  in  contact  with  the  external  atmosphere,  the  fordng  up  of  the  lead  being  pro- 
duced by  the  water  in  gate-pipe  o  being  connected  with  the  pump  which,  set  in  motion, 
fbrces  uie  water  under  the  packing  of  the  piston  b  ;  this  raises  it,  and  it  in  turn, 
operating  on  the  piston,  which  wor^  up  in  uie  interior  of  the  cylinder  containing  the 
fluid,  or  melted  lead,  presses  it  out  from  tlie  space  'between  the  die  and  the  mandril. 
As  the  tube  is  made  it  is  wound  into  coils  on  a  roTolring  drum  F,  which  is  placed  over 
the  press ;  the  size  of  the  mandril  and  the  die  may  be  changed,  and  tubes  of  lead  of 
any  size  and  length  can  be  produced  by  this  ingenious  process,  alike  simple  and 
speedy  in  its  operation. 

7%e  Manufacture  of  Wrmtght-iron  Tube.  There  is  an  immense  demand  for  wrought- 
iron  welded  tube  now  universally  used  in  conducting  gas  for  lighting,  water,  steam 
for  heating,  or  for  boilers  for  locomotive-  and  marine-engine  purposes  (though  there 
-  are  reasons  for  believing  that  for  the  last  two  purposes  the  application  of  good 
brass  tubes  as  a  substitute  is  on  the  increase).  The  first  impetus  given  to  the 
manufacture  of  welded  iron  tube  arose  immediately  after  the  practical  demonstration 
of  William  Mnrdock  as  to  the  possibility  of  lighting  public  establishments  by  means 
of  gas,  consequent  on  the  experiments  made  by  him  at  Bedruth  in  Cornwall  in  the 
year  1792,  the  facility  afforded  by  iron  of  being  united  by  welding  naturally  sug- 
gested iron  tubes  as  a  means  of  conveying  the  new  lighting  agent  Ko  doubt  the  idea 
of  applying  iron-pipe  for  the  purpose  arose  from  the  very  great  quantity  of  gun- 
barrels  made  for  the  construction  of  the  'Brown  Bess'  guns  used  in  the  continental 
wars  terminating  in  the  year  1815.  Ghreat  quantities  of  barrels,  incapable  of 
standing  the  necessary  charges  in  proving,  were  thrown  on  one  side,  and  when  the 
introduction  of  gas  began  to  be  &vonrably  entertained,  these  waste  barrels  were 
united  together  by  means  of  screwing  the  ends  of  the  barrels,  and  connecting  them 
by  means  of  ferrules  of  iron  screwed  internally;  they  were  thus  converted  or 
made  into  long  lengths;  the  ordinary  length  of  gun-barrels  permitted  of  their 
being  readily  welded  up  the  joint  or  seam,  when  the  two  edges  of  the  '  skelp/  as 
the  piece  of  iron  was  called  from  which  the  barrels  were  made,  were  brou^t  in 
contact.  Of  course  the  kind  of  gun-barrels  referred  to  were  not  of  the  first  class ;  but 
for  ordinary  use,  simply  a  skelp  of  iron  beaten  in  a  groove,  or  partially  turned  up  by 
a  hammer  m  a  grooved  tool  placed  on  the  anvil  until  they  formed  a  half-  closed  tube 
of  iron,  and  they  were  finally  lap-joint-welded,  t.e.  the  two  edges  of  the  skelp,  when 
in  a  position  that  they  overlapped  each  other,  such  operation  being  performed  entirely 
by  manual  labour.  The  next  step  consisted  in  application  of  the  tilt-hammer 
or  hammer  worked  by  power,  see  fy.  2022,  and  eventually  the  welding  and 
reduction  of  the  billet  or  tnmed-up  skelp  was  eflfoctcd  by  rolls,  see  figt.  2023, 
and  2024.  However  much  and  numerous  the  various  patents  for  the  manu- 
facture of  iron-tube  may  have  operated  in  improving  the  production  of  iron 
tubing,  it  is  very  evident,  that  of  the  number  many  have  been  abandoned  as 
worthless  or  too  complicated  and  expensive  in'  their  operation.  Thus  Cook  in 
1808  suggested  three  several  processes  for  the  making  of  barrels  or  tubes :  Le.  to 
drill  a  hole  through  a  solid  cylinder  of  iron,  introduce  a  mandril  and  then  reduce 
the  external  surface  by  drawing  down  ^  grooved  rolls;  to  weld  up  a  strip  or 
skelp  as  already  described ;  or  to  force  a  flat  disk  of  iron  into  a  cup-like  form,  and 
elongate  the  same  by  drawing  down  or  rolling  out  In  1811  a  patent  was  taken  out 
in  which  the  turned-up  skelp  was  welded  on  a  grooved  anvil  or  swage,  the 
hammer  being  moved  by  power,  an  internal  support  being  used.  Osborne  in  1817 
Used  grooved  rolls  for '  turning  up ' :  the  mandril  was  stationary,  and  held  by  means 
of  a  shield.  Russell  in  1824  welded  by  means  of  a  hollow-£iced  hammer  and  a 
tool ;  the  latter  held  the  tube  while  the  operation  of  welding  was  being  proceeded 
with :  this  patent  was  unsuccessAil,  and  was  abandoned.  Whitehouse  in  182S 
suggested  the  idea  that  an  internal  support  might  be  got  rid  of  altogether,  and  tha 
weld  effected  in  a  'butt'  jointed  tube  by  external  pressure  only;  this  is  the  method 
now  generally  adopted  as  being  the  simplest  and  best  for  the  production  of  iron-tubes 
for  purposes  of  gas-fittings.  In  1831,  Royl  attempted  to  evade  Whitehouse's  patents 
of  welung  without  internal  support  by  using  rolU  instead  of  bell-muuth  plyers,  or 
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ccmpreseible  tools  or  dies.  In  1826,  Harrqr  and  Brown  uuA  a  long-aided  mandril 
-with  bit  attached  thereto,  corresponding  to  the  internal  diameter  of  the  inn  tuba 
which  was  to  be  welded.  Busaell  in  1836  attempted  to  expedite  the  prodoction  of 
iron  tube  by  torning  up  the  end  of  the  skelp  to  a  tube-like  form,  and  when  the  irm 
was  at  welding  beat,  on  being  drawn  through  the  tool,  the  entire  length  ci  the  (kelp 
was  turned  up,  and  welded  by  one  operation  or  heating,  either  by  means  of  roUars  or 
bell-monthed  plyers,  as  alreiidy  described,  Prosser  in  1840  followed  in  intention 
tbo  last-described  process,  using,  however,  a  tool  composed  of  four  pulley  operated 
upon  by  pinions,  and  a  long-shanked  mandril  with  a  thidc  end  :  the  end  of  the  skelp 
was  in  this  process  tnmed  up  to  enter  the  combined  roller  die ;  it  was  heated  and 
welded,  passing  over  the  thick  part  of  the  mandril  when  being  welded.  A  nnited 
patent  of  Bussell  and  AYhitehouse,  taken  out  in  1812,  and  specially  adapted  for  the 
production  of  locomotive-  and  marine-engine  boiler  tubes,  consisted  in  introdneiiig  a 
mandril  of  smaller  diameter  into  the  tumed-np  tube,  the  edges  of  which  ■wtm 
thinned  ;  the  mandril  lay  immediately  under  the  overlapping  edges  of  the  joint :  the 
tube  being  heated,  was  then  passed  under  rollen,  which  pxessed  the  laps  (a  edgta  t^ 
tbo  skelp  together  on  the  internal  support  and  produced  a  firm,  strong,  and  snbetential 
joint  or  weld.  In  1844-5,  Russell,  instead  of  passing  the  tube  throogh  the  tools,  used 
a  moveable  bed  on  which  the  tube  to  be  welded  was  laid ;  the  mandril  in  thia 
process  was  either  placed  in  the  interior  of  the  tube,  or  was  held  stationary  at  the 
point  of  welding,  or  immediately  at  the  point  of  contact  or  pressure  of  the  rolls,  and 
the  tube  passing  under  it  was  welded :  the  tube  in  this  process  required  two  heatings  to 
weld  it  into  its  entire  length.  It  will  be  evident  that  the  nu^ori^  of  these  patents 
ring  the  changes  on  the  roller  alteraaUng  with  the  'plyer'  mode  of  wddiag;  the 
former  method  having  been  used  by  Mr.  Bush  in  1780,  not  for  welding  porposes  aa 
regards  tubes,  but  for  the  production  of  lead-tube,  being  used  by  him  for  rolling  down 
the  thick  billet  of  lead  in  order  to  elongate  and  reduce  it  in  its  external  diamrter. 
Of  the  patents  noticed,  the  majority  depend  on  the  use  of  rollers  as  a  means  of 
welding  in  connection  with  an  internal  mandril,  pointing  to  the  eondnsioa  that, 
previous  to  the  introduction  cf  the  amended  Patent  Law  in  1852,  such  anan^ 
ment  of  tools  or  welding  machines  included  therein  must  have  formed,  as  they  did, 
fertile  sources  of  litigation.  A  somewhat  ingenious  process  for  making  tabes  to  be 
applied  for  locomotive  and  marine-engine  boiler  purposes  was  carried  into  execatioB 
by  the  late  Mr.  Bicbaid  Prosser  in  the  years  1852-3.  In  this  process  the  welding  of 
the  tubes  was  attempted  to  be  got  rid  of  altogether  by  a  process  dependent  entirely  on 
the  accuracy  of  the  preparation  of  the  skelp,  end  the  closing  of  its  edges ;  the  skelp, 
being  placed  on  the  bed  of  a  planing  machine,  had  its  two  outer  edges  planed  down  to 
half  the  thickness  on  the  opposite  sides  Of  the  i^eet,  Uins;  see  t,jly,  2037,  a  stakiooaiy 
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cast-iron  grooved  bed  diey  the  entire  length  of  the  inteaded  tube,  with  conesposding 
convex  tool,  which  descended  and  converted  the  flat  metal  into  the  form  represented  at 
B,^.  2037.  In  this  condition  a  concave  die,  descending  in  a  nmilar  manner,  turned  over 
the  edges  of  the  metal,  which  was  eventually  forced  down,  and  assomed  the  cylindrical 
form  as  represented  at  c,  as  the  tightness  c^  the  tube  was  dependent  on  the  aecuiaey 
of  the  planing  of  the  edges  of  the  skelp  and  the  closeness  with  which  these  edges  were 
brought  together,  the  only  means  of  retaining  these  firmly  being  the  cohesion  of  the 
joints  arising  from  the  pressure  of  the  water  in  the  interiw  of  the  boiler.  Perfect  as 
these  joints  were  made,  the  vibration  of  the  engine  speedily  opened  them,  and  the  tobe, 
it  is  almost  unnecessary  to  add,  was  not  a  success. 

The  manufacture  of  welded  '  edge  and  edge '  or  '  butt '  and  '  lap '  junted  iron  tube 
is  practised  as  follows : — ^Theiron  <?  which  the  tube  is  made  is  received  firom  the  manu- 
facturer of  iron  in  the  form,  thickness,  and  breadth  required  for  the  tubes  of  the 
various  diameters  and  thicknesses  of  metal  necesaaiy  for  the  po^xises  intended :  it  is 
cQt  into  kingths,  and  then  heated  to  a  red  hrat  in  a  reverbeistory  fbrnace  of  sufBciont 
length  to  heat  the  iron  at  one  operation.  This  furnace  is  similar  in  construction  to  a 
soldering  stove,  shown  at /jr.  2047;  the  heat  is  also  regulated  by  dampers;  it  can, 
however,  be  raised  to  a  higher  temperature.  When  heated  the  '  skelp '  at  its  end  is 
beaten  into  a  semi-tubular  form,  and  after  passing  it  through  the  tool,  it  ia  taken  hoU 
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of  with  the  plyen  of  the  diawbonch  and  drawn  throojfh  Its  entiie  length,  the  tool 
either  being  a  pair  of  rolle,  as  in^.  2040,  or  a  two-part  conical  |)air  of  dies  united 
together  as  a  pair  of  plyers  ;  seejio.  2038.  In  J!^.  2039  the  operation  of  the  die,  &c., 
is  shown  in  welding,  after  a  second  heating :  a  A  is  section  of  bell-mouthed  tool ;  B  the 
unwelded  tube ;  c,  the  portion  drawn  through  the  tool  or  die,  and  welded  in  passing 
through ;  this  completes  the  mannfactore  of  a  'faatt  or  jump-joint  welded  tube  for  gas 
or  the  transmission  of  a  fluid  in  which  the  pressure  is  not  great.' 

In  the  manufacture  of  a  '  lap '  welded  tube,  the  manipulation  is  more  complicated, 
as  the  edges  of  the  iron  to  be  welded  require  to  be  thinned  preparatory  to  welung,  and 
this  is  effected  bj  drawing  the  edge  of  the  sheet  against  a  suitably-formed  cutter, 
which  cuts  away  Uie  desired  metal  &om  the  opposite  sides  of  the  metal,  which  come 
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together,  and  form  the  'lap'  to  be  welded;,  see  fig. 
2041.  The  flat  strip  is  then  worked  into  an  oval  form 
in  its  entire  length,  the  lap  being  in  the  centre  of  the 
longest  diameter  of  the  oral  in  a  transverse  section; 
see  fig.  2042.  Down  the  centre  ct  this  oral-formed 
tube  or  unwelded  cylinder,  a  mandril  is  introduced,  A, 
which  forms  an  internal  support:  the  tube  being 

heated,  and  the  mandril  inserted,  the  tube  is  passed 

through  rolls  to  effect  and  complete  the  weld.  The 
tube  is  brought  into  a  cylindrical  form  by  passing  through  rolls,  the  lererse  or  largest 
diameter  being  compreraed  or  converted  thereby  into  a  cylindrical  tube ;  the  loUs  are 
operated  upon  by  screws  which  permit  of  their  being  pressed  down  into  closer  con- 
tact, and  to  convert  an  oval  opening  in  the  rolls  when  asunder  or  not  screwed  down 
into  a  circular  opening,  when  the  rolls  are  brought  into  closer  contact. 

2%e  Man«faciun  y  Steel  Tubes  for  Ordnanoe,  Gun-barrels,  and  other  purposes,  has 
recently  been  carried  into  practical  usefulness,  and  more  particularly  so  since  the 
extensive  application  of  the  Bessemer  process.  Ingots  of  iron  produced  by  the  process 
named  are  reheated,  and  hammered  in  every  direction,  so  as  to  ensure  perfect  homo- 
geneity of  substance  and  material,  and  the  ingot  reduced  in  thickness  and  increased 
in  breadth.  To  form  a  cylinder  for  a  heavy  gun  or  rifle,  the  centre  of  the  blank  of 
steel  is  operated  upon  by  a  punch  moved  by  machinery,  which  not  only  condenses  the 
metal  operated  upon,  but  in  moving  raidially  forms  or  raises  the  di^-like  mass  into  a 
partially-formed  solid-ended  crude  cup,  eventaaliy  into  a  steel  lallet :  into  the  centre 
of  the  billet  a  mandril  is  inserted,  and  it  is  elongated  and  compressed  until  the 
desired  length  and  dimensions  of  the  tube  required  are  arrived  at.  The  lightness  and 
strength  of  steel  in  a  tubular  form  suggests  its  applicability  to  large-sized  shafting 
hitherto  made  of  solid  iron,  and  to  other  purposes  where  great  masses  of  steel  were 
forged  solid  and  bored  out.  When  this  process  of  manufacture  is  perfected,  and 
consequently  cheapened  by  being  more  generally  applied,  steel  tubes,  cylinders,  and 
hollow  shafts  will  supersede  the  use  of  tubes,  large  solid  shaftings,  and  many  tubular 
articles  now  made  of  iron. 

2%e  Manufacture  of  Brass  Tube  of  the  ordinary  Hud,  known  as  Soldered. — This 
variety  of  brass  tube,  so  largely  used  in  the  manufacture  of  gas-fittings,  cornice-polos, 
and  other  articles  in  which  brass  tube  is  employed  in  the  construction,  is  made  from 
brass  east  in  thick  strips,  and  rolled  ont  into  sheets  of  the  thickness  required.  These 
sheets  are  cut  into  ribbons  in  breadth  corresponding  to  that  necessary  to  produce,  when 
turned  up,  tubes  of  the  rarious  diameters  required.    This  is  done  by  means  of  lerolT- 
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ing  disks  of  steel,  or  cutters  fitted  into  a  frame,  and  operated 
.  upon  by  a  winch-handle  when  worked  by  hand,  or  attached  to 
a  shaft  in  connection  with  an  mgine  when  moved  by  power, 
see  fig.  2043  :  x  a,  represents  a  cast-iron  frame ;  c  c,  the  re- 
volving disks  of  steel,  or  cntters;  A,  a  moveable  gauge,  in 
order  to  determine  the  breadth  and  guide  the  edge  of  the 
sheet  brass  to  bo  cut ;  b  b  are  pinions  which  are  attached  to  the 
spindles  which  carry  the  cntters,  and  d  the  winch-handle  to 
move  the  cutters  when  woriced  by  hand. 

When  the  metal  of  which  the  tube  is  made  is  thin,  and  the  tube  is  small  in  dia> 
meter,  it  is  readily  formed  into  a  cylinder  by  simply  converting  the  end  of  the  ribbon 
into  a  tonge  by  hammering  together  the  metal  which  forms  the  end  of  the  ribbon,  in 
order  to  allow  it  to  enter  Uie  drawing  tool,  using  also  an  additional  funnel-shaped  tool 
to  gather  up  or  concave  the  ribbon  in  its  width.  This  is  assisted  by  a  tapering  iron 
plug  held  in  the  fnnnel-sbaped  gathering-up  tool  already  alluded  to.  liiis  arrange- 
ment is  represented  in  fig.  2044  :  a  representing  the  snag  of  drawbench  against  which 
the  tool  rests ;  b,  the  tool  or  die ;  c,  the  trumpet-shaped  or  '  gathering-up '  die ;  E,  an 
iron  tapering  plug ;  d,  a  wedge,  in  order  to  prevent  s  from  being  drawn  in  and  stopping 
the  metal  being  turned  up  in  its  passage  through  the '  gathering-up '  tool  and  die,  thua 
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conrertiog  the  ribbon  of  brats  into  a  tubular  form,  the  edges  of  the  ribbon  fonning  s 
longitudinal  opening  down  the  entire  length  of  the  partially-formed  tube  :  this  longi- 
tudinal opening  or  slit  and  the  edges  of  the  metal  are  brought  closer  togeth»  by  re- 
moring  the  wedge  s,  and  checking  the  passage  of  the  ribbon,  when  the  poll  of  tlie 
drawbench  brings  the  two  edges  of  the  partiallj-formed  tube  closer  together.  Tubes 
of  larger  diameter  and  of  thicker  metal,  however,  require  the  breadth  of  metal  neces- 
sary for  their  construction  to  be  rendered  concave  in  their  entire  length,  to  facilitate 
the  operation  of  turning  the  metal  up ;  and  this  is  done  hj  means  of  a  pair  of  rolls 
one  of  which  has  on  it  a  series  of  projecting  beads  of  Taiying  diameters  in  convexity ; 
the  corresponding  roll  has  corresponding  concave  grooves,  as  shown  in  fig.  2045,    The 
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width  of  metal  is  presented  to  that  portion  of  the  roll  which  will  Impart  the  necessary 
degree  of  concavity  to  the  strip  in  its  entire  length.  It  is  then  passed  throogh  the 
rolls,  and  in  passing  through  is  converted  into  a  concave  trough-like  piece  of  sheet 
metal.  As  in  former  descriptions  in  reference  to  thin  metal,  the  end  of  the  metal  is 
beaten  into  a  tange  to  be  caught  by  the  plyers  of  the  drawbench.  This  tange  is  passed 
through  the  drawing  tool,  laid  hold  of  by  the  plyers,  and  drawn  through  the  tool ;  its 
edges  are  drawn  together  by  a  final  pinch  or  poll  of  the  drawbench.  The  next  opera- 
tion is  that  of  soldering  or  uniting  the  two  edges  of  the  metal  together :  previous  to 
this  the  partially-formed  tube  is  annealed,  and  immersed  in  a  solution  of  weak  acid, 
which  removes  Uie  scale  and  grease  nsed  in  lubricating  the  metal  to  facilitate  its  pas- 
sage through  the  tool  in  turning  np  from  a  ribbon  to  its  tube-like  form.  .  After  the 
acid  is  removed  by  immersion  in  pure  water,  the  open-jointed  tube  is  in  a  condition  to 
be  soldered  at  the  joint ;  previous,  however,  to  tlus  it  is  necessary  to  bind  the  tube 
round  with  wire  at  greater  or  less  distances,  in  orderto  prevent  the  seam  from  opening 
in  the  fire  when  the  metal  becomes  relaxed  with  the  heat  of  the  soldering  stove.  The 
wire  used  is  annealed  or  soft-iron  wire ;  it  is  passed  round  the  tube,  and  its  ends 
twisted  together;  tee  Jiff.  2046.  Along  the  open  joint  is  laid  granulated  brass  solder, 
mixed  with  borax,  the  latter  acting  as  a  flux,  at  the  same  time  keeping  the  edges  of 
the  joint  clean.  The  solder  fuses  at  a  lower  temperature  than  the  tube  to  be  soldered. 
When  the  solder  has  been  distributed  along  the  seam  of  the  tube  (this  and  the  pre- 
ceding operation  usually  being  performed  by  women  and  girls),  the  tube  is  in  a  con- 
dition to  be  passed  into  the  hands  of  the  solderer.  The  eoldering  furnace  or  stove 
has  a  provision  for  a  fire  6  or  7  feet  long,  which  bums  in  a  flrebnck  square  tunnel, 
open  at  both  ends  for  the  introduction  of  the  unsoldered  tube  at  one  end,  and  when 
soldered  to  remove  it  at  the  opposite  end.  The  fuel  used  is  small  coke  or  '  breezes ; ' 
coal  until  reduced  to  coke  would  prevent  by  its  smoke  and  consequent  low  heat  the 
fusion  of  the  solder.  Fiff.  2047  shows  a  section  through  length  of  a  soldering  stov^ 
andj!^.  2048  a  perpendicular  section  of  the  same,  aaa  A  A,  j!a.  2047,  is  brickwork; 
VD,  dampers,  to  regulate  the  draught  of  fire  and  increase  or  diminish  its  intensity; 
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c  c  are  iron  bars,  on  which  those  rest 
on  which  the  fire  is  placed ;  and  n  b, 
the  tube  which  is  to  undergo  the 
soldering  process.  The  pipe  is  in- 
serted at  one  end ;  the  fire  playing 
under  and  over  it,  speedily  heats  the 
tube ;  the  necessary  heat  to  fuse  the 
solder  arrived  at,  it  fuses  and  unites 
the  two  edges  of  the  metal,  and  the 
operation  of  soldering  is  completed. 
If  the  tube  has  been  bound  round 
with  wires,  these  are  untwisted  and  taken  o£^  and  in  order  to  get  rid  of  the  borax,  die 
tubes  are  inmiersed  in  long  troughs  of  wood,  lined  witli  lead  and  filled  with  a  '  pickle,' 
composed  of  a  solution  of  oil  of  vitriol  and  water.  After  remaining  in  this  bath  fur  a 
limited  period,  and  being  rinsed  out  in  water,  the  supeffiuous  solder  is  filed  off,  and 
the  tube  is  in  a  condition  to  receive  its  final  finish  in  the  drawbench,  which  is  effected 
by  placing  a  drawing-tool  so  formed  that  its  internal  diameter  has  more  friction  on  the 
tube  than  the  one  used  for  '  turning  up '  the  tube  from  the  ribbon,  the  tange  of  the  tub« 
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is  pamed  tbiongh  the  tool,  and  laid  hold  of  by  the  pl^en  attached  to  the  chain  of  the 
bench,  the  wheels  are  thrown  into  gear,  and  the  tube  is  drawn  through  and  receives  in 
the  operation  the  fine  smooth  surface  apparent  on  well  and  carefully  drawn  brass  tabes. 

3Ti«  Ontamxatation  of  Tubes  in  Brass,  ^c. — The  action  of  the  drawbench  being,  as 
its  name  indicates,  to  draw  or  pull  a  pRitially-formod  cylinder  through  a  steel  tool  or 
die,  the  tool  or  die  being  placed  at  right  angles,  the  aperture  in  the  centre  of  the  tool 
being  placed  parallel  to  the  surface  of  the  top  of  the  drawbench,  suggests  that  if  the 
tube  is  cylindrical,  reeded,  fluted,  square,  oval,  hexagonal,  polygonal,  or  angular  in 
its  entire  length,  any  of  these  forms  may  readily  be  produced,  by  simply  substitnting 
a  draw-plate,  the  apoituie  of  which  corresponds  to  the  external  conflguistion  of  the 
desired  foim  of  the  tube.  Tubes  which  have  spiral,  concave,  or  convex  twists  or 
threads,  traversing  their  entire  length,  however,  require  pecu- 
liarly formed  tools  or  dies,  and  an  arrangement  in  their  use  to 
meet  the  requirements  of  the  desired  style  of  ornamentation. 

Tubes  shown  in^.  2049,  A  n  c,  are  prodnced  from  metal, 
first  ornamented  by  the  introduction  of  perforated  sheet  zinc 
between  two  sheets  of  metal,  and  in  that  position  the  three 
sheets  are  passed  through  a  pair  of  rolls,  the  perforated  zinc, 
by  the  pressure  in  rolling,  being  forced  into  the  surface  of 
the  brass  to  be  ornament^ ;  the  raised  portions  of  ornament 
in  relief;  as  the  quatrefoils,  disks,  and  diamonds,  correspond- 
ing to  the  perfomtions  in  the  zinc  introduced  between  the 
two  sheets  of  brass  to  be  ornamented.  This  style  of  orna- 
mentation of  flat  metal  was  introduced  by  R.  F.  Sturges,.of 
Birmingham,  in  the  year  1862,  and  is  identical  with  the  pro- 
cess employed  in  the  production  of  the  plates  used  to  prodnce 
impressions  from  natural  objects,  and  known  as  Nature- 
fnnting.  The  same  effect  would  be  produced  by  steel  rolls  cut  with  ornamental 
devices  on  their  outer  circumference,  but  the  expense  of  such  rolls  being  very  great,  the 
perforated  zinc,  considering  the  limited  character  of  the  demand  for  such  tubec.  is  more 
economical.  The  ornamental  metal  being  cut  up  into  the  breadtli  required,  is  made 
into  tube  by  the  process  already  described  as  that  by  iHiich  oidinaiy  soldered  cylindrical 
brass  tube  is  made. 

Another  variety  of  ornamental  tube  is  prodnced  by  a  veiy  ingenious  process  intro- 
duced also  in  the  year  1852,  by  Mr.  Feam.  In  this  process  the  ornament  is  impressed 
on  the  surface  of  the  tube  after  it  is  made :  the  tool  used  is  formed  by  a  construction 
of  rolls  as  shown  at^.  20SO,  the  internal  or  hollow  sur&ce  of  the  rollers  which  press 
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upon  the  tube  being  cut  with  the  necessary  desi^,  the  ^^lindrical  at  otJier  tube  to  bo 
ornamented  is  supported  internally  by  a  mandril,  and  in  pa«ng  it  through  the_  com- 
bined tool  or  die,  the  rollers,  a  a  a  a,  revolve  and  indent  the  design  cut  on  their  cir- 
cumference into  the  surface  of  the  plain  tube  to  be  ornamented,  fig.  2061  shows  the 
style  of  ornament  prodnced  by  this  process  :  A  being  produced  on  a  steel  mandril  as  an 
internal  support;  in  b  and  c  the  convexity  or  relief  of  the  ornamental  beads  being 
greater,  it  is  produced  by  substituting  for  the  incompressible  steel  mandril  a  filling  of 
pitch  and  resin;  the  number  of  rolls  may  be  diminished,  or  the  designs  on  the 
concave  surface  of  the  rollers  may  be  varied  according  to  the  style  of  ornament 
desired.  It  is  unnecessary  to  state  that  the  rollers  are  formed  of  the  best  steel,  and 
are  carefully  tempered  after  the  die-sinker  has  cut  the  design  thereon. 

When  the  ornamentation  desired  consists  of  series  of  reeds  or  flutes  traversing 
spirally  and  screw-like,  familiarly  known  as  '  twisted  tube,'  and  largely  used  in  the 
construction  of  mediKval  and  other  gas-fittings,  dx.,  the  tool  represents  a  eciew-nut, 
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whieh  is  made  to  lerolre  by  •ttachment  to  a  hollow  spindle ;  the  cylindrical  tube  is 
firmly  held  by  the  artizan  when  passing  through  the  tool,  and  the  thread  is  impressed 
into  the  tube,  or  rather  is  indented  in  its  passage  through  the  tool  or  die,  the  tube 
being  lubricated  with  oil  or  tallow  to  aid  the  indentation  and  prerent  the  projecting 
thread  in  the  die  from  cntUng  or  tearing  the  metal  of  the  tube  subjected  to  its  opera- 
tion. These  tools  or  dies  are  not  made  of  steel,  but  of  chilled  cast  iron,  their  produc- 
tion by  the  process  of  casting  being  more  easily  effected  than  by  their  being  cot  in 
cast  steel ;  uie  friction  being  reduced  to  a  minimum  by  the  hollow  tube  yielding 
readily  to  the  pressure  of  the  convex  threads  of  metal  in  the  die :  the  characters  of  such 
tubes  an  represented  in  fig.  2052.  k.  and  b  are  the  result  of  once  passing  the  tabe 
through  the  tool ;  c  showing  a  diamond  raised  in  centre,  is  produced  by  fint  passing 
the  tube  through  a  tool  wilJi  the  thread  right-handed,  and  then  through  a  tool  in  whicb 
the  thread  is  left-handed,  or  in  the  rererse  direction  or 
indinadon  to  that  through  which  it  was  previously  passed. 

The  tubes,  fig.  2053,  are  formed  of  tnres  separate  tubes 
united  together,  each  component  tube  being  first  drawn  as  a 
separate  tube :  a  being  composed  of  three  six-fluted  tnbes^ 
produced  by  being  drawn  through  a  correspondingly  shaped 
die ;  b  by  ordinary  separately  drown  plain  tabes ;  and  in  c 
the  three  tubes,  in  addition  to  the  ordinary  process  of 
drawing,  are  subjected  to  the  operation  of  twisting  as 
already  described  in  the  last  paragraph  (under  the  head  of 
twisted  tubes) ;  the  three  tubes,  eventually  forming  one 
united  tube,  are  then  arranged  parallel  to  each  other  and 
the  rope-like  appearance  of  the  tube,  when  finished,  is  pro- 
duced by  uniting  them  together  by  twisting,  as  strands  in  an 
ordinaiy  rope,  each  tube  being  fiUed  with  pitch  and  resin  to 
preserve  its  primitive  tube-like  form,  and  prevent  its  col- 
lapsing in  the  process  of  uniting  the  three  tnbea  into  the 
rope-like  appearance  when  finished. 
Tht  Manufacture  qf  Mandril-drawn  Titbea,  or  Tubes  per/eetlff  eglitulrieal  m  Heir 
intemai  and  aetemai  diamelen. — This  ^-ariety  of  tube,  is  chiefly  made  in  brass  at 
copper:  in  the  former  material  principally  used  in  the  manufacture  of  optical  instro- 
ments,  more  particularly  telescopes,  dependent  for  their  perfection  in  working  on 
tubes  of  the  utmost  degree  of  accuracy  and  perfectly  cylindrical  form,  to  ensure 
steadiness  when  in  work ;  large  quantities  of  mandnl-<^wn  tubes  are  also  used 
for  the  barrels  of  garden  and  other  syringes,  telescopic  hearth-bmsfass  and  toasting- 
forks,  &C. ;  while  ordinary  soldered  jointed  brass  tube  could  not  be  successfully  used, 
or  if  used,  Would  require  an  amount  of  labour  to  fit  it  for  the  purpose,  obviously  out 
of  place  with  the  expeditions  modes  of  working  now  in  existence.  The  elasticity 
residting  from  the  process  of  mandril-drawing,  is  another  advnntage  in  connection 
witli  this  process,  arising  £n>m  the  condensation  of  the  particles  of  the  brass  of  which 
tlio  tube  is  made,  these  being  forced  down  or  compressed  by  the  action  of  the  un- 
yielding steel  tool,  and  the  equally  unyielding  mandril  or  spit,  which  internally 
supports  the  ordinary  brass  tube  subjected  to  tile  process.  An  ordinary  brass  tniM 
is  unequal  in  thickness  internally  throughout  its  entire  length ;  the  two  edges  of  the 
strip  &om  which  it  is  made  and  where  it  is  soldered,  are  clearly  seen ;  and  it  is 
evident  that  anything  working  piston-like  therein,  would  do  so  only  imperfectiy.  The 
mnnnfacture  of  light  brass  mandril-drawn  tube  is  piactisod  as  follows :  A  carefully 
selected  and  well-forged  cylinder  at  steel  is  turned  to  a  perfect  cylinder  by  means  of  a 
slide  rest,  and  carefully  polished ;  the  brass  tube  made  in  the  way  already  described, 
is  slipped  on  the  mandril:  in  this  position  the  mandril  and  sheath  of  brass  is  pre- 
BcntcKl  to  the  die  in  the  drawbench,  and  is  drawn  through  the  tool  which  forms  the 
outside  Burfiice  of  the  tube,  compressing  the  metal,  reducing  the  thickness,  and  com- 
pelling it  to  embrace  the  sted  mandril  or  intemai  support.  The  mult  is  an  elastic 
Lmss  tube,  suitable  for  the  purposes  already  enumerated.  The  air  being  expelled 
between  tlie  tube  and  the  mandril,  considerable  difBealty  ari.^es  in  releasing  the  tube 
from  the  mandril,  and  this  is  effected  by  means  of  a  collet  or  collar  a  little  larger 
than  the  steel  mMidril,  but  less  in  aperture  than  the  tube :  the  collet  is  placed  in 
position  of  the  drawing  tool,  the  reverse  end  of  the  mandril  being  operated  upon,  as 
in  drawing  the  tube,  the  result  is  that  the  tube  is  withdrawn  from  its  internal  support, 
and  if  the  mandril  has  been  correctly  turned,  a  perfectly  cylindrical  tube  is  the  result 
of  the  preceding  operations.  In  fig.  2054  the  arrangement  of  mandril  and  tube  to  be 
drawn,  and  tool,  are  shown :  A  a,  represents  the  mandril ;  bb,  the  brass  to  be  oprmtc<l 
upon ;  c  c,  section  of  the  tool ;  the  thickness  of  line  to  the  left  of  the  tool  c  c  indicitcs 
that  part  of  the  brass  which  has  not  been  subjected  to  the  operation'  of  the  drawing 
tool.    The  release  of  the  di^irn  tabe  is  shown  in  fig,  2066 ;  the  collar  or  collet  c  i« 


Digitized  by 


Google 


TOBES  1085 

snbetituted  in  the  drawbAncii  for  the  tool  shown  in  the  proeediuj;  fig. ;  the  thick  end 
of  nuutdril  A,  paaaed  thiough  this,  is  talcen  hold  of  by  the  plycn  of  the  diawbeneh; 
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the  end  of  the  motal  of  the  tube  presents  a  resistanoe,  -while  the  forco  of  the  draw- 
bench  drags  out  or  releases  the  .mandril  from  the  drawn  tube.  Mandril,  or  drawn 
'  inside '  and  '  oat'  tubes,  as  they  are  familiarly  called  by  the  '  users,'  may  be  made  of 
any  form  or  nse.  When  of  extra  thick  metal,  very  powerful,  slowly  moTiog  draw- 
benches  are  required, 

Tht  Manvfactwe  ^  Paiml  Brojis-eattd  Tube,  or  iron  tube,  cased  with  brass.— This 
Tariety  of  tube — largely  used  in  the  construction  of  articles  in  which  the  external 
appearance  of  brass  is  desired  with  the  strength  of  iroD,  as  in  balustrades  for  stairs, 
lauinga  of  rarlous  kinds,  picture-rods,  trindow  and  other  rods,  and  bedstead*,  chairs, 
and  other  articles  of  furniture  made  in  metal  of  a  portable  character,  and  otherwise — 
was  introduced  to  the  liass-foundry  trade  of  Birmingham  in  the  year  180S,  and  is 
stated  to  have  originated  in  the  obssrration  of  the  difficulty  of  removing  a  man- 
dril-drawn brass  tube  from  the  steel  mandril  on  which  it  was  drawn.  The  inrentor. 
Sir  Edward  Thomason,  was  largely  engaged  in  the  silver  and  plated  ware  manufac- 
tures in  Birmingham.  As  a  manufacturer  of  sliding  hearth-brushrs,  toostiug-forks, 
and  other  articles  telescopicaliy  formed,  he  used  lar^e  quantities  of  mandril-dmwn 
tubes,  and  in  the  production  of  such  tubes,  and  the  difficulty  of  getting  these  off  the 
internal  support,  the  mann&cture  of  patent  tube  originated.  Thomason  first  also 
originated  the  idea  of  covering  solid  iron  rods  with  copper  and  brass,  with  the 
intention  of  their  being  used  instead  of  solid  copper  bolts  for  ship-building  purposes. 
Though  unsuecessM  as  regards  the  application  of  iron-cased  bolts  for  the  purpose, 
solid  iron  rods  cased  with  brass  becune,  and  have  become,  an  article  of  large  con- 
sumi^ion  in  the  form  of  the  rods  which  retain  the  caipetings  on  stairs.  Erentuolly 
an  iron  tube  took  the  place  of  the  solid  iron  rod,  and  the  manufacture  of  cosed  tube 
took  its  place  as  an  article  of  extensive  demand  for  the  pnipoees  already  named.  The 
mannfacture  of  patent  cased  brass  or  iron  tube  is  thus  practised : — Sheet  iron  of  good 
quality,  if  for  articles  which  do  not  require  to  be  bent  in  manufacture,  as  in  rods  for 
pictures,  straight  railings,  &c. ;  but  if  the  tube  is  to  be  bent,  charcoal-iron  is  selected  ; 
the  sheets  of  iron  are  cut  up  with  circular  cutters,  as  shown  at  Jiff.  3043 ;  and  the 
ribbon  arising  from  the  cutting  or  slitting  of  sheet  boa  is  coiie»T*d  in  its  entire 
length  by  passing  it  through  rolls,  as  shown  in  fig.  2044.  It  is  drawn  into  tube  at 
the  drawbeneh,  in  this  stats:  if  the  tnbe  is  intended  for  articles  which  are  to  remain 
straight,  the  iron  tube  is  in  a  cooditkm  to  allow  of  its  receiring  its  case  of  brass ; 
if  it  IS  Intended  that  the  tnbe  should  be  bent,  the  iron  tnbe  is  soldered  together  at 
the  seam,  as  already  described  in  the  manufacture  of  soldered  brass  tube,  the  brass 
sheath  intended  to  cover  the  iron  tube  or  to  case  it  with,  is  made  of  such  an  internal 
diameter  aa  will  slide  over  the  iron  tube  it  is  intended  to  ■  ease '  or  cover,  the  brass 
ease  bring  turned  np,  made,  and  soldered,  as  already  described  in  the  mano&ctars 
of  solder^  brass  tube.  The  brass  sheath  is  then  sl^  over  the  iron  tube,  and  in  this 
position  the  end  of  the  two  nuited  tubes  of  iron  and  brass  is  passed  through  the 
drawing  tool :  the  preesore  resulting  from  the  action  of  the  dniwbench  causes  the 
external  brass  sheath  w  tube  to  embrace  firmly  the  iroo  tube  in  its  interior,  and 
an  externally  brass  and  internally  iron  tube  is  produced  thereW.  Boring  the 
many  years  this  branch  of  tube  manufacture  has  been  practised,  no  change  or 
improvement  has  been  made  in  its  manipulation — if  we  except  that,  within  the  last 
few  year^  hoop-iron  has  been  substitatea  in  the  manofiictnre  of  second-rate  cased 
tube,  instead  of  cutting  np  the  broad  sheet-iron  as  formerly. 

Ikptr  2Vies  of  Brass  or  Iron This  form  of  tobe,  formerly  made  entirely  by  hand, 

is  now  drawn  with  ease  and  facility.  The  old  method  of  prodnction  consisted  of 
cutting  out  the  metal  from  the  sheet  requisite  to  produce  the  desired  taper  tube.  It 
was  then  malleted  into  a  taper  tabular  form,  and  the  metal  i<oldered  together  at  the 
junction;  then,  after  the  extra  solder  was  removed,  it  was  hanunered  on  a  taper 
mandril  or  stake,  as  in  nse  among  tinmen.  Many  ingenious  drawing  tools  were  made 
for  the  purpose  of  producing  taper  tubes.  These  consisted  of  dies  mads  in  sections,  or 
various  pieces ;  they  were  united  in  frames,  and  when  used  in  the  drawbeneh  the 
ports  of  the  die  were  operated  upon  by  springs,  wliich  permitted  of  their  expansion  as 
the  toper  increased  in  the  tubia  and  mac^il  intended  to  be  drawn.    Such  todls, 
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howerer,  never  produced  good  taper  tabes.  An  after  invention  oonnsted  in  nsing  a 
pair  of  rolls  -with  diminishing  grooves  on  their  diameter  or  drenmferonca,  and 
presenting  the  taper  mandril  trith  its  sheath  of  metal  at  its  smallest  diameter  to  the 
narrowest  part  of  the  groove;  the  revolution  or  partial  revolution  of  the  rolls  com- 
pressed the  metal  sheath  to  the  mandril  and  produced  a  taper,  but  still  iiregnlar 
taper  tube.  This  method  was  patented  by  Henry  Osbum  so  far  back  as  the  year 
1813.  It,  however,  seems  to  have  been  lost  sight  of,  from  the  limited  demand  for 
taper  tubes  at  the  period,  and  the  same  process  was  revived  by  Church  and  Harlow  in 
1841.  Though  great  numbers  of  taper  tubes  so  made  are  still  produced,  it  is  obvions 
that,  from  the  very  nature  of  the  action  of  the  rolls,  the  production  of  taper  tabes  is 
limited  to  those  of  a  purely  tapering,  externally  smooth  cylinder;  and  it  would  be 
impassible  to  produce  either  reeded,  fluted,  or  twisted  tapering  tubes  by  the  rolling 
process.  The  means,  however,  by  which  nearly  every  variety  of  tapering  tubei  can 
be  produced,  was  e%cted  in  1850  by  John  Ward,  who  in  that  year  suggested,  instead 
of  an  expanding  tool  made  up  of  a  complication  of  segments  d  steel,  operated  upon 
by  springs,  or  that  of  the  rolung  process  as  already  described  (see  Jiff.  2056),  the  pro- 
„.,.  duction  of  a  tool,  draw-plate,  or  die  formed  in  one  piece,  and  of 

block  tin  cast  in  a  metal  mould.    This  tool,  placed  in  the  posi- 

^^^^•■^fc^      tion  of  a  'die'  in  the  drswbench,  by  the  expanding  yet  com- 
C^^^^bs^B^     pressing  property  of  the  metal  of  which  it  is  made,  forces  the 

jMBIJ^V         metal  al  the  sheaUi  to  be  converted  into  a  taper  tube,  and  into 
sL^^E^^^JB^     every  groove  or  reed  in  the  internal  mandril  or  support  on 

^^MBB^'  which  the  sheath  or  case  to  form  the  taper  tube  is  placed.  By  the 
same  process,  also,  tapering  tubes  with  convex  or  concave  twist- 
ings,  threads,  or  reeds  on  the  outer  diameter  can  also  be  produced  by  the  application 
of  a  swivel  6n  the  drawbench  chain,  which  permits  the  mandril  and  its  case  of  metal 
to  revolve  in  its  passage  through  the  tool,  the  tool  remaining  stationary.  The  process 
maybe  described  as  follows  : — The  die  or  mould  to  produce  tiie  block-tin  tool  is  formed 
of  metal ;  the  aperture  in  its  centre  is  tapering — cylindrical  if  for  a  plain  round 
taper  tube — or  if  reeded,  fluted,  or  twisted,  a  metal  core  with  its  requisite  reeds,  flutes, 
threads,  or  twists  is  introduced  into  the  centre  of  the  mould,  and  the  tin  poured  in : 
the  result  is  a  cast,  the  interior  of  which  is  a  copy  of  the  mandril,  and  also  of  the 
external  contour  of  tlie  desired  tube.  Fig.  2067  shows  external  appearance  of  the  tool 
when  cast,  and  fig.  2058  its  internal  conflguiation,  depending  on  the  plain  or  oma- 

2067  2058  2059 


mental  character  of  the  tube.  The  sheet  brass  or  iitni,  being  cut  to  the  required 
diminishing  breadth,  is  turned  up  and  soldered  at  the  joint,  after  the  removal  of  the 
wires  which  held  the  edges  of  the  partially-formed  tube  together,  and  the  extra  solder, 
the  case  to  form  the  intended  taper  tube,  &c,  is  placed  on  the  mandril.  In  Fig.  2059, 
A  A  represents  the  sheath  of  brass  to  form  the  taper  tube ;  B  b,  the  mandril ;  the  tool 
is  then  placed  in  the  proper  position  in  the  drawbench,  the  end  of  the  mandril  farced 
through  it,  and  taken  hold  of  ]py  the  plyers  attached  to  the  chain ;  the  tool  expands 
and  compresses  the  sheath  against  the  internal  mandril,  clinging,  yet  expanding 
with  the  increased  diameter  of  the  taper  of  the  tube  and  mandril  it  is  drawn 
through.  The  result  is  a  perfectly-formed  taper  tube,  a  perfect  copy  externally  of 
the  mandril  on  which  the  tube  is  placed.  If  the  mandril  is  of  an  ornamental  spin' 
construction,  provision  is  made,  as  has  been  already  stated,  to  admit  of  a  screw-like 
revolution  to  indent  the  metal  case  into  the  concavities  or  threads  cut  on  it  externally, 
«'.«.,  the  tool  representing  a  stationoiy  nut,  and  the  mandril  and  its  covering  a  screw 
in  motion. 

Fim$h  of  dated  and  other  Bratt  Tubes. — As  regards  the  mode  of  finish  adopted  for 
tubes  of  which  immense  quantities  are  sent  out  in  long  lengths,  especially  of  the  inm 
aued  with  brass  variety,  it  has  been  the  custom  of  the  trade  to  finish  such  by  means 
of  hand-labour  only  ;  Uie  artizan  engaged  in  the  process  using  '  floats,'  or  files  cot 
in  one  direction  only,  for  the  porpose  of  the  removal  of  the  external  skin  preparatory 
to  polishing.  One  house  only  1ms  applied  or  enbstitnted  a  machine  for  the  purpose 
of  finishing  tube.  i.e.  that  of  W.  Tonks  and  Sons,  Birminghjim.  Their  machine 
is  self-acting.  The  tube  to  be  floated  is  attached  to  a  horizontal  bed :  the  floats, 
five  in  number,  move  parallel,  and  in  a  longitudinal  direction.  J^h  in  its  operation 
passes  a  little  into  the  space  prerionaly  floated ;  the  tnbe  is  turned  by  the  machine. 
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and  a  new  nr&ce  is  ezpoted  to  be  opeiated  upon.  The  neoct  opeiation  nftar '  floating ' 
is  polishing,  which  is  either  effbcted  hy  hand  with  list  passed  round  the  tube,  the 
tube  being  lubricated  with  rotten-stone  and  oil,  or  (in  the  finish  of  large-sized 
tabes)  an  internal  buff  or  hole  lined  with  list  or  felt,  rerolves  by  madiineiy: 
the  tube  being  passed  in,  is  polished  by  the  revolution  of  the  buff;  the  final 
polish  is  given  by  dry  list,  with  powdered  dry  rotten-stone.  Brass  tube  when 
finished  by  burnishing  is  floated,  then  sconred  with  wet  pounded  clay  crucible; 
then  burnished  by  steel  burnishers,  gall  being  applied  to  hinder  their  scratching. 
The  last  method  gives  the  most  brUliant  style  of  flnish ;  by  either  mode  of  finish, 
they  are  protected  from  oxidation  by  a  lacquer  applied  with  a  camel's-hair  brush  when 
the  tube  is  heated,  which  is  done  either  by  laying  the  tube  to  be  lacquered  on  a  hot 
iron  plate,  or  by  passing  through  its  interior  a  jet  of  steam.  On  cooling,  the  protec* 
tion  is  perfect  and  the  finish  completed. 

Solid  Brau  Tube,  i.».  brass  tube  drawn  without  seam,  as  nsed  for  looomotiTe-  and 
marine-boiler  purposes,  &c 

In  1780,  Matthew  Bolton  suggested  the  intiodnction  of  tubes  into  steam-engine 
stationary  boilers.  Trevithick  in  1815,  in  his  experiments  on  engines  for  locomotive 
purposes,  suggested  and  applied  pipes  or  tubes,  but  placed  them  perpendicularly. 
Gnmey,  Summers,'  and  Ogle,  in  their  experiments  used  also  tubes;  and  Qeorge 
Stophenson  in  his  'rocket'  engine,  adopted  the  almost  present  arrangement  of  the 
tubular  boiler.  By  the  ordinary,  or  soldered  brass-tube  process,  the  tabes  so  produced 
not  nnfrequently  leaked  at  the  joint  or  seam  from  imperfect  running  of  the  solder, 
and  the  production  of  a  '  solid '  or  seamless  tube  became  a  desideratum.  Iron  tubes 
speedily  become  corroded  by  the  surrounding  water  in  the  boiler,  and  the  necessity 
for  finding  a  substitute  in  a  tube  of  a  material  not  liable  to  oxidise  and  of  sufficient 
strength  to  resist  the  exigencies  of  wear  and  tear,  became  a  desideratum.  Economi- 
cally, also,  the  brass  tube  is  in  the  end  cheaper,  as  the  old  tubes  are  taken  back  by  the 
manufacturers  in  exchange  for  the  new  at  a  trifling  advance  in  order  to  cover  expense 
of  re-manufacture.  Up  to  the  year  1838,  tubes  for  locomotive-  and  marine-engines 
were  either  formed  of  welded  iron,  or  of  brass  tube  produced  by  soldering  at  the 
joints.  In  that  year,  however,  Mr.  Oreen  of  Birmingham  conceived  and  carried 
into  practice  the  production  of  seamless  brass  tubes,  in  a  manner  akin  or  similar  to 
that  already  described  in  the  production  or  manufiicture  of  lead  and  block-iron  tube  ; 
ije.  he  cast  the  brass  or  copper  '  billet,'  from  which  the  future  tube  was  to  be  made 
in  moulds,  inserted  a  mandril  into  the  aperture  produced  by  the  sand  'core,'  made 
an  alteration  in  the  drawbench,  increasing  its  strength,  and  operated  on  its  motion 
by  reducing  the  speed,  thereby  increasing  its  power,  in  order  to  overcome  the  stubborn 
nature  of  the  brass  or  copper  billet  operated  upon.  By  reference  to  cut  of  dmwbench, 
fig.  202i5,  the  large  wheel  is  not  operated  upon  in  the  manufacture  of  solid  brass  tube, 
by  a  pinion  as  shown,  but  by  an  endless  screw  which  worked  into  corresponding 
threads  on  the  outer  snr&ce  of  the  latge  wheel,  and  the  die  was  formed  not  of  one, 
but  four  parts,  ie.  as  four  revolving  pulleys  placed  at  an  angle  to  each  other,  forming 
a  round  hole  or  die  in  the  centre ;  the  brass  billet  or  copper  with  its  mandril  simiUr 
in  form  to  that  already  shown.  It  was  then  subjected  to  the  action  of  the  drawbench, 
and  gradually  reduced  by  the  action  of  the  four-roll  tool  to  the  desired  external  size 
and  the  strength  of  metal  desired.  Bepeated  annealings  are  required  in  the  process 
of  drawing,  in  order  to  restore  the  ductility  of  the  metal  of  the  partially-drawn  billot, 
which  is  eventually  converted  into  the  flmshed  locomotive  tube.  The  metal  or  brass 
of  which  these  tubes  are  composed  is  made  from  the  best  cnppei?  and^nc  or  spelter, 
as  such  tubes  are  replaced  every  three  years ;  when  worn  out  they  are  sold  to  manu- 
facturers fbr  reconversion  into  similar  tubes,  or  command  good  prices  for  raw  material, 
to  be  used  for  other  purposes  in  the  brass  foundry  trade. 

Another  method  or  process  for  the  manu&ctnre  of  solid  brass  tube  is  also  in  use, 
which  was  introduced  in  1852  by  O.  F.  Muntz,  junior,  and  made  from  the  metal 
familiarly  known  as  '  Muntz's '  metal,  which  possesses  the  property  of  being  worked, 
roiled,  or  manipulated  at  a  low  red  heat  (See  Mmnx  Hetal  and  Sexathinq.)  In 
this,  as  in  Green's  process,  the  raw  material  is  presented  in  '  billet'  form  for  manu- 
facture into  finished  tube.    This  process  may  be  described  as  follows : — 

The  '  billet '  out  of  which  the  future  tube  is  intended  to  be  made  is  cast  in  an  iron 
mould  with  a  sand-core :  the  billet  is  oval  in  form,  the  metal  being  thickest  on  the  two 
largest  surfaces  of  the  oval.  The  billet  being  cast,  and  the  sand  removed  from  its 
interior,  the  interior  is  coated  with  a  wash  of  lime-water  and  salt.  This  prevente  the 
adhesion  of  the  interior  surfaces  of  the  metal  together  in  the  process  of  rolling  the 
billet  to  the  length  of  the  intended  tube.  This  is  effected  by  means  of  rolls  grooved  in 
their  circumference.  In  the  ordinary  process  of  rolling  metal,  it  will  be  observed  that 
it  is  simply  elongated  by  the  thickness  being  reduced,  but  its  breadth  is  not  increased ; 
the  thickness  of  the  metal  of  the  '  billet '  in  the  upper  and  under  side  therefore  provide* 
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for  tUi,  and  the  reanlt  of  the  flnst  reelings  is  to  redoes  the  metal  on  the  upper  cr 
under  side  to  the  same  thickneag  ai  the  sides.  The  oral  billet  being  rolled  into  a 
flat  (trip  or  bar,  has  then  one  end  opened  to  the  length  sufficient  to  admit  of  the  iniro- 
dnotion  of  a  thick-ended  mandril.  With  thia  introdsced,  the  opened  end  of  the  tube 
is  presented  to  the  rolls ;  the  thick  part  of  the  mandril  retained  in  the  tube  at  the  point 
of  pressure ;  the  tube  is  drairn  on  and  opened  througliont  its  entire  length.  The 
position  of  the  tube  in  the  opening-up  of  the  bar  is  the  reverse  of  the  previous  operation, 
being  presented  in  its  largest  diameter  to  the  action  of  the  rolls,  or  at  right  angles  to 
the  preceding  operation.  The  adhering  webs  or  fins  consequent  on  this  mode  of  produc- 
tion being  remored,  the  tube  is  again  passed  through  rolls,  to  produce  it  in  form  per- 
fectly cybndrical,  a  mandril  in  the  interior  assisting  the  operation.  All  the  operations  in 
this  Tariety  of  solid  tube  are  condocted  -when  the  metal  is  at  a  low  red  heat,  the  metal 
of  which  these  tubes  are  made,  or  Muntz's  metal,  consisting  of  copper,  with  a  large  per- 
centage of  zinc  or  spelter,  imparting  to  it  the  property  of  being  rolled  at  the  temperature 
named,  much  facilitating  the  zapidity  of  production. 

It  may  not  be  uninteresting  to  know  that  nearly  lUl  the  locomotiTe-engines  in 
use  on  die  railroads  of  the  United  Kingdom  are  fitted  up  with  seamless  bnira 
tabes.  If  to  these  are  added  the  quantity  of  seamless  brass  tubes  in  use  in  the  steam- 
boats of  the  United  Kingdom  also,  the  united  weights  of  these  tubes  gives  a  total  of 
upwards  of  20,000  tons  of  solid  or  seamless  brass  tubes  in  use  by  the  rarioua 
railway  companies,  steam-boat  proprietors,  &c.,  of  this  country.  The  production  of 
solid  brass  tube  in  Birmingham,  for  these  purposes  alone,  amounts  to  upwards  of 
8,000  tons  annuallT. 

A  very  admirable  variety  of  soUd  or  seamless  eopper  tube  is  now  produced  from 
the  wom-oat  eopper  rollers  used  by  caKeo-printers  for  printing  cotton  fabrics.  The 
old  roller,  with  the  rib  which  holds  the  roller  on  the  printing  spindle,  in  the 
operation  of  printing,  taken  out  forms  the  billet ;  it  is  reduced  in  outer  diameter,  its 
internal  diameter  depending  on  the  size  of  the  internal  mandril  used,  the 
reduction  being  eSbcteil  as  in  the  manufacture  of  Green's  tube  by  powerful  draw- 
benches.  As  in  Qrcen's  tube,  also,  repeated  annealings  are  required  in  the  opera- 
tion of  redaction  or  drawing  down  to  the  'size  of  tube  required.  This  method 
of  producing  seamless  copper  tube  tiom  previously  wai>te  material  was  intro- 
duced in  1850,  by  the  late  Thomas  Attwood:  the  density  of  the  material  of  which 
the  tube  is  formed,  good  at  first,  as  being  formed  of  wrought  copper,  is  fnrtlier 
solidified  by  the  modus  cperantH  in  converting  the  wsm-out  roller  into  a  tuba 
for  steam  purposes.     When  subjected  to  great  pressure  it  is  unequalled  in  service. 

In  conclnsion,  as  regards  the  maBu&cture  of  braos  and  copper  tnbe  but  little 
remains  to  be  stated.  Messrs.  Aleiuinder  and  Henry  Parkes  patented  the  addition  of 
phosphorus  and  manganese  to  the  alloy  of  brass  and  zinc,  out  of  which  locomotive 
and  marine  boiler-tubes  are  made,  which  they  state  imjproves  the  metal,  imparting 
to  it  superior  cohesive  properties,  and  also  solidity.  The  direction  recently  given 
for  locomotive  and  manne  engine-tubes  is  towards  tubes  containing  a  larger  pro- 
portion of  copper  than  even  in  those  of  'Green's'  mixture.  It  is  stated,  if  the 
percentage  of  copper  is  increased,  the  tubes  may  be  made  lighter  in  material,  and 
will  be  less  likely  to  be  operated  upon  by  the  snlphatee  in  the  fliel.  Finally,  if 
certain  preliminary  details  as  to  the  casting  of  the  '  billets,'  fWim  which  the  solid  or 
seamless  tubes  are  drawn,  at  in  raising  the  '  billets '  up  ttom  thick  disks  of  rolled 
metal,  but  little  remains  to  be  recorded  as  respects  the  improved  manipohitoiy  opera- 
tions in  the  manu&cture  <tf  brass  or  copper  tubes. 

TOSVXJUl  awowm.  in  the  fourth  edition— the  last  published  doringthe  life- 
time of  Dr.  Uro — there  was  a  long  article  bearing  the  heading  of  "EusBustfa  Tubculb 
Bbidobs.  This  article  no  longer  appears.  In  the  first  place,  it  ought  never  to  have 
found  a  place  in  a  work  which  has  nothinf;  whatever  to  do  with  Engineering  Sdence. 
Such  was  the  introduction  to  the  article  as  it  appeared  in  the  fifth  and  sixth  editions  of 
this  Dictionary.  The  article,  which  was  written  with  great  care  by  the  Kditor  himself, 
after  several  interviews  with  both  Mr.  Bobert  Stephenson  and  Mr.  Fairbairn,  was 
acknowledged  by  both  these  eminent  engineers  to  give  the  most  correct  account  of  the 
merits  of  each  of  them,  in  the  construction  of  these  remarkable  works.  Those  who 
may  be  interested  in  this  question  are  referred  to  the  last  edition  of  the  Dictionary : 
the  article  having  been  withdrawn  from  this  edition  to  make  room  tat  matter  which 
belongs  more  especially  to  Art,  Manufactures,  or  Mines. 

Tm-ZXOV,  also  Tairon  and  Ttuim.  The  old  name  for  the  blast-hole,  or  tvyer, 
or  tuyire  of  a  blast-fomace. 

TmPA.  A  deposit  of  calcareous  carbonate  from  springs  and  streams.  Also,  a 
volcanic  product.    See  Mostab,  Htdbacuc. 

TVCMtU  'I'roir.  a  wood  resembling  box,  iriiich  was  imported  and  used  for 
making  ladie^  Ibns.    It  does  not  appesr  to  be  now  known  in  tiie  trade. 
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b  i«  an  alloj  of  silver,  copp«r,  and  lend ;  made  at  Tula  in 
Bnssia. 

XOHCMTSar  CHF  WUPSAM.  (Tunffttme,^!.;  Wo{/ramiitm,  Get.)  8i/mbol 
Ts  or  W ;  ai.  wt.  92.  Its  name  is  derived  from  the  principal  mineral  from  which  it  is 
obtainable — l^ngsten (Swedish iung,  'heavy,'  sten,  'stone,')  or  Wolfram.  This  metal 
was  discovered  by  the  Brothers  De  Luyart,  about  1784,  shortly  after  the  discovery  of 
tungstic  acid  by  Scheele,  from  vhom  it  has  been  sometimes  called  Scieelium.  It  is  never 
found  in  the  native  state,  but  is  produced  by  a  variety  of  processes.  First,  and  most 
easily,  by  mising  the  dried  and  finely- powdered  tungstate  or  bitungstate  of  soda  with 
finely-divided  charcoal,  such  as  lamp-blaclc ;  placing  the  mixture  in  a  crucible  lined  with 
cbai«oal,  covering  it  with  charcoal  in  powder,  and  then  exposing  the  whole  to  a  steady 
red  heat  for  two  or  three  hours.  On  removal  of  the  crucible  and  cooling  it,  a  porous 
mass  is  found,  from  which  the  soda  is  removed  by  solution  in  water,  and  the  uncon- 
sumed  carbon  is  separated  by  washing  it  off,  the  metal  being  left  as  a  bright,  glistening 
blnckisb-grey  metallic  powder.  It  may  also  be  obtained  by  treating  tungsdc  acid  in  a 
bimihir  manner,  or  by  exposing  the  add  at  a  bright  red  heat,  in  an  iron  or  glass  tube, 
to  a  current  of  hydrogen  gas.  Tungsten  is  one  of  the  heaviest  metals  known,  its 
specific  gravity  being  17'22  to  17*6.  It  requires  such  a  veiy  high  temperature  for 
fusion  that  it  has  never  yet  been  obtained  in  mass,  more  commonly  as  a  fine  powder, 
but  sometimes  in  small  grains.  It  is  not  magnetic.  It  is  very  hard  and  brittle. 
Alone  it  has  not  been  rendered  available  for  any  useful  purpose,  but  it  has  lately  been 
employ od  for  the  manufacture  of  certain  alloys.  Tungsten  is  comparatively  8  rare 
substance,  and  is  remarkable  for  the  very  limited  extent  to  which  in  nature  it  is  found 
to  Imve  been  mineralised  by  combination  with  other  substances.  In  none  of  these 
does  it  exist  as  a  salifiable  base,  but  as  an  acid,  as  in  wolfram,  Scheelite,  yttrotantalite, 
and  the  tungstate  of  lead. 

The  most  common  ore  of  this  metal  is  V!o{fnnn,  known  also  to  the  Cornish  miner 
as  '  cal'  or  '  callen.'  It  is  most  commonly  found  associated  with  tin  ores,  which  contain 
besides  the  black  oxide  of  tin  or  cassiterite,  the  metallic  minerals,  arsenical  iron, 
copper,  lead,  and  zinc  sulphides:  but  its  peculiarly  characteristic  associate  is  the 
metal  molybdenum,  for  the  most  part  mineralised  as  a  sulphide.  This  metal  is 
remaikable  in  connection  with  tungsten  as  producing  isomeric  compounds,  and  as 
having  both  its  equivalent  and  its  specific  gravity  equal  to  about  one-half  that  of 
tungsten,  they  being,  lespectiTely,  as  follow:  equivalents,  W  92,  Mo  49;  sp.  gr. 
W  16-22,  Mo  8-616. 

Amongst  miners  wolf^ram  has  the  reputation  of  heing  an  ahundant  minenl,  but 
it  is  comparatively  rare,  schorl,  specular  and  other  iron  ores,  and  gossan  being  often 
mistaken  for  it.  From  its  association  with  tin  ores,  it  has  been  until  latdy  the 
source  of  great  loss  to  the  miner,  as  it  was  found  quite  impossible  to  separate  it  from 
the  ore  in  consequence  of  its  specific  gravity,  7*1  to  7'4,  being  so  near  to  that  of  "black 
tin,  8-3  to  7-0. 

Pryce,  in  his '  Mineralogia  Comabiensis,  1778,'  says : '  After  the  tin  is  separated  irom 
all  ouicr  impurities  by  r^>eated  ablutions,  there  remains  a  quantity  of  this  mineral 
substance  (gal),  which  being  of  equal  gravity  cannot  be  separated  from  the  tin  ore  by 
water,  ther^ore  it  impoverishes  the  metal  and  reduces  its  value  down  to  8  or  9  parts 
of  metal  for  twenty  of  mineral,  which  without  its  brood,  so  called,  might  fetch  twelve 
for  twenty.'  This  description  of  tin  ores  containing  wol&am  was  still  applicable  until 
a  very  recent  period,  whe  a  new  process  was  invented  by  Mr.  Bobert  Oxland,  of 
f  lymonth,  and  by  him  snocessfnlly  introduced  at  the  Drake  'Walls  Tin  Mine,  at  Ouanis 
Luce,  on  the  banks  of  the  l^mar,  where  it  was  continued  in  (^eration  until  the  mine 
was  closed.  At  this  mine,  althongh  the  tin  ore  raised  was  of  excellent  quality,  it  was 
left  associated  with  so  much  wolfram  that  the  ore  fetched  the  lowest  price  of  any 
mine  in  Cornwall.  By  Oxland's  process,  it  was  bronght  up  to  the  price  of  the 
best  black  tin.  The  process  is  now  employed  at  East  Hnel  Bose,  near  Cam* 
borne. 

At  the  time  of  the  introduction  of  the  process  the  greater  portion  of  the  ore  wa« 
sold  for  42^.  per  ton.  The  improvement  efiected  by  it  was  so  great  that  the  same  sort 
of  ore  fetched  the  price  of  the  best  black  tin. 

The  process  consists  in  taking  tin  ores  mixed  with  wcUrata,  dressed  as  completely 
as  possible  by  the  old  process,  and  having  ascertained  by  analysis  the  quantity  ol 
-wolfram  contained  therein,  then  mixing  therewith  such  a  quantity  of  soda-ash  of 
known  value  as  shall  afford  an  equivalent  of  soda  &»  cambination  with  the  tnngstic 
acid  of  the  wolfram,  which  is  the  tungstate  of  iron  and  manganese ;  the  object  of  the 
process  being  by  calcination  to  convert  the  insoluble  tungstate  of  iron  and  manganese 
into  the  soluble  tungstate  of  soda,  leaving  the  oxides  of  iron  and  maaganeee  in  a  very 
finely-divided  state  of  low  specific  gravities,  so  that  they  can  be  easily  washed  off  with 
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The  mixture,  in  charges  of  Are  to  ten  cwta.,  is  lOMted  in  a  rererbeiabxry  farnaee  on 
s  cast-iron  bed  of  the  construction  shown  in  the  annexed  engraving.  The  use  of  the 
cast-iron  bed  is  attended  -with  considerable  economy  in  the  consumption  of  fuel,  and  it 

is  admiiablT  well  adapted  £>r 
the  calcination  of  the  rav  ores, 
for  the  eToludon  of  the  sulphnr 
and  arsenic  contained  in  them, 
bnt  it  ia  especially   necessary, 
instead  of  fire-brick  or  tile,  to 
avoid  the  loss  vhich  voold  ac- 
croe  from  the  reaction  of  the 
soda-ash   on  the  silica  of  the 
bricjc,  and  the  formation  of  soda 
siliate  of  tin  which  would  con- 
seq  aently  take  place.    The  mix- 
tare  is  introduced  to  tlie   bed 
through  a  hole  in  the  crown  of 
the  Airnace;  from  a  side  door 
it  is  equally  distributed  over 
the  bed,  and  from  time  to  time 
it  is  turned  over  by  the  fomace- 
man  until  the  whole  mass  is  of 
a  dull  red  heat,  emitting  a  slight 
hissing  sound,  and  in  an  in- 
cipient pasty  condition.    In  suc- 
cessive quantities  the  charge  is 
then  drawn  through  a  hole  in 
the  bed  of  the  furnace  into  the 
turinkle  oi  arch  beneath,  whence 
it  is  removed  tocistems,  in  which 
it  is  lixiviated  with  water,  and 
the  tungstate  of  soda  is  ^awn 
off  in  solution.    The  residuary 
mass  left  in  the  cisterns, — ^ths 
whole   of   the    soluble    matter 
having  been  washed  out, — ^is  re- 
moved   to    the    buming-hoDSs 
floors,  and  ia  there  dressed  over 
again  in  the  usual  manner,  the 
&Qal  product  of  the  operations 
being  very  »eariy  pure  black 
oxide  of  tin.     The  liquid  ob- 
tained is  either  evaporated  sufficiently  for  crystallisation  when  set  aside  to  cool,  or  is 
at  once  dried  down  to  powder.    The  crystals  of  tungstate  of  soda  thus  obtunod  are 
colourless,  translucent,  of  a  beautiful  pearly  lustre,  having  the  form  of  rhombic  prisms 
or  of  four-sided  laminte. 

It  has  been  proposed  to  use  this  substance  as  a  mordant  for  dyeing  purposes,  as  a 
source  of  suj^ly  of  metallic  tungsten  for  the  manufacture  of  alloys,  for  the  manu- 
facture of  the  tongstates  of  lime,  baryta,  and  of  lead  to  be  used  as  pigments ;  and 
still  more  recently  it  has  been  found  to  be  preferable  to  any  other  substance,  for 
rendenng  &brics  non-inflammable,  so  as  to  prevent  the  terriUe  accidents  constantly 
occurring  from  the  burning  of  ladies'  dresMS.  For  this  purpose  a  patent  was  obtained 
by  Messrs.  Versmann  and  Oppenheim. 

For  the  manufacture  of  metnllie  alloys  a  patent  has  been  obtuned  by  Ur.  B. 
Oxland,  as  a  communication  from  Messrs.  Jacob  and  Koeller.  It  is  prepared  by  simply 
melting  with  cast  steel,  or  even  with  iron  only,  either  metallic  tungsten,  or  preferably, 
what  has  been  termed  the  *  native  alloy,'  (^  tungsten,  in  the  proportion  of  two  t» 
five  per  cent.  The  steel  obtained  works  exceedingly  well  under  the  hammer. 
It  is  very  hard  and  fine  grained,  and  for  tenacity  and  density  is  superior  to  any 
other  steel  made.  The  '  native  alloy,'  is  obtained  by  exposing  to  strong  heat  in  a 
chnrcoal-lined  crucible  a  mixture  of  clean  powdered  wolfram  with  fine  carbonaceois 
matter.  A,  black  steel-grey  metallic  sp<mgy  mass  is  obtained  resembling  metaUie 
tungsten. 

The  tungstate  of  soda  is  used  in  dyeing.  Metallia  tungsten  is  also  used  for  the 
manufiicture  of  packfong  or  Britannia  metal,  by  alloying  with  copper  and  tin. 

TOSBAa  This  is  a  mere  local  word  usea  in  the  want  of  knowledge  of  a  more 
precise  designation.     Turbo,  in  Portuguese  and  Spanish  (like  Tomit  in  French),  is 
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Tourbt  in  Eronch),  is  a  general  term  signifying  any  peat-like  or  earthy  deposit  formed 
in  swamps  and  afterwards  dried,  and  is  also  applied  to  peat  itself. 

VUMMXMM.  Numberless  are  the  varieties,  both  of  principle  and  of  constraction, 
to  be  met  with  in  the  mechanisms  by  which  motive  power  may  be  obtained  from  falls 
of  water.  The  chief  modes  of  action  of  the  water  are,  however,  reducible  to  three,  as 
follow : — First :  The  water  may  act  directly,  by  its  weight,  on  a  part  of  the  mecha- 
nism which  descends  while  loaded  with  water,  and  ascends  while  free  &om  load.  The 
most  prominent  example  of  the  application  of  this  mode  is  afforded  by  the  ordinary 
buckee  water-wheel.  Second :  The  water  may  act  by  fluid  pressure,  and  drive  before 
in  some  part  of  the  vessel,  by  which  it  is  conflned.  This  is  the  mode  in  which  the 
water  acts  in  the  water-pressure-engine,  analogous  to  the  ordinary  high-pressure 
steam-engine.  Third :  The  water,  having  been  brought  to  its  place  of  action,  subject 
to  the  pressure  due  to  the  height  of  its  fall,  may  be  allowed  to  issue  through  small 
orifices  with  a  high  velocity,  its  inertia  being  one  of  the  forces  essentially  involved  in 
the  communication  of  the  power  to  the  mechanism.  Throughout  the  general  class  of 
wheels  called  Turbines,  which  is  of  wide  extent,  the  water  acts  according  to  some  of 
the  variations  of  which  this  third  mode  is  susceptible.  The  name  Turbine  is  derived 
from  the  Latin  word  turio,  '  a  top,'  because  the  wheeb  to  which  it  is  applied  almost 
all  spin  round  a  vertical  axis,  and  so  bear  some  considerable  resemblance  to  the  top. 
In  our  own  country,  and  more  especially  on  the  Continent,  turbines  have  attracted 
much  attention,  and  many  forms  of  them  have  been  made  known  by  published  de- 
scriptions. 

I^rinnes  for  Mining  Purpoaet. — Although  the  horizontal  water-wheel  has  been 
known  and  employed  under  various  forms  £rom  the  'highest  antiquity,  and  hss  latterly 
been  improved  by  Foumeyron,  Fontaine,  Jouval,  and  others,  so  as  to  rank  among  the 
most  p^ect  of  hydraulic  motors,  it  has  only  recently  been  applied  to  mining  uses 
(pumping,  loading.  See.),  and  where  so  employed  its  success  can  scarcely  be  said 
to  be  yet  decided.  The  &ilnie8  may  be  attributed  to  the  following  causes : — First : 
The  plan  of  causing  the  water  to  flow  simultaneously  through  all  the  buckets 
necessitates  the  use  of  wheels  of  small  dimensions,  making  a  very  great  number  of  re- 
volutions per  minute,  and  thus  requiring  a  considerable  train  of  intermediate  gear  to 
reduce  the  speed  to  the  working  rate.    Second :  The  complex  nature  of  the  ring  sluices 


employed  between  the  guide  curves  and  the  mouths  of  the  buckets,  renders  them 
nneertain  in  action,  and  from  their  small  dimensions  liable  to  bo  easily  choked  by  any 
Vol.  m.  3  X 
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meefaanieal  impi»iti«a  in  the  water ;  and  Uitty,  the  lubrieaticn  of  tha  foot  stnndla  of 
the  rertical  wheel,  rerolring  at  rerj  gnat  Telodtj,  is  attended  with  considanble  dif- 
ficulty and  incooraaienee,  especially  where  the  engine-room  is  at  a  eonsidMsUa  «H«taiir« 
below  the  sorfiice  of  the  euth,  and  it  is  requisite,  as  in  the  ease  of  pumping  wheels, 
to  keep  the  madiinery  in  action  oontinnoasly  for  loag  periods  of  time.  The 
form  ct  wheel  of  which  a  notice  is  here  appended,  was  introdnced  into  the  Saxon 
mines  abont  the  year  1849  by  Herr  Schwamkmg,  inspector  of  machinery  at  the 
Boyal  Mines  and  nnelting  Works  at  Freiberg,  and  since  that  time  sereral  hare  beta 
indrodueed  for  pnmping,  winding,  driving  stamp-heads,  Sec  The  exampla  Mleeted  fat 
illustration  was  built  to  take  the  place  of  two  oreishot  water-wheels,  employed  is 
pumping  water  at  the  mine  '  Ohurpnnz  Friedrieh  August ' :  it  difieis  from  the  nsasl 
form  of  turbine  in  haying  the  wheel  placed  vertically,  and  in  having  the  water  sup- 
plied through  a  small  number  of  gnids-cnrves  near  the  lowest  part.  In  this  latter 
respect  it  resemblee  the  tangential  turbine  of  General  Poncelet,  wiu  this  difierenee  that 
the  water  flows  from  the  inner  to  the  outer  circumference,  instead  of  the  reTeraa  way,  as 
is  the  cose  in  Poncelet's  wheel,  The  construction  oi  the  wheal  is  as  fcdlowB :  a.  Jig. 
2062,  is  the  tubular  axle  of  cast  iron  which  carries  the  seatanff  for  the  arms,  s,  which  is 
similar  to  that  usually  used  for  large  water-wheels;  to  the  ends  of  the  arms  is  attached 
the  wheel  to,  which  is  formed  of  two  brags  or  shroudings  of  sheet  iron,  each  13  inches 
deep,  measured  radially,  and  of  a  total  height  of  10  feet  3  inches ;  these  two  rings  are 
maintained  at  a  distance  of  •  inches  apart,  by  means  of  44  sheet-iron  bndcets  of  the 
form  shown  in  the  smaller  detailed  fignre,  fig.  2063 ;  the  driving  water  is  admitted 

through  the  pressure  pipe,  p,  in  which  is  placed  the 
admissiaD  tlnottle,  t,  and  tuned  through  a  pipe  of 
netangular  section  (shown  in  the  smallwr  fignie) 
into  the  sluice  box,  a,  which  contains  tha  two  guids- 
curves,  t>, «',  which  are  moveable  abont  the  ceotm; 
c,  e',  by  msans  of  the  levers,  /,  I';  by  means  of  these 
guide-curves  when  folhr  opened,   as  ahown  in  the 
figure,  the  water  is  admitted  into  the  backets  in  t«D 
parallel  stzeams  or  jets  of  6}  indies  in  breadth,  and 
l^ljths  in.  in  thickness ;  the  power  u  transmitted  fiom 
the  axle  of  the  wheel  by  a  pinion  with  28  teeth, 
which  draws  the  large  toothed  wheel,  x,  which  acts 
on  a  third  shaft  carrying  the  pump-cranks.    The 
wheel  is  constructed  to  work  nnder  a  head  of  147  feet, 
and  makes  about  130  revolutions  per  minute,  with  a  maTimiim  quantity  of  650  cubic 
feet  of  water,  equal  to  nearly  176  horse-power.     A  series  of  dynamometrical  experi- 
ments on  a  wheel  of  similar  construction  of  7  feet  0  inches  in  diameter,  with  a  discharge 
varying  from  39  to  134  cubic  feet,  with  a  head  of  103  feet,  gave  an  available  dn^  of 
from  68  to  70  per  cent.,  the  number  of  revolutions  varying  firom  112  to  148  per  minute. 
In  conclusion,  it  may  be  remariced  that  the  vertical  turbine  may  b«  employed  with 
advantage  where  the  available  foil  of  water  is  too  great  to  be  employed  on  a  single 
overshot  water-wheel ;  and  although  a  less  perfect  machine  than  the  water-pressmn 
engine,  it  is  of  simpler  construction,  and  may  be  preferred  where,  from  the  hardness 
or  yielding  nature  of  the  rock,  it  becomes  difficult  to  construct  large  machine-rooms 
or  wheel-pits  underground.    In  practice  it  is  found  necessary  to  surround  the  wheel 
with  a  casing  of  wood,  in  order  to  prevent  the  afSuent  water  from  being  projected  to  s 
distance  by  centrifugal  action. 

A  fine  model  of  one  of  these  turbines,  with  two  sets  of  buckets,  constructed  for  the 
purpose  of  winding  (_Turbineng5pd),  may  be  seen  at  the  Hnsenm  of  Practical  Geology, 
Jermyn  Street. 

For  further  information  on  this  subject,  we  may  refer  to  the  PotyiechniteHa  Cmtrti- 
btatt,  Kos.  8,  9,  for  1846,  and  No.  3  for  1860 ;  to  the  Jahrbueh  fur  den  Berg-  tmi 
Buttennumn,  for  I860  and  1863.  The  subject  of  turbines  is  treated  in  great  detail  is 
Weisbach's  '  Mechanics  of  Machinery  and  Sngineering.'  Bedlenbache's  Theorit  s*^ 
Bau  der  Turbinen  und  Ventilatoren,  Mannheim,  1844,  is  the  best  and  most  oomplets 
work  on  the  sulrject.  Notices  of  Foumeyron's,  Jonval's,  and  Fontaine's  turbines  are  to 
be  found  in  Glyn's  '  Bndimentary  Treatise  on  Water-Power,'  in  Weale's  Series.  The 
original  notice  of  Foumeyron's  turbine  is  published  in  the  Bulletin  de  la  SociiU 
d Encouragement,  for  1834,  and  several  new  forms  are  noticed  in  the  various  volnmes 
of  Armengaud's  Publication  Induetrielle. 

The  name  of  Vortex  Wheel  has  been  given  to  a  modification  of  the  turbine  by  Hr- 
James  Thomson  of  Bel&st.  In  this  machine  the  moving  wheel  is  placed  within  * 
chamber  of  a  nearly  circular  form.  The  water  is  injected  into  the  chamber  tasgen- 
tially  at  the  circumference,  and  thus  it  receives  a  rapid  motion  of  rotation.  Setainisg 
this  motion,  it  passes  towards  the  centre,  where  alone  it  is  free  to  make  its  exit.    The 
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vlieei,  which  is  placad  within  the  chamber,  and  which  almost  entiraly  Alls  it,  is 
divided  by  thin  paititiona  into  a  great  nnmb«r  of  radiating  patsagei.  Tluough  these 
pansage*  the  water  muat  flow  in  its  course  townrds  the  centre ;  and,  in  doing  so,  it 
imports  its  own  rotatory  motion  to  the  wheel.  The  whirlpool  of  water,  acting  within 
the  wheel-chamber,  being  one 
principal  featnre  of  this  tur- 
bine, leads  to  the  name 
Vortex,  as  a  enitable  desig- 
nation for  the  machine  a*  a 
whole. 

Therortez  admits  of  seve- 
ral modes  of  eonstniction ; 
but  the  two  principal  forms 
are  the  one  adapted  for  high 
falls,  and  the  one  for  low 
Mil.  The  former  may  be 
called  the  high-pressure 
vortex,  and  the  latter  the 
low-preraare  vortta.  An  ex- 
ample of  each  of  these  two 
kinds  is  delineated  in  the 
accompanying  fignxes. 

Figt.  2064  and  2065  are 
respectively  a  vertical  sec- 
tion and  a  plan  of  a  vortex  constructed  for  Mnploying  a  veiy  high  &U  near  Belfast 
to  drive  a  flax-mill.'  a  a  is  the  water-wheel.  It  is  flzad  Mi  u«  iipiight  shaft  b, 
which  conveys  away  the  power  to  the  machinMy  to  be  driTW.  Tm  water-wheel 
oocnpies  the  central  part  of  the  npper  division  of  a  stroof  east-lrea  (m«  c  c.  This 
part  of  the  case  is  c^ed  the  mheei-chamber.  d  d  is  the  lower  division  d  the  case,  and 
IS  called  the  »upfh/-eJiamher.  It  receives  the  water  directly  ttma.  the  supply  pipe, 
of  which  the  lower  extremity  is  shown  at  e,  and  delivers  it  into  the  outer  part  of 
the  upper  division  by  four  large  openings  r,  in  the  partition  between  the  two  divisions. 
This  outer  part  of  the  upper  mvision  is  called  the  gtdde-blad»  chamber,  from  ita  con< 
taining  four  gnide-blsdeB,  o,  which  direct  the  water  tangentially  into  the  wheel- 
chamber.  Immediately  after  being  injected  into  the  wheel-ehamber,  the  water  is 
received  by  the  curved  radiating  passages  of  the  wheel,  which  are  partly  to  be  seen 
in  fig.  206S,  at  a  plaee  where  both  the  cover  of  the  wheel-chamber  and  the  upper  plate 
of  the  wheel  are  broken  away 

for  the  purpose  of  exposing  ^<^  :r/-~.  c 

the  interior  to  view.  The 
water  on  reaching  the  inner 
ends  of  these  curved  passages, 
having  already  done  its  work, 
is  allowed  to  make  its  exit 
by  two  large  central  orifices, 
shown  distinctly  on  the  figures 
at  or  adjacent  to  the  letters 
L  I.,  the  one  leading  upwards 
and  the  other  downwnrda. 
Close  joints  between  the  case 
and  the  wheel,  to  hinder  the 
escape  of  water  otherwise 
than  through  the  radiating 
passages,  are  made  by  means 
of  two  annular  pieces  l,  l, 
called  joini-ringi,  fitting  to 
the  central  orifices  of  the  case,  and  capable  of  being  n^usted,  by  means  of  studs 
and  nuts,  so  as  to  come  close  to  the  wheel  without  impeding  its  motion  by  friction. 
The  four  openings  h,  h,  fig.  206S,  throngh  which  the  water  flows  into  the  wheel- 
chamber,  each  situated  between  the  point  or  edge  of  one  guide-blade  and  the  middle 
of  the  next,  determine,  by  their  width,  the  quantity  of  water  admitted,  and  conse- 
quently the  power  of  the  wheel.  To  render  this  power  capable  of  being  varied  at 
pleasure,  the  guide-blades  are  made  moveable  round  gudgeons  or  centres  near  their 
points ;  and  a  spindle  k,  worked  by  a  handle  in  any  convenient  position,  is  connected 

'  In  these  fignree,  as  also  VnJIgt.  MM,  30(7,  aome  nnlmpoitant  nodlllcatlona  an  made  for  the  pnr- 
poM  of  simpUfying  the  drawings,  and  rendering  them  more  easily  understood  than  they  woald 
otherwise  be. 
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with  the  gnide-blades  by  means  of  links,  cranks,  &c  (see  the  fig:aTe8),  in  sach  a  way 
that  when  the  handle  is  moved,  the  foni  entrance  orifices  aie  all  enlarged  or  contracted 
alike.  The  gudgeons  of  the  guide-blades,  seen  in  fig.  2064,  as  small  circles  near  the 
points,  are  sunk  in  sockets  in  the  floor  and  roof  of  the  gnide-blade  chamber,  and  so 
they  do  not  in  any  vay  obstruct  the  flow  of  the  water,  m  is  the  pivot-bos  of  the  upright 
shaft,  and  is  constructed  with  peonliar  provisions  for  oiling  the  pivot,  which,  by  reason 
of  its  being  under  water,  does  not  admit  of  being  (nled  by  ordinary  means,  h  is  a 
hanging  bridge  which  forms  the  mixture  of  the  pivot. 

This  voitex  is  calculated  for  50  horse-power,  with  a  fall  varying  firom  90  to  100  feet. 
On  account  of  the  great  height  of  the  &U,  the  machine  comes  to  be  of  very  small 
dimensioDS ;  the  diameter  of  the  water-wheel  itself  being  only  about  15  inches,  and 
„»„ .  ^-  he  extreme  diameter  of  the  case 

^uob  ft  /-r^N,  3  f^j  g  Tndi.t».    The  speed  t<x 

which  the  wheel  is  calculated,  in 
accordance  with  its  diametAr  and 
the  velocity  of  the  water  ente^ 
ing  its  chamber,  is  768  rerola- 
tions  per  minute. 

A  low-pressure  vortex  con- 
structed for  another  mill  near 
Belfast,  is  represented,  in  vertical 
section  and  plan,  in  fig*.  2066 
and  2067.  This  is  essentially 
the  same  in  principle  as  the 
vortex  already  described,  but  it 
difliars  in  the  material  of  which 
the  case  is  constructed,  and  in 
the  manner  in  which  the  water 
is  led  to  the  guide-blade  cham- 
ber. In  this  the  case  is  almost 
entirely  composed  of  wood.  The 
water  flows  with  a  free  upper 
suifiiee  WW,  into  this  woodetf  ease,  which  consists  chiefly  of  two  tanks  a  a,  and  bb, 
one  within  the  other.  The  water-wheel  chamber,  and  t^he  guide-bUde  chamber,  are 
situated  in  the  open  nace  between  the  bottom  of  the  outer  and  that  of  the  inner 
tank,  and  will  be  readily  distinguished  by  reference  to  the  figures.  The  water  of  the 
head  race  having  been  led  all  round  the  outer  tank  in  the  space,  c  c,  flows  inwards 
over  its  edge,  and  passes  downwards  by  the  space  s  d,  between  the  sides  of  the  two 
tanks.  It  then  passes  through  the  guide-blade  chamber  and  the  water-wheel,  just  in 
the  same  way  as  was  explained  in  respect  to  the  high-pressure  vortex  alrrady  de- 
scribed ;  and  in  this  one  likewise  it  makes  its  exit  by  two  central  orifices,  the  one 
discharging  upwards  and  the  other  downwards.  The  part  of  the  water  which  passes 
QAg.  downwards  flows  away  at  once 

to  the  tail  race,  and  that  which 
passes  upwards  into  the  space  s, 
within  the  innermost  tank,  finds 
a  free  escape  to  the  tail  race 
through  boxes  and  other  channels, 
F  and  o,  provided  for  that  pur- 
pose. The  wheel  is  completely 
submerged  under  the  sutfsee  of 
the  water  in  the  tail  race,  which 
is  represented  at  its  ordinary 
level  at  Y  x,  fig.  2066,  although 
in  floods  it  may  rise  to  a  much 
greater  height.  The  power  of 
the  wheel  is  regulated  in  a  simi- 
lar manner  to  that  already  de- 
scribed, in  lefarenoe  to  the  high- 
pressure  vortex.  In  this  case, 
however,  as  will  be  seen  by  the 
flgnres,  the  guide-blades  are  not  linked  together,  but  each  is  provided  with  a  hand- 
wheel  B,  by  which  motion  is  communicated  to  itself  alone. 

The  foregoing  descriptions  are  sufBcient  to  explain  the  principal  points  in  the 
structural  arrangements  of  these  water-wheels. 

And  now  a  few  words  more  in  respect  to  their  principles  may  be  added.    In  these 
machines  the  velocity  of  the  circumference  of  the  wheel  is  made  the  snme  as  the 
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Telocity  of  the  entering  irater,  and  thus  there  is  no  impact  between  the  irater  and  the 
vheel ;  bat,  on  the  oontraiy,  the  water  enters  the  radiating  conduits  of  the  wheel  gently, 
that  is  to  say,  with  scarcely  any  motion  in  relation  to  their  mouths.  In  order  to 
attain  the  equalisation  of  these  velocities,  it  is  necessary  that  the  circumference  of  the 
wheel  should  move  with  the  Telocity  which  a  heavy  body  wonld  attain  in  &lling 
through  a  vertical  space  eqiul  to  half  the  vertical  &11  of  the  water,  or,  in  other 
words,  with  the  velocity  due  to  half  the  fall ;  and  that  the  orifices  through  which  the 
water  is  injected  into  the  wheel-chamber  should  be  conjointly  of  such  an  area,  that, 
when  all  the  water  required  is  flowing  through  them,  it  also  may  have  the  velocity  due 
to  half  the  fall. 

Thus  one  half  only  of  the  fall  is  employed  in  producing  velocity  in  the  water ;  and, 
therefore,  the  other  half  still  remains,  acting  on  the  water  within  the  wheel-chambeir 
at  the  drcomference  of  the  wheel,  in  the  condition  of  fluid  pressure.  Now,  with  the 
velocity  already  assigned  to  the  wheel,  it  is  found  that  this  fluid  pressure  is  exactly 
that  which  is  requisite  to  overcome  the  centrif^igal  force  of  the  water  in  the  wheel, 
and  to  bring  the  water  to  a  state  of  rest  at  its  exit,  the  mechanical  work  due  to  both 
halves  of  the  fall  being  transferred  to  the  wheel  during  the  combined  action  of  the 
moving  water  and  the  moving  wheel.  In  the  foregoing  statements,  the  effects  of  fluid 
friction,  and  of  some  other  modifying  influences,  are,  for  simplicity,  left  out  of  con- 
sideration. 

TQBBXm  III  Wmii  or  XmUFBTK  —  "'"**^-  The  yellow  snb- 
eulphtvte  of  mercury,  calli>d  Queen's  Yellow. 

TUIUP  (Peo^,  Scotch ;  Iburbt,  Fr. ;  Tbrf,  Qer.)  consists  of  vegetable-matter, 
chiefly  of  the  Moss  family,  in  a  state  of  partitd  decomposition  by  the  action  of  water. 
Cut,  during  summer,  into  brick-ehaped  pieces,  and  dried,  it  ia  extensively  used  as  fuel 
by  the  peasantry  in  every  re^on  where  it  abounds.  The  dense  black  turf,  which 
forma  the  lower  stratum  of  a  peat  moss,  is  much  contaminated  with  iron,  sulphur, 
«ind,  &C.,  while  the  lighter  turf  of  the  upper  strata,  though  nearly  pure  vegetable- 
matter,  is  too  bulky  for  transportation,  and  too  porous  for  factory  fuel.  These  defects 
have  been  removed,  several  processes  having  been  patented  for  converting  the 
lightest  and  poorest  beds  of  peat-moss,  or  bog,  into  the  four  following  products"  1.  A 
brown  combustible  solid,  denser  than  oak ;  2.  A  charcoal,  twice  as  compact  as  that  of 
hard  wood ;  3.  A  factitious  coal ;  and  4.  A  factitious  coke :  each  of  which  possesses 
very  valuable  properties. 

Mr.  B'Emst,  artiflcer  of  fireworks  to  Yauxhall,  proved,  by  the  severe  test  of 
coloured  fires,  that  tnrf-charooal  is  20  per  cent  more  combustible  than  that  of  oak. 
Mr.  Oldham,  engineer  of  the  Bank  of  England,  applied  it  in  softening  his  steel  plates 
and  dies,  with  remarkable  success.  A  prospect  was  thus  opened  up  of  turning  to 
admirable  account  the  unprofitable  bogs  of  Ireland ;  and  of  prodndng,  from  uieir 
inexhaustible  stores,  a  superior  fuel  for  every  purpose  of  arts  and  engineering. 

The  turf  is  treated  as  foUows : — Immediately  alter  being  dug,  it  is  triturated  under 
revolving  edge-wheels,  faced  with  iron  plates  perforated  all  over  their  surface,  and  is 
forced  by  the  pressure  through  these  apertures,  till  it  becomes  a  species  of  pap,  which 
is  freed  from  the  greater  part  of  its  moisture  by  squeezing  in  a  hydraulic  press  between 
layers  of  caya-cloth ;  then  dried,  and  coked  in  suitable  ovens.  (See  Chabcoal,  and 
CoKB.)  Mr.  Williams,  by  his  patent,  makes  his  fiuititions  coal  by  incorporating  with 
pitch  or  resio,  melted  in  a  cauldron,  as  much  of  the  above  charcoal,  ground  to  powder, 
as  will  form  a  doughy  mass,  which  is  moulded  into  bricks  in  its  hot  and  plastic  state. 
It  has  been  found  preferable  to  all  other  fuel  for  case-hardening  iron,  tempering  steel, 
forging  horse-shoes,  and  welding  gun-barrels.  Since  turf  is  partially  carbonised  in  its 
native  state,  when  it  is  condensed  by  the  hydraulic  press,  and  fully  cliarre<l,  it  afibrds 
a  charcoal  superior  in  calorific  power  to  Uie  porous  substance  obtained  from  wood. 
For  recent  modes  of  utilising  peat,  see  Prat. 

TintXST  WUk  is  the  name  given  to  one  of  the  most  beautiful  and  durable  of 
known  dyes.  The  art  of  dyeing  cotton  with  this  colour  seems  to  have  originated  in 
India.  In  his  'Philosophy  of  Permanent  Colours,'  Bancroft  has  given  a  detailed 
account  of  the  process  as  practised  in  that  country ;  and  this  process  will  bo  found  to 
agree  in  all  essential  particulars  with  that  pursued  by  the  Turkey-red  dyers  of 
Europe,  except  that  in  In^a  the  chaya-root  is  employed  as  the  dyeing  materi.il  in  the 
place  of  madder.  In  the  middle  ages  the  art  was  practised  in  various  parts  of  Turkey 
and  Greece,  especially  in  the  neighbourhood  of  Adrianople,  and  hence  this  colour  is 
often  called  Adrianople  Red.  Even  as  late  as  the  end  of  last  centuiy  the  manufacture 
of  Turkey-red  yarn  seems  to  have  been  extensively  carried  on  at  Ambelakia  and 
other  places  in  the  neighbourhood  of  Larissa.  An  interesting  account  of  the  manufiic- 
tvres  and  trade  of  this  then  flourishing  district,  by  Felix,  will  be  found  in  the  Annale* 
de  Chimie,  t  xxi.  1700.  About  the  middle  of  last  century  the  art  of  Turkey-red 
dyeing  was  introduced  into  France  by  means  of  dyers  brought  over  from  Greece.    Tlie 
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FTcnch  vers  aI(o  tha  flrat  to  dy*  piecee  -with  this  colour,  the  an  Juring  proTiooil; 
bsen  applitd  merely  to  the  dyeing  of  yam.  The  first  eetablishmonte  for  dyeing  tfan 
oolonr  in  Great  Britain  were  foimded  and  conducted  by  Frenchmen.  At  the  pmant 
day  TnTkjy-red  dyeing  is  carried  on  in  varions  parts  of  France  and  Switeeriand,  (1 
Elberfeld  in  Oermany,  in  Lancashire,  and  at  Glasgow. 

Turkey-red  dyeing  is  essentiaUy  (Ustinguished  finm  c^er  dyeing  procesaes  by  ths 
application  nreTions  to  dyeing  of  a  peculiar  preparation  consisting  of  fatty  matter 
combined  with  other  materials.  Withont  the  nse  of  oil  or  some  &tt7  matter  it 
woold  be  impossible  to  prodnoe  this  colour,  of  which  indeed  it  seems  to  fbrm  an  essen- 
tial constituent  If  the  colour  of  a  piece  of  Turkey-red  cloth  be  examined  in  the 
manner  described  nnder  Masdcb,  if  will  be  found  to  consist  of  red  eolonring- 
matter  and  &t-acid.  combined  with  alnmina  and  a  little  lime.  The  c(doaiuig^matter 
thus  obtained  is  so  little  contaminated  with  impurities  as  to  appear  on  evaponting  its 
alcoholic  solution  in  yellowish-red  crystalline  needles.  What  part  the  £at-acid  plays, 
whether  it  merely  serres  to  give  to  the  compound  of  colouring-matter  and  alnmioa 
the  power  of  resisting  the  action  of  the  powerful  agents  need  after  the  operation  of 
dyeing,  or  whether  it  also  modifies  and  imparts  additional  lustre  to  the  colour  itaelf,  is 
quite  unknown.  The  formation  of  this  triple  compound  of  colouring-matter,  £tt-acid, 
and  alumina,  seems  at  all  events  to  be  the  final  result  which  is  attained.  NeTeithaless, 
this  apparently  simple  result  can  only  be  arrived  at  tnr  means  of  a  long  and  compli- 
cated process,  each  step  of  wtiioh  seems  to  be  essentia  for  its  Inal  niocaM.  The 
details  of  the  process  vary  considerably  both  in  their  nature  and  nnmber,  in  different 
conntries  and  difTerent  dyeing  establidunents.  They  may,  however,  be  deeoribed  in 
general  terms  as  follow : — 

The  goods,  after  being  passed  through  a  soap-bath  or  weak  alkaline  lye,  are  oiled. 
For  this  purpose  a  mere  impregnation  with  oil  would  not  be  sufficient.     The  oil  must 
be  mixed  with  a  solution  of  carbonato  of  potash  or  soda,  to  which  there  is  often  added 
a  quantity  of  sheep-  or  cow-dung,  the  ingredients  being  well  mingled,  so  as  to  form  a 
milky  liquid  or  emulsion.     Olive  or  GallipoU  oil  is  the  kind  generally  used,  and  an 
impure,  mocilaginous  oil  is  prefsrred  to  one  of  a  finer  qnali^.    Drying  oils  are  not 
adapted  for  the  purpose.    In  this  liquid  the  goods  are  beeped  for  a  short  time,  ao  as 
to  become  thoroughly  impregnated  with  it.     In  the  case  of  pieces  the  liqnid  is 
generally  applied  by  means  of  a  padding  machine.    After  being  taken  ont  m  this 
liquid  the  goods  are  often  left  to  lie  for  some  days  in  heaps,  and  if  the  weather  is  fine,  • 
they  are  then  exposed  on  the  grass  to  the  action  of  the  air;  otherwise,  they  must  be 
hung  np  in  a  hot  stove.    This  process  of  steeping  and  exposing  to  the  air  is  repeated 
a  number  of  times,  until  the  fabric  is  tfawonghly  impregnated  with  fatty  matter. 
During  this  part  of  ths  process  there  can  be  no  donbt  that  the  oil  nndergoes  a 
partial  deoompoeition  and  oxidation,  so  as  to  become  capaUe  of  uniting,  on  the  one  hand, 
with   the  vegetable  fibre,  and,  on  the  other  hand,  with  the  colouring-matta,  with 
which  it  is  subsequently  brought  into  contact.    The  dung,  by  inducing  a  state  of  fer- 
mentation among  the  ingredients  probaUy  promotes  the  decompositioo  of  the  (h1  into 
fatty  acid  and  glycerine,  and  the  alkali  serves  to  convey  the  &tty  acid  into  every  part 
of  the  fabric,  and  to  assist  in  its  oxidation  on  exposure  to  the  air.     The  process  of 
oxidation  which  takes  place  is  sometimes  so  active  as  to  produce  spontaneous  com- 
bustion of  the  goods  in  the  stove.    It  might  be  supposed  that  by  previously  saponifying 
the  oil,  impregnating  the  goods  with  the  soap,  and  after  sufficient  ezposore,  decom- 
posing the  latter  by  means  of  an  add,  the  same  object  mi^t  be  more  easily  attained 
than  by  the  long  process  usually  employed.    This  is,  however,  not  tha  case,  which 
proves  that  we  are  still  ignorant  of  the  exact  chemical  nature  of  the  ^ange  which 
takes  place  during  the  oiling  process.     The  supposition  formerly  entertained,  that  the 
effect  of  the  oiling  consisted  in  a  so-called  animaUtaiion  of  the  vegetable  fibre,  is  quits 
untenable.    In  some  esteblishmente,  the  goods,  after  being  oiled  and  stoved,  are  pueed 
through  a  bath  of  very  dilute  nitric  acid,  and  then  exposed  to  the  air  before  being  oiled 
again,  the  process  being  repeated  after  every  oiling.    The  nitric  add  is  suppued  to 
contribute  to  the  oxidation  of  the  oil.     Several  years  ago  a  patent  was  taken  out  by 
Messrs.  Mercer  and  Greenwood  for  preparing  the  oil,  pievioua  to  its  bdng  implied  to 
the  cotton,  by  treating  it  with  sulf^uric  add,  and  then  with  chloride  ol  soda,  bat 
their  invention,  though  apparently  of  some  importance,  has  not  generally  been  adopted 
by  Turkey-red  dyers. 

After  being  oiled,  the  goods  are  steeped  for  some  honrs  in  a  weak  tepid  solution  of 
carbonate  of  potash  or  soda.  This  operation,  which  is  called  by  the  French  dtgrtnuogt^ 
serves  to  remove  the  excess  of  fatty  add,  or  that  portion  which  has  not  thoron^lT 
combined  with  the  vegetable  fibre.  The  liquid  thus  obtained  is  carefully  pressed 
fSsr  the  purpose  of  being  mixed  with  the  liqnid  used  for  the  oiling  of  fresh  goods,  tba 
quality  of  which  it  serves  to  improve. 

To  this  operation  succeeds  that  of  galling  and  mordanting.     The  goods,  after 
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being  washed,  are  pasted  throiigh  a  warm  solution  of  tannin,  prepared  by  axtmcting 
galls  or  somac  with  boiling  water  and  straining,  after  whidi  they  are  impregnated 
with  a  solution  of  alum,  to  which  somsUmes  a  little  riialk  or  eatbonate  of  potash  is 
added,  <»  with  a  solution  of  acetate  of  alumina,  prepared  by  double  decomposition 
from  alum  and  acetate  of  lead.  Sometimes  the  alum  is  dissolved  in  Uie  decoction  of 
galls,  and  thus  the  two  operations  are  combined  into  one.  The  goods,  after  being 
dried  in  the  stove,  passed  through  hot  water  containing  challc,  and  rinsed,  are  now 
ready  to  be  dyed.  It  has  been  asserted  that  the  galling  is  not  an  essential  part  of 
tjie  process,  that  it  merely  ssrrea  to  fix  the  alnnina  of  the  mordant,  and  may  be 
dispoised  with  when  acetat*  of  alomina  is  used  instead  of  alum.  It  is  certainly 
dimcnlt  to  conceive  how  it  can  permanently  afiect  the  appearance  of  the  colour,  since 
the  tannin  of  the  galls  is  undoubtedly  removed  from  the  fibre  during  the  subsequent 
stage*  of  the  pioeess. 

The  dyeing  is  pecformed  in  the  asBsl  manner.  (See  Hasdib  imd  C^lico-Fkikt- 
INO.)  The  materials  employed  are  madder,  dialk,  sumae,  and  blood,  in  VBiions  rela- 
tive proportloDS.  The  heat  of  the  dye-bath  is  gradaaUy  laised  to  the  boiling  point, 
and  the  boiling  is  «ontinued  for  some  time.  The  part  ^yed  by  the  chalk  in  dyeing 
with  madder  has  been  explained  elsewhere.  (See  Hai>i»b.)  It  was  formeriy  supposed 
that  the  red  colouring-natter  of  the  blood  oontribnted  in  producing  the  desired  effect 
in  Turkey-red  dyeing ;  but  to  the  modem  demist  this  supposition  does  not  appear 
probable.  Nevertheless,  it  is  certain  that  the  addition  or  blood  is  of  some  benefit, 
though  it  is  uncertain  in  what  the  predse  effect  consists.  01ue  is  occasionally  em- 
ployed in  the  place  of  blood.  Sometimes  a  second  mordanting  with  galls  and  alum, 
and  a  second  dyeing,  is  allowed  to  succeed  the  first  mordanting  and  dyeing. 

After  being  dyed  the  goods  appear  of  a  dull  biowni^-red  colour,  and  they  must 
therefore  be  subjected  to  the  brightening  process,  in  carder  to  make  them  assume  the 
bright  red  tint  required.  For  this  purpose  they  are  first  treated  with  a  boiling  solu- 
tion of  soap  and  carbonate  of  potash  or  carbonate  of  soda,  aod  then  with  a  mixture  of 
soap  and  muriate-of-tin  crystals.  This  operation  is  usually  performed  in  a  dose  vessel 
under  pressure.  The  alkalis  remove  the  brown  colouring-matters  and  the  excess  of 
fat-acid  contained  in  the  colour,  and  the  tin  salt  probably  acts  by  extracting  a  portion 
of  the  alumina  of  the  mordant,  and  substituting  in  its  plaoe  a  quantity  of  oxide  of  tin, 
which  has  the  effect  of  giving  the  colour  a  mora  fiety  tint  The  last  finish  is  given 
to  the  colour  by  treating  the  goods  with  bran  or  with  chloride  of  soda. 

The  chief  objects  which  the  Turkey-red  dyer  seeks  to  attain  are,  let,  to  obtain  the 
desired  effoct  with  the  least  possible  expenditure  ci  time  and  matmial ;  2nd,  to  pro- 
duce a  perfect  uniformity  of  tint  in  the  same  series  of  dyMngs ;  and  8rd,  to  impart  to  his 
goods  a  colour  which,  though  perfectly  durable,  shall  be  £^ed  as  much  as  possible  on 
the  sur&ce  of  the  fabric.  The  last  point  is  one  of  importance  in  the  case  of  calicoes 
dyed  of  this  colour,  since  this  kind  of  goods  is  much  employed  for  the  production  of  a 
peculiar  style  of  JSrints,  in  which  portions  of  the  colour  are  discharged,  in  order  either 
to  remain  white  or  to  be  covered  with  other  colours.  (See  CAUco-FBHrrras.)  And 
if  the  red  dye  is  too  firmly  fixed,  or  too  deeply  seated,  it  becomes  mtne  difficult  to 
discharge  it.  In  this  reB|>ect  the  art  has  in  modem  times  attained  to  such  a  degree  of 
perfection,  that  the  interior  of  each  thread  of  Tuiksy-ied  cotton  will  be  found  on 
examination  to  be  jperfectly  white.  This  is  particnluiy  the  case  with  the  Turkey- 
reds  from  the  estabhshment  of  Ur.  Steiner,  Accrington,  liancashire,  whose  productions 
in  this  branch  of  the  art  of  dyeing  are  also  unrivalled  for  the  brilliancy  and  parity  of 
their  colour. — E.  S. 

TUBaanUO  (Curatma,  Terra  merita,  Souehet  or  Stffran  de$  Indes,  Fr. ;  Gelb- 
vurzd,  Oer.)  is  the  rhizome  of  the  Curcuma  Umga  and  C.  rotunda,  a  plant  which  povs 
in  the  East  Indies,  where  it  is  much  employed  in  dyeing  yellow,  as  also  as  a  condiment 
in  curry  sauce  or  powder.  The  root  is  knotty,  tubsEnmlar,  oblong,  and  wrinkled ; 
pale-yellow  without,  and  brown-yellow  within ;  of  a  peculiar  smell,  a  taste  bitterish 
and  stnnewhat  spiqr.  It  contains  a  peculiar  yellownrinciple,  called  Curcumine,  a 
brown  colouring-matter,  a  volatile  oil,  starch,  &c.  The  yellow  tint  of  turmeric  is 
changed  to  brown-red  by  alkalis,  alkaline  eartJis,  subaoetate  of  lead,  and  several 
metulie  oxides ;  for  which  reason,  paper  stained  with  it  is  employed  as  a  chemical 
test. 

Turmeric  is  employed  by  the  wool-dyers  for  compound  colours  which  require  an 
admixture  of  yellow,  as  for  cheap  browns  and  olives.  As  a  yellow  dye  it  is  employed 
only  u^n  silk.  It  is  a  very  fugitive  colour.  A  yellow-lake  may  be  made  by  boiling 
tnnnenc-powder  with  a  solution  of  alum,  and  pouring  the  filtered  decoction  upon 
pounded  chalk. 

XUMMMUJUt'U  MMiOM,  Ferri(^nide  of  iron,  obtained  by  precipitating  a  solu- 
tion of  a  salt  of  protoxide  of  iron  with  ferricyaoide  of  potassium.  See  Blitb  Pio- 
ICKIIT8  and  Pmvbsux  Bum. 
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VB  TBUMTV.    An  oxychloride  of  lead.    See  Fatbht  Ykixow. 

See  AscHiL  and  Lmcus. 
ra.    {TMbmtlme,  Fr.;    TtrpeiUin,  Ger.)     The  term  Ikirpeniime 
ia  applied  to  a  liquid  or  soft  solid  prodact  of  certain  coniferons  plants,  and  of  the 
PiatacMa  TerebiniAus. 

The  following  varietieB  are  those  which  are  nsnally  fonnd  in  the  market: — 
American  or  White  Tnrpentine ;  Bordeaux  Turpentine ;  Venice  Turpentine ;  Stzasbm^ 
Turpentine ;  Canadian  Turpentine,  or  Canada  Balsam;  Chio  Turpentine ;  FranVinmnwa. 

In  nearly  all  cases  the  processes  of  collecting  are  similar.  A  hollow  is  cut  in  the 
tree  yielding  the  turpentine,  a  few  inches  from  the  ground,  and  Uie  bai^  removed  ftx 
the  space  of  about  18  inches  above  it.  The  turpentine  runs  into  this  hollow  for 
several  months,  especially  during  the  summer  months.  In  general  character  these 
turpentines  hare  much  in  common ;  being  oleo-resins,  varying  slightly  in  colour, 
consistency,  and  smell.    They  enter  into  the  composition  of  many  varnishes. 

VDSmmra,  OI&  or.  This  is  obtained  by  distilling  American  turpen- 
tine (which  has  been  melted  and  strained)  with  water  in  an  ordinary  copper  stiU. 
The  distilled  product  ia  colonrless,  limpid,  very  fluid,  and  possessed  of  a  peculiar 
smell.  Its  spedfic  gravity,  when  pure,  is  0-870  ;  that  of  the  oil  commonly  sold  in 
London  is  0'876.  It  always  reddens  litmus-paper,  from  containing  a  little  snceinie 
acid.  According  to  Oppemuum,  the  ml  which  has  been  repeatedly  rectified  over 
chloride  of  calcium,  consists  of  84'60  carbon,  11-735  hydrogen,  and  3-67  oxygen. 
Bectified  oil  of  turpentine  is  kncfwn  as  spirits  or  essence  of  turpentine.  When  oil  of 
turpentine  contains  a  little  alcohol,  it  bums  with  a  clear  flame ;  but  otherwise  it  affords 
a  very  smoky  flame.  (See  Caxfeine.)  Chlorine  inflames  this  oil;  and  hydrochloric 
acid  converts  it  into  a  crystalline  substance,  like  camphor.  Itis  employed extensivelj 
in  varnishes,  paints,  &c,  as  also  in  medicine. 

XUSQVOZSa.  This  gem  is  a  compound  of  phosphate  of  alumina,  with  oxide  of 
copper.  The  Silesian  turquoise,  acconling  to  John,  consists  of: — alumina,  44'60; 
phosphoric  acid,  30-90 ;  water,  19"00 ;  oxide  of  copper,  3-75 ;  oxide  of  iron,  1-80 :  while 
the  blue  Oriental  turquoise  was  fonnd  by  Hermann  to  consist  of  alumina,  47'45 ; 
phosphoric  acid,  27*34 ;  water,  18-18  ;  ozida  of  copper,  2*02 ;  oride  of  iron,  1*10;  man- 
ganese, O'SO ;  and  phosphate  of  lime,  3-41. 

Turquoise  occurs  in  the  mountainous  ranges  of  Persia,  and  when  finely  eolonied  it 
is  highly  esteemed  as  a  gem.  The  Shah  of  Persia  is  said  to  retain  for  his  own  use  all 
the  more  remarkable  specimens.    It  is  also  found  in  Thibet. 

Mtgor  Hacdonald  discovered  a  new  locality  for  the  turquoise  in  Anbia  Petrtea.  Of 
the  discovery  of  these^  he  gives  the  following  account : — 

•In  the  year  1849,  during  my  travels  in  Arabia  in  search  of  antiquities,  I  was  led 
to  examine  a  very  lofty  range  of  mountains  composed  of  iron  sandstone,  many  days' 
journey  in  the  desert,  and  whilst  descending  a  mountain  of  about  6,000  feet  high  by 
a  deep  and  jvecipitate  gorge,  which  in  the  winter  time  served  to  carry  off  the  water, 
I  found  a  bed  of  gravel,  where  I  perceived  a  great  many  small  blue  objecte  mixed 
with  the  other  stones  ;  on  collecting  them  I  found  they  were  tniquoises  of  the  finest 
colour  and  quality.  On  continuing  my  researches  through  the  entire  range  of  moun- 
tains, I  discovered  many  valuable  deposita  of  the  same  stones,  some  quite  pure,  like 
pebbles,  and  cAhers  in  the  matrix.  Sometimes  they  are  fonnd  in  nodules  varying  in 
size  &om  a  pin's  head  to  a  hazel-nut ;  and  when  in  this  formation  they  are  usually  of 
the  finest  quality  and  colour.  The  action  of  the  weather  gradually  loosens  them  from 
the  rock,  and  they  are  rolled  into  the  ravines,  and,  in  the  winter  season,  mixed  up  by 
the  torrents  with  beds  of  gravel,  where  they  are  found.  Another  formation  is,  where 
they  appear  in  veins,  and  sometimes  of  such  a  size  as  to  be  of  immense  value.  They 
also  occur  in  a  soft  yellow  sandstone,  enclosed  in-  the  centre,  and  of  a  surpassing  bril- 
liancy of  colour.  Another  very  curious  formation  is  where  they  are  combined  with 
innumerable  small  coloured  quartz  crystals,  and  which  has  the  appearance  of  a  mass 
of  sand,  small  pebbles,  and  turquoise,  all  firmly  cemented  together.  This  formadon 
is  one  of  the  most  peculiar  in  the  whole  collection.' 

ISx.  Harry  Emanuel,  speaking  of  the  Persian  turquoise,  says  that,  'small  clear 
stones  bring  from  6d.  to  20s.  each,  whilst  fine  ring-stones  wiU  realise  from  lOJL  to 
40{.'  ...  'A  perfect  stone  of  the  size  of  a  shilling,  and  of  good  depth,  was  sold  not 
long  ago  for  iOQl.'  '  A  good  turquoise,  sky  blue  and  oval  cut,  five  lines  long  and  four 
and  a  half  lines  broad,  was  sold  in  France  for  241  francs  ;  and  a  light  blue,  greenish 
lustre,  and  oval  cut,  fire  and  a  half  lines  long  and  five  bread,  -was  sold  for  600  &ancs; 
whereas  an  occidental  turquoise,  four  lines  long  and  three  and  a  half  broad,  brongbt 
only  121  francs.' — Veuchtwanger. 

The  occidental  turquoise,  frequently  called  the  '  bone  turquoise,'  or  OdanteliU,  is 
■aid  to  be  fossil  bone,  ivory,  or  teeth,  coloured  with  phosphate  of  iron. 

Turquoise  is  imiteted  by  adding  to  the  ammonia  sulphate  of  copper,  or  oxide  of 
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copper  dissolved  in  ammonia,  finely-powdered  calcined  ivory.  They  are  allowed  to 
remain  together  for  aboat  a  week,  at  a  moderate  heat  The  coherent  mass  is  dried 
and  exposed  to  a  gentle  heat. 

TUMEULOO.    The  herb  Coltsfoot  {TuitOagofarfara). 

TUTAIIAa  or  VaTWOKAWOM,  sometimes  called  (Hanute  tUver.  It  is  the 
Paekfong  of  the  East  Indies.  A  white  metal  of  the  Chinese,  ftequently  stated  to  be 
an  alloy  of  copper  and  zinc  It  is,  in  fact,  a  compound  resembling  German  silver : 
nickel,  in  combination  with  zinc  and  copper,  is  fonnd  in  most  specimens 

TDTOVXTB.    See  ExFLOsrvB  Aosmts. 

TTXP,  in  metaUwrgy,  a  rectangular  casting  of  iron,  placed  upon  the  tymp-arcb  at 
the  top  of  the  hearth  of  a  bhtst-fnmace.  When  it  has  a  wrought-iron  tube  in  itii 
interior  throngh  which  cold  water  circulates,  it  is  then  called  a  '  water-tymp.' 

TTVB.  (Caraetin,  Pr. ;  Druckbuchtlabe,  Ger.)  The  first  care  of  the  letter- 
cotter  is  to  prepare  well-tempered  steel  punches,  upon  which  he  draws  or  marks  the 
exact  shape  of  the  letter,  with  pen  and  ink  if  it  be  large,  but  with  a  smooth  blunted 
point  of  a  needle  if  it  be  small ;  and  then,  with  a  proper  sized  and  shaped  graver  and 
sculpter,  he  digs  or  scoops  out  the  metal  between  the  strokes  upon  the  fiice  of  the 
punch,  leaving  the  marks  untouched  and  prominent.  He  next  works  the  outside  with 
files,  till  it  be  fit  for  the  matrix.  Punches  are  also  made  by  hammering  down  the 
hollows,  filing  up  the  edges,  and  then  hardening  the  soft  steel.  Before  he  proceeds 
to  sink  and  justify  the  matrix,  he  provides  a  mould  to  justify  them  by. 

A  matrix  is  a  piece  of  brass  or  copper,  about  an  inch  and  a  half  long,  and  thick  in 
proportion  to  the  size  of  the  letter  which  it  is  to  contain.  In  this  metal  the  face 
of  the  letter  intended  to  bo  cast  is  sunk,  by  striking  it  with  the  punch  to  a  depth 
of  about  one-eighth  of  an  inch.  The  mould.  Jiff.  2068,  in  which  the  types  are  cast,  is 
composed  of  two  parts.  The  outer  part  is  made  of  wood, 
the  inner  of  steel.  At  the  top  it  has  a  hopper-mouth,  a, 
into  which  the  fiised  type-metal  is  poured.  The  interior 
cavity  is  as  uniform  as  if  it  had  been  hollowed  out  of  a 
single  piece  of  steel ;  because  each  half,  which  forms  two 
of  Uie  four  sides  of  tlie  letter,  is  exactly  fitted  to  the  other. 
The  matrix  is  placed  at  the  bottom  of  the  mould,  directly 
under  the  centre  of  the  orifice,  and  is  held  in  its  position 
by  a  spring,  i.  Every  letter  that  is  cast  can  be  loosened 
from  Uie  matrix  only  by  removing  the  pressure  on  the 
spring. 

A  good  type-foundiy  is  always  provided  with  several 
fomaces,  each  surmonnted  with  an  iron  pot  containing  the 
melted  alloy,  of  3  parts  of  lead  and  1  of  antimony.  Into 
this  pot  the  founder  dips  the  very  small  iron  ladle,  to  lift 
merely  as  much  metal  as  will  cast  a  single  letter  at  a  time. 
Having  poured  in  the  metal  with  his  right  hand,  and 
returned  the  ladle  to  the  melting-pot,  the  founder  throws 
v.^  his  left  hand,  which  holds  the  mould,  above  his  head, 
with  a  sodden  jerk,  supporting  it  with  Ms  right  hand. 
It  is  this  movement  which  forces  the  metal  into  edl  the  interstices  of  the  matrix ;  for 
without  it,  the  metal,  especially  in  the  smaller  moulds,  would  not  be  able  to  expel 
the  air  and  reach  the  bottom.  The  pouring  in  the  metal,  the  throwing  up  the 
mould,  the  unclosing  it,  removing  the  pressure  of  the  spring,  picking  out  the  cast 
letter,  closing  the  mould  again,  and  reapplying  the  spring  to  be  ready  for  a  new 
operation,  are  all  performed  with  such  astonishing  rapimtyand  precision,  that  a  skilful 
workman  will  turn  out  600  good  letters  in  an  hour,  being  at  the  rate  of  one  every  eighth 
part  of  a  minute.  A  considerable  piece  of  metal  remains  attached  to  the  end  of  the 
type  as  it  quits  the  mould.  There  are  nicks  upon  the  lower  edge  of  the  types,  to 
enable  the  compositor  to  place  them  upright  without  looking  at  them. 

From  the  table  of  the  caster  the  heap  of  types  turned  out  of  his  mould  is  trans- 
ferred from  time  to  time  to  another  table,  by  a  boy,  whose  business  it  is  to  break  off 
the  soperfluous  metal,  and  this  he  does  so  rapidly  as  to  clear  from  2,000  to  5  000  types 
in  an  hour ;  a  very  remarkable  despatch,  since  he  must  seize  them  by  their  edges, 
and  not  by  their  feeble  flat  sides.  From  the  breaking-off  boy  the  types  are  taken  to 
the  rubber,  a  man  who  sits  in  the  centre  of  the  workshop  wiUi  a  gnt-stone  slab  on  a 
table  before  him,  and  having  on  the  fore  and  middle  finger  of  his  right  hand  a  piece 
of  tarred  leather,  passes  each  broad  side  of  the  type  smartly  over  the  stone,  turning 
it  in  the  movement,  and  that  so  dexterously  as  to  be  able  to  rub  2,000  typ^  in  an  hour. 

From  the  rubber  the  types  are  conveyed  to  a  boy,  who  with  equal  rapidity  sets  them 
op  in  lines,  in  a  long  shallow  frame,  with  their  faces  uppermost  and  nicks  ontwardu 
This  frame  containing  a  full  line  is  put  into  the  dressers  hands,  who  polishes  them 
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on  each  side,  and  tarniDg  them  with  their  &eea  dovBwards.cata  a  grooreor  ehaaaal  is 
their  bottom,  to  make  them  stand  steadily  on  end.  It  is  essential  that  each  letter  bt 
perfectly  symmetrical  and  square:  the  least  inequality  of  their  langth  VDuld  prevent 
them  tiom  maldng  a  fair  impression ;  and  were  there  the  least  obliquity  in  tfaair  aides, 
it  would  be  quite  impossible,  when  200,900  sin^  Isttem  art  combined,  as  in  •••  side 
of  The  Tima  newspaper,  that  they  eoidd  hold  tofether  as  they  require  to  do,  vfaeo 
wedged  up  in  the  chases,  as  securely  as  if  that  side  of  the  type  formed  a  solid  plate 
of  metal.  Each  lettw  is  finally  tied  up  in  lines  of  oonrenient  length,  the  pro- 
portionate numbers  of  each  Tariety,  small  letters,  points,  large  capital*,  bb«U  CBfiitels, 
and  figures,  being  selected,  when  the  fount  of  type  is  ready  for  duiraiT  to  the  pnatec 
The  sixes  of  types  cast  in  this  country  Tair,  from  the  smallest,  called  Diamond,  ot 
which  205  lines  are  contained  in  a  foot  length,  to  those  letters  employed  in  placards, 
of  which  a  single  letter  may  be  several  indies  high.  Hie  muas*  of  the  diAcent 
letters  and  their  dimensions,  or  the  number  of  lines  which  each  oecupiee  in  a  foot,  are 
stated  in  the  fi^owing  table: — 


Double  Pica 

•    *H 

SmaU  Pica 

.  83 

Minion 

128 

Faragon 

.    id 

liong  Primer 

.  89 

Nonpareil    . 

113 

(Heat  Primer 

.    61} 

Boonmois 

.102i 

Pearl 

178 

English 

.    64 

Bierier     , 

.112i 

Diamond     . 

206 

Pica    .        . 

•     71* 

An  all(>y  of  3  parts  of  lead  and  I  of  antimony.     Small  type, 
however,  usually  contains  tin,  in  proportions  varying  from  1}  to  20  per  cent. 

XnUAV  VmtVUi.    A  costly  dye  obtained  from  a  mollnsc,  which  was  employed 
by  the  Tyrians  in  dyeing  wool.    See  Crookes's  '  Handbook  of  Dyeing.' 

xnUTS.    A  Norwegian  mineral,  containing  colomliic  acid  and  yttria,  discovered 
and  analysed  by  David  Forbes. 

TTXOXUra.    See  Atauim  VioLsr. 

An  arsenate  of  copper  found  in  the  l^rol. 
See  AmuNB. 


u 

A  native  borate  c£  lime  and  soda,  known  also  as  Boronainedlcite. 
It  occurs  at  Iqniqne,  in  Fern ;  and  in  the  Province  of  Tarapaca.     See  BoBOir. 

PTiTiMII  BJIl'l'Mi  An  antimonio-sulphide  of  nickel,  occasionally  oontainiag 
arsenic.    It  occurs  at  Preusbetg,  in  Noasan. 

UXTB ft M A mTW»  (Outnmer,  Ft.;  UltfimarUt,  Oer.),  is  a  beaotifol  Una  pig- 
ment, obtained  from  the  blue  mineral  called  lapii-lazuli,  by  tJie  following  proceas: — 
Grind  the  stone  to  fragments,  rejecting  all  the  colourless  bits,  calcine  at  a  zed  heat, 
quench  in  water,  and  then  grind  to  an  impalpable  powder  along  with  water,  in  a  mill, 
or  with  a  porphyry  slab  and  muller.  The  paste  being  dri^  is  to  be  rabbed  to 
powder,  and  passed  through  a  silk  sieve.  100  parts  of  it  are  to  be  mixed  with  40  of 
resin,  20  of  white  was,  25  of  linseed  ml,  and  15  of  Burgundy  pitch,  previously 
melted  together.  This  resinous  oompound  is  to  be  poured  hot  into  cold  water; 
kneaded  well  first  with  two  spatulas,  then  with  the  hands,  and  then  formed  into  one 
or  more  small  rolls.  Some  persons  prescribe  leaving  these  pieces  in  the  water  during 
fifteen  days,  and  then  kneading  them  in  it,  whereby  they  give  out  the  blue  pigment, 
apparently  because  the  ultramarine  matter  adheres  leas  strongly  than  the  gangut,  at 
merely  siliceous  matter  of  the  mineral,  to  the  resinous  paste.  TVTW  Cl&Mat  and 
Desormes,  who  were  the  first  to  divine  the  true  nature  (rf  this  pigment,  thought  that  the 
soda  contained  in  the  lapis-lazull,  uniting  with  the  oil  and  the  resin,  forms  a  spedes  of 
soap,  which  serves  to  wash  out  the  c^ouring-matter.  If  it  should  not  separate 
readily,  water  heated  to  about  150°  Fahr.  shouM  be  had  recourse  to.  When  the  water 
is  sufBciently  charged  with  blue  colour,  it  is  poured  off  and  r^lared  by  fresh  water ; 
and  the  kneading  and  change  of  water  are  repeated  till  tJie  whole  of  the  c(donr  is 
extracted.  Others  knead  the  mixed  resinous  mass  under  a  slender  stream  of  water, 
which  runs  off  with  the  colour  into  a  large  earthen  pan.  The^first  wateis  afibid,  by 
rest,  a  deposit  of  the  finest  ultramarine;  the  second  a  somewhat  inferior  article,  and 
so  on.  Each  must  be  washed  afterwards  with  several  more  waters  before  they  ac- 
quire the  highest  quality  of  tone  ;  then  dried  separately,  and  freed  from  any  adhering 
particles  of  the  pitchy  compound  by  digestion  in  alcohol.  The  remainder  Of  the  mass 
being  melted  with  oil  and  kneaded  in  water  containing  a  little  soda  or  potash,  yields 
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an  inferior  pigment,  called  uUramarine  ashes.  The  best  ultramarini  is  a  splendid  blue 
pigment,  which  irorks  veil  -mth  oil,  and  is  not  liable  to  change  hj  time. 

Analyses  of  lapis-lasmli  ultramarine  -will  be  found  in  the  foUowing  artide. 

jn/nUkMAMtWM,  AMmOlAb  For  many  years  every  attempt  &iled 
to  make  nltramaiine  aitiilcdally.  At  length,  in  1828,  H.  Oninet  raiolred  the  pro- 
blem, guided  by  the  analysis  of  MM.  Cl&nent  and  Desormee,  and  by  an  obMrvation 
of  M.  Taasaert,  that  a  blue  substance,  like  ultramarine  was  ocfaiinnally  produced  on 
the  sandstone  hearths  of  his  rererberatory  soda-furnaces.  M.  Gmelin,  (^  Tiibingen, 
published  a  }«eeciiptiou  for  making  it ;  which  consisted  in  encloiing  careAilly  in  a 
Hsesian  crucible  a  mixtore  oi  2  parts  of  SBlphnr  and  1  of  dry  carbonate  of  soda, 
heating  them  gradoalfy  to  redneas  until  the  mass  fuses,  and  then  sprinkling  into  it  by 
d^;reee  another  mixture,  of  silicate  of  soda  and  alnminate  of  soda ;  the  first  con- 
taming  73  parts  of  silica,  and  the  second  70  Mrts  of  alumina.  The  craciUe  most  be 
ozpoeed  after  this  for  an  hoar  to  the  fire.  The  nltomarine  will  be  foraied  by  this 
time ;  only  it  contains  a  little  sulphur,  which  can  be  separated  by  means  of  water 
M.  Persoc  Ukewise  suooeeded  in  maidng  an  ultramarine,  m  perhaps  still  bettar  quality 
than  that  of  M.  Gxdmet.  Lastly,  M.  Bobiqnet  haa  announced,  that  it  is  easy  to  form 
ultramarine  by  heating  to  redness  a  proper  mixture  of  kacdin  (China  day),  sulphur, 
and  carbeoate  of  soda.  It  would  theiefiare  appear,  from  the  preeedin^  details,  that 
ultramarine  may  be  regaidedas  a  oomponnd  of  silicate  of  alnmiaa,  and  silicate  of  soda, 
with  sulphide  of  sodium,  and  that  to  the  reaction  of  the  last  constitBent  upon  the 
farmer  its  adova  is  due. 

The  oonstitaents  used  in  Ute  diffirent  methods  of  making  ultramarine  vaiy  in 
character  and  in  quantity.  It  is  said  that  a  good  mixtaie  may  consist  d: — axiei 
kaolin,  100  ;  calcined  Qlanbar  salt,  or  sulphate  of  soda,  41 ;  calcined  soda,  41 ;  pul- 
rerised  charcoal  or  coal,  17;  and  sulphur,  13.  When  such  a  mixtare  is  heated 
without  access  of  air  it  yields  a  product  from  which  a  white  substance  may  be  obtained, 
kaawn  aa  ichitt  ultramarine.  Oalcinad  in  cmeiblea  at  a  high  temperature,  with  a  rery 
limited  supply  al  air,  the  mixture  affinds  a  semi-fbaed  greenish  mass  termed  green 
tiUntmarine,  By  earefally  roasting  this  with  snlphar  at  a  low  tampeotue,  with  free 
access  of  air,  the  ordinary  the  mtramumm  is  obtained ;  and  this  when  poiwdaed, 
lixiviated,  and  dried,  is  ready  for  the  market. 

It  appears  that  potash-aalts  cannot  be  substituted  for  soda-salts  in  the  manafactnre 
of  ultramarine,  but  it  ia  said  that  those  of  baryta  may  be  so  emrioyed.  In  some 
cases,  silica  is  added  to  the  ultramarine  mixture  in  the  proportion  of  from  6  to  10  per 
cent 

Both  oatiTa  and  artificial  nltxamarine  have  been  examined  very  carefully  by  several 
eminent  chemists.    The  foUowiilg  are  a  few  spedmena  of  these  analyses : — 


Analytis  of  Ultramarine,  by  Warrentrap. 
lApts-lwaH. 


Blue, 


Oieem 


PotAsh 

.        , 

.      1-76 

Soda    . 

9-09 

21-47     . 

.    400 

26-6 

Alaniiiia 

31-07 

23-80     . 

.    29-6 

30-0 

Silica  . 

42-60 

46-00     . 

.    40-0 

39-9 

Sulphur 

0-96 

1-68     . 

.      4-0 

4-6 

Lime   . 

3-62 

0-02 

Iron     . 

0-86 

106     . 

.      1-0 

0-9 

Chlorine 

0-42 

Sulphuric 

arid 

6-80 

3-83     . 

.      8-4 

0-4 

Water. 

, 

012 

FarisUu  attUdal  ultramarine, 
ty  C  a.  OmttiH. 
Soda  and  potash  ....    12-868 

Lime 1*646 

Alumina 33-000 

Silica 47-306 

Sulphuric  acid 4-679 

Resin,  sulphur,  and  loss      ,        .        .    1S-2I8 

Notwithstanding  the  many  investigations  which  have  been  made  of  ultramarine,  its 
chemical  compodtion  is  by  no  means  thoroughly  understood ;  and  the  Oerman  Asso- 
ciation of  Ultramarine  Makers  have  recoiUy  (1874)  ofifored  a  prize  for  the  beet  essay 
oil  this  subject,  from  which,  it  may  be  hoped,  more  light  will  be  thrown  upon  the 
constitution  of  this  compound. 

wrJL,    A  seaweed  used  in  the  prraaration  of  Qreen  Laver.    See  Auam. 

A  medianieal  mixture  of  limonite  (brown  htematite)  and  bydrated  oxide 
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of  manganeee  and  day.    It  occurs  in  beds  with  brown  jasper  in  the  island  of  Cyprus. 
It  is  umd  by  painters  as  a  brown  colour,  raw  or  burnt. 

WOraVTS.  The  name  given  by  engineers  to  the  greases  applied  to  the  beaiing 
parts  of  machinery.  Unguents  should  be  thick  for  heavy  pressures,  that  they  may 
resist  being  forced  out ;  and  thin  for  light  pressures,  that  ttieaz  viscidity  may  not  add 
to  the  resistance  to  motion. — SanUnie. 

vmow  aooiMB.  Oloths  of  a  mixed  character,  as  of  flax  and  jute,  or  cotton  and 
jute. 

WAB  nunk  The  Antiaris  toxicaria,  one  of  the  order  to  which  the  bread-firnit 
tree  belongs,  fabulous  tales  have  been  UAi  of  its  poisonous  nature ;  if  woojided, 
a  juice  exudes  which,  when  introduced  into  the  human  system,  produces  Tomiting. 
purging,  and  finally  death. 

mLAJnra.  Two  varieties  of  this  mineral  are  known :  the  one  is  Copper-itratnte, 
or  Torbemiie,  a  phosphate  of  uranium  and  copper ;  and  the  other,  Lime-vranite,  or 
Auttmiie,  a  phosphate  of  uranium  and  lime. 

VXAMtUM  is  one  of  the  rare  metals,  and  was  first  disoovered  by  Klaproth  in 
1 786  in  the  mineral  called  ptMlendt,  which  was,  previously  to  this,  mistaken  for  an  ore 
of  sine.  He  called  it  Uramnm  after  the  planet  discovered  by  Herschel  about  the  same 
time.  The  ores  of  uranium  are  few;  the  principal  being,  PtcMende  [piiehblamde),  a 
brownish  or  velvet-black  mineral,  wluch  is  essentially  a  proto-peroxide  of  uianinm. 
It  occurs  in  veins  with  ores  of  lead  and  silver  in  Saxo^,  and  with  tin  in  ComwalL 
Uraniie,  a  phosphate  of  copper  and  uranium,  occurs  in  France ;  and  is  found  of  great 
beauty  near  Callington  and  near  Bedmth  in  Cornwall.  8amartkU»  and  uraxo- 
tantalite  contain  oodde  of  uranium  with  yttria  and  niobic  acid.  JoianniU,  uian-vitTioI, 
or  sulphate  of  uranium.  Zippate,  sulphate  of  sesqoioxide  of  uranium.  Uranoein, 
an  earthy  yellow  impure  oxide  of  uranium. 

The  metal  itself  can  only  be  obtained  by  the  intervention  of  potassium  or  sodium, 
in  the  same  manner  as  magnesium.  It  is  a  black  coherent  powder,  or  a  white  mal- 
leable metal,  according  to  tibe  state  of  aggregation.  It  is  not  oxidised  by  air  or  water, 
but  very  combustible  when  exposed  to  heat.  It  unites  also  with  great  violence  with 
chlorine  and  with  sulphur.  M.  Feligot  admits  three  distinct  oxides  of  ursninm,  and 
two  other  compounds  of  the  metal  and  oxygen,  which  be  designates  as  suboxidesL 

JVotosttfe,  no. — This  is  a  brown  powder,  sometimes  highly  crystalline. 

Proto-teaguioiidt ;  black  oxide;  U*0*,  or  2U0  +  UH)*.— This  oxide  was  formerly 
considered  as  the  protoxide,  and  is  produced  whenever  either  of  the  other  oxides  are 
strongly  heated  in  the  air. 

Seiquioxidt,  U'O*. — This  is  the  best  known  and  most  important  of  the  ondes.  It 
forms  a  number  of  beautiful  yellow  salts ;  its  colour,  when  prepared  by  heating  the  nitrate 
to  480°  in  an  oil-bath  till  no  more  nitrons  Amies  are  disengaged,  u  a  chamois  yellow. 
It  may  be  obtained  from  pitchblende. 

The  only  application  of  uranium  is  to  enamel-painting  and  glass-staining ;  the  prot- 
oxide giving  a  fine  black  colour,  probably  by  aMorbing  oxygen  and  becoming  black 
oxide,  and  the  sesquioxide  a  delicate  yellow. 

Uranium  has  been  found  in  a  German  blue  pigment  used  by  paper-hanging  manu- 
facturers :  it  contained  both  copper  and  uranium. 

mUUnUM  TMUMVf.  Uranate  of  soda,  used  as  a  yellow  colour  for  porcelain 
painting. 

xnUkOm    See  Natbov. 

UBSA.  This  is  one  of  the  principal  oonstitnents  of  nrine,  being  always  present 
in  it,  but  in  variable  quantities ;  the  average  quantity  in  healthy  urine  is  about  14  or 
15  parts  in  1,000  of  urine,  but  of  course  this  varies  from  several  circumstances,  as 
in  disease,  drinking  a  large  quantity  of  liquid,  &e.  The  nrine  passed  the  first  in  the 
morning  gives  a  fair  estimate  of  the  quantity  of  urea  yielded  by  the  nrine  of  sn 
individual.  It  seems  to  be  the  principal  form  in  which  the  waste  nitrogenous  com- 
pounds of  the  body  are  eliminated  from  the  system.  As  this  animal  prcanct  has  no 
direct  use  in  the  arts,  the  reader  may  be  referred  to  Watts's  '  Dictionary  of  Chemistiy,' 
or  to  any  modem  treatise  on  Animal  Chemistry. 

VSQVBBAVCHK  {Iruh).  A  name  given  to  whisky  occasionally,  but  nsnally 
applied  to  n  liqueur  prepared  from  whisky,  or  some  other  ardent  corn-spirit.  Hie 
following  liqueurs,  as  being  of  a  similar  character,  are  named  here.  Kiraehwatter  is 
obtained  in  Switzerland  and  in  some  parts  of  France,  from  bruised  black  cherries 
fermented  and  distilled.  Maraachino  is  a  similar  liqueur,  prepared  also  from  a 
peculiar  kind  of  cherry  growing  in  Dalmatia.  Noyau  and  several  analogous  liqnenn 
are  flavoured  with  an  essential  oil,  containing  more  or  less  hydrocyanic  add  and 
often  with  that  derived  from  bitter  almonds,  the  kernels  of  peaches,  apricots,  &c 
or  ttom  the  leaves  of  laurels.  Some  of  these  compounds  come  under  the  deixmiina- 
tion  of  tinctures;  such,  for  instance,  as  Curafoa,  which  is  prepared  by  digesting 
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orange-berries  (the  immature  frnit)  and  bitter  orange-peal,  with  doves  and  dnoamon, 
in  braodj.  When  this  tincture  is  distilled  and  aftervards  sveetened,  it  constitntos 
WkUe  Ourafoa.  The  compounds  are  frequently  called  Batafiaa :  a  term  derired,  like 
the  irord  '  ratify,'  from  ratum  and  jSo, '  to  make  firm,'  'or  confirm.'  By  Batafia,  there- 
fore, was  originallj  meant  a  liquid  drank  at  the  ratification  of  an  agreement. 


V 

A  name  recently  given  by  Prof.  Haskelyne  to  a  Tariety  of 
vermiculite,  occurring  io  the  diamond-bearing  rocks  of  South  Africa.  It  takes  its 
name  from  the  Yaal  Birer. 

▼AOmm  WAM.     For  a  description  of  it,  see  SooAB. 

▼A&OVZA  is  a  kind  of  acorn,  imported  from  the  Levant  and  the  Morea,  for  tlie 
use  of  tanners,  as  the  hnsk  or  cup  contains  abundance  of  tannin.    See  Lbathkb. 

Valonia  Imported  in  1873: — 

Totu  Tolne 

From  Austrian  Territories        .      1,141  ;C20,793 

„     Greece     ....      3,598  68,699 

„     Turkey    ....     24,233  443,899 

„     Other  countries       .        .            o  99 


Total  ....     28,977  624,490 

Valonia  Exported  in  1873  :— 

Tons  Tolne 

ToOermany 106  ;e3,848 

„  Belgium 202  3,027 

„  Other  countries         .        .        .    208  4,034 


Total       .        .        .        .606  11,809 

Two  methods  have  been  adopted  for  asoeitaining  the  value  of  oui 
exports;  one  by  means  of  the  official  value,  the  oUier  acooiding  to  the  declared  value. 
In  Lowe's  ■  Present  State  of  England '  (1822),  there  is  a  veiy  succinct  and  clear  account 
of  these  methods,  which  is  here  extracted : — 

'  The  offieial  value  of  goods  means  a  oomputation  of  value  formed  with  reference, 
not  to  the  prices  of  the  current  year,  but  to  a  standard,  fixed  so  long  ago  as  1696,  the 
time  when  the  office  of  Inspector-General  of  the  Imports  and  Exports  was  established, 
and  a  Custom-house  ledger  opened  to  record  the  weight,  dimensions,  and  value  of  the 
merchandise  that  passed  through  the  hands  of  the  officers.  One  uniform  rule  is 
followed,  year  by  year,  in  the  valuation,  some  goods  being  estimated  by  weight,  others 
by  the  dimensions,  the  whole  without  reference  to  the  market  price.  This  course  has 
the  advantage  of  exhibiting,  with  strict  sceniacy,  every  .increase  or  decrease  in  the 
quantity  of  our  exports. 

Next  as  to  the  valne  of  these  exports  in  the  market : — In  1798  there  was  imposed 
a  duty  of  2  per  cent,  on  our  exports,  the  value  of  which  was  taken,  not  by  the  official 
standaid,  bnt  by  the  declaration  of  the  exporting  merchants.  Such  a  declaration  may 
be  assumed  as  a  representation  of,  or  at  least  an  approximation  to,  the  market  price 
of  merchandise,  there  being  on  the  one  hand  no  reason  to  apprehend  that  merchant 
wonld  pay  a  percentage  on  an  amount  beyond  the  market  value,  while  on  the  other 
the  liabibty  to  seizure  affinded  a  security  against  under  valuation.'    See  Impobts  and 

EXPOBTS. 

▼Air  Al>l  Ul'tlM.  A  vanadate  of  lead,  with  chloride  of  lead,  occurring  at  Wan- 
lock  Head,  in  Dumfiiesshire,  and  in  Siberia  and  Mexico. 

▼AW<n>IPM  is  a  metal  discovered  by  Sefstrom,  in  1830,  in  a  Swedish  iron 
extracted  from  the  iron  ores  of  Taberg,  not  far  from  Jonkoping.  Its  name  is  derived 
from  Vanadis,  a  Scandinavian  idol.  This  metal  has  been  found  as  vanadate  of  lead, 
in  the  mineral  Vanadinite,  and  it  has  been  detected  in  the  copper-hearing  sandstone 
of  Alderley  Edge,  in  Cheshire.  Vanadium  is  white,  and  when  its  surfoce  is  polished 
it  resembles  nmt  or  molybdenum  more  than  any  other  metal.  It  combines  with 
oxygen  to  form  four  oxides.  The  compounds  of  vanadium  have  recently  been  studied 
by  Prof.  RoBooe. 

The  vanadate  of  ammonia,  mixed  with  infusion  of  nutgalls,  forms  a  bhiek  liquid, 
which  is  a  very  excellent  writing-ink. 

See  BitoNZE  FowsBBS. 
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or  yrMMKUM,  it  th«  oblong  nurow  pod  of  varioas  tgtiam  d 
Vanilla  {aa  V.  aromatiea  uh)  V.  flaitifblia),  of  tlit  nataal  &iniljr  Orehidem,  vUek 
grows  in  Hezieo,  Colombia,  Peru,  and  on  tM  bonlm  of  tlw  Oconoco. 

Tfa6  bMt  comes  from  the  foresta  round  the  villa^  of  Zantila,  in  tba  Intanduc;  (f 
Oaxaca.  The  Tanilla  plant  is  eoltiTsted  in  Bsuil,  »  tlM  West  Indiss,  *ad  some  oUmt 
tropical  oonntries,  but  does  not  produce  fruit  of  such  a  delicious  aroma  as  in  Mexieai 
It  nliugs  like  a  parasite  to  the  trunks  of  old  trees,  and  sacks  the  moisturo  which  their 
bark  derives  from  the  lichens,  and  other  cryptogams,  but  without  drawing  the  nouridi- 
ment  &om  the  tree  itself.  The  fruit  is  sabcylindric,  about  8  inches  long,  one-celled, 
siliquose,  and  pulp;  within.     It  should  be  gathered  before  it  is  fully  ripo. 

Whan  about  12,000  of  these  pods  axe  cmlected,  they  are  Strang  like  a  garland  bj 
their  lower  end,  as  near  as  possible  to  the  foot-stalls :  the  whole  are  plunged  ibr  an 
instant  in  boiling  water  to  blnnob  them  ;  ther  are  then  hung  up  in  the  open  air,  and 
exposed  to  the  sun  for  a  few  hours.  Next  day  they  are  lightly  smeared  with  oil,  b/ 
means  of  a  feather,  or  the  fingers ;  and  are  surrounded  with  oiled  cotton,  to  prereat 
the  Talves  from  opening.  As  they  become  dry,  on  inrerting  their  upper  end  thej 
discharge  a  viscid  liquid  from  it,  and  they  ai«  pressed  at  several  times  with  oiled 
fingers,  to  promote  its  flow.  The  dried  pods  lose  their  iq>peuanoe,  grow  broTi, 
wrinkled,  soft,  and  shrink  into  one-fourth  of  their  original  size.  In  this  state  thej 
are  touched  a  second  time  with  oil,  but  very  sparingly ;  beessse,  with  too  much  oil, 
they  would  lose  much  of  their  delicious  perfiune.  They  are  then  packed  for  tiie 
market,  in  small  bundles  of  50  to  100  in  each,  enclosed  in  lead-fbil,  or  tight  metsllic 
cases.  As  it  comes  to  us,  vanilla  is  a  capsular  i^t,  of  the  thickness  of  a  swan's 
quill,  strait,  cylindrical,  bat  somewhat  flattened,  truncated  at  the  top,  thinned  off  at 
the  ends,  glistening,  wrinkled,  farrowed  lengthwise,  flexible,  from  5  to  10  inches  long, 
and  of  a  reddish-brown  colour.  It  contains  a  pulpy  parenchyma,  soft,  unctuous,  very 
brown,  in  which  arp  embedded  black,  brilliant,  very  small  seeds.  Its  smells  sm- 
brosial  and  aromatic  ;  its  tuste  is  hot,  and  rather  sweetish.  These  properties  seem  to 
depend  upon  an  essential  oil,  and  also  upon  benzoic  acid,  which  forms  efflorescences 
upon  the  surface  of  the  fruit    The  pulpy  part  possesses  alone  the  aromatic  qnali^. 

The  kind  most  esteemed  in  France  is  called  leq  raniUa  :  it  is  about  six  inches  long, 
from  4-  to  ^  of  an  inch  broad,  narrowed  at  the  two  ends,  and  curved  at  the  baw, 
somewhat  soft  and  viscid,  of  a  dark-reddish  colour,  and  of  a  most  delicious  fisTDnr, 
like  that  of  balsam  of  Peru.  It  is  sailed  vanilla  oivrt$e,  when  it  is  coversd  with 
effloresoenoes  of  benzoic  acid,  aftn  having  been  kept  in  a  dry  place,  and  in  vessels  sot 
hermeticaUy  closed. 

The  second  sort,  called  vanilla  limarona,  or  bastard,  is  a  little  smallsr  than  the 
paeediag,  of  a  less  deep  brown  hoe,  drier,  Isas  aromatic,  destitute  of  afSoteaoencs.  It 
IS  said  to  be  tha  produce  of  the  wild  plant,  and  is  broaght  from  St.  Sominga 

A  third  swt,  which  comsa  from  Brazil,  is  the  va»iUo»,  or  laig*  vamlla  of  the 
French  mariset ;  the  vanilla  pamprona  or  bota  of  the  Spaniards.  Its  length  is  frem  i 
to  6  inches  ;  its  breadth  fhmi  A  to  |  of  as  inoh.  It  is  brown,  soft,  viscid,  almatt 
always  open,  of  a  strong  smaU,'bat  less  agreeable  than  the  leq.  It  is  sometimes  s 
little  spoiled  by  an  incipient  fermeatation.  It  is  cored  with  sugar,  and  sndossd  is 
tin-plate  boxM,  which  eontun  from  20  to  60  pods. 

Vanilla,  as  an  aromatic,  is  much  sought  after  by  makers  of  chocolate,  ices,  and 
creams;  by  confectioners,  perfnmcn,  and  liquorists,  or  distillers.  It  is  difficultly 
reduced  to  fine  particles ;  but  it  may  be  snfficiently  attenuated  by  cutting  it  into  smsU 
bits,  and  grinding  these  along  with  sugar.  The  odczous  principle  can,  for  some  pur- 
poses, be  extracted  by  alcohol. 

Some  researches  reesntly  oondooted  in  Dr.  Hofinann's  labomtory  at  Berlin,  by  HU. 
Tiemann  and  Haarmann,  have  led  to  the  succossfnl  prepamtion  of  a  sobstanee  vbidi 
appears  to  be  identical  in  chemical  and  physical  properties  with  vaniUiit  or  the  aioaatJe 
principle  of  vanilla.  The  cambium  of  coniferous  trees  contains  a  crystkUistl)!* 
glucoside  called  cou^ferin ;  submitted  to  the  action  of  ferments,  ooatfwia  is  Nsotred 
into  glucose  and  a  crystalline  prodoet,  which,  under  the  influence  of  oxidising  Sgv'^ 
such  as  a  mixture  of  biehromata  of  potash  and  salphnric  acid,  gives  ris*  to  the  ibau- 
tion  of  santUia,  or  the  aromatio  pnneipU  of  vaaula.  The  maaofaetDre  of  aiti&i*! 
vanillin  on  a  ooamercial  seals  is  about  to  be  commenced  (1874). 

▼AVOnt  (  Vaptur,  Fr. ;  Damjjf,  Oer.)  is  the  state  of  elastic  or  aeriform  iviiit} 
into  which  anv  substance,  naturally  solid  or  liquid  at  ordinary  tempMratnrss,  msy  b* 
converted  by  tiie  ageucy  of  heat.  A  vitiUe  fluid  floating  in  the  atmosphere,  a>  di^' 
guished  from  a  gas  which  is  ordinarily,  unless  it  b«  ooloured  as  chlorine  gai^  inrisibla 
The  vapour  of  water  is  Stkaic, 
▼ABSO.  The  name  of  kelp  mads  on  the  coast  of  Normandy.  See  Kmlp  and  'Vwuc 
▼AJUnaS  ( Vemit,  Fr. ;  Fimitt,  Ger.)  is  a  solution  of  resinous  matter,  vhich 
is  spread  over  the  surfiicc  of  any  body,  in  Mder  to  give  it  a  shining,  transparMt,  tt^^ 
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hard  coat,  capable  of  lesisUng,  in  a  greater  or  less  degree,  the  isfiuences  of  Mr  and 
moistnre.  Soeh  a  coat  oonmsts  of  the  resinons  parts  at  the  soltition,  which  remain  in 
a  thin  layer  apon  the  nrface  after  the  liquid  solvent  has  either  evaporated  awaj,  at 
has  dried  up.  When  large  quantities  of  spirit-varnish  are  to  be  made,  a  common 
still,  moontea  with  its  capital  and  worm,  is  the  vessel  employed  for  containing  the 
materials,  and  it  is  placed  in  a  steam-  or  water-bath.  The  capital  should  be  provided 
with  a  stnffiz^-boz,  through  which  a  stirriii|f-rod  may  pass  down  to  the  bottom  at 
the  still,  with  a  cross-piece  to  its  lower  end,  and  a  handle  or  winch  at  its  top.  After 
heating  the  bntli  till  the  alediol  boils  and  begins  to  distil,  the  heat  ought  to  be  lowered, 
that  the  sdhition  may  continue  to  proceed  in  an  eqtiable  manner,  with  as  little  eva- 
poration of  spirit  as  poesible.  The  operation  may  be  supposed  to  be  complete  when 
the  rod  can  be  easily  tnmed  round.  The  varnish  must  be  passed  through  a  silk  sieve 
of  proper  flneness ;  then  filtered  through  porons  paper,  or  allowed  to  dear  leisurely 
in  stone  jars.  The  alcohol  which  has  come  over  should  be  added  to  the  varnish,  if 
the  just  proportionB  of  the  resins  have  been  introduced  at  first. 

The  builfflng  or  shed  wiierein  varnish  is  made,  ought  to  be  quite  detached  from  any 
buildings  whatever,  to  avoid  accidents  by  fire.  For  general  poiposes,  a  building  about 
18  feet  by  18  is  sufScienUy  large  formannfectnring  4,000  gallons  and  upwards  annually, 
provided  there  are  other  convenient  buildings  fbr  the  purpose  of  hotmng  the  utensils, 
and  warehousing  the  necessary  stock. 

Procnre  a  eopper  pan  made  like  a  common  washing-copper,  whidt  will  contain  trnm 
60  to  80  gallons,  as  occasion  may  require ;  when  wanted,  set  it  upon  the  bailing  furnace, 
and  fill  it  up  with  linseed  oil  witlun  6  indies  of  the  brim.  Kindle  a  fire  in  the 
furnace  underneath,  and  manage  the  fire  so  that  the  oil  shall  gradually,  but  slowly, 
'  increase  in  heat  fbr  the  first  two  hours;  then  increase  the  heat  to  a  gentle  simmer; 
and  if  there  is  any  seam  on  the  snr&ce,  skim  it  off  with  a  copper  ladle,  and  put  the 
skimming  away.  Let  the  oil  boil  gently  for  three  hours  longer ;  then  introduce,  by 
a  little  at  a  time,  one  quarter  of  an  ovnce  of  the  best  calcined  magnesia  for  every 
gallon  of  oil,  occasionally  stirring  the  oil  from  the  bottom.  When  the  magnesia  is  all 
in,  let  the  oil  boil  rather  smartly  for  one  hour ;  it  will  then  be  sufficient.  Lay  a  cover 
over  the  oil,  to  keep  out  the  dust  while  the  fire  is  withdrawn  and  extingnished  by 
water ;  next  uncover  the  oil,  and  leave  it  till  nest  morning ;  and  then  while  it  is  yet 
hot,  ladle  it  into  the  carrying-jack,  or  let  it  out  through  the  pipe  and  eoek ;  cany  it 
away,  and  deposit  it  in  eiUier  a  tin  or  leaden  ciatarn,  for  wooden  vessels  will  not  hold 
it ;  let  it  remain  to  settle  fbr  at  least  three  months.  The  magnesia  will  absorb  all  the 
acid  and  moalage  fhnn  the  ml,  and  foU  to  the  bottom  of  the  dstem,  leaving  the  oil 
dear  and  transparent,  and  fit  for  use.  Becollect  when  the  oil  is  taken  oat  not  to 
disturb  the  bottoms,  iHiich  are  only  fit  for  Mack  paint. 

Oeneral  Oitervatioiu  and  PnctaUunu  to  he  obtentd  in  making  VarwMei. — Set 
on  the  boQing-pot  with  8  gallons  of  oil ;  kindle  the  fire ;  then  lay  the  fir*  in  the 
gum-ftimaee ;  have  as  many  Slb.-bags  of  gum  copal  all  retidy  weighed  up  as  will  be 
wanted  ;  pot  one  81b.  into  the  pot,  put  fire  to  the  fbmace,  set  on  the  gum-pot :  in  three 
minutes  (u  the  fire  is  brisk)  the  gum  will  begin  to  taae  and  give  out  its  gas,  steam, 
and  add ;  stir  and  divide  the  gum,  and  attend  to  the  rising  of  it,  as  before  directed. 
8  lbs.  of  copal  take  in  general  from  sixteen  to  twenty  minutes  in  fusing,  tiam  the 
beginning  ull  it  gets  dear  like  oil,  but  the  time  depends  very  mudi  on  the  heat  of  the 
fire  and  uie  attention  of  the  operator.  During  the  first  twelve  minutes  while  the  gum 
is  fusing,  the  assistant  must  look  to  the  oil,  and  bring  it  to  a  smart  simmer ;  for  it 
onght  to  be  ndther  too  hot  nor  too  cold,  but  in  appearance  beginning  to  boil,  which  be 
is  strictly  to  observe,  and  when  ready  to  call  out,  '  Bear  a  hand  I '  Then  immediately 
both  lay  hold  of  a  handle  of  the  boiling-pot,  lift  it  right  up  so  as  to  dear  the  plate, 
carry  it  out  and  place  it  on  the  ash-bed,  the  maker  instantly  returning  to  the  gum-pot, 
while  the  assistant  puts  three  copper  ladleAils  of  oil  into  the  c(^per  pouring-jack, 
bringittg  it  in,  and  pladng  it  on  the  iron  plate  at  the  beck  of  the  gum-pot  to  keep  hot 
until  wanted.  When  the  maker  finds  the  gum  is  neariy  all  completdy  fbsed,  and  that 
it  will  in  a  few  minutes  be  ready  for  the  oU,  let  him  call  out,  '  Ready  oil ! '  The  aisi  s- 
tant  is  then  to  lilt  np  theoil-jadc  with  both  hands,  one  under  the  bottom  and  the  other 
on  the  handle,  laying  the  qmut  over  the  edge  of  the  pot,  and  wait  until  the  maker 
calls  oat '  Oil  I '  The  assistant  is  then  to  pour  in  the  oil  as  befbre  directed,  and  the 
boiling  to  be  oontinned  until  the  dl  and  gum  become  concentrated,  and  the  mixture 
looks  dear  on  the  glass ;  the  gum-pot  is  now  to  be  set  upon  the  brick-stand  until  the 
assistant  puts  three  more  ladlefnls  of  hot  oU  into  the  pomring-jack,  and  three  more 
into  a  spare  tin  for  the  third  run  uf  gum.  Then  will  rsmain  in  the  boiling-pot  still 
8|  gallons  of  oil  Let  the  maker  put  his  right  hand  down  the  handle  of  the  gum-pot 
near  to  the  side,  with  his  left  hand  near  the  end  of  the  handle,  and  with  a  firm  grip 
lift  the  gum-pot,  and  deliberately  lay  the  edge  of  the  gum-pot  over  the  edge  of  the 
bdling-pot,  tmtil  all  its  oontenfs  run  into  the  boiling-poL    Let  the  gnn-pot  be  hdd. 
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with  its  bottom  turned  npvards  for  a  minute,  right  orer  the  boiliiig-pot.     Obaerra, 
that  Trhenever  the  maker  is  beginning  to  pour,  Uie  assistant  stands  ready  irith  a  thidc 
piece  of  old  carpet  -without  holes,  and  sufficiently  large  to  cover  the  month  of  the 
boiling-pot  should  it  catch  fire  during  the  pouring,  whi(£  Till  sometimes  happen  if  tba 
gum-pot  is  very  hot ;  should  the  gum-pot  fire,  it  has  only  to  be  kept  bottom  iipwaid% 
and  it  will  go  out  of  itself ;  but  if  the  boiling-pot  should  catch  fire  during  tiie  pouring, 
let  the  assistant  throw  the  piece  of  carpet  quickly  over  the  blaang  pot,  holding  it 
down  all  ronnd  the  edges ;  in  a  few  minutes  it  will  be  smothered.     The  moment  the 
maker  has  emptied  the  gum-pot,  he  throws  into  it  half-a-gallon  of  turpentine,  and 
with  the  twish  immediately  washes  it  £rom  top  to  bottom,  and  instantly  empties  it  into 
the  flat  tin  jack :  he  wipes  the  pot  dry,  and  puts  in  8  lbs.  more  gum,  adS  sets  it  npon 
tiie  tumace ;  proceeding  with  this  run  exactly  as  with  the  last,  and  afterwards  with 
the  third  run.    There  will  then  be  8  gallons  of  oil,  and  2i  lbs.  of  gam  in  the  boiling- 
pot,  under  which  keep  up  a  brisk  strong  fire  until  a  scum  or  froth  rises  and  covers 
all  the  snr&ce  of  the  contents,  when  it  will  begin  to  rise  rapidly.     Observe,  wh«i  it 
rises  near  ihe  rivets  of  the  handles,  carry  it  &(uu  the  fire  and  set  it  on  the  ash-bed, 
stir  it  down  again,  and  scatter  in  the  driers  by  a  little  at  a  time ;  keep  stirring,  and  it 
the  frothy  head  goes  down  put  it  apon  the  furnace,  and  introduce  gradtuttjf  the 
remainder  of  the  driers,  always  carrying  out  the  pot  when  the  froth  rises  near  the 
rivets.    In  general,  if  the  fire  be  good,  all  the  time  a  pot  requires  to  boil  team,  the 
time  of  the  last  gum  being  poured  in,  is  about  three  and  a  half  or  four  hours  :  but 
time  is  no  criterion  for  a  beginner  to  judge  by,  as  it  may  vary  according  to  the 
weather,  the  quality  of  the  oil,  the  quality  of  the  gum,  the  driers,  or  the  heat  of  the 
fire,  &c. ;  therefore,  about  the  third  hour  of  boiling,  try  it  on  a  bit  of  glass,  and  keep 
it  boiling,  until  it  feels  strong  and  stringy  between  Uie  fingers ;    it  is  then  boiled 
EufficienUy  to  cany  it  on  the  ash-bed,  and  to  be  stirred  down  until  it  is  cold  enongh 
to  mi^,  which  will  depend  much  on  the  weather,  varying  from  half  an  hour  in  dry 
frosty  weather  to  one  hour  in  warm  summer  weatlier.    Previous  to  beginning  to  mix, 
have  a  sufficient  qoantlty  of  turpentine  ready,  fill  the  pot,  and  pour  in,  stirring 
all  the  time  at  the  top  or  sur&ce,  as  before  directed,  until  there  are  IS  gallons,  or  five 
tins  of  oil  of  turpentine  introduced,  which  will  leave  it  quite  thick  enough  if  the  gum 
is  good,  and  has  been  well  run ;  but  if  the  gum  was  of  a  weak  quality,  and  has  not 
been  well  fused,  there  ought  to  be  no  more  than  12  gallons  of  turpentine  mixed,  and 
even  that  may  be  too  much.    Therefore,  when  12  gallons  of  turpentine  have  been 
introduced,  have  a  fiat  saucer  at  hand,  and  pour  into  it  a  portion  of  the  varnish,  and 
in  two  or  three  minutes  it  will  show  whether  it  is  too  thick;  if  not  sufficiently  thin, 
add  a  little  more  turpentine,  and  strain  it  off  quickly.    As  soon  as  the  whole  is  stored 
away,  pour  in  the  turpentine  washings  with  which  the  gum-pots  have  been  washed, 
into  the  boiling-pot,  and  with  the  swish  quickly  wash  down  all  the  varnish  &om  the  pot 
sides ;  afterwards,  with  a  large  piece  of  woollen  rag  dipped  in  pumice-powder,  wasjti 
and  polish  every  part  of  the  inside  of  the  boiling-pot,  performing  the  same  operation 
on  the  ladle  and  stirrers ;  rinse  them  with  the  turpentine  washings,  and  at  last  rinse 
them  altogether  in  clean  turpentine,  which  also  pat  to  the  washings ;  wipe  dry  with  a 
clean  soft  rag  the  pot,  ladle,  stirrer,  and  funnds,  and  lay  the  sieve  so  as  to  be  com- 
pletely covered  with  turpentine,  which  will  always  keep  it  ikim  gumming  up.    The 
foregoing  directions  concerning  running  the  gam  and  pouring  in  the  oil,  and  also 
boiling  off  and  mixing,  are,  with  very  little  difference,  to  be  observed  in  the  making 
of  all  sorts  of  copal  varnishes,  except  the  differences  of  the  quantities  of  oil,  gam,  jcc, 
which  will  be  found  under  the  various  descriptions  by  name,  which  will  be  hereafter 
described. 

The  choice  of  linseed  oil  is  of  peculiar  consequence  to  the  vamish-maker.  (Ml 
from  fine  full-grown  ripe  seed,  when  viewed  in  a  phial,  will  appear  limpid,  pale,  and 
brilliant ;  it  is  mallow  and  sweet  to  the  taste,  has  very  little  smell,  is  specifically 
lighter  than  impure  oil,  and,  when  clarified,  dries  quickly  and  firmly,  and  does  not 
materially  change  the  colour  of  the  varnish  when  made,  but  appears  limfad  and 
briUiant. 

Copal  Vamiihu  for  fine  ptdntittgt,  ^e. — Fuse  8  lbs.  of  the  very  cleanest  pale  African 
gum  copal,  and,  when  completely  run  fluid,  pour  in  two  gallons  of  hot  oil,  <jd  measure ; 
let  it  boil  until  it  will  string  very  strong ;  and  in  about  fifteen  minutes,  or  while  it  is 
yet  very  hot,  pour  in  three  ^llons  of  turpentine,  old  measure,  and  got  from  the  top  of 
a  cistern.  Perhaps  daring  the  mixing  a  considerable  quantity  of  the  turpentine  will 
escape ;  but  the  varnish  will  be  so  much  the  brighter,  transparent,  and  fiuid ;  and  will 
work  freer,  dry  more  quickly,  and  be  very  solid  and  durable  when  dry.  After  the 
varnish  has  beien  stcained,  if  it  is  found  too  tliick,  before  it  is  quite  cold,  heat  as  modi 
turpentine,  and  mix  with  it,  as  will  bring  it  to  a  proper  consistency. 

Oabuut  Vantiih. — ^Pnse  7  lbs.  of  very  fine  African  gum  copal,  and  poor  in  half  a 
gallon  of  pale  clarified  oil ;  in  three  or  four  mimttes  e£a,  if  it  feel  stzingy,  lake  it  oat 
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of  doors,  or  into  another  bnildiiig  where  there  is  no  fire,  and  mix  with  it  three  gallons 
of  turpentine ;  afterwards  strain  it,  and  pnt  it  aside  for  use.  This,  if  properly  boiled, 
will  dry  in  trn  minutes ;  but  if  too  strongly  boiled,  will  not  mix  at  all  with  the  tur- 
pentine ;  and  Kmuiimet,  when  boiled  with  the  tuiventine,  will  mix,  and  yet  refuse  to 
incorporate  with  any  other  varnish  less  boiled  than  itoelf :  therefore  it  requires  a  nicety 
which  is  only  to  be  learned  from  practice.  This  yamish  is  chiefly  intended  for  the 
use  of  japanners,  cabinet-painters,  coach-painters,  jcc. 

Bett-bodt/  Copal  Famish,  for  ooach-maken,  At. — TioB  is  intended  for  the  body  parts 
of  coaches  and  other  similar  vehicles,  intended  for  polishing. 

Fuse  8  lbs.  of  fine  African  gum  copal ;  add  two  gallons  of  darifled  oil  (old  measure) ; 
boil  it  very  slowly  for  four  or  five  hours,  nntil  quite  stringy ;  mix  with  three  gallons 
and  a  half  of  turpentine  ;  strain  aS,  and  pour  it  into  a  dstem.  As  they  are  too  slow 
in  drying,  coach-maken,  painters,  and  varnish-makers  have  introduced  to  two  pots  of 
the  preceding  varnish  one  made  as  follows : — 

8  lbs.  of  fine  pale  gum  aniffli ;  I         8^  gallons  of  tan)entdne. 

2  gallons  of  clarified  oil ;  |  To  be  boiled  four  hours. 

The  more  minntely  the  gum  copal  is  run,  or  fused,  the  greater  the  quantity,  and  the 
stronger  the  produce.  The  more  regular  and  longer  the  boiling  of  the  oil  and  gum 
together  is  continued,  the  more  fiuid  or  free  the  varnish  will  extend  on  whatever  it  is 
applied  to.  When  the  mixture  of  oil  and  gam  is  too  suddenly  brought  to  string  by  too 
strong  a  heat,  the  varnish  requires  more  than  its  just  proportion  of  turpentine  to  thin 
it,  whereby  its  oily  and  gummy  quality  is  reduced,  which  renders  it  less  durable ; 
neither  will  it  flow  so  well  in  laying  on.  The  greater  proportion  of  oil  there  is  used 
in  varnishes,  the  less  they  are  liable  to  crack,  because  the  tougher  and  softer  they  are. 
By  increasing  the  proportion  of  gum  in  varnishes,  the  thicker  will  be  the  stratum,  the 
flrmer  they  will  set  solid,  and  the  quicker  they  will  dry.  Vrhen  varnishes  are  quite 
new  made,  and  mnst  be  sent  out  for  nse  before  they  are  of  sufficient  age,  they  must 
always  be  left  thicker  than  if  they  were  to  be  kept  the  proper  time.  Varnish  made 
from  African  copal  alone  possesses  the  most  elasticity  and  transparency.  Too  much 
drier  in  varnish  renders  it  opaque  and  unfit  for  delicate  colours.  Copperas  does  not 
combine  with  varnish,  but  only  hardens  it.  Sugar  of  lead  does  combine  with  varnish. 
Turpentine  improves  by  age ;  and  varnish  by  being  kept  in  a  warm  place.  All  copal- 
or  oil-varnishes  require  age  before  they  are  used. 

All  body-varnishes  are  intended  and  onght  to  have  1|  lb.  of  gum  to  each  gallon  of 
varnish,  when  the  varnish  is  strained  off  and  cold ;  but  as  thathinning  up,  or  qoantity 
of  turpentine  required  to  bring  it  to  its  proper  consistency,  depends  very  much  upon 
the  degree  of  boiling  the  varnish  has  ondeigone,  therefore,  when  the  gum  and  oil 
have  not  been  strongly  boiled,  it  requires  lees  tnrpentine  for  that  purpose ;  whereas, 
when  the  gam  and  oil  are  very  strongly  boiled  together,  a  pot  of  20  gallons  will 
require  perhaps  3  gallons  above  the  regular  proportionate  quantity ;  and  if  mixing 
the  tnrpentine  be  commenced  too  soon,  and  the  pot  be  not  sufficiently  cool,  there  will 
be  firoquently  above  a  gallon  and  a  half  of  turpentine  lost  by  evaporation. 

Pale  Amber  Famiin. — Fuse  6  lbs.  of  fine  picked  very  pale  transparent  amber  in 
the  gum-pot,  and  pour  in  2  gallons  of  hot  chrified  oil.  Boil  it  until  it  strings  very 
strong.  Mix  with  4  gallons  of  turpentine.  This  will  be  as  fine  as  body-copal,  will 
work  very  &ee,  and  flow  well  upon  any  work  it  is  applied  to  :  it  becomes  veiy  hard, 
and  is  the  most  durable  of  all  varnishes. 

^'b*  Mastic,  or  Picture  Varnish. — Put  6  lbs.  of  flue  picked  gum  mastic  into  a 
new  4-gaUon  tin  bottle ;  get  ready  2  lbs.  of  glass,  bruised  as  small  as  barley ;  and 
put  it  into  the  bottle  widx  2  gallons  of  tunientine  that  has  settled  some  time ;  pnt  a 
piece  of  soft  leather  under  the  bung ;  lay  the  tin  on  a  sack  upon  the  counter,  table,  or 
an3rthing  that  stands  solid  ;  begin  to  agitate  the  tin,  smartly  rolling  it  backward  and 
forward,  causing  the  gum,  glass,  and  turpentine,  to  work  as  if  in  a  barrel-chum  for  at 
least  4  hours,  when  the  varnish  may  be  emptied  out.  If  the  gam  is  not  all  dissolved, 
return  the  whole  into  die  bottle,  and  agitate  as  before,  until  all  the  gum  is  dissolved; 
then  strain  it  through  fine  thin  muslin  into  a  clean  tin  bottle :  leave  it  uncorked,  so 
that  the  air  can  get  in,  but  no  dust ;  let  it  stand  for  nine  months  at  least  before  it  is 
nsed,  for  the  longer  it  is  kept  the  tougher  it  will  be,  and  less  liable  to  chill  or  bloom. 

Comnum  Mastic  Varnish. — Pnt  as  much  gum  masdc,  unpicked,  into  the  gum-pot  as 
may  be  required,  and  to  every  2}  lbs.  of  gum  pour  in  1  gallon  of  cold  turpentine ; 
set  the  pot  over  a  very  moderate  fire,  and  stir  it  with  the  stirrer ;  be  careful,  when  the 
steam  of  the  turpentine  rises  near  the  mouth  of  the  pot,  to  cover  it  with  the  carpet, 
and  cany  it  out  of  doors,  as  the  vapour  is  very  apt  to  catch  fire.  A  few  minutes' 
low  heat  will  perfectly  dissolve  8  lbs.  of  gum,  which  will,  with  4  gallons  of 
turpentine,  produce, when  strained,  4i  gallons  of  ramish ;  to  which  add,  while  yet 
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hot,  6  pinU  of  pAle  tiupentine  ramish,  vliich  improves  the  body  and  baidnees  of  thtt 
mastic  Tarnish. 

Oryalal  Vamuk. — Frocnre  a  bottle  of  Canada  balsam,  and  set  the  bottle  of  bnlfwim 
at  a  little  distance  &om  the  fire,  turning  it  loond  KTecal  times,  nntil  the  heat  has 
thinned  it;  then  hare  something  that  will  hold  as  mnoh  as  drable  the  qnaatztT-of 
balsam ;  carry  the  balsam  &om  the  fiie,  and,  while  fluid,  mix  it  with  the  same  qtiantity 
of  good  turpentine,  and  shake  them  together  nntil  they  are  well  incorporated :  in  a 
few  days  the  ramish  is  flt  for  use.  This  varnish  is  used  fbr  maps,  prints,  charts, 
drawings,  papei-omaments,  jcc. ;  and  when  made  upon  a  larger  scale,  requires  only 
warming  the  balsam  to  mix  with  the  turpentine. 

White  Bard  Bfirit  of  Wine  Varmtk. — fut  5  lbs.  of  gum  sandarac  into  a  4-gaUoii 
tin  bottle,  with  3  gallons  of  spirits  of  wine,  00  OTsrpfoof,  and  agitate  it  until  diasolTsd. 
exactly  as  diieeted  f or  the  best  mastic  varnish,  zeeolleeting  if  glass  is  used  that  it  is 
convenient  to  dip  the  bottle  containing  the  gum  and  sinrits  into  a  copperfiil  of  hot 
water  every  10  minutes — the  bottle  to  be  immersed  only  2  minutes  at  a  time — ^whieh 
will  greatly  assist  the  dissolving  of  the  gum ;  but,  above  all,  be  earefiil  to  keep  a  firm 
hold  over  the  cork  of  the  bottle,  otherwise  the  vapour  will  drive  it  oat  Tha  bottle, 
every  time  it  is  heated,  ought  to  be  carried  away  from  the  fiie ;  the  cork  should  be 
eased  a  little,  to  allow  the  rarefied  air  to  escape ;  then  driven  tight,  and  the  agitation 
continued  in  this  manner  until  all  the  gum  is  properly  dissolved  After  it  is  stauned 
off,  put  into  the  varnish  1  quart  of  very  pale  turpentine  varnish,  and  shake  and  mix 
the  two  well  together.  Spirit  varnishes  should  be  kept  well  corked :  they  are  fit  to 
use  the  day  after  being  made. 

Brovm  Hard  Spirit  Vamith  is  made  by  patting  into  a  bottle  8  lb*,  of  gum  san- 
darac, with  2  lbs.  of  shellac,  add  2  gallons  of  spirits  of  wine,  60  over  jiroof ;  pro- 
ceeding exactly  as  before  directed  for  the  white  hard  varnish,  and  agitating  it  when 
cold,  which  requires  abont  four  hours'  time,  without  any  danger  <n  fire;  whereas, 
making  any  spirit  varnish  by  heat  is  always  attended  with  danger.  No  spirit  varnish 
ought  to  be  made  either  near  a  fire  or  by  candle-light.  When  this  brown  hard  is 
strained,  add  1  quart  of  turpentine  Tamisb,  and  shake  and  mix  it  well :  next  day  it  is 
fit  for  use. 

The  CMnesa  Vamith  comes  from  a  tree  whidi  grows  in  C!ochin-Ohina,  China,  and 
Siam.    It  forms  the  best  of  all  varnishes. 

(fold  Lacker. — ^Fut  into  a  clean  4-gallon  tin,  1  lb.  of  gronnd  tormeric,  1}  onnee 
of  powdered  gamboge,  3}  lbs.  of  powdered  gum  sandarac,  }  of  a  Fpound  of  shellac, 
and  2  gallons  of  spirits  of  wine.  After  being  agitated,  dissolved  and  stiaijied.  add  1 
pint  of  turpentine  Tarnish,  well  mixed. 


Bed  Spirit  Lacker. 

2  gallons  of  spirits  of  wine ; 

1  lb.  of  dragon's  blood ; 

3  lbs.  of  Spanish  annotlx) ; 
3^  lbs.  of  gnm  sandarac ; 

2  pints  of  turpentine. 

Hade  exactly  as  the  yellow  gold  lacker. 


Pale  Bras*  Lacker. 

2  gallons  of  spirits  of  wine ; 

3  ounces  of  Cape  aloes,  cut  small; 
1  lb.  of  fine  pale  shellac ; 

1  onnee  gamboge,  cut  smalL 
Ko  turpentine  varniBh.    Made  exactly  a 
before. 


While  Spirit  yamitk. — Sandarac,  250  parts ;  mastic  in  tears,  64 ;  elemi  resin,  32 ; 
turpentine  (Venice),  64 ;  alcohol,  of  85  per  cent.,  1,000  parts  by  measure. 

The  turpentine  is  to  be  added  after  the  resins  are  dissolved.  This  is  a  brilliant 
vamigh,  but  not  so  hard  as  to  bear  polishing. 

Vamiskfor  the  Wood  Tbyi  of  Spa. — Tender  copal,  76  parts ;  mastic,  12-5 ;  Venice 
turpentine,  6-5 ;  alcohol,  of  96  per  cent.,  100  parts  by  measure ;  water  ounces,  for 
example,  if  the  other  parts  be  taken  in  ounces. 

The  alcohol  must  be  first  made  to  act  upon  the  copal,  with  the  aid  of  a  little  oil  of 
lavender  or  camphor,  and  the  solution  being  passed  throogh  a  linen  doth,  the  mastie 
must  be  introduced.  After  it  is  dissolved,  the  Venice  turpentine,  previously  melted 
in  a  water-bath,  should  be  added ;  the  lower  the  temperature  at  which  these  operations 
are  carried  on,  the  more  beautiftil  will  the  varnish  be.  His  varnish  ought  to  be  very 
white,  very  drying,  and  capable  of  being  smoothed  with  pumice-stone  and  polished. 

The  Vamiek  of  Watin,for  OUdtd  Jrtidee. — Gum  hui, in  grain,  126  parts;  gam- 
boge, 126 ;  dragon's  blood,  125 ;  annotto,  126 ;  s^Bron,  32. '  Each  resin  must  be  dis- 
solved in  1,060  parts  bv  measure  of  alcc^ol  of  90  per  cent ;  two  sepaiste  tinctures 
must  be  made  with  the  dragon's  blood  and  annotto,  in  1,000  parts  of  such  alcohol ;  and 
a  proper  proportion  of  each  should  be  added  to  the  varnish,  according  to  the  shade  of 
golden  colour  wanted. 

For  fixing  engravings  or  lithographs  upon  wood,  a  varnish  called  mordant  is  used  in 
France,  which  diftos  from  others  chiefly  in  containing  more  Venice  tarpentine,  to 
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malu  it  sticky ;  it  oomnste  of— sandarac,  250  parts ;  mastic,  in  tears,  6i ;  resin,  125 ; 
Venice  turpentine,  250 ;  alcohol,  1,000  puts  by  measnre. 

liRllli  of  Wax  is  a  raluable  vamish,  'vrhich  may  be  prepared  as  follows : — If elt  in  a 
porcelain  capenle  a  certain  quantity  of  white  wax,  and  add  to  it,  while  in  Aision,  an 
equal  quantity  of  spirit  of  wine,  of  ep.  gr.  0'880 ;  stir  the  mixture,  and  pour  it  npon  a 
large  porphyry  slab.  The  granular  mass  is  to  be  converted  into  a  paste  by  the  muller, 
wi&  the  addition,  trom  time  to  time,  of  a  little  alcohol ;  and  as  soon  as  it  appears  to 
be  smooth  and  homogeneous,  water  is  to  be  introduced  in  small  quantities  successively, 
to  the  amount  of  four  times  the  weight  of  the  wax.  This  emulsion  is  to  be  then 
passed  through  canvas,  in  order  to  separate  such  particles  as  may  be  imperfectly  in- 
corporated. The  tnii/i  of  toax,  thus  prepared,  may  be  spread  with  a  smooth  brash 
upon  the  surface  of  a  painting,  allowed  to  dry,  and  then  fused  by  passing  a  hot  iron 
(salamander)  over  its  siu&ce.  When  cold,  it  is  to  b«  mbbed  with  a  linen  doth  to 
bring  out  the  Instrsk 

Maei  Jofcm  is  made  by  putting  into  the  set-pot  48  lbs.  of  Naples  or  any  other  of 
the  foreign  asphattnms  (except  the  Ejorptian).  As  soon  as  it  is  melted,  pour  in  10 
gallons  of  raw  linseed  oil;  keep  a  inoderate  fire,  and  fuse  8  lbs.  of  dark  gum 
animi  in  the  gum-pot ;  mix  it  with  3  gallons  of  hot  oil,  and  pour  it  into  the  set-pot> 
Afterwards  fuse  10  lbs.  of  dark  or  sea  amber  in  the  10-gallon  iron-pot;  keep 
Stirling  it  while  fusing ;  and  whenever  it  ^peaiB  to  be  ovaraeated,  and  rising  too 
high  in  the  pot,  lift  it  &om  the  fire  for  a  few  minutes.  When  it  appears  completely 
flised,  mix  in  S  gallons  of  hot  oil,  and  pour  the  mixture  into  the  set-pot ;  continue  the 
boiling  for  3  hours  longer,  and  during  that  time  introduoe  tiie  same  quantity  of  driers 
as  beinre  directed :  draw  out  the  fire,  and  1st  it  remain  until  morning ;  then  boil  it 
tmtil  it  rolls  hard,  as  before  directed :  leave  it  to  cool,  and  afterwards  mix  with 
turpentine. 

But  Brtuutoiei  Blaek. — In  an  iron  pot,  over  a  slow  fire,  boil  45  lbs.  of  foreign 
asphaltum  for  at  least  8  hours ;  and  during  the  same  time  boil  in  another  iron  pot 
6  gallans  of  oil  which  has  been  previously  boiled.  Boring  the  boiling  of  the  6  gallons 
introduce  6  lbs.  of  litharge  giadually,  and  boil  tmtil  it  feels  stringy  between  the 
fingers ;  then  ladle  or  pour  it  into  the  pot  containing  the  boiling  asphaltum.  Let  the 
mixture  boil  until,  npon  trial,  it  will  roU  into  hard  pills ;  then  let  it  cool,  and  mix  it 
with  25  gallons  of  turpentine,  or  until  it  is  of  a  proper  consistency. 

Iron-mork  Black. — Put  48  Ibe.  of  foreign  asphaltum  into  an  iron  pot,  and  boil 
for  4  hours.  During  the  first  2  hours  introdace  7  lbs.  of  red  lead,  7  lbs.  of 
litharge,  3  lbs.  of  drira  copperas,  and  10  gallons  of  boiled  oil ;  add  1  eight-pound 
run  (rf  dark  gum,  with  2  gallons  of  hot  oil.  After  pouring  the  oil  and  gum, 
continue  the  boiling  2  hours,  or  until  it  will  roll  into  liard  pills  like  japan.  When 
cool,  thin  it  off  with  80  gallons  of  turpentine,  or  nntil  it  is  of  a  proper  consis- 
teuCT.  This  vamish  is  intended  for  bladdng  the  iron-work  of  coaches  and  other 
carnages,  &c 

A  clieap  Bruntwiek  Black. — ^Fut  28  lbs.  of  common  black  pitch,  and  28  lbs.  of 
common  asphaltum  made  from  gas-tar,  into  an  iron  pot;  boil  both  for  8  or  10  hours, 
which  will  evaporate  the  gas  and  moisture ;  let  it  stand  all  night,  and  eariy  next 
morning,  as  soon  as  it  boils,  put  in  8  gallons  cf  boiled  oil ;  then  introduce,  gradually, 
10  lbs.  of  red  lead  and  10  lbs.  of  litharge,  and  boil  for  8  hours,  or  until  it  wiU 
roll  very  hard.  When  ready  for  mixing,  introduce  20  gallons  of  turpentine,  or  more, 
until  of  a  proper  consistency.  This  is  intended  for  engineers,  founders,  ironmongers, 
&c.    It  will  dry  io  half  an  hour,  or  lees,  if  properly  boiled. 

VBOSVASLB  AU'A'f  JUU  A  fatty  substance  expressed  firom  the  seeds  of  an 
Indian  tree,  the  Battia  butyracea,  Boxb.    It  is  said  to  make  good  soap. 

▼aonAS&a  anuoVS.  a  charcoal  prepared  by  the  incineration  in  a 
covered  crucible  of  the  F>um$  veticvionu,  or  common  see-wrack. 

VBCnXABU  WSMMM,  Most  of  the  useful  vegetable  fibres  are  described  under 
their  proper  heads,  as  Fliz,  Hsup,  &c    See  also  Fibbks,  and  Fibbb,  VaoiTABLs. 

VWnTAB&a  ZVOXT.    See  CoBOS^  Nirrs,  and  Ivobt,  VBaafrABLB. 

VBCnrAB&a  *»»"■—■—■'     See  FAKcmiBirr,  Vboetaeu. 

VaUiS  (FSoiu,  Ft.  ;  GSnge,  Ger.)  t>.re  the  fissures  or  rents  in  rocks,  which  are 
filled  with  peculiar  mineral  substances,  most  commonly  metallic  ores.  See  Hikes, 
Hjonira,  Stc 

VlIM  >I'»WW  are  the  mineral  substances  which  accompany,  and  frequently 
enclose,  the  metallie  ores.    See  Hnos,  MnnKG,  &c 

WUbOW  is  a  fine  sort  of  parchment.    See  PASCBiaraT. 

▼aXiVBT  (  VStmn,  Fr. ;  Sammet,  Oer.).  A  peculiar  stuff,  the  nature  of  which  is 
explained  under  Fnsruif  and  Textilb  Fabbics. 

VUmmVlMM  OBA&X  is  STB4TITB. 
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VMMMXXMM  WHA'X'B.  A  carefaUy-prepared  carbonate  of  lead.  See  Wbitb Lbab. 
WXOa  vmtTCDITIJfBa     A  tarpentine  obtained  from  the  laich  (Larix 

Europaa).  

V  MM  TlULTBOir  OV  ^1  Wit  In  our  gubterranean  operations,  eapeciallx 
where  quantities  of  carbonic  acid  are  constantly  being  produced  by  respiration  and 
combustion,  and  vhere,  as  especially  in  our  co^-mines,  the  'vrorbnen  are  constantly 
exposed  to  the  efflux  of  a  gas — light  carburetted  hydrogen,  which,  when  mixed  vith 
air,  becomes  explosive,  it  is  necessary  to  adopt  the  means  of  removing,  as  lapdlj  as 
possible,  the  atmosphere  by  which  the  miner  is  surrounded. 

The  production  of  noxious  gases  renders  ventilation  a  primaiy  object  in  the 
system  of  mining.  If  an  air-pipe  has  been  carried  down  the  ei^ne  pit  for  the  purpose 
of  ventilation  in  the  sinUng,  other  pipes  are  connected  with  it,  and  laid  along  the 
pavement,  or  are  attached  to  an  angle  of  the  mine  next  the  roof.  These  pipus  are 
prolonged  with  the  galleries,  by  whim  means  the  air  at  the  forehead  is  diawn  np  the 
jnpes  and  replaced  by  atmospheric  air,  which  descends  bj  the  shaft  in  an  equable  cur- 
rent, regulated  by  the  draught  of  the  furnace  at  the  pit-mouth.  This  circulation  is 
continued  till  the  miners  cut  through  upon  the  second  shaft,  when  the  air-pipes  become 
superfluous ;  for  it  is  well  known  that  the  instant  such  communication  is  made,  as  is 
represented  in  fig.  2068  a,  the  air  spontaneously  descends  in  the  engine-pit  a,  and  passing 
along  the  gallery  a,  ascends  in  a  steady  current  in  the  second 
2068  a  pit  b.    The  air,  in  sinking  through  a,  has  at  first  the  atmospheric 

temperature,  which  in  winter  may  be  at  or  under  the  frenzing- 
point  of  water ;  but  its  temperature  increases  in  pasang  down 
through  the  relatively  warmer  earth,  and  ascends  in  the  shaft  b. 
warmer  than  the  atmosphere.  When  shafts  are  of  unequal 
depths,  as  represented  in  the  figure,  the  current  of  air  fiows 
pretty  uniformly  in  one  direction.  If  the  second  shaft  has  the 
same  depth  with  the  first,  and  the  bottom  and  mouth  of  both  be  in  the  same  hori»ntal 
plane,  the  air  would  sometimes  remain  at  rest,  as  water  would  do  in  an  inverted 
syphon,  and  at  other  times  would  circulate  down  one  pit  and  up  another,  not  always  in 
tlie  same  direction,  hut  sometimes  up  the  one  and  sometimes  up  the  other,  according 
to  the  variations  of  temperature  at  the  gur&ce,  and  the  barometrical  pressures,  as 
modified  by  winds.  There  is  in  mines  a  proper  heat,  proportional  to  their  depth,  in- 
creasing about  one  degree  of  Fahrenheit's  scale  for  every  60  feet  of  descent. 

There  is  a  simple  mode  of  conducting  air  team  the  pit-bottom  to  the  forehead  of  the 

mine,  by  catting  a  ragglin,  or  trunmetmg,  as  it  is  termed,  in  the  side  of  the  galleiy,  as 

2009  represented  in  fy.  2069,  where  ▲  exhibits  the  gallery  in  the  coal, 

and  B  the  laggbn,  which  is  firom  16  to  18  inches  square.    The  coal 


^  A  [:^  itself  forms  three  sides  of  the  air-inpe,  and  the  fourUi  is  composed  of 
thin  deals  applied  airtight,  and  nailed  to  small  props  of  wood  fixed 
between  the  top  and  bottom  of  the  lipe  of  the  ragglin.  This  mode  is  very  generally 
adopted  in  running  galleries  of  communication,  and  dip-head  level  galleries,  where 
carbonic  acid  aboQn&,  or  when  finun  the  stagnation  of  the  air  the  miners'  lights 
bum  dimly. 

When  t]be  ragglin  or  air-pipes  are  not  made  spontaneously  active  the  air  is  some- 
times impelled  through  them  by  means  of  ventilating-£uiner8,  having  their  tube  placed 
at  the  pit-bottom,  while  the  vanes  are  driven  wit£  great  velocity  by  a  wheel  and 
pinion  worked  with  the  hand.  In  other  cases,  large  bellows  like  tliose  of  the  black- 
smith, furnished  with  a  wide  nomle,  are  made  to  act  in  a  similar  way  with  the  fonners. 
But  these  are  merely  temporary  expedients  for  small  mines. 

Ventilation  of  mines  and  collieries  has  been  likewise  footed  on  a  small  scale,  by 
attaching  a  horizontal  funnel  to  the  top  of  air-pipes  elevated  a  ccmsiderable  height 
above  the  pit-mouth.  The  funnel  revolves  on  a  pivot,  and  by  its  tail-piece  places  its 
mouth  so  as  to  receive  the  wind.  At  other  times,  a  circulation  of  air  is  prodnced  by 
placing  coal-fires  in  iron  grates,  either  at  the  bottom  of  an  upcast  pit,  or  suspended 
by  a  chain  a  few  fathoms  down. 

In  all  great  coal-mines  the  aerial  circulation  is  regulated  and  directed  by  doable 
doors,  caUed  main  or  bearing  doors.  These  are  true  air-valves,  which  prevent  the 
current  of  air  moving  in  one  direction  from  mixing  with  another  moving  in  a  different 
direction.  Such  valves  are  placed  on  t^e  main  roads  and  passages,  ^eir  functions 
are  represented  in  the  annexed^.  2070 :  where  A  shows  the  downcast  shaft,  in  iriiieh 
the  aerial  current  is  made  to  descend  ;  b  is  the  upcast  shaft,  sunk  towards  the  rise  of 
the  coal ;  and  c  the  dip-head  level.  Were  the  mine  here  figured  to  be  worked  without 
any  attention  to  the  circulation,  the  air  would  flow  down  tile  pit  A,  and  proceed  in  a 
direct  line  up  the  rise  mine  to  the  shaft  b,  in  which  it  would  ascend.  The  consequmee 
would  therefore  be,  that  all  the  galleries  and  boards  to  the  dip  of  the  pit  a,  and  those 
lying  on  e.nch  side  of  the  pits,  would  have  no  circulation  of  air;  or,  in  the  language 
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of  the  collier,  would  be  laid  dead.    To  obviate  this  remit,  double  doors  are  placed  in 

tliree  of  the  ^lleries  adjoining  the  pit ;  viz.  at  a  and  b,  c  and  d,  e  and  /;  all  of  trhieh 

open  inwards  to  the  shaft  a.    By  this  plan,  as  the  air  is  not  snfi^d  to  pass  directly 

from  the  shaft  a  to  the  shaft  e,  through  the  doors  a  and  b,  it 

would  have  taken  the  next  shortest  direction  hj  od  and  2070 

ef;  but  the  doors  in  these  galleries  prevent  this  course, 

and  compel  it  to  proceed  downwards  to  the  dip-head  level 

c,  where  it  will  spread  or  divide,  one  portion  pursuing 
a  route  to  the  right,  another  to  the  left.  On  arriving  at 
the  boards  p*  and  h,  it  would  have  naturally  ascended 
by  them ;  but  this  it  cannot  do  by  reason  of  the  build- 
ing or  stopping  placed  at  a  and  h.     By  means  of  such 

stoppings  placed  in  the  boards  next  the  mp-head  level,  the  air  can  be  transported  to 
the  right  hand  or  to  the  left  for  many  miles,  if  necessary,  provided  there  be  a  train  or 
circle  of  aerial  communication  &om  the  pit  a  to  the  pit  s.  If  the  boards  (  and  k  are 
open,  the  air  will  ascend  in  them,  as  traced  out  by  the  arrows ;  and  after  being  difRised 
through  the  workings,  will  again  meet  in  a  body  at  a,  and  mount  the  gallery  to  the 

Sit  B,  sweeping  away  with  it  the  deleterions  air  which  it  meets  in  its  path.  Without 
oulje  doors  on  each  main  passage,  the  regular  drcnlation  of  the  air  would  be  con- 
stantly liable  to  interruptions  and  derangements ;  thus,  suppose  the  door  c  to  be  re- 
moved, and  only  d  to  remain  in  the  left-hand  gallery,  all  the  other  doors  being  ns 
represented,  it  is  obvious,  that  whenever  the  door  d  is  opened,  the  air,  finding  a  more 
direct  passage  in  that  direction,  would  mount  by  the  nearest  channel  I,  to  the  shaft  B, 
and  lay  dead  all  the  other  parts  of  the  work,  stopping  all  circulation.  As  the  passages 
on  which  the  doors  are  placed  constitute  the  main  roads  by  which  the  miners  go  to 
and  &om  their  work,  and  as  the  corves  are  also  constantly  wheeling  along,  were  a 
single  door,  such  as  (2,  so  often  opened,  the  ventilation  would  be  rendered  precarious 
or  languid.  But  the  double  doois  obviate  this  inconvenience ;  for  both  men  and 
horses,  with  the  corves,  in  going  to  or  from  the  pit-bottom  a,  no  sooner  enter  the  door 

d,  than  it  shuts  behind  them,  and  encloses  them  in  the  still  air  contained  between  the 
doors  d  and  c ;  c  having  prevented  the  air  &om  changing  its  proper  course  while  d  was 
open.  TThen  d  is  again  shut,  the  door  c  may  be  opened  without  inconvenience,  to 
allow  the  men  and  horses  to  pass  on  to  the  pit-bottom  at  a  :  the  door  d  preventing 
any  change  in  the  aerial  drcnlation  while  the  door  c  is  open.  In  returning  from  the 
pit,  the  same  rule  is  observed  of  shutting  one  of  the  double  doors  before  the  other  is 
opened. 

When  carbonic  add  gas  abounds,  or  when  the  fire-damp  is  in  very  small  quan- 
tity, the  air  may  be  conducted  from  the  shaft  to  the  dip-head  level,  and  by  placing 
stoppings  of  each  room  next  the  level,  it  may  be  carried  to  any  distance  along  the 
dip-head  levels ;  and  the  farthest  room  on  each  side  being  left  open,  the  air  is  suffered 
to  diffiise  itself  through  the  wastes,  along  the  wall  faces,  and  mount  in  the  upcast  pit. 
But  should  the  air  become  stagnant  along  the  wall  faces,  stoppings  are  set  up  throngh- 
ont  the  galleries,  in  such  a  way  as  to  direct  the  main  body  of  fresh  air  along  the  wall 
faces  for  the  workmen,  while  a  partial  stream  of  air  is  allowed  to  pass  through  the 
stoppings,  to  prevent  any  accummiation  of  foul  air  in  the  wastes. 

In  very  deep  and  extensive  collieries  more  elaborate  arrangements  for  ventilation 
are  introduced!      The  drcnlation  is  made  active  by  rarefying  the 
air  at  the  upcast  shaft,  by  means  of  a  large  furnace  placed  either  at  . 

the  bottom  or  top  of  the  shaft.  The  former  position  is  generally  pre-  ''"'1 

ferred.  Fig.  2071  exhibits  a  furnace  placed  at  the  top  of  the  pit.  A 
little  way  below  the  scaffold,  a  passage  is  previously  cut,  either  in  a 
sloping  direction,  to  connect  the  current  of  air  with  the  furnace,  or 
it  18  )md  horizontally,  and  then  communicates  with  the  furnace  by 
a  vertical  opening.  If  any  obstacle  prevent  the  scaffold  from  being 
erected  within  the  pit,  this  can  be  made  air-tight  at  top,  and  a  bride 
flue  carried  thence  along  the  sur&ce  to  the  furnace. 

The  furnace  has  a  size  proportional  to  the  magnitude  of  the 
ventilation,  and  the  chimneys  are  either  ronnd  or  square,  being  from 
50  to  100  feet  high,  with  an  inside  diameter  of  from  5  to  9  feet  at  bottom,  tapering 
upwards  to  a  diameter  of  from  2}  feet  to  6  feet.  Such  stalks  are  made  9  inches  thick 
in  the  body  of  the  building,  and  a  little  thicker  at  bottom,  where  they  are  lined  with 
fire-bricks. 

The  plan  of  placing  the  furnace  at  the  bottom  of  the  pit  is,  however,  more  advan- 
tageous, because  the  shaft  through  which  the  air  ascends  to  the  fomaco  at  the  pit- 
mouth,  is  always  at  the  ordinary  temperature ;  whereas,  when  the  fomaee  is  situated 
at  the  bottom  of  the  shaft,  its  sides  get  heated,  like  those  of  a  chimney,  through  its 
total  length,  so  that,  though  the  heat  of  the  famoce  be  acddentally  allowed  to  decline 
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or  become  extinct  for  a  little,  the  circulation  ■mU  still  go  on,  the  air  of  the  upcast  pit 
being  nrefled  by  the  heat  remaining  in  the  sides  of  the  shaft. 

To  prevent  the  annOTance  to  the  onaetters  at  the  bottom  from  the  hot  smoke,  the 
plan  has  been  adopted,  as  shown  in  the  vood-cidi,  fy.  2073,  irhere  a  reprasents  &» 
fower  part  of  the  npcast  shaft ;  b,  the  fnraaee,  bnilt  aS  brick,  arched  at  ti^  vith  its 
sides  insulated  from  the  solid  mass  of  coal  which  suironndB  it.  Between  the  ftnnace 
wall  and  the  coal-beds  a  eorrent  of  air  constantlj  passes  towards  the  shaft,  in  order 
to  pnrent  the  coal  catching  lire.  From  the  end  of  the  furnace  a  gallery  is  eat  in  a 
rising  direction  at  c,  which  oommnnieates  with  the  shaft  at  d,  about  7  or  8  &thoms 
from  the  bottom  of  the  pit.  Tfans  the  ftoiaee  and  the  famace-keeper  are  completely 
di^oined  ttom  the  shaft ;  and  the  pit-bottom  is  not  onlj  free  from  all  incumbrsaees, 
but  remains  comfortably  cool.  To  obviate  the  inoonvenieoces  from  the  smoke  to  the 
banksmen  in  landing  the  coals  at  the  pit-mouth,  the  followiag  plan  has  been  contrived 
for  the  Newcastle  collieries.  ISg.  2073  represents  the  month  <rf  the  pit :  a  is  the  np- 
cast shaft,  provided  with  a  Aimace  at  bottom ;  b,  the  downcast  shaft,  by  which  the 
supply  of  atmospheric  air  descends ;  and  d,  the  brattice  carried  above  tiie  pit-month. 
A  little  way  below  the  settle-boaids,  a  gallery,  c,  is  pushed,  in  oommunication  with 
the  surface  from  the  downcast  shaft,  over  which  a  brick  tube  or  chimney  is  built  tram 
60  to  80  feet  high,  7  or  8  feet  diameter  at  bottom,  and  4  ot  6  feet  diameter  at  top. 
On  the  top  of  Uus  chimney  a  deal  funnel  is  suspended  hoiixontally  on  a  pivot,  like  a 
turn-cap.  The  vane/,  made  ahio  of  deal,  keeps  the  month  of  the  funnel  always  in  the 
nme  dueetiou  with  the  wind.  The  same  mechanism  is  mounted  at  the  upcast  shaft 
a,  only  here  the  fonnel  is  made  to  present  its  month  in  the  wind's  eye.    It  is  obvious 


from  the  figure,  that  a  high  wind  will  istlier  ud  than  check  the  ventilation  by  this 
plan. 

The  principle  of  ventilation  being  established,  the  next  object  in  opening  op  a 
colliery,  and  m  driving  galleries,  is  the  double  mine  or  double  headieaif*  ooune ;  on 
the  simple  but  ingenious  distribution  of  which,  the  droulation  of  air  depends  at  the 
commencement  of  the  excavations. 

The  doable  headways  course  is  represented  in  fig.  2074,  where  a  is  the  one  heading 
at  gallaiy,  and  6  the  other;  the  farmer  being  immediately  connected  with  the  upcast 
side  of  the  pit  c,  and  the  latter  with  the  downcast  side  of  the  pit  d.  The  pit  itself  is 
made  completely  air-tight  by  its  division  of  deals  ftom  top  to  bottom,  called  '  the  brat- 
tice wall ' ;  so  txist  no  air  can  pass  through  the  brattice  finm  dXo  c,  and  the  intarconise 
betwixt  the  two  corrents  of  air  is  co^nplecely  intercepted  by  a  stopping  betwixt  the  pit- 
bottom  and  the  end  cf  the  first  pillar  of  coal ;  the  pillars  or  walls  of  coal,  marked  i, 
are  called  'stenting  walls;'  and  the  openings  betwixt  them,  <  walls 'or' thirlings.'  The 
arrows  show  the  direction  of  the  air.  The  headings  a  and  b  are  generally  made  about 
9  feet  wide,  the  stenting-wsUs  6  or  8  yards  thick,  and  are  holed  or  thirled  at  snch  a 
distance  as  may  be  most  suitable  for  the  state  of  the  air.    The  thirlings  are  5  feet  wide, 

When  the  headings  are  set  off  firom  the  pit-bottom,  an  aperture  is  left  in  the 
brattice  at  the  end  of  the  pillar  next  the  pit,  through  which  the  ciicolation  betwixt 
the  upcast  and  downcast  pits  is  carried  on ;  but  whenever  the  workmen  cut  through 
the  first  thirling  No.  1,  the  aperture  in  the  brattice  at  the  pit-bottom  is  shat ;  in  con- 
sequence of  which  the  air  is  immediately  drawn  by  the  power  of  the  upcast  shaft 
through  that  thirling  as  represented  by  the  dotted  arrow.  Thus  a  direct  stream  of 
fresh  air  is  obviously  brought  dose  to  the  forehead  where  the  mines  are  at  wo^ 
The  two  headings  a  and  b  are  then  advanced,  and  as  soon  as  the  thiriing  No.  2  is  cot 
thiongh,  a  wall  of  brick  and  mortar,  4}  inches  thick,  is  built  across  the  thirling 
No.  1.  'This  wall  is  termed  '  a  stopping ; '  and  being  air-tight,  it  forces  the  whole  circa- 
lation  through  the  thirling  No.  2.  In  this  manner  the  air  is  always  led  forward,  ami 
caused  to  cironli^  always  by  the  last-made  thirling  next  the  forehead  ;  care  being  had, 
that  whenever  a  new  thirling  is  made,  the  last  thirling  through  which  the  air  was 
circulated  be  secured  with  an  air-Ught  stopping.  In  the  woodcut,  the  stoppings  are 
placed  in  the  thirlings  numbered  1,  2,  3,  4,  5,  6,  and  of  consequence  the  whole  dr- 
•nlation  passw  tbrongh  the  thirling  No.  7,  whidi  lies  nearest  the  foreheads  of  the 
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headings,  a,  b.  By  inspecting  the  figure,  we  observe  that  on  this  veiy  simple  plan  a 
stream  of  air  may  be  eircnlated  to  any  required  distance,  and  in  any  direction,  how- 
oTer  tortaons.  Thns,  for  example,  if  while  the  double  headways  coarse  a,  b,  is  pushed 
forward,  other  doable  headways  eonrsee  are  required  to  be  carried  on  at  the  same 
time' on  both  sides  of  the  first  headway,  the  same  general  principles  have  only  to  be 
attended  to  aa  shown  in  Jig.  2076,  where  a  is  the  upcast  and  b  the  downcast  shaft. 
The  air  adranees  along  the  heading  o,  bat  cannot  proceed  farther  in  that  direction 
than  the  pillar  d,  being  obstructed  by  the  doable  doors  at  «.  It  therefore  advances 
in  the  direction  of  the  arrows  to  the  foreheads  at  /,  and  passing  throng  the  last 
thirling  made  there,  returns  to  the  opposite  side  of  the  dooble  doon,  ascends  now  the 
heading  g  to  the  foreheads  at  h,  passes  through  the  last-made  thirling  at  that  point, 
and  descendo,  in  the  heading  t,  till  it  is  interrnpted  by  the  doable  doors  at  k.  The 
aerial  current  now  moves  atong  the  heading  {,  to  the  foreheads  at  m,  returns  by  the 
last-made  thirling  there,  along  the  heading  n,  and  finally  goes  down  the  heading  o, 
and  mounts  by  the  upcast  shaft  a,  carrying  with  it  all  the  noxious  gases  whi(£  it 
encountered  during  its  drcuitoas  jonmey.  This  woodcat  is  a  faithful  representation 
of  the  system  by  which  collieries  of  the  greatest  extent  are  worked  sna  ventilated. 
In  some  of  these  the  air  courses  are  from  30  to  40  miles  long.  Thns  the  air  con- 
ducted by  the  medium  of  a  shaft  divided  •''075 
by  a  brattice-wall  only  a  few  inches  thick, 
tiftei  descending  in  Uie  downcast  in  one 
compartment  of  the  {nt  at  6  o'clock  in  the 
morning,  mast  thence  travel  through  a 
cirenit  of  nearly  30  miles,  and  cannot  arrive 
at  its  reascending  compartment  on  the  other 
side  of  the  brattice,  or  pit  partition,  till  6  U: 

o^dock  in  the  evening,  supposing  it  to  move  ^Ij-r — ,_,_'—,  , — .  ,   ,  ,.._,  , ,  , ,  > 

all  the  time  at  the  rate  of  2^  miles  per  fi\  ' — i'^-^"^-J".»]f~-J ". l,—J-;;r. 

hour.  Hence  we  see  that  the  pn'mum  >»oot/«  W,,, 
of  this  mightrjr  circulation,  the  finmace,  most 
bo  carefully  looked  after,  since  its  irregu- 
larities may  affect  the  comfort,  or  even  the 
existence  of  hnndreds  of  miners  spread  over 
these  vast  stibterraneoos  labyrinths.  On  the 
principles  just  laid  down,  it  appears,  that  if 
apy  number  of  boards  be  set  off  ftwm  any 
side  of  these  galleries,  either  in  n  level,  dip, 

or  rise  direction,  the  drcolation  of  air  may  be  advanced  to  each  forehead  by  an  ingoing 
and  returning  current. 

Yet  while  the  circulation  of  fresh  air  is  thus  advanced  to  the  last-made  thirling  next 
the  foreheads  /,  A,  and  m,  fig.  2075,  and  moves  through  the  thirling  which  is  nearest 
to  the  face  <rf  every  board  and  room,  the  emission  of  fire-damp  is  frequently  bo 
abundant  from  the  coaly  strata,  that  the  miners  dare  not  proceed  forwards  more  than  a 
few  feet  &om  that  aerial  circulation,  without  hazard  of  being  burned  by  the  combustion 
of  the  gas  at  their  candles.  To  guard  againsi  this  accident,  temporary  shifting 
brattices  are  employed.  These  are  formed  of  deal,  about  j  of  an  inch  thick, 
3  or  4  feet  broad,  and  10  feet  long ;  and  are  furnished  with  cross-bars  for  binding  the 
deals  together,  and  a  few  finger-loops  cut  through  them,  for  lifting  them  more  ex- 
peditiously, in  order  to  place  them  in  a  proper  position. 

The  mode  of  applying  these  temporary  brattices,  or  deal  partitions,  is  shown  in  the 
accompanying  figure  (2078),  which  shows  how  the  air  circulates  freely  through  the 
thirling  a,  d,  before  the  brattices  are  placed.  At  4  and  c,  we  see  two  „._„ 
heading  boards  or  rooms,  which  are  so  full  of  infiammable  air  as  to  be 
unworkable.  Props  are  now  erected  near  the  upper  end  of  the  pillar  «,  %p:  Yf\ 
betwixt  the  roof  and  pavement,  about  2  feet  clear  of  the  sides  of  the  lK'Li_,  i'- 
next  pillar,  leaving  room  for  the  miner  to  pass  along  between  the  pillar 
side  and  the  brattice.  The  brattices  are  then  fastened  with  nails  to  the 
props,  the  lower  edge  of  the  under  brattice  resting  on  the  pavement, 
while  the  upper  edge  of  the  upper  is  in  contact  with  the  roof.  By  this 
means  any  variation  of  the  height  in  the  bed  of  coal  is  compensated  by  S  ! !  I  [« 
the  overlap  of  the  brattice  boards ;  and  as  these  are  advanced,  shift-  8  |  i 
ing  brattices  are  laid  close  to  and  alongside  of  the  first  set     The  miner  •       " 

next  sets^  up  additional  props  in  the  same  parallel  line  with  the  former,  and  slides 
the  brattices  forwards  to  make  the  air  drculato  dose  to  the  forehead  where  he  is 
working ;  and  he  regulates  the  distance  betwixt  the  brattice  and  the  forehead  by 
the  disengagement  of  fire-damp  and  the  velocity  of  the  aerial  drculation.  The  props 
are  shown  aX,  dd,  and  the  brattices  at//.    By  this  arrangement  the  air  is  pre- 
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rented  from  paasiag  directly  throogh  the  thirling  a,  and  is  forced  along  the  right- 
hand  side  of  the  brattice,  and,  irveeping  07er  the  wall  face  or  forehead,  retnins  hj 
the  back  of  the  brattice,  and  pawes  through  the  thirling  a.  It  is  prevented,  hoverer, 
from  letuming  in  its  former  direction  by  the  brattice  planted  in  the  forehead  c,  where- 
by it  mounts  np  add  accomplishes  its  retnm  close  to  that  forehead.  Thus  headways 
and  boards  are  ventilated  tiU  another  thirling  is  made  at  the  upper  part  of  the  pillar. 
The  thirling  a  is  then  dosed  by  a  brick  stopping,  and  the  brattice-boards  remored 
forward  for  a  similar  operation. 

When  blowers  occur  in  the  roof,  and  force  the  strata  down,  so  as  to  produce  a  lai]ge 
vaulted  excavation,  the  accumulated  gas  must  be  swept  away ;  beoaose,  i^r  filling 
that  space,  it  would  descend  in  an  unmixed  state  under  the  common  roof  of  the  coaL 
The  manner  of  removing  it  is  represented  in  Jig.  2077,  where  a  is  the  bed  of  coal, 
6  the  blower,  e  the  excavation  left  by  the  downfidl  of  the  roof,  <2  is  a  passing  door, 
and  e  a  biatdce.  By  this  arrangement  the  aerial  current  is  carried  dose  to  the  loof, 
and  constantly  sweeps  off  or  dilutes  the  inflammable  gas  of  the  blower,  as  fast  as  it 
issues.  The  arrows  show  the  dbrection  of  the  current ;  but  for  which,  the  aecuma- 
lating  gas  would  be  mixed  in  explosive  proportions  with  the  atmospheric  air,  and 
destroy  the  miners. 

There  is  another  modification  of  the  ventilating  system,  where  the  air-courses  are 
traversed  across ;  that  is,  when  one  air-course  is  advanced  at  right  angles  to  another, 
and  must  pass  it  in  order  to  ventilate  the  workings  on  the  &rther  side.  This  is 
acoompUshed  on  the  plan  shown  in  Jig,  2078,  where  a  is  a  main  road  with  an  air- 
course,  over  which  the  other  air-course  b,  has  to  pass.  The  sides  of  this  air-channel 
are  bnilt  of  bricks  arched  over,  so  as  to  be  air-tight,  and  a  gallery  is  driven  in  the 
roof  strata  as  shown  in  the  figure.  If  an  air-course,  as  a,  be  laid  over  with  planki 
made_  air-tight,  crossing  and  recrossing  may  be  ef^ted  with  fadlity.  The  general 
velocity  of  tile  ur  in  these  ventilating  dbannels  in  from  3  to  4  feet  per  second,  or  about 

2^  miles  per  hour,  and  their  internal  dimensions 
2077  2079       vary  fJKim  6  to  6  feet  square,  affording  an  area  of 

from  25  to  36  square  feet. 

The  hydraulic  air-pump  deserves  to  be  noticed 
among  the  various  ingenious  contrirances  for 
ventilating  mines,  particularly  when  they  are 
of  moderate  extent,  a  is  a  large  wooden  tub, 
nearly  filled  with  water,  through  whose  bottom 
the  ventilating  pipe  b  passes  down  into  the  n- 
.cesses  of  the  mine.  Upon  the  top  of  b  there  is 
a  valve  «,  opening  upwards.  Over  b,  the  gaao- 
^^     /?~>\      ''^SSR  I  meter  vessel  is  inverted  in  a,  having  a  valve 

-"■«  *^M\  '  1^^  **  m  n  slso  opening  outwards  at  i.    When  this  vessel 

CT^jillLsJUHwbjB---         "  is  depressed  by  any  moving  force  the  air  con- 

tained within  it  is  expelled  through  d  \  and  when 
it  is  raised,  it  diminishes  the  atmospherical  pressure  in  the  [npe  i,  and  tbns  disvs 
air  out  of  the  mine  into  the  gasometer ;  which  cannot  retnm  on  account  of  the  valve 
at  e,  but  is  thrown  out  into  the  atnlosphere  through  d  at  the  next  descent 

Strumit  Mine  Ventilator. — This  ventilator  has  been  constructed  in  some  of  the 
mines  of  South  Wales  upon  a  very  large  scale.  Although  in  principle  a  pump  of  the 
simplest  form,  some  of  the  pistons  have  been  made  20  feet  in  diameter,  and  two 
pumps  were  constructed  21  feet  in  diameter.    See^.  2080. 

In  some  mines  to  which  the  machine  has  been  applied,  the  rarefaction  and  ventila- 
tion has  proved  so  strong  as  to  prevent  sinMe  doors  being  opened,  unless  protected 
by  supplemental  doors.  The  dicumstance  of  the  air  not  being  compressed  in  the 
machine  adnuts  of  laige  valve  spaces,  so  that  there  is  scarry  any  appreciable 
resistance  to  the  passage  of  the  air  through  the  machine. 

The  annexed  drawing,  fig.  2080,  represents  the  machine  in  operation  at  the  Goremor 
and  Company's  large  collieries  at  Cwm  Avon,  Glamorganshire. 

The  sectional  view  explains  the  internal  construction,  the  darta  showing  the  air- 
currents  ascending  the  upcast  pit  a,  &om  the  interior  of  the  mine  into  the  machine. 

The  general  plan  of  distributing  the  air  in  all  cases  is  to  send  the  first  d  the 
current  that  descends  in  the  downcast  shaft  among  the  horses  in  the  stables,  nsit 
among  the  workmen  in  the  foreheads,  after  which  the  air,  loaded  with  whatever 
mixtures  it  may  have  received,  is  made  to  traverse  the  old  wastes.  It  then  passes 
through  the  furnace  with  all  the  inflammable  gas  it  has  collected,  ascends  the  npcaat 
shaft,  and  is  dispersed  into  the  atmosphere.  This  system,  styled  cottrtitig  tie  oir, 
was  invented  by  Mr.  Spedding  of  Cumberland. 
The  piston  b,  is  shown  immersed  in  water,  which  forms  an  air-tight  packing. 
The  mnt  or  outlet  valves  %  ate  shown  in  the  external  view  of  the  vealalator.   Th« 
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end  of  the  machine  is  represented  open  in  the  drairiDg,  for  the  conTenience  of  shoiring 
the  inlet  Talvee  b,  and  of  explaining  the  internal  construction. 


A.  The  npcnit  pit. 

B.  Hollow  pUtons,  made  ol  wronght  iron. 

0.  Wron^it-lTan  tanka,  raUng  on  two  blocka  of  muoQi;>  and  on  six  lion  plllan. 

D.  Beun  work,  resting  on  three  blooks  of  maaonrr. 

K.  The  valTe  work  and  trumlng,  futened  to  alxteen  aprlght  pleoea  ol  timber,  9  inohes  square. 

T.  CTBnk-wheel  of  ateam-englne. 

o.  Fiston-rodi. 

In  ventilating  the  very  thick  coal  of  Staffordshire,  though  there  is  mnch  inflammablo 
gas,  less  care  is  needed  than  in  the  North-of  England  collieries,  as  the  workings  an 
very  roomy,  and  the  air-conrses  of  comparatiTely  small  extent.  The  air  is  conducted 
down  one  shaft,  carried  along  the  main  roads,  and  distributed  into  the  sides  of  irork. 
A  narrow  gallery,  termed  '  the  air-head,'  is  carried  in  the  upper  part  of  the  coal,  in  the 
rib  walls,  along  one  or  more  of  the  sides.  Ijateral  openings,  named  '  spouts,'  are  led 
from  the  air-head  gallery  into  the  side  of  the  work ;  and  the  circulating  stream,  niixe<l 
with  the  gas  in  the  workings,  enters  by  these  spouts,  and  retnms  by  the  air-head  to 
the  npcast  pit. 

The  means  adopted  in  the  South  Sta£R>rdsbire  coal-mines,  which  hare  seams  vary- 
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ing  from  36  to  30  fe«t  in  thickness,  an  well  worthy  of  consideiration ;  tince  a  solid 
loasB  of  that  magnitude  must  be  pecnliarly  difficnlt  to  drain  ot  ita  imprisoned  gas.  In 
•zeavating  sncli  coal  large  massm  mnst  bis  detached,  and  pockets  or  hollows  mnst  be 
formed,  irhich  are  immediately  filled  Tpith  carbnretted  hydrogen  ;  vhilst  a  thin  rein, 
for  which  a  level  roof  can  be  generally  secnred,  can  be  kept  tolerably  free  from  snch 
accamnlations. 

According  to  the  ordinary  system  adopted  in  the  collieries  of  the  Sooth  Staffiirdshire 
district,  two  shafts  are  sunL  near  together,  about  7  to  7}  ftet  in  diameter,  each  to  the 
bottom  of  the  coal,  say  about  180  ynjrds  depth,  the  two  shafts  commencing  at  the  same 
level,  and  terminating  at  the  same  lerel.  One  of  these  becomes  the  'downcast  pit' 
down  which  the  air  descends,  and  the  other  the  '  upcast  pit'  up  which  the  air  ascends, 
when  a  communication  is  made  between  them  at  the  bottom ;  but  the  only  determining 
causes  for  the  motion  of  the  air  being  accidental,  it  is  nnknown  bef^hand  what 
direction  the  current  will  take,  and  which  will  become  the  downcast  pit.  It  is  always 
found  that  a  current  of  air  does  take  place  without  any  other  means  being  employed ; 
but  the  determining  power  is  so  faint,  that,  issuing  from  the  upcast  pit  with  such 
trifling  Telocity,  it  is  liable  to  be  deranged  by  the  action  of  the  wind,  or  by  atmospheric 
changes ;  and  it  sometimes  happens  that  the  air  becomes  quiescent,  or  an  unsteady 
column,  alternately  ascending  and  descending  the  same  shaft ;  and  then,  in  minei's 
langnage,  the  pits  '  flght,'  and  the  air  will  neither  ascend  nor  descend  with  regnlarity 
in  one  direction. 

When  the  two  pits  are  sunk  down  through  the  stratum  of  coal  80  ft.  in  thickness,  a 
*  gate-ioad '  or  horse-way  is  next  driven  in  the  bottom  of  the  coal,  from  8  to  9  ft  high, 
and  about  the  same  width,  commencing  from  the  bottom  of  the  downcast  pit 

At  the  same  time  an  air-head  is  driven  about  the  middle  of  the  coal,  or  IS  feet  hi^ 
from  the  '  floor '  or  the  bottom  of  the  coal,  commencing  from  the  downcast  pit.  The 
gate-road  and  air-head  are  then  driven  in  parallel  lines,  at  the  same  level  upon  which 
they  commence,  for  the  distance  of  100  to  600  yards,  or  more,  according  to  the  quantitjr 
of  coal  intended  to  be  cleared  by  the  pits. 

A  series  of  '  spouts '  or  openings  are  driven  upwards  from  the  gate-road  into  the 
air-head,  at  intervals  of  10  or  16  yards  to  cany  off  the  gas  formed,  and  |Kodnce  a 
current  of  air  for  the  workmen, — each  spout  being  closed  up  when  a  new  one  is  made 
in  advance.  The  excavation  of  the  whole  thickness  of  the  stratum  of  coal,  80  feet 
thick,  is  then  proceeded  with,  by  opening  right  and  left  from  the  end  of  the  gate-road, 
and  excavating  a  '  side  of  work,'  which  forms  a  rectangular  cavity,  say  about  90  yards 
long  by  60  yards  wide,  nr  about  an  acre,  the  whole  of  the  coal  being  taken  away  as 
far  as  practicable,  excepting  the  pillars  of  coal  (generally  10  yards  square  and  10  yards 
distant  from  each  other)  which  are  left  to  support  the  superincumbent  strata. 

The  air  descending  the  downcast  pit,  and  travelling  along  the  gate-road  into  the 
workings,  ascends  to  the  air-head,  and  traversing  that,  ascends  the  upcast  pit,  carrying 
with  it  the  gas  and  impure  vapours,  as  far  as  such  imperfect  and  mtermpted  means 
will  effect,  and  delivering  them  into  the  open  air. 

By  this  plan  the  mine  is  ventilated,  until  the  lower  16  feet  of  the  coal  is  excavated ; 
but  where  the  whole  thickness  of  the  coal  above  the  air-head  has  been  removed,  by 
undergoing  the  coal  from  the  bottom,  and  dropping  it  down  in  large  masses,  the  upper 
portion  of  the  cavity,  being  above  the  level  of  the  air-head,  forms  a  reservoir  for  gas, 
whieli  gradually  accumulates,  and  has  no  means  of  escape, — a  reservoir  of  the  capaci^ 
of  some  hundred  thousand  of  cubic  feet,  which  may  be  wholly  or  in  part  occupied  by 
gas.  An  accidental  change  in  the  direction  of  the  current  of  air  would  turn  the  course 
of  the  air  along  the  air-head  into  this  reservoir  of  gas,  and  from  thence  into  the  gate- 
road,  and  render  an  explosion  very  probable.  After  the  cool  is  extracted,  a  solid  wall 
or  '  rib '  of  coal,  from  6  to  1 0  yards  thick,  which  is  commonly  termed  a '  fire-rib,'  is  left 
all  round  the  chamber,  separating  it  from  the  next  workings ;  and  the  entrance  from 
the  gate-road  is  securely  walled  up,  to  exclude  the  air,  and  prevent  spontaneous  com- 
bustion, which  would  otherwise,  m  a  short  period,  take  place.  When  an  explosion 
occurs,  it  is  generally  followed  by  a  second,  or  more,  as  portions  of  the  gas  become 
successively  <£aiged  with  the  due  proportions  of  air ;  and  the  liability  to  these  terrible 
explosions  will  always  remain  in  mines  thus  worked,  till,  by  some  efficient  means,  the 
gas  can  be  allowed  a  continuous  escape,  and  a  current  of  air  can  be  ensured  to  more 
always  in  one  direction,  with  sufficient  power  to  overcome  all  extraneous  disturbing 
forces,  either  of  the  wind  or  any  atmospheric  changes. 

In  fiff.  2082  the  system  adopted  and  carried  into  operation  by  the  late  BsDJamin  Gib- 
bons is  shown..  One  pit  a,  is  sunk,  instead  of  two ;  and  in  the  side  of  the  shaft  a  smaller 
shaft i  is  cut,  to  form  an  'air-chimney,'  and  is  afterwards  separated  from  the  main 
shaft ;  this  air-chimney  is  circular,  and  may  be  made  about  thne  feet  diameter  inside, 
or  rooro,  as  may  be  required.    The  air-chimney  is  bricked  at  the  same  time  with  the 
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■haft, — the  circnlar  brickwork  of  each  forming  a  partition  of  double  thickness  and 
sacnre  strength,  from  the  two  arches  abutting  against  each  other. 
The  gate-road  e,  is  diiren  from  the  shaft  at  the  bottom  <^  the  coal,  as  in  the  ordinaiy 

2083 


plan;  but  the  air-head  <2is  driven  from  the  air-chimne;  within  2  feet  of  the  top  of  the 
coal,  or  higher,  if  practicable,  and  runs  into  the  vertical  air-chimney.  The  gate-road 
and  air-head  are  carried  forward  in  a  parallel  direction  to  the  extent  of  the  work,  as 
before  described  in  the  ordinary  system;  and  'spouts'  or  openings,  e,  are  driven 
upwards  to  connect  them,  at  about  every  16  yaids — every  spout  being  bricked  up 
close,  in  succession,  when  a  fresh  one  is  made  in  advance,  so  as  to  make  the  current 
of  air  traverse  the  whole  extent  of  the  gate-road  before  it  rises  up  to  the  air-head  and 
passes  away  to  the  air-chimney. 

In  the  ordinary  system  of  ventilation,  it  is  manifest  that  only  a  veiy  slight  deter- 
mining power  compels  the  air  to  travel  constantly  in  the  same  direction.  Its  current 
is,  at  aU  times,  weak  and  insufficient,  and  liable  to  be  deranged  by  the  action  of  the 
wind,  or  atmospheric  changes ;  and  it  is  under  no  command  whatever.  To  ensure 
safety  a  constant  current  of  air  is  indispensably  necessary ;  it  should  be  a  current,  too, 
maintained  by  natural  causes,  as  &r  as  possible,  and  never  interrupted,  for  the  reasons 
already  assigned  ;  and  should  be  one  that  would  not  vaiy  or  faiL 

To  effect  this,  the  ascending  column  of  air  must  be  rendered  spedflcally  lighter 
than  the  air  of  tho  descending  column,  which  circulates  through  the  workings ;  and 
this  difference  of  specific  gravity  must  be  maintained  constantly  free  from  disturbance 
by  accidental  causes,  and  to  such  an  extent  as  to  produce  under  all.  circumstances 
n  total  amount  of  propelling  power  that  is  found  sufficient  for  the  complete  ventilation 
of  the  mine.  This  is  accomplished  by  conducting  the  whole  of  the  gas  in  a  continuous 
ascending  column,  free  from  interruption  or  disturbance,  up  the  separate  air-chimney ; 
and  this  ascending  power  is  further  increased  by  erecting  a  ventilating  chimney 
(shown  by  dots  in  the  vertical  section),  of  a  sufficient  height,  on  the  surface  of  the 
ground,  into  the  bass  of  the  air-chimney  is  continued  so  as  to  form  one  unintermpted 
air-fluS;  ttma  the  top  of  the  ventilating  chimney  down  to  the  air-head  in  the  seam 
of  coal. 

Ventilation  is  nowhere  exhibited  to  such  advantage  as  in  the  coal-mines  of 
Northumberland  and  Durham,  where  they  have  cntried  well  nigh  to  systematic  perfec- 
tion the  plan  of  coursing  the  air  through  the  winding  galleries. 

In  Mr.  Spedding's  system  the  whole  of  the  return  air  came  in  one  current  to  his 
rarefying  furnace  (see  letter  c,  fy.  2084),  whether  it  was  at  the  explosive  point  or  not. 
This  distribution  was  often  frau^t  with  such  danger,  that  a  torrent  of  water  had  to  be 
kept  in  readiness,  under  the  name  of '  the  waterfall,'  to  be  let  down  to  extinguish  the  firs 
in  a  moment.  Many  explosions  at  that  time  occnrred,  from  the  furnaces  below,  and 
also  down  through  tubes  from  the  fhmaees  above  ground. 

About  the  year  1807  Mr.  Buddie  had  his  attention  intensely  occupied  with  this 
most  important  object,  and  then  devised  his  plan  of  a  divided  current,  carrying  that 
portion  of  the  air  which,  descending  in  the  downcast  pit  a,  coursed  through  the 
dean  workings,  through  the  active  furnace  c,  fig.  2084,  and  the  portion  of  the  air 
from  the/on^  workings  up  the  dumb  Aimace  n,  till  it  reached  a  certain  elevation  in  b, 
the  upcast  pit,  above  the  fireplace.  The  pitmen  had  a  great  aversion,  however,  at  first 
to  adopt  this  plan,  as  they  thought  that  the  current  of  air  by  being  split  would 
lose  its  ventilating  power;  but  they  were  ere  long  convinced  by  Mr.  Buddie  to  tho 
contrary.  He  divided  the  main  current  into  two  separate  streams,  at  the  bottom  of 
the  pit  A,  as  shown  by  darts  in  the  figure ;  the  feathered  ones  representing  that  part  of 
the  pit  in  which  the  course  of  the  current  of  air  is  free  team  explosive  mixture,  or 


Digitized  by 


Google 


1068 


VENTILATION  OF  MINBS 


does  not  contain  aboTO  one-thirtietli  of  carbntettod  hydrogen,  as  indicated  by  its 
effect  upon  the  flame  of  a  candle.  The  naked  darts  denote  the  portions  of  the  mine 
'where  the  air,  being  charged  to  the  firing-point,  is  led  o£f  to-vards  D,  the  dumb  fhmaee, 
which  oommonicates  with  the  hot  npcast  shaft,  out  of  reach  of  the  flame,  and  thence 
derivee  its  power  of  draught.  By  suitable  alterations  in  the  stoppings  (see  the  various 
transverse  lines,  and  the  crosses)  any  portion  of  the  workings  may,  by  the  agency  of 
the  ftamace,  be  laid  out  of,  or  brought  within,  the  course  A  the  vitiated  cnrrent,  at 
the  pleasure  of  the  skilful  mine-viewer ;  so  that,  if  he  found  it  necessary,  he  oonid 
confine,  by  proper  arrangements  of  his  furnace,  all  the  vitiated  enrrents  to  a  mere  gas- 
pipe  or  drift,  and  direct  it  wholly  through  the  dumb  furnace.  During  a  practice  of 
twenty  years  Mr.  Buddie  had  not  met  wiw  any  accident  in  consequence  of  a  defect  in 
the  stoppings  preventing  the  complete  division  of  the  air.  The  engineer  has  it  thus 
within  his  power  to  detach  or  insulate  those  portions  of  the  mine  in  which  there  is  a 
great  ezndation  of  ^,  fiom  the  rest ;  and,  indeed,  he  is  continually  making  changes, 
borrowing  and  lending  currents,  so  to  speak;  Sometimes  laying  one  division  or  panel 
upon  the  one  air-course,  and  sometimes  upon  the  other,  just  to  suit  the  immediate 
emergency.  As  soon  as  any  district  has  ceased  to  be  dangerous,  by  the  exhaustion 
of  the  gas-blowers,  it  is  transferred  &om  the  foul  to  the  pure  air-course,  where  gun- 
powder may  be  safely  used,  as  also  candles,  instead  of  Davy's  lamps,  which  give  leas 
light 

Till  the  cutting  out  of  the  pillars  commences  (see  the  right  end  of  the  diagram), 
the  ventilation  of  the  several  passages,  boards,  &c,  may  be  kept  perfect,  snpposiiig 


the  working,  extending  no  farther  than  a  or  i ;  because,  as  long  as  then  am  pillars 
standing,  every  passage  may  be  converted  into  an  air-conduit,  for  leading  a  cnrrent 
of  air  in  any  direction,  either  to  c,  the  burning,  or  d,  the  dumb  furnace.  But  the 
first  pillar  that  is  removed  deranges  the  ventilation  at  that  spot,  and  takes  away 
the  means  of  carrying  the  air  in  the  farther  recess  towards  c.  In  taking  out  the 
pillars,  the  miners  always  work  to  windward,  that  is  to  say,  against  the  stream  of 
air;  so  that  whatever  gas  may  be  evolved  shall  be  immediately  carried  off  from  the 
people  at  work.  When  a  range  of  pillars  has  been  removed,  as  at  d,  e,  f,  no  po\rer 
remains  of  dislodging  the  gas  from  uie  section  of  the  mine  beyond  a,  b ;  and  as  the 
pillars  are  successively  cut  away  to  the  left  hand  of  the  line  ab,  b,  the  size  of  the  goaf, 
or  void,  is  increased.  This  vacuity,  or  goaf,  is  a  true  gas-holder,  or  reservoir,  con- 
tinually discharging  itself  at  the  pcnnts  g,  h,  i,  into  the  circulating  current,  to  be  carried 
off  by  the  gas-pipe  drift  at  the  dumb  furnace,  but  not  to  be  suffered  ever  to  oome  in 
contact  with  flame  of  any  description.  The  next  range  of  working  is  the  line  of 
pillars  to  the  left  of  a,  i ;  the  coal  having  been  entirely  cleared  out  of  the  space  to  the 
right,  where  the  place  of  the  pillars  is  marked  by  dotted  lines.  The  roof  in  the 
waste  soon  falls  down,  and  gets  fractured  up  to  the  next  seam  of  coal,  which,  abound- 
ing in  gas,  sends  it  down  in  large  quantities,  and  keeps  the  goaf  below  continually 
Teplenished. 

OtKTvption  of  the  Ventilating  Fan  at  the  Abercam  CoUieries.—The  late  Mr.  E.  Rogers 
having  occasion  to  ventilate  the  workings  in  some  extensive  and  very  fiery  coal-seams 
won  at  Abercam  in  South  Wales,  under  cLrcamstances  where  the  furnace-ventilation 
could  not  be  applied,  came  to  the  conclusion  that  a  plan  of  machine  proposed  for  the 
purpose  by  Mr.  James  Naemyth  would  be  the  most  suitable  and  effective.    After  con- 
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soltation  trith  Mr.  Nasmyth,  it  iras  resolved  to  test  the  principle  and  plan  by  actaal 
practice ;  and  the  ventilating  fan  described  was  erected  at  the  Abercam  Collieries, 

The  general  arrangements  of  the  top  of  the  shaft  and  the  ventilating  fan  are  shown 
in  fifft.  2086  and  2086.  Fig.  2087  is  a  side  elevation  of  the  fan  and  engine,  to  a  larger 
scale ;  and  Jiff.  2086  a  vertical  section  of  the  fan. 

The  &n  a  a,  Jig.  2087,  is  13}  feet  diameter,  with  8  vanes,  each  3  feet  6  inches  wide 
and  8  feet  long.  It  is  fixed  on  a  horizontal  shaft  b,  8  feet  7  inches  in  length  from 
centre  to  centre  of  its  bearings,  which  are  nine  inches  long  by  4^  inches  diameter.  The 
vanes  are  of  thin-plate  iron,  and  carried  by  forked  wrought-iron  arms  secured  to  a  centre 
disk  c  fixed  npon  the  shaft  b.  The  &a  works  within  a  casing,  D  D,  consisting  of  two 
fixed  sides  of  tiiin  wrought  plate,  enUrely  open  round  the  circnmference  and  connected 
together  by  stay-rods ;  the  sides  are  3  inches  clear  from  the  edges  of  the  vanes,  and 
have  a  dicular  opening  6  feet  diameter  in  the  centre  of  each,  firom  which  rectangnlar 
wronght-iron  trunks,  e  e,  are  carried  down  for  the  entrance  of  the  air,  the  bearings 


for  the  fan-shaft  b  being  fixed  in  the  outer  side  of  these  trunks,  which  are  strengthened 
for  [he  purpose  by  vertical  cast-iron  standards  f  bolted  to  thun,  and  resting  upon  the 
bottom  foundation-stone  o. 

The  two  air-trunks  n  e  join  together  below  the  fiin,  as  shown  in  Jig.  208S,  and  com- 
municate with  the  pit  h  by  means  of  a  horizontal  tunnel  i,  which  enters  the  pit  at  21 
feet  depth  from  the  top. 

The  fan  is  driven  by  a  small  direct-acting  non-condensing  engine  x,  whidi  is  fixed 
upon  the  face  of  one  of  the  vertical  cast-iron  standards  f,  and  is  connected  to  a  crank 
on  the  end  of  the  fan-shaft  b.  The  steam-cylinder  is  12  inches  diameter  and  12  inches 
stroke^  and  is  worked  by  steam  from  the  boilers  of  the  winding  oagine  of  the  pit,  at  a 


Digitized  by 


Google 


1070 


VENTILATION  OF  iHNBS 


pNmm  of  about  18  lb«.  par  ■qoue  inch.  Tbo  «zeentric  l  for  the  sUda  Tslra  is 
placed  joat  inside  the  air-tniok  ■,  and  wodu  the  Talre  thioogh  a  ahoit-weight  ahaft  K, 
ikith  a  lerer  on  the  ontaide. 

The  pit  B,  fig.  2086,  is  of  an  oval  form,  10  feet  by  18  feet,  and  dirided  near  the 
centre  by  a  timber  brattice  n,  the  one  side  forming  the  npeast  ahaft  and  the  other  the 
dovncMt.    Both  of  theae  are  used  for  winding,  and  the  cagea  o,  in  vfaioh  the  tmcks. 


2086 


2087 


&&,  are  brought  up,  vork  between  guides  fixed  to  the  timbering  of  the  pit.    The 
pnmps  p  are  phioed  in  the  downcast  shaft 

_  In  order  to  allow  of  the  npeast  shaft  being  used  for  winding,  the  top  is  closed  bjr  an 
air-valTe  b,  which  is  formed  by  simply  boarding  up  the  underside  of  Uie  ordinaiy 
guard  upon  the  mouth  of  the  shaft,  leaving  only  the  nole  in  the  centre  tbrongb' which 
the  chain  works.      This  air-valya  b  is  earned  up  by  the  cage  o  on  arriving  at 

the  top  of  the  shaft,  as  in  fi^. 
2086,  and  then  drope  down  again 
flat  upon  the  opening  when  the 
cage  IS  again  lowered.  During 
the  time  that  the  valve  is  lifted, 
its  place  is  ocenpied  by  the  close 
bottom  of  the  cage  o,  which  nearly 
fills  the  rectangular  opening  left 
at  the  top  of  the  shaft.  By  this 
simple  means  it  is  found  practi- 
cally  that  a  complete  provision  is 
maoa  for  keejnng  the  top  of  the 
upcast  shaft  oloaed,  and  mun- 
taining  a  nniibrm  current  of  air 
up  the  shaft ;  for  the  leakage  of  air 
downwards  through  the  top  whilst 
the  cage  is  in  the  act  of  opening  or 
closing  the  air-valve,  and  thiou^ 
the  small  area  that  always  remains 
open,  is  found  to  be  quite  imma- 
terial, and  the  surplus  ventilating 
power  of  the  &n  is  amply  soiBieieDt 
to  TOOvide  against  it. 

In  the  original  construction  a 
more  perfect  air- valve  waaaapposed 
to  be  requisite,  and  was  provided  by  the  inclined  flaps  s  s,  which  are  fixed  just  above 
the  horizontal  tunnel  i.  These  are  fitted  closely  t(»ether,  leaving  only  a  small  opening 
in  the  centre  for  the  chain  to  pass  through,  and  were  intendra  to  be  (nmed  by  the 
ascending  cage  coming  in  contact  with  them,  dosing  again  directly  by  means  of 
balance  weights  before  the  air-valve  b  at  the  top  of  the  sh^  was  opened,  so  as  to  pre- 
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Mrve  s  thoimigh  domiig  of  the  top  of  the  shaft.  Th«  flaps  were  to  be  opened  again 
hj  a  lerer  from  the  tap  to  allow  tne  cage  to  descend.  Hovever,  it  vas  found  on  trial 
that  the  valve  B  at  the  top  iraa  amply  sofflcient;  and  conseqnently,  although  the 
other  ralvee  vere  also  pronded,  thej  were  never  put  into  use. 

The  total  depth  of  the  pit  is  nearly  800  yards,  and  at  a  depth  of  120  yards  a  split 
of  air  is  taken  off,  and  coursed  through  workings  from  which  eoal  and  fire-clay  are 
got;  tiie  larger  portion  of  the  air  descends  to  the  bottom  of  the  pit,  and  is  there  ^lit 
into  many  courseB,  to  work  two  separate  seams  of  coal  and  a  yein  of  ironstone.  The 
total  length  of  road  laid  with  plates  or  rails  in  the  workings  is  abont  7  miles,  and  the 
working  faces  amount  to  nearly  double  that  distance.  The  longest  distance  that  is 
traversed  by  any  single  coarse  or  split  of  air  in  passing  tcom  the  downcast  to  the 
upcast  shaft  is  nearly  2  miles.  The  quantity  of  materials  raised  from  the  pit  is  about 
.  fiOO  tons  daily. 

The  following  Table  gives  the  results  of  a  series  of  experiments  made  with  this 
ventilating  &n  by  Hr.  B.  S.  Boper,  showing  that  the  quantity  of  air  delivered  at  the 
velocities  of  60  and  80  revolutions  of  the  fan  per  minute  is  46,000  and  S6,000  cubic 
feet  per  minute,  with  a  velocity  of  current  of  782  and  1,0S7  lineal  feet  per  minute 
respectively,  or  about  0  and  12  miles  per  hour;  and  the  degree  of  vacuum  or  ex- 
haustion in  the  upcast  shaft  is  '6  and  '9  ineh  of  water-respeotively. 

^fnoptii  of  ExperimetUi  on  fan  Vmtilaiion. 


Mefta  of  tmhre  experi- 
menti,  Nstnzal  Vea- 
tllotion     .       .       . 

Uean  ot  ftror  expert- 
meuts,  Ton  TentUi^ 
tion   .... 

Uean  c^  five  experi- 
ments, Fan  YentUa- 
tkm  •       •       •       • 


Hd^tot 
barometer 


Ins. 
29-ei 


29-6S 


SO'60 


18-86  80«l 


80-61 


Temperttore  by 
Fohrenheit'B  thermometer 


41-10 
88-10 
41-40 


II 


fil--8 
CO-10 
I10-70 


N)-M 
68-M 
W-10 


«f 


111 


ll 


deg. 
48-00 
47-80 
48'70 


^ 


tl 


448-0 
781-8 
1087-0 


.S 


U 


34'82S 
4<'187 
C«>HS 


111 


lbs. 


18-0 
18-8 


lbs. 


17-4 
38-a 


The  speed  at  which  the  ventilating  &n  is  usually  worked  is  about  60  revolutions  per 
minute,  giving  a  velocity  at  the  circumfnenee  of  the  fan  of  2,646  fiset  per  minute ; 
46,000  cubic  fert  of  air  per  minute  are  then  drown  through  the  mine,  nearly  one-third 
of  which  ventihites  the  upper  workings,  and  the  rest  passes  through  the  lower 
workings. 

The  Chiifaal  fen  especially  has  been  used  in  aavaral  collieries. 

Several  modified  tanat  ai  fan  ventilation  hare  been  introduoed,  but  the  principle 
involved  is  essentially  the  same  in  alL 

—  MMHHMM  ggg  MaDDKB. 

vaBATBnra.  C«H"N<0"  ^C*>H»ir'0>).  An  alkalmd  contained  in  white 
hellebore  {Veratrvm  aBmm),  and  in  cevadilla  {V.  Sabadilla).     It  is  exceedingly 

r'lonons,  and  if  introduced  into  the  nostrils  excites  violent  and  prolonged  sneezing, 
the  fbrm  of  ointment  it  has  been  found  a  valuable  remedy  in  neuralgic  disorders. 
▼XBBUnUB.  ( Vert-de-gris,  Fr. ;  Griintpan,  Qer.)  The  copper  i»ed  in  this 
manufiicture  is  formed  into  round  sheets,  from  20  to  26  inches  diameter,  by  one- 
twenty-fouith  of  an  inch  in  thickness.  Each  sheet  is  then  divided  into  oblong  sqaares, 
&om  4  to  6  inches  in  length,  by  8  broad  ;  and  weighing  about  4  ounces.  They  are 
separately  beaten  upon  an  anvil,  to  smooth  their  sur&oes,  to  consolidate  the  metal, 
and  to  free  it  from  scales.  The  refuse  of  the  grapes,  after  the  extraction  of  their 
juice,  formerly  thrown  on  to  the  dnngfaill,  is  now  preserved  for  the  purpose  of  ni»fciT;g 
verdigris.  It  is  put  loosely  into  euthen  vessels,  which  are  usually  16  inches  high, 
14  in  diameter  at  the  widest  part,  and  abont  12  at  the  mouth.  The  vessels  are  then 
covered  with  lids,  which  are  snrroanded  by  straw  mats.  In  this  situation  the  materials 
soon  become  heated,  and  exhale  an  acid  odour ;  the  fermentation  beginning  at  the 
bottom  of  the  cask,  and  gradually  rising  till  it  actuates  the  whole  mass.  At  the  end 
of  two  or  three  days  tlie  manufacturer  removes  the  fermenting  materials  into  otlier 
vessels,  in  order  to  check  the  process,  lest  putrefaction  should  ensue.    The  copper*. 
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plates,  if  n*w,  are  now  propand,  bj  rabbing  them  over  with  a  linan  doth,  dipmd  in 
a  solution  of  verdigris ;  and  they  are  laid  up  alongside  of  one  another  to  dry  If  tho 
plates  are  not  subjected  to  this  kind  of  preparation  they  will  become  black,  instead  of 
green,  by  the  first  operation.  When  the  plates  are  ready,  and  the  materials  in  a 
fermenting  state,  one  of  them  is  put  into  the  earthen  ressel  for  24  hours,  in  order  to 
ascertain  whether  it  be  a  poper  period  to  proceed  to  the  remaining  port  of  the  tHTOcess. 
If,  at  the  end  of  this  period,  the  ^late  be  eorersd  with  an  uniform  gieen  Layer,  con- 
cealing the  whole  copper,  everything  is  right ;  but  if,  on  the  contrary,  liquid  drspa 
hang  on  the  sar&ce  of  the  metal,  the  workmen  say  the  plates  are  swaaiitig,  and  coa- 
clnde  that  the  heat  of  the  fermented  mass  has  been  inadequate ;  on  which  account 
another  day  is  allowed  to  pass  before  making  a  similar  triaL  When  the  materials 
are  finally  found  to  be  rea^.ihe  strata  are  fanned  in  the  fdlowing  manner : — The 
plates  are  laid  on  a  horizontal  wooden  grating,  fixed  in  the  middle  of  a  vat,  <Ht 
whose  bottom  a  pan  full  of  burning  chuooal  is  placed,  which  heats  them  to  such 
a  degree  that  the  women  who  manage  this  woric  are  obliged  to  lay  hold  of  them 
frequently  with  a  cloth  when  they  lift  them  out.  They  are  in  this  state  put  into 
earthen  vessels,  in  alternate  strata  with  the  fermented  materials,  the  uppermost  and 
undermost  layers  being  composed  of  the  expressed  grapes.  The  vessels  are  covered 
with  their  straw  mats,  and  left  at  rest.  Etom  30  to  40  lbs.  of  copper  are  pat  into 
one  vessel. 

At  the  end  of  10,  12,  15,  or  20  days  the  vessels  are  opened  to  ascertun,  by  the 
materials  having  become  white,  if  the  operation  be  completed. 

Detached  glossy  crystals  will  be  perceived  on  the  surface  of  the  plates ;  in  which 
case  the  grapes  are  thrown  away,  and  the  plates  are  placed  upright  in  a  comer  of  the 
verdigris  cellar,  one  against  the  other,  upon  pieces  of  wood  laid  on  the  ground.  At 
the  end  of  two  or  three  days  they  are  moistened  by  dipping  in  a  vessel  of  water,  after 
which  they  are  replaced  in  their  former  situation,  where  they  remiun  seven  or  ei^t 
days,  and  are  then  subjected  to  momentary  immersion,  as  before.  This  alternate 
moistening  and  ezposuro  to  air  is  performed  six  or  eight  times,  at  regular  intervals 
of  about  a  week.  As  these  plates  are  sometimes  di|^ed  into  damaged  wine,  the  work- 
men term  these  immersions  one  viine,  two  winea,  &c. 

By  this  treatment  the  plates  swell,  become  green,  and  covered  with  a  stratom  of 
ver(Ugris,  which  is  readily  scraped  off  with  a  knife.  At  each  operation  every  vessd 
yields  ftom  5  to  6  lbs.  of  verdigris,  in  a  fresh  or  humid  state ;  which  is  sold  to 
wholesale  dealers,  who  dry  it  for  exportation.  For  this  purpose  they  knead  the 
paste  in  wooden  troughs,  and  then  transfer  it  to  leathern  bags,  a  foot  and  a  half  long 
and  ten  inches  in  diameter.  These  bogs  are  exposed  to  the  sun  and  air  till  the  ver- 
digris has  attained  a  sufficient  degree  ^  hardness.  It  loses  aboi^  half  il^  wqight  in 
thu  operation ;  and  it  is  said  to  be  knife-proof  when  this  instrument^  plunged  through 
the  leathern  bag,  cannot  penetrate  the  lo^  of  verdigris. 

Verdigris  is  a  mixture  of  the  crystallised  acetate  of  copper  and  the  subacetate,  in 
varying  proportions.  According  to  Vauquelin's  researches,  there  are  three  compounds 
of  oxide  of  copper  and  acetic  acid:  1,  a  subacetate,  insoluble  in  water,  but  decom- 
posing in  that  fluid,  at  common  temperatures  changing  into  peroxide  and  acetate ; 
2,  a  neutral  acetate,  tho  solution  of  which  is  not  altered  at  common  temperatures,  bat 
is  decomposed  by  ebullition,  becoming  peroxide  and  superacetate ;  and  3,  superaeetate, 
which  in  solution  is  not  decomposed,  either  at  common  temperatures  or  at  the  boiling 
point ;  and  which  cannot  be  obtained  in  crystals,  except  by  slow  spontaneous  evapora- 
tion, in  air  or  in  vaeuo.  The  first  salt,  in  the  dry  state,  contains  86-61  of  oxide ;  the 
second,  44-44 ;  and  the  third,  83-34. 

Siatiiled  Verdigris,  as  it  was  long  erroneously  called,  is  merely  a  binaeetate  or  super- 
acetate  of  copper,  made  by  dissolving,  in  a  copper  kettle,  one  pert  of  verdigris  in  two 
of  distilled  vinegar ;  aiding  the  mutual  action  by  slight  heat  and  agitation  with  a  wooden 
spatnla.  When  the  liquor  has  taken  its  utmost  depth  of  colour,  it  is  allowed  to  settle, 
and  the  clear  portion  is  decanted  off  into  well-glazed  earthen  vessels.  Fresh  vinegar 
is  poured  on  the  residuum^  and  if  its  colour  does  not  become  deep  enough,  more 
venligris  is  added.  The  clear  and  saturated  solution  is  then  slowly  evaporated,  in 
a  verael  kept  uniformly  filled,  till  it  acquires  the  consistency  of  syrup,  and  shows  a 
pellide  on  iti  surface ;  when  it  is  transferred  into  glazed  earthen  pans,  called  ottlas  in 
the  country.  In  each  of  these  dishes  two  or  three  sticks  are  placed,  about  a  foot  long, 
cleft  till  within  two  inches  of  their  upper  end,  and  having  the  base  of  the  daft  kept 
asunder  by  a  bit  of  wood.  This  kind  of  pyramid  is  suspended  by  its  summit  in  the 
liquid.  All  these  vessels  are  transported  into  crystallising  rooms,  moderately  heated 
with  a  stove,  and  left  in  the  same  state  for  15  days,  taking  care  to  maintain  an  uniform 
temperature.  Thus  am  obtained  very  fine  groups  of  crystals  of  acetate  of  copjper, 
dustered  round  the  wooden  rods ;  on  which  they  are  dried,  taken  off,  and  sent  into, 
the  maAet,    They  are  distinctly  rboraboidal  in  form,  and  of  a  lively  deep  blue  ooloiir. 
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Each  cluster  of  cijstals  weighs  flx>m^fiTe  to  six  pounds;  and, In  genenl,  tlieir  total 
weight  is  equal  to  about  one-third  of  the  verdigris  employed, 

▼■BSm.    One  of  the  aniline  colours,  prepared  by  M.  Ensebi. 

WtSim,  or  Bremen  Green.  This  pigment  is  a  light  powder,  having  a  bin* 
CT  bluish-green  colour.  The  flrst  is  most  esteemed.  When  worked  up  with  oil  or 
glue,  it  resists  the  air  very  well. 

The  following  is,  aocor^ng  to  H.  J.  Q.  Gentele,  the  process  of  fabrication  in  Bremen, 
Cassel,  Eisenach,  Minden,  &o. : — 225  lbs.  of  sea  salt,  and  222  lbs.  of  blue  vitriol,  both 
free  fioia  iron,  are  mixed  in  the  dry  state,  and  then  reduced  between  mill-stones  with 
water  to  a  thick  homogeneous  paste.  225  lbs.  of  plates  of  old  copper  are  cut  by 
scissors  into  bits  of  an  inch  square,  then  thrown  and  agitated  in  a  wooden  tub  con- 
taining 2  lbs.  of  snlphnrio  acid,  diluted  with  a  sufficient  quantity  of  water,  for  the 
purpose  of  separating  the  impurities ;  they  are  afterwards  washed  with  pure  water 
in  casks  made  to  revolve  upon  their  axes.  The  bits  of  copper  being  placed  in  oxidation- 
chests,  along  with  the  magma  of  common  salt  and  blue  vitriol  previously  prepared  in 
strata  of  half  an  inch  thicl,  they  are  left  for  some  time  to  their  mutual  reaction.  The 
above  chests  are  made  of  oaken  planks  joined  without  iron  nails,  and  set  aside  in  a 
cellar,  or  other  place  of  moderate  temperature.  The  saline  mixture,  which  is  partially 
converted  into  sulphate  of  soda  and  chloride  of  copper,  absorbs  oxygen  from  the  air, 
whereby  the  metallic  copper  passes  into  a  hydrated  oxide,  with  a  rapidity  propor' 
tioned  to  the  extent  of  the  surfaces  exposed  to  the  atmosphere.  During  the  three 
months  that  the  process  requires,  the  whole  mass  must  be  turned  over  once  every 
week,  with  a  copper  shovel,  transferring  it  into  an  empty  chest  alongside,  and  then 
back  into  the  former  one.  At  the  end  of  three  montos  the  corroded  copper  scales 
must  be  picked  ont,  and  the  saline  puticles  separated  {com  the  slimy  oxide  with  the 
help  of  as  little  water  as  possible.  This  oxidised  Bchalmm  or  mud  is  filtered,  then 
thrown  by  means  of  a  bucket  containing  30  lbs.,  in  a  tub,  where  it  is  carefully 
divided  or  comminuted.  For  every  six  pailfnls  of  echalmm  thus  thrown  into  the  large 
tub,  12  lbs.  of  muriatic  acid,  at  16°  Beaumi,  are  to  be  added;  the  mixture  is  to 
be  stirred,  and  then  left  at  reist  for  twenty-four  or  thirty-six  hours.  Into  another 
tub,  called  the  '  blue  black,'  there  is  to  be  introduced,  in  like  manner,  for  eveiy  six 
pailfbls  of  the  acidified  xhalmm,  fifteen  similar  pailfnls  'of  a  solution  of  colourless 
clear  caustic  alkali,  at  18°  Beaumi.  When  the  back  has  remained  long  enough  at 
rest,  there  is  to  be  poured  into  it  a  pailful  of  pure  water  for  every  pailful  of  acludtnm. 
When  all  is  thus  prepared,  the  set  of  workmen  who  are  to  empty  the  back,  and 
those  who  are  to  stir,  must  be  placed  alongside  of  each.  The  first  set  transfer  the 
teitthnm  rapidly  into  the  latter  back,  where  the  second  set  mix  and  agitata  it  all  the 
time  requisite  to  convert  the  mass  into  a  consistent  state,  and  then  leave  it  at  rest 
£rom  thirty-six  to  forty-eight  hours.  The  whole  mass  is  to  be  now  washed ;  with 
which  view  it  is  to  be  stirrad  about  with  the  afibsion  of  water,  allowed  to  settle,  and 
the  supernatant  liquor  is  drawn  oS.  This  piocess  is  to  be  repeated  till  no  more  traces 
of  potash  remain  among  the  blue.  The  deposit  must  be  then  thrown  upon  a  filter, 
where  it  is  to  be  kept  moist,  and  exposed  freely  to  the  air.  The  pigment  is  now 
sqneezed  in  the  filter-bags,  cut  into  bits,  and  dned  in  the  atmosphere,  or  at  a  tem- 
perature  not  exceeding  78°  Fahr.  It  is  only  after  the  most  complete  desiccation  that 
the  colour  acquires  its  greatest  lustre. 

▼SBSXTSSf  BXiVS.  This  is  a  precipitate  of  oxide  of  copper  with  lime,  made 
by  adding  that  earth,  in  its  pioest  state,  to  the  solution  of  nitrate  of  copper,  obtained 
in  quantities  by  the  refiners,  in  parting  gold  and  silver  from  copper  by  nitric  add. 
The  eupreons  precipitate  must  be  triturated  with  lime,  after  it  is  nearly  dry,  to  bring 
out  the  fine  velvety  blue  colour.    The  process  is  delicate. 

The  Cendres  bUues  en  p&te  of  the  French,  though  analogous,  are  in  some  respects  k 
different  preparation.  To  make  it,  dissolve  sulphate  of  copper  in  hot  water,  in  such 
proportions  that  the  liquid  may  have  a  density  of  1-3.  Take  240  pound  measures  of 
this  solution,  and  divide  it  equally  into  four  open-headed  casks ;  add  to  each  of  these 
46  pound  measures  of  a  boiling-hot  solution  of  muriate  of  lime,  of  spec  grav< 
1-317,  whereby  a  double  decomposition  will  ensue,  with  the  formation  of  muriate  of 
copper  and  sulphate  of  lime,  which  precipitates.  It  is  of  consequence  to  work  the 
materials  well  t(>gether  at  the  moment  of  mixture,  to  prevent  the  precipitate  agglome* 
rating  in  unequal  masses.  AAar  leaving  it  to  settle  for  12  hours,  a  small  quantity  of 
the  clear  liquor  may  be  examined,  to  see  whether  the  just  proportions  of  the  two  salts 
have  been  employed,  which  is  done  by  adding  either  sulphate  of  copper  or  muriate  of 
lime.  Should  either  cause  much  precipitation,  some  of  the  other  must  be  poured  in 
till  the  equivalent  decomposition  be  accomplished ;  though  less  harm  results  from  ao 
excess  of  sulphate  of  copper  than  of  muriate  of  lime. 

The  muriate  of  copper  is  to  be  decanted  from  the  subsided  gypsum,  which  must 
be  drained  and  washed  in  a  filter;  and  these  blue  liqnon  are  to  be  added  to  the 
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•troofler ;  and  the  vhole  distribatad  as  heton,  into  font  caiks ;  comparing  in  all  670 
ponnd  measures  of  a  green  liqnor,  of  1-161  spec.  giar. 

Ueanwhile,  a  magma  of  lime  is  to  be  jaepaied  as  folloTS : — 100  lb*,  of  qnidcUme 
are  to  be  mixed  up  with  SCO  lbs.  of  water,  and  the  mixture  is.to  be  passed  throngfi  a 
vire-ganse  sieve,  to  sepoiats  the  stony  and  sandy  particles,  and  then  to  be  gnnuKi  ia 
a  proper  mill  to  an  impalpable  paste.  About  70  or  80  lbs.  of  this  mixtnzs  (the  boanty 
of  ths  colour  is  inTersely  as  the  qaantit^  of  lime)  an  to  be  distribnted  in  equal  por- 
tions between  the  four  casks,  strongly  stirring  all  the  time  with  a  wooden  qpiiala.  It 
is  then  left  to  settle,  and  the  limpid  liqnor  is  tested  by  ammnaia,  wliich  oo^t  to  oee»' 
sion  only  n  faint  blue  tinge :  but  if  the  colour  be  de^  blue,  mat  of  the  lime-pasta 
must  be-  added.  The  precipitate  is  now  to  be  washed  by  decantation,  employing  for 
this  purpose  the  weak  washings  of  a  former  operation ;  and  it  is  lastly  to  be  diiuned 
and  washed  on  a  cloth  filter.  The  piopottions  of  material  prescribed  above  furnish 
from  fiOO  to  540  lbs.  of  green  pasts. 

Before  making  further  use  of  this  paste,  the  quantity  of  water  present  ia  it  most  bs 
determined  by  drying  100  or  200  grains.  If  it  contain  27  per  cent,  of  diy  matter,  IS 
lbs.  of  it  may  be  put  into  a  wooden  backet  (and  more  or  less  in  tlie  ratio  of  12  to  27 
per  cent.)  capable  of  containing  171  pints ;  a  pound  (measure)  of  the  lime-psste  is 
then  to  be  rapidly  mixed  into  it ;  immediately  afterwards,  1^  pint  of  a  wataiy  solotioa 
of  the  pearlash  of  commerce,  of  spec.  grav.  1-114,  previonsly  jnepared ;  and  the  whole 
mixture  is  to  be  well  stirred,  and  immediately  cransfenMd  to  s  ooloBr-miU.  Hie 
qnicker  this  is  done,  the  mine  beautiful  is  the  shade. 

WBTUXOa.  {Vetyiu,  Fr. ;  Agrut,  Ger.)  A  harsh  kind  of  vinegar,  nontsining 
much  malic  acid,  made  from  the  expressed  juice  of  the  wild  crab  apple. 

^'— **""-^-'i  a  paste  of  wheat-fiour,  drawn  out  and  dried  in  slender  ejrlindan^ 
more  or  less  tortuous,  like  wwms — whence  the  Italian  nave.  The  flour  of  Sontben 
countries  is  best  suited  for  its  mann&cture. 

It  may  be  made  eoonnnically  by  the  following  prescription : — 

Vermicelli,  or  ITaples  flour 21  lbs. 

VHiite  potato-flour 14 

Boiling-water 12 

Total 47  lbs. 

Ailbrding  45  lbs,  of  dough  and  SO  of  dry  vermioelli. 

VBSaBXOnrLITBS.  A  group  of  minerals  veaemUing  the  chlorite*,  lemaikabls 
for  their  exfoliation  before  the  bknrppe. 

VMBMnUOWf  or  Cbmoiar,  is  a  compound  of  meronry  and  sulphur  in  the  pio- 
portion  of  100  parts  of  the  former  to  16  of  the'latter,  which  oeonrs  in  nature  as  a 
common  ore  of  quicksilver,  and  is  x««pared  by  the  chemist  as  a  |Hgment,  under  the 
name  of  Vermilion,  It  is,  properly  speaking,  a  bisnl{diide  of  mercury.  This  artill- 
dal  compound  being  extensively  employed,  on  account  of  the  beanty  of  its  coloar,  ia 
painting,  for  m^ng  red  sealing-wax,  and  other  purposes,  is  the  object  of  an  import- 
ant manufacture.  When  vermilion  is  prepared  by  means  of  sublimation,  it  concretes 
in  masses  of  considerable  thickness,  concave  on  one  side,  convex  on  the  other,  of  a 
needle-form  texture ;  brownish-red  in  the  lump,  but  when  reduced  to  powder  it  is  of 
a  lively  red  colour.  On  exposure  to  a  moderate  heat,  it  ev^wrates  without  leaving  a 
residuum,  if  it  be  not  contaminated  with  red  lead  ;  and  at  a  higher  heat,  it  take*  in, 
and  bums  entirely  away,  with  a  blue  flame. 

The  English  vermilion  is  now  most  higlily  prised  by  the  French  manufMtureis  of 
■ealiog-wax. 

The  humid  process  of  Kirchhoff  has  of  late  years  been  so  much  improved,  as  to 
furnish  a  vemulion  quite  equal  in  brillianey  to  the  Chinese.  The  following  pmeegs 
has  been  recommended : — ^Mercury  is  triturated  for  several  hours  with  sulphur,  in  the 
cold,  till  a  perfect  etbiops  is  formed ;  potash-lye  is  then  added,  and  the  trituration  is 
continued  for  some  time.  The  mixture  is  now  heated  in  iron  vessels,  with  constant 
stirring  at  flrst,  but  aftarwaids  only  &om  time  to  time.  The  temperature  must  be 
kept  up  as  steadily  as  possible  at  130°  Fahr.,  adding  fresh  supplies  at  water  as  it 
evaporates.  When  the  mixture,  which  was  black,  beounee,  at  the  end  of  same  hoon^ 
brown-red,  the  greatest  caution  is  requisite  to  prevent  the  tempetatoe  from  beii^ 
laiaed  above  1 14°,  and  to  preswve  the  mixture  quite  liquid,  while  the  ooaipoaad  of 
sulphnr  and  mercury  should  always  be  pulveruleat.  The  colour  becomes  red,  aad 
brightens  in  iu  hue,  often  with  surprising  rapidity.  When  the  tint  is  neariy  fin^ 
the  process  should  be  continued  at  a  gentler  beat,  during  s(Hne  honrs.  Knally,  the 
vermilion  is  to  be  elutriated,  in  order  to  separate  any  particles  of  running  mensry. 
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The  time  ingredlante  should  be  rery  pure.  The  proportion  of  product  varies  with 
tiiat  of  the  ennstituents,  as  we  lee  from  the  following  results  of  experiments,  in  which 
800  parts  of  raenmry  were  always  employed,  and  bom  400  to  450  of  water : — 


TermUlon 

VermlUon 

Sslphnr 

Potaab 

obtelned 

Bolphnr 

Fotaah 

obUincd 

114      . 

.      75    . 

.    330 

120      . 

.     180    . 

.    245 

lis     . 

.      75    . 

.    881 

100      . 

.     180    . 

.    244 

120      . 

.    120    . 

.    821 

60      . 

.    180    . 

.    142 

IfiO      . 

.    152    . 

.    882 

VB»T  aw  AVKHnRs    See  Mutlbb's  Gbbbx. 

VlUUJIA  or  VICUaHA.  Llama  vicufftia.  A  variety  of  the  Llama  of  South 
America. 

VUia  B&AOJC  A  black  procured  by  duuring  the  tendrils  of  the  Tine  aad 
levigating  them. 

VUIJB  SIBBAaa.  CHdium  Tuektri.  The  disease  which  has  recently  ravished 
the  vines  of  the  South  of  Fraaoe  is  attributed  to  the  Pkjfiloxera  vattatrix.    See  Wuras. 

VllfCIA'B.  All  liquids  which  are  susceptible  of  the  vinous  fermentation  are 
citable  of  yielding  vinegar.  A  solution  of  sugar  is  the  essential  ingredient,  which  is 
converted  first  into  alcohol,  and  subsequently  into  acetic  acid.  The  liquids  employed 
vary  according  to  circumstances.  In  this  country  the  vinegcur  of  commeiee  is  obtained 
from  an  infusion  of  malt,  and  in  wine  countries  from  inferior  wines. 

The  oxidation  of  alcohol  is  renailcably  &cilitated  by  the  presence  of  nitrogenised 
organic  bodies  in  a  state  of  change,  called  ftrmmta ;  hence  the  process  is  frequently 
termed  acetous  fermentation.  Now,  although  in  most  cases  the  presence  of  these  fer- 
ments curiously  promotes  Uie  process,  yet  they  have  no  specific  action  of  this  kind ;  for 
we  have  already  seen  that,  by  exposure  to  air  in  a  condensed  state,  alcohol,  even  when 
pure,  is  converted  into  acetic  acid ;  and,  moreover,  the  action  of  ozidisiDg  agents,  such 
as  chromic  and  nitric  arid,  &c.,  is  capable  of  efiketing  this  change. 

However,  in  the  presence  (MT  a  ferment,  with  a  free  supply  of  air,  and  at  a  tem- 
peratoie  of  from  60°  to  90°  Fahr.,  alcohol  is  abandantly  oonverted  into  aeetic 
add. 

At  the  same  time  that  the  alcohol  is  oonverted  into  acetic  add,  the  nitrogenised  and 
other  organic  matters  undergo  peculiar  changes,  and  often  a  white  gelatinous  mass  is 
deposited, — which  contains  vUrimti  and  other  of  the  lower  forms  of  organised  beings, — 
and  which  has  received  the  name  of  mother  of  vmegar,*  iiom  the  supposition  that  the 
formation  and  development  of  this  body,  instead  of  being  a  secondary  result  of  the 
process,  was  really  its  exdting  cause. 

1.  Wma  YiKaoAB.  ( VinaigTe,  Er. ;  Weintetiff,  Oer.)  Wine  vinegar  is  made  of  the 
best  quality,  and  on  the  greatest  scale,  at  Orltens  in  France,  out  of  wises  which  have 
become  more  or  less  acidulous,  and  are,  therefore,  of  inferior  value.  When  the 
vinegar  is  made  from  wdl-flavoured  wines,  it  is  preferable  to  evnry  other  for  the  use 
of  the  table.  The  old  method  pursued  in  Che  trinaiffrerie*  consists  merely  in  partially 
filling  a  series  of  large  casks  placed  in  three  or  four  ranges  over  each  other,  in  a 
cellar  warmed  with  a  stove  to  the  temperature  of  85°  Fahr.,  with  the  wine  mixed  with 
a  certain  proportion  of  ready-made  vinegar  as  a  ferment  Low-roofed  apartments  are 
the  most  suitable  ;  when  there  is  a  high  ceiling  it  is  necessary  to  elevate  the  '  mothers,' 
in  order  that  they  may  occupy  the  higher  strata  of  warm  air.  This  trouble  is  dis- 
pensed with  whan  the  roofs  are  low.  Experience  has  proved  that  in  high-roofed 
apartments,  where  the  tons  are  placed  at  difforeot  levels,  the  uppermost  work  off 
quicker  and  better  than  the  others.  More  wine  is  added,  in  sncoessire  small  portions, 
as  fast  as  the  first  has  become  acetified,  taking  care  that  a  free  veatilatim  be  main- 
tained, in  order  to  replace  the  carbonic  acid  produced  by  fresh  atmospheric  oxygen. 
In  summer,  under  a  favourable  exposure  of  toe  windows  and  walls  of  the  fermenting 
room  to  the  sun,  artificial  heat  is  not  needed.  Each  cask  is  of  about  60  gallons'  capa- 
dty,  and  into  each  cask  of  the  set  is  poured  ^rd  its  capacity  of  vinegar,  to  which  2  galls, 
of  wine  are  added,  and  weekly,  afterwards,  2  galls,  mors.  About  8  galls,  are  drawn 
off  at  the  end  of  four  weeks  as  vinegar,  and  dien  suceessive  additions  of  wineare  made 
as  before  to  the  casks.  These  are  laid  horizontally  in  rows  npon  their  gawntanes,  and 
are  pierced  at  the  M^ptr  surface  of  the  front  end  with  two  holes :  one,  called  the  eye,  is 
two  inches  in  diameter,  and  serves  for  pouring  in  the  charges  through  a  funnel ;  tha 
other  is  a  small  air-hois  alongside.  The  casks  should  never  be  more  than  f  rds  Aill, 
otherwise  a  sufficient  body  of  air  is  not  present  in  them  for  fitvoariog  rapid  aeetiflcation. 
At  the  end  of  a  certain  period,  the  deposit  of  tartar  and  lees  becomes  so  great  tliat  the 

*  TMs  mtietaiioe  hu  been  nppond  by  tome  to  be  a  (ongns,  and  ha»  been  described  b]r  Uolder 
under  the  name  of  Jtfcodcrma  aeett,  or  vo)<. 
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casks  must  be  cleared  out.  This  renovation  usoally  takes  place  erery  10  yeais;  bnt 
the  casks,  when  made  of  veil-seasoned  onk  and  bound  with  iron  hoops,  will  last  ii 
years.  The  wine,  as  well  the  Tinegsr  produced,  should  be  clarified  by  being  slowly 
filtered  through  beech-diips,  closely  packed  in  a  large  open  tan.  When  wines  are  new, 
and  somewhat  saccharine  or  too  alcoholic,  they  acetify  reluctantly,  and  need  the  addi- 
tion of  a  little  yeast,  or  even  water,  to  the  mixture ;  and  when  they  pre  tqo  weak,  they 
should  be  enriched  by  the  addition  of  some  sugar  or  stronger  wine,  sp  as  t^  bring  them 
to  a  uniform  state  for  producing  vinegar  of  normal  B<^ng1^.  To  f^vonr  the  lonewal 
of  firesh  air  into  the  upper  part  of  the  hogsheads,  it  wuoid  be  adyisablp  to  pierce  a 
two-inch  hole  near  to  tile  upper  level  of  the  liquid  wden  the  cask  is  fullest,  l^  which 
means  the  heavy  carbonic  aod  would  ftU  out,  and  be  replaced  by  the  atmospheric  sir 
at  the  superior  apertures. 

Wine  vinegar  is  of  two  kinds,  takite  and  red,  according  as  it  is  prepared  from  whits 
0t  ted  wine.  While  tvuM  vinegar  is  usually  prefaned,  and  that  made  at  Orltens  is 
regarded  as  the  best. 

Dr.  Ure  found  its  average  specific  gravity  to  be  1*019,  and  to  contain  firom  6}  to  7 
per  cent,  of  real  acid ;  accoording  to  the  Edinburgh  Pharmacopeia,  its  specific  gravity 
varies  from  1-014  to  1023. 

3.  ICalt  ViMBOiLB.  (Briiith  Vinegar ;  in  Germany  called  ItaU-Gttreide-  or  Bier- 
tttig.)  In  England  vinegar  is  chie^y  made  from  as  infusion  of  malt,  by  first  ex- 
citing in  it  the  alcoholic  fermentation,  and  subsequently  inducing  the  oxidation  of  the 
alcohol  into  acetic  acid. 

For  details  of  the  processes  of  mailing  and  bretring  the  alcoholic  liquor,  we  must 
refer  to  the  special  articles  on  these  subjects,  confining  our  attention  hers  more  es- 
pecially to  the  latter  stages  of  the  operation. 

From  6  bushels  of  malt,  properly  crushed,  100  gallons  of  wort  may  be  extracted 
by  due  mashing,  the  first  watsr  of  inftision  being  ^  the  temperature  of  160°  Fahr„ 
and  the  next  two  progressively  hotter,  for  exhausting  the  soluble  saccharine  matter. 
When  the  wort  is  cooled  to  76°,  from  8  to  4  gallons  of  good  yeast  are  stirred  into  it  in 
the  fermenting  tun,  and  when  it  has  been  in  brisk  fermentation  for  about  40  houn, 
it  is  ready  for  transference  into  the  vessels  in  which  the  aoetificati<Hi  is  to  be  accom- 
plished. 

The  transformation  of  the  fermented  wort  into  vinegar  was  formerly  efTected  in  two 
ways,  which  were  entirely  opposite  in  their  manner  of  operation.  In  one  case  the 
-cadu  containing  the  fermented  malt  infusion  (or  gylt)  were  placed  in  dose  rooms, 
maintained  at  a  uniform  temperature,  as  already  described  in  the  preparation  of  wine 
vinegar ;  in  the  other,  they  were  arranged  in  rows  in  an  open  field,  where  they  re- 
mained many  months.  As  regards  the  convenience  and  interests  of  the  manufacturer, 
it  appears  that  each  method  bad  its  respective  advantages,  but  both  are  now  almost 
entirely  abandoned  for  the  more  modem  processes  to  be  described :  a  short  notice  of 
the  fielding  process  is,  however,  retained. 

yfbta  fieUing  is  resorted  to,  it  must  be  commenced  in  the  spring  months,  and  then 
left  to  complete  itself  during  the  warm  season.  The  jUiding  method  requires  a 
much  larger  extent  of  ftpace  and  utensils  than  the  storing  process.  The  casks  are 
placed  in  several  parallel  tiers,  with  their  bung-side  upwards  and  left  open.  Beneath 
some  of  the  paths  which  separate  the  rows  of  casks  are  pipes  oommnnicatiog  with 
the  'back'  at  the  top  of  the  brewhouse;  and  in  the  centre  of  each  is  a  valve, 
opening  into  a  concealed  pipe.  When  the  casks  are  about  to  be  filled,  a  flexible 
hose  is  screwed  on  to  this  opening,  the  other  end  being  inserted  into  the  bung-hole 
of  the  caslc,  and  the  liquor  in  the  'gyU  back'  at  the  brewhouse,  by  its  hydrostatic 
pressure  flows  through  the  underlying  pipe  and  hose  into  the  cask.  The  hose  is 
ao  long  as  to  admit  of  reaching  all  the  casks  in  tiie  same  row,  and  is  guided  by  a 
.workman. 

After  some  months  the  vinegar  is  made,  and  is  drawn  off  by  the  following 
operation : — A  long  trough  or  sluice  is  laid  by  the  side  of  one  of  the  rows  of  casks, 
into  which  the  vinegar  is  transferred  by  means  of  a  syphon,  whose  shorter  limb  is 
inserted  into  the  bung-hole  of  the  cask.  The  trough  incbnes  a  little  from  one  end  to 
-the  other,  and  its  lower  end  rests  on  a  kind  of  travelling  tank  or  cistern,  wherein  the 
vinegar  from  several  casks  is  collected.  A  hose  descends  from  the  tank  to  the  open 
Talve  of  the  underground  pipe,  which  terminates  in  one  of  the  buildings  or  stores,  and, 
by  the  agenqr  of  a  steam-boiler  and  machinery,  the  pipe  is  exhausted  of  its  sir, 
,and  this  causes  the  vinegar  to  flow  through  the  hose  into  the  valve  of  tne  pipe,  and 
thence  into  the  factoir  buildings.  By  this  arrangement  the  whole  of  the  vinegar  is 
«peedily  drawn  off.  ^lom  the  storehouse,  where  the  vinegar  is  received,  it  is  pumped 
into  the  r^ning  or  rape  vessels. 

Thuse  rape  vessels  are  generally  filled  with  the  stalks  and  skins  of  grapes  or  raisins 
(the  refuse  of  the  British  wine  manufacture  is  generally  used),  and  the  liquor  bung 
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admitted  at  the  top,  is  allowed  slowly  to  filter  throngli  them ;  after  paesin^  thiotigh, 
it  is  pumped  np  again  to  the  top,  and  this  process  is  repeated  nntil  the  acetification  is 
complete.  Sometimes  trood-shavings,  straw,  or  spent  tan,  are  substitnted  for  the 
grapes  refuse,  but  the  latter  is  generally  preferred. 

By  this  process,  not  only  is  the  oxidation  of  the  alcohol  completed,  butcoagulable 
nitrogenous  and  mudlaginous  matter  is  separated,  and  thus  the  vinegar  rendered 
bright.  It  is  Anally  pumped  into  store  vata,  where  it  is  kept  nntil  put  into  casks  for 
sale. 

3.  SroAB,  CtDEB,  Fbctt,  akd  Best  Yinxoass.  An  excellent  rinegar  may  be  made 
for  domestic  purposes  by  adding,  to  a  syrup  consisting  of  one  pound  and  a  quarter  of 
sugar  for  erery  gallon  of  water,  a  quarter  of  a  pint  of  good  yeast.  The  liquor  being 
maintained  at  a  heat  of  from  76°  to  80°  Fahr.,  acetification  will  proceed  so  well  that 
in  2  or  3  days  it  may  be  racked  off  from  the  sediment  into  the  ripening  cask,  where 
it  is  to  be  mixed  with  1  oz.  of  cream  of  tartar  and  1  oe.  of  crashed  raisins.  When 
completely  freed  from  the  sweet  taste,  it  should  be  drawn  off  clear  into  bottles,  and 
closely  corked  up.  The  juices  of  currants,  gooseberries,  and  many  other  indigenous 
fhiits,  may  be  acetified  either  alone  or  in  cothbination  with  syrup.  Vinegar  made  by 
the  above  process  from  sugar  should  have  fully  the  Bevenue  strength.  It  will  keep 
much  better  than  malt  vinegar,  on  account  of  the  absence  of  gluten,  and  at  the 
present  low  price  of  sugar  will  not  cost  more,  when  fined  upon  bewh-chipe,  than  1«. 
per  gallon. 

The  sugar-solution  may  likewise  be  replaced  by  honey,  dder,  or  aaj  other  alcoholic 
or  saccharine  liquid.  An  endless  number  of  prescriptions  exist,  of  which  the  following 
example  may  suffice : — 100  parts  of  water  to  18  of  brandy,  4  of  honey,  and  1 
(^tartar. 

Messrs.  Neale  and  Buyck,  of  London,  patented  a  process^  in  1841,  for  the  manu< 
factore  of  vinegar  from  beet-root. 

The  saccharine  juice  is  pressed  out  of  the  beet,  previonsly  rasped  to  a  pulp,  then 
mixed  with  water  and  b<^ed;  this  solution  is  fermented  with  yeast,  and  finally 
acetified  in  the  usual  way,  the  process  being  accelerated  by  blowing  air  up  through 
the  liquid,  which  is  placed  in  a  cylindrical  vessel  with  fine  holes  at  the  bottom. 

In  some  factories  laige  quantities  of  sour  ale  and  beer  are  converted  into  vinegar; 
but  it  is  usually  of  an  inferior  quantity,  in  conseqnence  of  being  liable  to  further 
fermentation. 

Dr.  Stenhonse  has  shown  that  when  tea-vxed  is  subjected  to  fermentation,  at  a, 
temperature  of  96°  Fahr.,  in  the  presence  of  lime,  acetate  of  lime  is  formed,  from  which 
acetic  acid  may  be  liberated  by  the  processes  described  under  the  head  of  Ftbouokeous 
Acid.  Although  such  large  quantities  of  sea-weed  are  found  on  all  our  coasts,  it  does 
not  yet  appear  that  it  has  hitherto  been  utilised  in  this  way,  although  it  would 
still  be,  to  a  certain  extent,  valuable  as  manure  after  having  been  subjected  to  this 
process. 

4.  Thb  Oskuan  ob  QciCK-VnoQAB  Fbogbss.  (SchnelleuigbereUung,  Qer.) — In 
the  mannfiurture  of  vinegar  it  is  highly  important  that  as  fne  a  supply  of  air  should 
be  admitted  to  the  liquid  as  pnesiUe,  since  if  the  oxidation  take  place  but  slowly, 
a  considerable  loss  may  be  sustained  from  mnch  of  the  alcohol,  instead  of  being 
completely  oxidised  to  acetic  add,  being  only  converted  into  aldehyde,  which,  on 
account  of  its  volatility  passes  off  in  the  state  of  vapoar.  This  is  secured  in  the 
Oerman  process  by  greatly  enlarging  the  sur&ce  exposed  to  the  air ;  which,  however, 
not  only  diminishes  or  prevents  the  formation  of  aldehyde,  but  also  greatly  curtails 
the  time  necessary  for  the  whole  process.  In  £act,  when  this  method  was  first  intro* 
duced,  from  the  supply  of  air  being  insnfSdent,  veiy  great  loes  was  sustained  from 
this  cause,  which  was,  however,  easily  remedied  by  increasing  the  number  of  air-holes 
in  the  apparatus. 

This  ^pack-vinegar  pncest  consists  in  passing  the  fermented  liquor  (which  generally 
contains  about  60  gallons  of  brandy  of  60  per  cent.,  and  37  gallons  of  beer  or  malt- 
wort,  with  yj^th  of  ferment),  two  or  three  times  through  an  apparatus  called  the 
Vinegar  Generator  {BatighUder). 

This  apparatus  consists  of  an  oaken  tub  (Jig.  2088X  narrower  at  the  bottom  than  at  die 
top,  ftoushed  with  a  loose  lid  a,  with  a  Ainnel,  through  which  the  liquids  for  charging 
the  graduator  are  supplied ;  below  this  is  a  praforated  shelf,  b,  having  a  number  of  smaU 
holes,  loosely  filled  with  packthread,  about  six  inches  long,  and  prevented  from  falling 
through  by  a  knot  at  the  upper  end.  Through  this  lid  there  likewise  pass  some  glass 
tubes,  open  at  both  ends,  c,  which,  having  their  apertures  above  and  below  the  shelf, 
act  as  air-vents.  At  a  distance  of  about  eighteen  inches  from  the  bottom  is  placed 
another  perforated  diaphragm,  at  D  ;  and  two  inches  above  this  the  tub  is  perforated 
with  eight  or  ten  equidistant  holes,  K  B,  an  inch  to  an  inch  and  a  half  in  diameter, 
which  serve  to  admit  atmospheric  air.    The  space  f,  between  the  diaphragm  and  the 
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perforated  lid,  ia  «Ued  with  gharing*  of  beechwood ;  by  peNolatiiH;  thiongh  vhieh.  the 
■olation  is  exposed,  orer  a  very  contiderable  sur&ce,  to  the  oxidising  influence  of  the 

ail,  which  paaees  in  a  cunent  npwaids  throng 
the  appoTstus.  One  inch  above  the  bottom  is 
a  syphon-shaped  discjiuge  pipe  o,  the  vi^per 
cnrratuie  of  which  stands  one  inch  below  the 
air-tudes  in  the  side  of  the  tub ;  so  that  when 
the  liqnid  in  the  bottom  of  the  generator, 
which  has  passed  throngh  the  shavings,  collects 
up  to  this  lerel,  it  runs  off  into  any  Tiasel 
placed  beneath  to  receive  it. 

The  analogy  between  acetifieation  and  ordi- 
naiy  {ooeesses  of  decay,  and  even  oombnation, 
is  well  seen  in  this  process ;  for,  as  the  oxida- 
tion proceeds,  the  tempeiature  of  the  liquid 
rises  to  )Q0°  or  even  101°  Fahr. ;  but  if  the 
temperature  generated  by  the  process  itself  be 
not  sufficient,  the  temperature  of  the  rooms  ia 
which  the  tons  are  jdaced  should  be  artificially 
raiaed. 

By  this  methed  150  gallons  of  vinegar  can 
be  mann&ctnred  daily  in  ten  tons,  which  cue 
man  can  superintend ;   and  the  vinegar,  in 
pnrit^r  ao<l  dMmsis,  resembles  distilled  vinegar. 

It  is  better  to  avoid  using  liquors  containing  much  suspended  mucilaginous  matter, 
which,  collecting  on  the  chips,  quickly  chokes  up  the  apparatus,  and  not  only  impedes 
the  process,  bnt  contaminates  the  product. 

The  chips  and  shavings  may  with  advantage  be  i^keed  by  cbaiooal  in  ficagments, 
which,  by  the  oxygen  it  containa  condensed  in  its  pores,  still  further  aecaleratee  the 
pMcess.    The  charcoal  would  of  course  require  le-igniting  from  time  to  time. 

Processes  for  the  ra{«d  formation  of  vinegar  have  likewise  been  adapted  in  this 
conntry.  So  long  ago  as  the  year  1824,  Mr.  Ham  obtained  a  patent  for  the  following 
method,  which  ia  still  in  operation  at  several  works : — 

The  apparatus  consists  of  a  large  rat,  in  the  centre  of  which  is  placed  a  revolving 
pnmpk  having  two  or  more  shoots  pierced  with  boles,  so  as  to  cause  a  constant  shower 
of  wash — ^fermented  wort — ^to  descend.  The  lower  part  of  the  vat  is  charged  with 
wash,  the  upper  part  with  birch-twigs,  piled  as  high  as  possible,  bat  without  intei^ 
fsiing  with  the  revolution  of  the  shoots.  Between  the  surface  of  the  wash  and  the 
jmai  which  supports  the  birch-twigs,  a  space  of  three  or  four  inches  is  unoccupied,  and 
holes  are  perforated  in  it^  te  admit  a  current  of  air,  either  &om  the  atmosphere  or  from 
a  blowing  apparatus. 

If  the  wash  be  maintuned  at  a  tompeiaturs  of  from  90  to  100°  Fahr.,  and  thasopply 
of  liqnid  duly  proportioned  to  the  mass  of  the  twigs,  a  charge  is  generally  acetified 
in  about  a  fortnight.  The  acetifieation  can  of  course  be  arrested  at  any  moment,  and 
the  current  of  air  inereaaed  or  diminished  at  will. 

Qenerally  in  JSngland  mudi  larger  tuns  are  used  than  in  Qermany,  the  larger  mass 
of  matter  thus  undergoing  oxidation  generating  so  much  heat  that  no  artificml  eUra- 
tion  of  temperature  is  required  ;  and  in  oonsequenceof  the  promotion  of  the  proeeas  in 
this  way,  one  of  these  large  tuna,  fifteen  feet  wide  at  the  bottom,  fourteen  at  the  top, 
and  thirteen  hip(h,  turns  out  as  much  vinegar  as  in  Germany  is  obtained  fiom  six  tubs 
eighteen  feet  high  and  four  feet  wide. 

By  the  quick  ftotau  of  Ham,  when  the  fennentati«b  i*  finished,  the  (peatsst 
care  ought  to  be  taken  that  all  access  of  air  is  excluded  from  the  wash,  and  that  its 
temparatare  be  reduced  to,  and  maintaiaed  at,  a  heat  below  the  point  where  acetifiea- 
tion commeaoes.  Those  who,  like  Hessrs.  Hill,  Brans,  and  Co.,  of  Woraester,  attach 
great  impwtanc*  to  the  fabricatioD  of  the  best-keeping  vinegars,  are  in  the  habit  oi 
filtering  the  fermented  wash,  and  also  of  storing  it  away  for  many  mouths  in  a  oool 
rituatioa  sro  it  ia  passed  through  the  acetifier ;  and  there  cannot  be  a  momaat's  doubt 
concerning  the  great  value  of  this  practice,  not  only  as  regards  the  iwpearance  and 
flavour  of  the  resulting  vinegar,  but  alsa-  in  respacb  to  its  dietetic  and  sanitary  pi»- 
pertios. 

All  recenthr-ftrmented  wash  contains  a  quantity  of  putially-deeomposed  gluten, 
soma  of  which  is  mechanically  suspended  meoely,  bus  b^  far  the  larger  portion  existe 
in  a  stats  of  solntion  through  the  agency  of  carbonic  aad  ^aa, 

A  filter  will  remove  the  former,  out  time  alone  can  dissipate  the.  carbonic  acid,  and 
load  to  the  deposition  of  the  soluble  gluten.  •  At  all  events,  time  is  the  only  available 
remedy,  for  thou^  heat  would  expel  tha  carbonic  acid,  yet  it  wwild  at  the 


Digitized  by 


Google 


VINEGAB 


1079 


drive  off  the  alcohol ;  and  agitation  in  contact  with  air,  thooj^h  it  removed  the  earbonio 
acid,  wonld  tend  to  the  foTmation  of  acetic  add,  hj  which  the  gluten  wonld  be  kept  in 
solution  more  decidedly  than  before,  and  thni  lead  to  the  prodnction  of  a  turbid,  ropy, 
and  impure  vinegar,  extremely  liable  to  decompose  and  undergo  the  putiefactiTe 
fermentation.  It  is  obvionB,  merefore,  that  the  theoretical  conditions  needed  in  the 
treatment  of  fermented  wort  by  the  Tinegar-maker  are  precisely  those  which  we  have 
shown  to  be  in  use  at  Worosster.  That  is  to  say,  the  gluten,  when  insoluble,  should 
be  removed  by  a  filter,  and  when  held  in  solution  by  carbonic  add  gas,  this  must  be 
alowly  expelled  by  keeping  at  a  temperature  too  low  for  acetification  to  take  place, 
and  which  may  be  assumed  at  less  than  S5°  Fabr.  Fermented  wort  stored  away  at  this 
temperature  for  six  months  will  flow  to  the  acetifier  perfectly  limpid  and  bright ;  it 
will  cause  no  deposition  of  glnten  upon  the  birch-twigs,  and  thus  secure  complete  oxida- 
tion ;  it  will  rapidly  take  on  the  grateful  flavour  of  acetic  ether,  and  never  become 
tainted  by  the  formation  of  that  noxious  product  aldehyde,  which  so  frequently  con- 
taminates  ill-made  vinegar. 

Presuming,  however,  that  all  the  necessary  precautions  with  respect  to  care  in 
washing,  ferinenting,  and  keeping  the  wort,  have  been  attended  to,  we  may  now  pass 
on  to  the  aoetifler,  that  is  to  say,  Ham's  acetifier. 

This  is  a  wooden  vat  or  vessel  {Jig».  2089,  2090)  about  12  feet  in  height  and  fiom 


2089 


3090 


7  to  8  feet  in  diameter,  closed  at  top  and  bottom,  except  at  the  opening  for  the  introduc- 
tion of  the  wash  and  the  exit  of  the  vinegar.  The  sides  are  perforated  by  a  few  small 
holes  for  the  admission  of  air,  and  within  are  three  floora  or  partitions  perforated  with 
numerous  holes  for  the  passage  of  the  wash  through  them.  Upon  these  floors  are  lud 
bundles  of  birch-twigs,  to  favour  the  dispersion  and  division  of  the  fluid  which  passes 
through  the  acetifier,  and  is  thus  brought  into  the  most  immediate  contact  with  the 
oxygen  contained  in  the  vessel,  or  admitted  through  the  openings  in  its  sides.  The 
fluid  or  wash  is  admitted  at  the  top  of  the  acetifier,  and  suffered  to  trickle  slowly 
through  the  masses  of  birch-tvrigs  and  through  the  partitions,  thus  causing  a 
rapid  absorption  of  oxygen,  and  consequent  production  of  vinegar,  which  with  any 
undecomposed  wash  flows  out  at  the  bottom  of  the  vessel,  and  is  again  pumped  up  to 
the  top,  and  so  on  until  the  process  is  finished.  If  we  examine  the  drcumstances 
connected  with  the  formation  of  vinegar  in  tliis  way,  we  shall  perceive  that  it  is  a 
case  of  partial  combastion,  or,  in  other  words,  an  example  in  which  an  organic  com- 
pound undergoes  oxidation  at  a  temperature  and  under  conditions  which  prevent  the 
completion  of  the  change. 

Every  one  must  have  observed  that  when  common  coals  are  thrown  upon  a  Are,  a 
volatile  portion  immediately  bursts  into  flame,  while  copious  particles  of  soot  or  carbon 
are  thrown  off  unburnt ;  though  of  the  other  constituent  of  the  coal,  that  is  to  say,  the 
hydrogen  ^,  no  particle  escapes  unoxidised.  This  arises  from  the  fact,  that,  except 
at  very  high  temperatures,  hydrogen  has  a  greater  afSnity  for  oxygen  than  carbon 
has ;  consequently,  as  the  supply  of  oxygen  from  atmospheric  air  u  the  immediate 
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neigbbouifaood  is  limitcid,  the  hydrogen  seizee  npon  its  eqnirkleiit  to  the  ezclnnon  of 
the  carbon,  which,  therefore,  remains,  and  constitutes  soot.  Exactly  in  the  same  vaj 
the  hydrogen  of  the  alcohol  in  the  wash  oxidises  to  the  exolnsion  of  the  carbon,  and 
vinegar  is  formed  from  the  remaining  or  carbonaceous  element,  which  becomes  itMlf 
slightly  oxidised. 

From  this  explanation  it  follows  that,  as  the  oxidation  of  the  hydrogen  generates 
heat,  there  ougnt  to  be  a  very  appreciable  rise  in  the  temperature  during  the  pas- 
sage  of  the  wort  through  the  acetifler.  And,  in  practice,  this  is  found  to  be  the 
case ;  so  that  precautions  are  needed  to  prevent  \he  heat  from  rising  so  high  as  to 
vapgrise  the  remaining  alcohol  of  the  wash.  The  temperature  sought  to  be  ob- 
tained is  about  90°  to  92°  Fahr.,  at  which  oxidation  goes  on  finely,  and  the  loss  of 
alcohol  is  moderate.  In  using  the  word  '  moderate,'  we  speak  prsctically  rather  than 
chemically :  for,  in  reality,  the  loss  is  very  serious  with  strong  worts.  From  practicsl 
results,  conducted  with  more  than  ordinary  care,  it  has  been  ascertained  that  aboot 
one-thiid  of  all  the  extractive  matter  of  the  malt  and  grain  is  lost  or  dissipated  during 
the  processes  of  fermentation  and  acetification.  Thus,  a  wort  having  a  spedfie  gravi^ 
of  1-072,  or,  in  technical  language,  weighing  about  26  lbs.  per  banrel,  afibrds  vinegar 
containing  6'4  per  cent  of  pure  acetic  acid,  and  a  residuary  extract  of  10  lbs.  from 
34  gallons.  The  former  of  these  would  indicate  36  lbs.  of  sngar  or  13*7  lbs.  par 
barrel  of  gravity ;  whilst  the  latter  shows  S-8  lbs.  per  barrel ;  the  two  united  being 
only  17°6  lbs.  instead  of  26,  the  original  weight.  The  loss,  therefore,  has  been  8'5  lbs., 
or  from  a  specific  gravity  of  1*072  to  less  than  1'050.  This  prodigious  destruction  of 
extract  seems  to  imply  uiat  great  improvements  may  yet  take  place  in  the  maDU&ctnre 
of  vinegar. 

The  mannfuture  of  vinegar,  by  Ham's  process,  is  an  extremely  interesting  opera- 
tion, and,  when  conducted  with  proper  care,  fhmishes  results  of  the  most  satisfactory 
and  'uniform  chnracter.  These,  however,  are  not  to  be  obtained  without  a  vast 
amount  of  experience  and  the  most  vigilant  attention  on  the  part  of  the  mannfactorer. 
Thus  a  difference  in  the  water,  in  the  malt,  in  the  mode  of  washing,  in  the  cooling  of 
the  wort,  or  in  the  fermentation  of  the  wort,  will  each  give  rise  to  modifications  in 
the  acetifying  process  which  no  subsequent  skill  or  labour  can  rectify.  There 
seems  no  doubt  that  the  most  important  points  in  Ham's  method  are  tne  cooling 
and  fermentation  of  the  wort;  though,  where  perfection  is  sought  for,  no  one  ^ 
the  other  conditions  can  be  omitted  or  neglected  with  impunity.  We  shall,  therefore, 
proceed  to  treat  of  these  conditions  seriatim,  rather  than  in  the  order  of  their  import- 
ance. At  first  sight  it  might  bo  supposed  that  the  purer  tlie  water  the  better ;  that  is 
to  say,  the  less  tbe  amount  of  earthy  or  saline  constituents,  the  more  valnable  the 
water  would  be  for  making  vinegar.  Experience,  howe^'er,  teaches  us  the  contrary ; 
and  science  confirms  the  truth  of  this  teaching,  by  pointing  out  the  real  nature  of  the 
operation.  When  pure  water  is  made  to  act  at  a  high  temperature  upon  the  ordinary 
ingredients  of  a  vinegar-maker's  mash-tun,  it  is  not  alone  the  sugar,  gum,  and  starch 
of  the  grain  which  enters  into  solution,  for,  under  such  circumstances,  the  gluten  is 
also  dissolved ;  but  this  gluten  is  composed  of  vegetable  albumen  and  vegetable 
gelatine,  the  former  of  which,  as  is  well  known,  is  capable  of  being  decomposed  and 
precipitated  by  many  earthy  and  metallic  salts,  of  which  the  sulphate  of  lime  is  one. 
If,  therefore,  this  salt  exists  in  the  water  employed  for  the  fabrication  of  vinegar,  or  of 
ale  or  beer,  the  wort  will  contain  little  or  no  vegetable  albumen ;  consequently,  the 
vinegar  or  beer  made  with  such  water  never  becomes  cloudy  or  ropy,  as  happens 
when  pure  water  is  used,  for  these  defects  arise  from  an  excess  of  albonunons 
matter.  The  water  used  for  making  the  celebrated  Burton  ale  contains  a  great  deal 
of  sulphate  of  lime ;  and  the  spring-water  of  Worcester,  which  is  employed  by  the 
extensive  firm  of  Hill,  Evans,  and  Co.,  in  that  city,  vinegar-makers,  contains  also  a 
vei7  large  amount  of  sulphate  of  lime,  and  no  doubt  contributes  much  towards 
maintaining  the  well-established  reputation  of  that  firm.  Whenever,  therefore^  much 
sulphate  of  lime  exists  in  water,  without  the  presence  of  any  noxious  ingredient,  such 
water  may  always  be  relied  upon  as  favourable  for  the  production  of  good  beer  and 
vinegar. 

As  regards  the  malt,  or  rather  the  mixture  of  malt  and  grain,  employed  for  the  pro- 
duction of  wort,  tbe  common  Scotch  distillers'  formula  is  the  best,  containing,  as  it 
always  does,  a  considerable  percentage  of  oats,  for  the  long  husk  of  the  oat  greatly 
facilitates  the  operation  of  (uaining,  and  thus  secures  the  thorough  separation  of  the 
irort  from  the  spent  grains. 

In  practice  it  is  found  necessary  to  ferment  only  two  gravities,  a  high  and  a  low, 
all  the  other  qualities  of  vinegar  being  made  by  mixing  or  diluting  these  after 
acetification.  "The  most  common,  and  unquestionably  the  best,  gravity  for  fermenta- 
tion is  that  which  in  technical  laugnage  weighs  about  20  lbs.,  or  has  a  specific  gravity 
of  1*050;  the  other,  or  tliat  intended  for  strong  or  proof  vinegar,  being  of  speciSo 
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gravity  1-072:  this  latter  BSoiia  a  vinegar  containing  alwnt  5}  per  cent,  of  anhydrons 
acetic  acid.  i 

In  every  instance  the  fermentation  nnst  be  carried  to  its  utmost  limit,  or  to  zero  at 
least ;  and  in  cooling  the  wort  prior  to  fermentation,  great  care  must  be  used  to  pre- 
vent the  accession  of  the  acetous  fermentation  before  the  yeast  is  added ;  for  if  this 
happens  to  any  considerable  extent,  the  nitrogenised  matter  of  the  yeast  is  then  per- 
manently retained  in  solution  by  the  acetic  acid,  and  this  may  give  rise  to  the  incoo- 
renience  called  the  '  mother,'  To  secure  a  perfect  vinegar  by  £m's  process,  as  much 
attention  is  required  during  the  cooling  and  fermentation  as  for  the  finest  ale ;  and  this 
axiom  cannot  be  too  strongly  inculcated  into  the  minds  of  vinegar-makers.  The  heat 
of  the  fermenting  tun  should  not  exceed  76°  Fahr.,  as  the  alcohol  formed  by  the  process 
is  apt  at  a  higher  temperature  to  pass  off  in  considerable  quantity  with  the  carbonic 
acid,  and  thus  give  rise  to  a  loiis  of  vinegar.  Presuming  that  the  fermentation  has  been 
well  conducted,  and  that  the  specific  gravity  of  the  wash  is  as  low  ns  water,  or  I'OOO, 
the  next  step  is  to  pass  it  through  that  apparatus  which  constitutes  the  great  peculiarity 
of  Ham's  process.    This  process  is  called  '  the  acetifler.' —  Ure. 

Impuritiet  and  AdnUeratioiu. 

In  order  to  prevent  the  putrefactive  change  which  often  lakes  place  in  vinegar, 
when  carelessly  prepared  by  the  fermentation  of  malt-mne,  &c.,  it  was  at  one  time 
supposed  to  be  necessary  to  add  a  small  quantity  of  sulphuric  acid.  This  notion  has 
long  since  been  shown  to  be  false ;  nevertheless,  since  the  addition  of  1  part  of  sul- 
phuric acid  to  1,000  of  vinegar  was  permitted  by  an  Excise  regnlaUon,  and  thns  the 
{>ractice  has  received  legal  sanction,  it  is  still  continued  by  many  mam^actnrers.  So 
ong  as  the  quantity  is  retained  within  these  limits,  and  if  pure  sulphuric  add  bo  used 
(great  care  being  taken  that  there  is  no  arsenic  present  in  such  oil  of  vitriol,  as  is  not 
unfiequently  the  case  in  inferior  varieties),  no  danger  can  ensue  from  the  habit ;  but 
occasionally  the  quantity  is  much  overpassed  by  didionest  dealers. 

Dr.  Ure  mentions  having  found  by  analysis  in  a  sample  of  vinegar,  made  by  one  of 
the  most  eminent  Lond<m  manufiicturers,  with  which  he  supplied  the  public,  no  less 
than  176  grains  of  the  strongest  oil  of  vitriol  per  gallon,  added  to  vinegar  containing 
only  S^tlu  per  cent,  of  real  acetic  add,  giving  it  an  apparent  strength  after  all  of  only 
4  per  cent,  whereas  standard  commerdal  vinegar  is  rated  at  6  per  cent. 

The  method  of  determining  sulphuric  add  Das  already  been  given,  under  the  head 
of  AciDiMKTBT,  and  the  same  remaric  applies  to  hydroehlorie  add  and  othen. 

Uydrochloric  add  is  rarely  intentionally  added  to  vinegar ;  but  it  may  acddentally 
be  present  when  the  pyroligneous  add  has  been  pnrified  b^  Volckel's  process.  It  is 
detected  by  the  precipitate  which  it  gives  with  solution  of  mtrate  of  silver  in  the  pre- 
sence of  nitric  acid. 

Nitric  add  is  rarely  found  in  rinegac  For  ita  method  of  detection,  see  Nitbio 
Acid. 

Wine  vinegar  generally  contains  tartaric  add  and  tartrates ;  but  it  is  purified  from 
them  by  distillation. 

Sulphurous  add  is  occasionally  met  with  in  pyroligneons  add.  This  is  recognised 
by  its  bleaching  action  on  delicate  vegetable  colours,  and  by  its  conversion,  under 
the  influence  of  nitric  add,  into  sulphuric  acid,  which  is  detected  by  chloride  of 
barium. 

Sulphuretted  hydrogen  is  detected  by  acetate  of  lead  giving  a  black  colouration  or 
predpitato. 

Metallic  8altt.—It  care  be  not  taken  in  constructing  the  worm  of  the  still  of  silver 
or  earthenware,  distilled  acetic  add  is  frequentiy  contaminated  with  small  quantities 
of  metal  from  the  still,  copper,  lead,  tin,  &c  Aese  metals  ore  detected  b}r  the  addi- 
tion of  sulphuretted  hydrogen,  as  is  fully  discussed  under  the  head  of  the  individual 
metals.  Copper  is  the  most  commonly  found,  and  it  may  be  detected  in  very  minute 
quantities  by  the  blue  colour  which  the  solution  assumes  on  being  supersaturated  with 
ammonia. 

It  is  not  uncommon  to  add  to  pyroligneons  acid,  a  little  colouring-matter  and  acMie 
ether,  to  give  it  the  colour  and  flavour  of  wine  or  malt  vinegar ;  but  this  can  hardly 
be  called  an  adulteration. 

^  The  presence  of  the  products  of  acetiCcatiou  of  cider  may  be  detected  by  neutral- 
ising the  vinegar  with  ammonia,  and  tiien  adding  solution  of  acetate  of  lime.  Tar- 
trate of  lime  is,  of  course,  predpitatod  ftom  the  wine  vinegar,  while  the  pearly 
malic  add  of  the  dder  affordjs  no  predpitate  with  the  lime,  but  may  be  detected  by 
acetate  of  lead,  by  the  pearly  scales  of  malate  of  lead,  hardly  soluble  in  the  cold. 

For  a  description  of  the  mannfactnre  of  Wood-vinegar,  see  Acanc  Acm  and  Ftbo- 
wanasovB  Acn>. 
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THnt  Imports  otyratauwtM: — 

1870  1878 

Omnpotod 
Qali.  rwlTslne  0*1b.  Valued  at 

From  France .        .        .    46,146  4,280/.  46,168  4,27W. 

„     other  parU    .        .      7.049  466/.  13,394  1,434/. 

Of  the  qoanti^  for  1873  54,966  gallons  ven  onUred  for  Home  consumption,  pajiog 
687/.  as  duty. 

The  arerage  price  fixed  for  the  Talae  has  been  1«.  lOd  for  the  Frencb  -vinegar,  and 
U.  id.  for  the  other  sorts.  Since  July  6,  18d6,  the  dntjr  on  all  Tincgar  imported  has 
been  3d.  per  gallon. 

That  the  importation  of  this  article  raries  considerably  is  shown  by  the  felloiring 
statement : — 

In  1843  Mre  Imported n,7it  gallons;  in  1845,  195,967 gallons ;  in  1856,  85,516 
gallons ;  and  in  1869,  49,316  gallons. 

Of  the  vinegnr  made  in  the  United  Kingdom,  the  Srportt  for  the  three  yeatt  ending 
1870  were  as  follow : — 

£ 

1868  .        .        Gallons,  6,903,  computed  real  ralne,  647 

1869  .  .  „  735  „  „  84 
18T0  .  .  „  1,560  „  „  187 
1874           .        .              „        8,460             „           „          261 


LTIO.    Strong  acetie  acid  combined  with  certain  aiomaties. 
See  Acvno  AcD*  . 

VZOiar  SVB  is  produced  by  a  mixtuM  of  red  and  bine  coloniing-nattera 
which  are  ajnlied  in  sneoession.  Silk  is  dyed  a  f^tive  yiolet  with  either  archil  or 
bruil  wood ;  bnt  a  fine  &st  -riolet,  first  by  a  crimson  with  cochineal,  withont  tartar 
or  tin  mordant,  and,  after  washing,  it  is  dipped  in  the  indigo-TsU  A  finish  is  some- 
times given  with  ardiil.  A  violet  is  also  given  to  silk,  by  passing  it  throng  a 
solution  cf  Terdigris,  then  throngh  a  bath  of  logwood,  and,  lastly,  throa^^  slum- 
water.  A  more  beautiful  violet  may  be  eommnaicated  by  passing  the  alomol  rilk 
throng^  a  bath  of  biasil  wood,  and,  after  washing  it  in  the  riTer,  through  a  bath  of 
archil.  Now,  all  the  violets  are  prodnosd  tctm.  the  aniUne  series.  See  Aiaum, 
HvBsxiDR,  FtmPLa. 

VZOIora.    See  Aniuxb  Viam. 

ynMtUTKM.    See  Cabbouc  Acm. 

VXTBBPIAaka  aVMMUWtm.  See  &UXK8,  fAsn,  POTCBtT,  and  Staissd 
Olms. • 

VZTBtVZAB&a  WtOMMMTB,  The  art  of  painting  with  vitrifiable  pigments 
has  not  kept  pace  with  the  piogress  of  sdenoe,  and  is  far  from  having  attained  that 
degree  of  pertWtion  of  whidi  it  is  capable.  It  still  presents  too  many  difficulties  to 
prove  a  feitile  field  to  the  artist  for  his  labours ;  and  its  products  have,  for  this  reason, 
never  held  that  rank  in  art  which  is  due  to  them  &om  the  indestructibility  and  bril- 
liancy of  the  colours.  The  reason  of  this  is  attributable  to  the  circumstance  that  the 
production  of  good  vitrifiable  pigments  is  mere  chance  work ;  and,  notwithstanding  the 
numerous  papers  published  on  the  subject,  is  still  the  secret  of  the  few.  The  direc- 
tions given  in  larger  works  and  periodicals  are  very  incomplete  and  indefinite ;  and 
even  in  the  otherwise  hi(^y  valuable  7>«<<  dti  Jrt*  Ctraiiijyet  of  Brongniart,  the 
chapter  oo  the  preparation  of  colours  is  far  from  satisftctory,  and  is  certainly  no 
took  communication  of  the  experience  gathered  in  the  Royal  Mannfactoiy  of  Sivres. 

The  I»asch  of  painting  with  vitrifiable  pigments  which  has  acquired  its  greatest 
development  is  tiie  art  of  painting  on  porcelain.  The  glaae  of  bard  felspar  porce- 
lain, owing  to  its  difficult  ftision,  podaoes  less  alteration  upon  the  tone  of  a  colour  of 
the  easily  fusible  pigments  than  is  the  case  in  painting  upon  ^ass,  enamel,  fueace, 
&C.  The  colonn  for  painting  upon  pcneelain  are  all  of  Uiem,  q/Mr  the  firing.  Coloured 
lead-glasses  throughout ;  bnt  before  this  operation,  most  of  them  are  mere  mixtures 
of  eidoaxless  lead-glass,  the  flux,  and  a  pigment  In  the  so-called  gM.  colours,  purple, 
violet  and  pink,  tite  pigments  are  preparations  ot  gold,  the  production  of  whidi  has 
hitherto  been  considered  as  especially  difficult  and  uncertain.  The  following  are  the 
processes  recommended. 

LigU  Purple. — 6  grammes  of  tin  turnings  are  dissolved  in  boiling  nitromuriatie 
add,  and  the  solution  concentrated  in  the  water-bath  until  it  solidifies  on  cooling.  The 
perchloride  of  tin  prepared  in  this  manner,  and  which  still  contains  a  slight  excess  of 
muriatio  acid,  is  dissolved  iu  a  litUe  distilled  crater,  and  mixed  with  2  grammes  of 
Bolntitm  of  protochloride  of  tin  of  1700  sp.  gr.,  obtained  by  boiling  tin-tumiogs  in 
'•"-n  with  muriatic  acid  to  the  required  degree  of  concentration.    This  mixed  solu- 
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tfon  of  tin  is  ponied  into  a  glass  ressel,  and  gradually  mixed  irith  10  ities  of  distilled 
water.  It  must  still  contain  jost  so  mach  acid  that  no  tnrbidness  results  from  the 
separation  of  oxide  of  tin  ;  this  may  be  ascertained  previonsly  by  taking  a  drop  of  the 
concentrated  solntioii  Of  tin  upon  a  glass  rod,  and  mixing  it  in  a  iratch-glass  with 
distilled  vater.  A  dear  solution  of  O'S  gramme  gold  in  nitromuriatic  acid,  irhich 
must  be  as  nentral  as  possible,  is  poured  into  the  solution  of  tin  diluted  with  10  litres 
of  water,  constantly  agitating  the  whole  time.  The  gold-solution  should  hare  been 
previoasly  evaporated  neariy  to  dryness  in  the  water-bath,  then  diluted  with  water, 
and  filtered  in  the  dark. 

On  adding  the  gold-solution,  the  whole  liquid  acqniree  a  deep  red  colour,  without, 
however,  any  preci|Htate  being  farmed ;  this  instantly  separates  upon  the  addition  of 
60  grammes  m  solution  of  ammonia.  But  if  no  precipitate  should  result,  which  may 
happen  if  the  amount  of  ammonia  was  too  great  in  proportion  to  the  acid  contained 
in  the  liquid,  and  in  which  case  the  liquid  forma  a  deep  red  solntioD,  the  precipitate 
immediately  results  upon  the  addition  (^  a  few  drops  of  concentrated  sulphuric  add. 
It  subsides  Terj  qui<^y.  The  supernatant  liquid  should  be  poured  off  from  it  as 
soon  as  ]po8sible,  and  replaced  6  <»  6  times  successively  by  an  equal  quantity  of  fresh 
spring  water.  V^en  the  precipitate  has  been  thus  sufficiently  washed,  it  is  collect^ 
upon  a  filter :  and  lis  soon  as  the  water  has  drained  off  completely,  removed  while 
still  moist  with  a  silver  spatula,  and  mixed  intimately  upon  a  ground  plate  of  a  glass 
by  means  of  a  spatula  and  grinder  with  20  grammes  of  lead-gjass,  previously  ground 
very  fine  upon  the  same  plate  with  water.  The  lead-glass  is  obtained  by  fusing 
together  2  parts  of  mininm  with  1  part  of  quartc-sand  and  1  part  of  calcined  borax. 

The  intimate  mixture  of  gold-pnrple  and  lead-glass  is  slowly  dried  i^n  the  same 
glass  plats  upon  which  it  had  been  mixed  in  a  moderately  warm  room,  carefully  pro 
tooted  team  dust,  and,  when  dry,  rubbed  to  a  fine  powder,  and  mixed  with  three 
grammes  of  carbonate  of  silver. 

In  this  manner  we  obtain  38  grammes  of  light  parple  pigments  from  0-6  gramme 
of  gold. 

The  above  proportion  of  lead-g^ass  and  carbonate  of  Alvet  to  the  gold  piec^tate 
holds  good  only  tor  a  certain  temperature,  at  which  the  colour  must  be  bumt-in  upon 
the  porcelain,  and  which  is  situated  very  near  the  fusing-point  of  silver. 

To  obtain  the  o^ur  with  a  less  degree  of  heat,  the  amount  of  lead-gUss  added  to 
the  gold  must  be  greater,  but  that  of  the  carbonate  at  silver  less.  The  same  holds 
good  with  respeet  to  the  prepaiation  of  lj>e  parple  pigment  for  glass-pointing. 

The  best  purple  may  be  spoiled  in  the  biJdng  in  the  muffle.  When  this  is  done  at 
too  low  a  tempetatuTQ,  the  colour  remains  brown  and  dull ;  but  if  the  right  degree  of 
temperature  has  been  exceeded,  it  appears  pale  and  bloisb.  Seducing,  and  especially 
add  vapours,  vapours  (tf  oxide  of  tnsButh,  jcc.,  hxn  likewise  an  injurious  efifeet 
upon  it. 

Dari  Pwph. — ^The  dear  and  neutral  solotioo  of  0-fi  gramme  gold  ia  nitromnriatio 
add  is  diluted  in  a  s^ass  vessd  with  10  litres  of  distilled  water,  and  mixed  under  con- 
stant agitation  with  7'6  grammes  of  the  solution  of  protochloride  of  tin  of  1-700  sp.  gr. 
prepared  in  the  manner  described  above.  The  liquid  is  eeiouied  of  a  dark  brownidi- 
red ;  but  the  precipitate  ia  only  deposited  on  the  addition  of  a  few  drops  of  concen- 
trated sulphuric  acid.  The  supernatant  liquid  is  poured  tff,  and  replaced  five  or  MX 
times  sneccenvdy  with  an  equal  amount  of  e^ng  water.  The  precipitate,  which  is 
sufficiently  washed,  is  eollficted  on  a  filter ;  and  after  the  excess  of  water  is  drained 
o£^  removed  while  still  moist  with  a  spatula,  and  mixed,  exactly  as  described  for  the 
light  purple,  upon  a  glass  plate  with  10  gnmunes  of  the  above  lead-glass,  dried,  then 
reduced  to  a  fine  pmrder,  and  mixed  with  0*6  gramme  carbonate  of  silver ;  it  fur- 
nishes about  13  gsammes  of  dadc  purple  pigment.  The  stated  psoportion  of  lead-glass 
and  carbonate  of  silver  to  the  gold  is  for  the  same  temperature  of  firing  as  given 
for  tJie  mixture  of  light  purple ;  for  a  lower  temperature,  and  also  for  painting 
upon  glass,  the  quantity  of  lead-glass  tsatk  be  increased,  and  that  of  the  silver  salt 
diminished. 

Bed  Violtt. — ^The  gold  precipitate  fitom  0*6  gnmm*  gold  is  prepared  in  the  same 
manner  as  fbr  tits  d^  pwple,  and  whilst  moist  taken  from  the  filter,  and  mixed  inti- 
matdy  upon  the  plate  of  glass  with  12  gxannnes  of  a  lead-glass  prepared  b^  fosing  4 
parts  of  minima  with  2  parts  of  quartz-sand  and  1  part  eahan^  borax ;  it  is  then 
dried  as  above,  aod  reduced  to  a  fine  powder  apoa  a  plate  of  glass,  but  without  any 
addition  of  silver.  The  proportion  of  lead-glass  to  gold  applies  likewise  for  the  same 
degree  of  temperature  as  in  the  case  of  the  Ught  and  dark  purple  pigments  ;  a  lower 
temperature  requires  a  larger  proportian  of  lead-glass.  A  slight  addition  of  silver  to 
this  pigment  converts  the  red  violet  intn  a  dark  purple :  and  when  employed  alone 
for  painting  uponglass,  it  gives  a  veiy  ezcdlent  purple. 

Mtu  VtoUh—TiuM  same  gold  predpitate  of  0-6  gcaxamn  gold  is  mxai^  while  aUU 
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moist,  upon  the  glan  plate  'with  10-fi  grammes  of  a  lead-glaM  obtained  by  foong  4 
pnita  of  minium  ■with  1  of  quartz-sand,  drying  it  slowly  in  the  manner  above  men- 
tioned, and  then  reducing  it  to  a  fine  powder  upon  the  gUws  plate.  When  the  pigment 
is  bumt-in  nt  a  lower  temperature,  a  larger  addition  of  lead-glass  is  required.  This 
blne-violrt  pigment  is  more  especially  adapted  for  mixing  with  blue  pigments.  _  It  is 
not  applicable  to  glass-painting.  The  most  important  requisite  in  the  preparation  of 
good  purple  and  violet  vitrifiable  pigment  is  the  very  minute  state  of  diviiiian  of  the 
gold  in  the  gold  precipitate,  and  of  the  latter  in  the  lead-glass,  which  is  accomplished 
by  mixing  the  moist  precipitate  with  the  glass. 

By  mixing  the  light  purple  with  the  dark  purple  or  wiih  the  ted-violet,  or  the  red- 
violet  with  the  dark  purple,  in  different  proportions,  the  artist  is  able  to  produce  every 
possible  tint  of  purple  and  violet.  The  light  purple,  without  any  additional  silver, 
furnishes  an  amaranth-red  colour,  like  that  seen  upon  the  porcelains  of  the  pro- 
ceding  century,  when  the  peculiar  property  of  silver,  of  conyertiiig  the  amaranth- 
red  into  a  rose -red  colour,  does  not  appear  to  have  been  known.  Dr.  Hicbter,  who 
at  the  commencement  of  this  century  prepared  the  pigments  foi^  the  Boyal  Berlin 
manufactory  of  porcelain,  i^pears,  however,  to  have  employed  it  for  his  purple,  as  a 
reiT  beautiful  rose  cdour  may  be  seen  upon  the  painted  porcelain  ofthat  time. 

Pink. — One  gramme  of  gold  is  dissolved  in  nitromuriatic  acid ;  the  solution  mixed 
with  one  of  £0  grammes  of  alum  in  20  litres  of  spring  water;  then  mixed,  constantly 
agitating,  with  1*5  gramme  solution  of  protochloride  of  tin  of  1*700  spec,  grav.,  and 
so  much  ammonia  added  until  all  the  alumina  is  precipitated.  When  the  precipitate 
has  subsided,  the  snpematant  liquid  is  poured  on,  and  replaced  about  10  times  sne- 
eessively  by  an  eqnal  amount  of  fresh  spring  water ;  the  precipitate  ia  then  collected 
on  a  filter,  and  dried  at  a  gentle  heat.  It  weighs  about  13'S  grammes  ;  and  to  pie- 
pare  the  pigment  is  mixed  with  2-S  grammes  carbonate  of  silver,  and  70  grammes  of 
the  same  lead-gloss,  described  under  light  purple  (2  minium,  1  quartz-sand,  1  calcined 
borax),  and  reduced  to  a  fine  powder  on  the  ^lass  plate. 

This  colour  is  adapted  only  for  the  production  of  a  li^t  pink  ground  upon  potcelain, 
and  must  only  be  applied  in  a  thin  layer ;  when  laid  oh  in  a  thick  layer  the  gold 
separates  in  a  mebdlic  state,  and  no  colour  is  produced. 

All  the  gold  colours  above  described  do  not  furnish,  when  fused  alone  in  a  crucible, 
red  or  violet  glasses,  as  might  be  expected,  but  dirty  brown  or  yellowish  glasses,  which 
appear  troubled  from  the  separation  of  metallic  gold  and  silver ;  this  peculiar  beauti- 
ful tint  is  only  developed  when  they  are  fused  upon  the  porcelain  glaze  in  s  layer, 
which  must  not  be  too  thick;  they  (hen  colour  it  through  and  through,  as  b  piece  of 
porcelain  painted  with  it  shows  distinctly  in  the  fracture.  If  the  layer  exceeds  » 
certain  thickness,  the  gold  and  silver  separate  in  a  metallic  state ;  and  they  produce 
either  a  liver  colour,  as  for  instance  the  purple  and  violet  pigments,  or  no  colour  at  all, 
as  is  the  cose  with  the  more  fusible  pink  pigment. 

YtUoiB  Piffmeiiit  for  painiing  upon  Poro^in. — ^The  yellow  vitiifiable  pigments  are 
lead-glasses,  coloured  either  by  antimonic  acid  or  oxide  of  uranium.  The  antimoniate 
of  potash  is  prepared  by  igniting  1  part  of  finely-poWdered  metaUic  antimony  with 
2  parts  of  nitre,  in  a  red-hot  Hessian  crudbls,  and  washing  the  residue  with  water. 
The  oxide  of  uranium  is  obtained  in  the  fittest  state,  by  heating  the  nitrate,  nntil  the 
whole  of  the  nitric  add  is  expelled. 

Lemon  Yellow. — 8  parts  of  antimoniate  of  potash,  8j^  parts  of  oxide  of  zinc,  S6  parts 
of  lead-glass  (prepared  by  fusing  together  h  parts  minium,  2  parts  of  white  sand,  and 
1  part  of  calcined  borax),  are  intimately  mixed,  and  heated  to  redness  in  a  poreeUin 
crucible,  which  is  placed  in  a  Hessian  cmdble,  until  the  mixture  forms  a  pasta ;  it  is 
then  taken  oat  with  a  spatula,  pounded  after  cooling,  and  ground  upon  a  plate  glass. 
If  the  pigment  is  fused  longer  than  requisite  for  the  perfect  union  of  the  ingredients, 
the  yellow  colour  is  converted  into  a  dirty  grey  by  the  destmction  of  the  antimoniate 
of  lead. 

Light  Ydlow.—4  puts  of  antimoniate  of  potash,  1  part  of  oxide  of  zinc,  and  86  parts 
of  lead-glass  (prepand  by  fusing  together  8  parts  of  minium  and  1  part  of  white  sandl 
are  well  mixed,  fused  in  a  Hessian  crudble,  and  after  cooling,  pounded  and  ground. 
In  the  preparation  of  this  colour,  long  fusion  is  less  iqjurioos  tliaii  with  the  preceding 
one,  owing  to  the  absence  of  the  boiate  of  soda  in  the  lead-glass.  The  colour  itself  is 
more  intensely  yellow  than  the  preceding  one,  a^d  is  extremely  well  adapted  for 
mixing  with  red  and  brown  pigments ;  but  it  does  not  furnish  such  pure  tints  ss 
that  when  mixed  with  green ;  owing  to  its  higher  spedfic  gravity,  it  Sows  more 
freely  from  the  brush,  and  may  be  laid  on  in  a  thicker  layer,  without  scaling  off  after 
the  firing. 

DarkrtUow,  1. — (8  parts  minium,  16  parts  sand,  8  coldned  borax,  16  antimoniate 
of  potash,  4  oxide  of  zinc,  and  6  parts  peroxide  of  iron  (caput  «tor/»uni),  arc  intimately 
mixed  and  fiiaed  in  a  Hessian  crucible,  nntil  the  ingredients  have  perfectly  combintn, 
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but  no  longer ;  otherwise,  the  golden-yellow  colour  is  coBTerted  into  a  dirty  grey,  as 
in  the  cnse  of  the  Icmon-yellow  pigment 

Dark  Ydlew,  2. — 20  parts  minium,  2)  white  sand,  4|  antimomate  of  potash,  1  port 
peroxide  of  iron  (capttt  martttum),  and  1  part  oxide  of  zinc,  are  well  mixed  and  fused 
tn  a  Hessian  cmcible.  Long  fusion  is  less  injurious  in  this  case  than  in  the  preceding. 
Iron-red  pigment  may  be  laid  on  and  near  this  dark  yellow  2,  without  its  being 
destroyed,  or  the  harmony  of  the  tints  injuriously  affected. 

For  landscape  and  figure  painting,  the  aboTe-mentioncd' yellow  {ngments  should  be 
made  less  readily  fusible,  in  order  to  paint  with  them  upon  or  beneath  other  colours, 
without  any  fear  of  what  has  been  painted  being  dissolved  by  the  subjacent  or  super- 
posed pigment  This  property  is  given  to  it  by  the  addition  of  Naples  yellow,  which 
is  best  prepared  for  this  purpose  by  long-continued  ignition  of  a  mixture  of  1  part 
tartar-emetic,  2  parts  of  nitrate  of  lead,  4  ports  of  dry  chloride  of  sodium,  in  a  Hessian 
cmcible,  and  washing  the  pounded  residue  with  water.  Very  useful  yellow  colours 
are  likewise  obtained  by  mixing  this  Naples  yellow  with  lead-glass  ;  they  are,  how- 
ever, more  expensive  than  those  above  given.  A  very  excellent  yellow  for  landscape- 
pointing  may  be  prepared,  for  instance,  by  mixing  8  parts  Naples  yellow  and  6  parts 
lead-glass  (obtained  by  fusing  2  parts  of  minium  with  1  of  wnite  sand  and  1  of  cal- 
cined borax). 

The  yellow  pigments  obtained  with  antimony,  after  being  bumt-in  upon  tho 
porcelain,  appear  under  the  microscope  to  be  mixtures  of  a  yellow  transparent  sub- 
stance (antimoniate  of  lead?),  and  a  colourless  glass,  and  not  homogeneous  yellow 


Uranium  Yellow. — 1  part  oxide  of  uranium,  4  parts  lead-gloss  (prepared  by  fiising 
8  parts  minium  with  1  part  white  sand),  are  intimately  mixed  and  ground  upon  a 
glass  plate.  This  colour  is  not  adapted  for  mixing  with  others,  with  which  it  produces 
discordant  tints.    It  may  be  shaded  with  dark  purple  or  violet. 

Unmhun  Orange. — 2  parts  oxide  of  uranium,  1  par'  chloride  of  silver,  and  3  parts 
bismuth  glass,  (prepared  by  fusing  4  parts  of  oxide  of  bismuth  with  1  part  of  crystal- 
lised boracic  acid),  are  intimately  mixed  and  ground  upon  a  plate  glass.  This  orange 
is  not  adapted,  any  more  than  the  yellow  pigment,  for  being  mixed  with  other  colours. 
When  examined  under  the  microscope,  after  being  bumt-in  upon  porcelain,  the  ura- 
nium pigments  appear  as  pale  yellow-coloured  glasses,  in  which  unaltered  oxide  of 
nraninm  is  suspended.  Only  a  small  portion,  therefore,  of  the  oxide  of  nranium  has 
dissolved  in  the  fusing. 

Green  PigmtnUfor  painting  upon  Porcelain.  Blue  Green. — 1 0  parts  of  the  chromate 
of  protoxide  of  mercury  and  1  part  of  chemically  pure  oxide  of  cobalt  are  ground  upon 
a  glass  plate,  in  order  to  produce  as  intimate  a  mixture  as  possible ;  the  mixture  is 
then  heated  in  a  porcelain  tube,  open  at  both  ends,  until  the  whole  of  the  mercury  is 
expelled.  The  beanti<U  blueish-green  powder  thus  obtained  is  then  transferred  into 
a  porcelain  crucible,  and  the  lid  cemented  to  it  with  glaze.  The  full  crucible  is 
exposed  to  the  highest  temperature  of  the  porcelain  furnace  during  one  firing,  the 
crucible  carefully  broken  after  the  cooling,  and  the  pigment  washed  with  water,  to 
remove  a  small  quantity  of  chromate  of  potash.  In  tbis  manner  a  compound  of  oxide 
of  chromium  and  oxide  of  cobalt  is  obtained  in  nearly  equivalent  proportions,  which 
possesses  the  bluish-green  colour  of  verdigris. 

The  blue-green  pigment  consists  of  a  mixture  of  1  part  of  the  above  compound  of 
oxide  of  chromium  and  oxide  of  cobalt,  ^  part  of  oxide  of  zinc,  and  5  parts  of  lead- 
glass  (prepared  by  Aising  together  2  parts  mininm,  1  part  white  sand,  and  1  part 
calcined  borax),  which  are  mixed  and  ground  upon  the  glass  plate.  By  mixing  this 
blue-green  with  lemon-yellow,  any  desired  intermediate  tint  may  be  produced.  I  part 
of  bine-green  to  Oports  of  lemon-yellow  fiimbhes  a  beautiful  grass-greeu. 

Dark  Green. — The  chromate  of  mercury  is  treated  separately  in  the  same  way  as 
the  mixture  of  it  with  onde  of  cobalt  for  the  blue-green ;  and  1  part  of  the  beautiful 
green  oxide  of  chromium  thus  obtained  is  mixed  with  8  parts  of  the  same  lead-glass 
OS  given  nnder  blue-green,  and  ground  upon  the  glass  plate. 

Chrem  for  Shading. — 8  parts  chromate  of  mercury  and  1  part  oxide  of  cobalt  are 
intimately  mixed,  and  exposed  in  a  shallow  dish  to  wo  strongest  heat  of  the  porcelain 
Aimace,  anring  one  of  the  bakings.  In  this  manner  a  compound  of  oxide  of  (Premium 
.  and  oxide  of  cobalt  is  obtained,  of  a  greenish-black  colour,  which,  mixed  with  twice 
the  weight  of  the  lead-glass  directed  for  the  blue-green,  furnishes  ft  very  infusible 
blackish-green  colour,  for  shading  other  green  colours. 

When  thin  splinters  of  the  green  pigments  of  chromium,  bumt-in  upon  porcel^n, 
are  examined  under  the  microscope,  it  is  distinctly  seen  that  particles  of  the  oxide  of 
chromium,  or  of  the  oxide  of  chromium  and  cobalt,  are  suspended,  undissolved,  in  the 
colourless  lead-glass. 

Slut  Pigmmtt  for  painting  upon  Porcelain,    Dark  Elut. — 1  fort  chemically  pare 
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oxide  ot  oolnlt,  1  part  «zide  uf  sine,  I  pMt  lend-glMM  (prepand  by  ftuing  together 
3  parts  of  minium  and  1  of  wliite  sand),  ar*  well  mixed  and  fiued  in  a  poKeUnn 
crucible,  for  at  least  S  hoars,  at  a  red  heat:  then  poored  oat,  ledaeed  to  powder,  and 
gronnd  upon  the  glass.  When  this  pigment  oools  sknrlr,  it  solidifies  to  a  m<iss  of 
aeicalar  ciyatali.  Long-oontinned  fusion,  at  not  too  high  a  temperatore,  is  reqaisite 
to  obtain  a  beantifitl  tint ;  this  is  best  attained  fay  fusing  it,  daring  one  of  the  fai^i^gs, 
in  the  second  floor  of  the  porcelain  fnmaoe ;  this  is  also  the  cheapest  and  beat  way  of 
fusing  the  lead-glasses. 

Liaht  Blue. — 1  part  oxide  of  cobalt,  3  parts  oaride  of  sine,  6  parts  lead-glass  (me- 
pared  by  ftamng  together  3  parts  of  nuninm  and  I  of  white  sand,  and  1^  part  load-^aas 
(prepared  by  fusing  together  3  ports  Of  minium,  1  part  whits  sand,  and  1  paitealoiaad 
borax),  are  well  mixed  and  fused,  as  directed  for  the  dark  bine. 

Blutfor  Siadmg. — 10  parts  oxide  of  cobalt,  9  parts  oxide  of  sine,  36  parts  of  lead- 
gloss  (obtained  by  ftising  2  parts  of  minium  and  1  of  white  sand),  and  6  parts  cf  lead- 
glass  (prepared  by  fusing  together  2  parts  of  minium,  1  part  at  white  sand,  and 
1  part  of  calcined  borax),  are  mixed  and  fused,  as  directed  fbr  the  dark  bins.  The 
colour  is  only  used  fbr  smtding,  or  to  be  applied  upon  or  beneath  the  two  pneeding 
blue  pigments,  for  which  purpose  it  is  admirably  suited,  f^om  its  being  reiy  diflbnlt 
of  fusion. 

Sty  Blue. — 2  parts  of  dark  blue,  1  part  oxide  of  zinc,  and  4  parts  of  lead-glass 
(prepared  by  fusing  4  parts  minium  with  1  of  white  sand),  are  intimately  mixed  and 
ground  upon  the  glass  plnte.  This  pgment  is  employed,  either  alone,  or  mixed  with 
other  colours,  only  for  painting  the  sky  in  landscape. 

The  blue  pigments  described  likewise  appear  under  the  microscope,  after  having 
been  bttmt-in  upon  the  porcelun,  not  to  be  homogeneous  blue  glasses,  but  mixturM 
of  a  transparent  blue  substance  (silicate  of  cobalt  and  one?)  anda  ooloorless  gloss. 

Thurquoiie  Blue. — 8  parts  of  chemically  pure  oxide  of  eobah,  and  1  part  of  pure 
oxide  of  zinc,  are  dissolved  together  in  sulphuric  add ;  then  an  aqueous  solutioB  of 
40  parts  ammonia-alum  added,  the  mixed  solutions  eTapomted  to  dryness,  and  the 
residue  heated  to  expel  the  whole'  of  the  water ;  then  reduced  to  a  powder,  and  expoaed 
in  a  crucible  to  an  intense  red  heat  for  several  hours.  The  colour  is  most  beaatifnl. 
when  it  has  been  exposed,  during  one  firing,  to  the  heat  of  the  ponselain  furnace.  It 
is  a  combination  of  nearly  4  equivs.  alumina,  8  equivs.  oxide  of  cobalt,  and  1  equir. 
oxide  of  ranc,  and  is  of  a  beautiful  turquoise-blue  colour.  When  the  oxides  are  mixed 
in  other  proportions  than  those  above  given,  they  do  not  furnish  such  beautiful 
coloured  compounds.  To  impart  to  it  a  slightly  greenish  tint,  a  little  moist  recently- 
precipitated  protochromate  of  mercury  is  mixed  with  the  above-described  solution  of 
ammonia,  alum,  zinc,  and  cobalt ;  wilh  the  above  quantitis*,  ^)(th  part  of  the  chtoaate, 
calculated  in  the  dry  state,  suffices. 

The  turquoise-blue  vitriflnble  pigment  is  prepared  by  mixing  one  part  at  the 
compound  of  alnmina-oxide  of  zinc  and  cobalt  with  2  parts  of  bismuth  glass  (prepared 
by  fusing  5  ports  of  oxide  of  bismuth  with  1  port  of  aystallised  boracio  add). 

The  receipt  for  the  preparation  of  the  turquoise-bhie  pigment,  communicated  in  the 
Traiti  du  Artt  dnimiques  by  Brongniart,  is  incorrect ;  for  a  lead-glass  of  the  com- 
position there  given  (8  parts  miniam,  1  part  sand,  1  part  boiaeie  aeid)  destroys  the 
turquoise-blue  pigment  entirely  on  fusion,  and  only  a  dirty  bloish-gniy  colour  is  pro- 
duced. On  examining  under  the  microscope  the  turquoise-blae  pigment  bunt-in  upon 
porcelain,  it  appears  to  be  a  mixture  of  a  transparent  blue  substance  and  a  ooloaneas 
glass.  The  transparent  blue  substance  in  aH  probability  is  the  abov»<leseribed 
componnd  of  oxide  of  cobalt  and  alnmina,  which  is  of  itself  transparest  under  the 
microscope,  but  the  transparency  of  which  is  increased  by  the  snrroanding  faaei  glass 
of  bismuth,  just  like  the  fibres  of  paper  by  oil.  This  is  pn>b(ibly  the  case  also  with 
the  microscopic  blue  constituent  of  the  other  blue  vitrifiaue  pigments,  and  which  is 
probably  silicate  of  zinc  and  cobalt ;  for  this,  when  prepared  eepatately,  toram  •  pole 
blue  transparent  powder. 

Blaek  and  Grey  Cotourt  for  paiMting  mptm  Pondain.  Briiium  Blaet. — ^IrWnm,  as 
obtained  in  commerce  from  Russia  in  the  state  of  a  fine  grey  powder,  is  mixed  with  an 
equal  weight  of  ealdned  chloride  of  sodium,  and  heated  to  a  fiunt  red  in  a  porcelain 
tube,  through  whidi  a  current  of  chlorine  is  passed.  In  this  manner  s  portioo  ot  the 
iridium  is  converted  into  the  bichloride  of  iridium  and  sodium,  whidi  is  disaolred  out 
with  water  from  the  ignited  mass.  The  aqueous  solution  of  the  doable  salt  is  eva- 
porated to  dryness  with  carbonate  of  soda,  and  then  extracted  with  water,  wUdi 
furnishes  black  sesquioxide  of  iridium.  This  is  dried  and  mixed  with  twice  its  wnght 
it  lead-gloss  (prepared  by  fnsing  together  12  parts  of  minium,  8  parts  (d  xihitt  sand, 
and  1  part  of  calcined  borax),  and  ground  upon  a  plate  of  glaas.  The  iridion,  which 
remained  undecomposed  in  the  first  treatment  with  sea-salt  and  chlorine,  is  sgain 
nbmitted  to  the  sane  tisatiDent, 
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Mdiitm  (htj/. — I  part  of  tlie  tesqtuozide  of  iridium,  4  pnrts  of  oxide  of  zinc,  and 
22  parts  of  le&d-glBM  (prepand  by  Auing  together  6  pofta  of  miiunin,  2  parts  of  sand, 
and  1  part  of  calrined  borax)  are  intimately  mixed  and  groand  fine  vpon  a  plate  of 

flas*.  On  microscopical  examination  of  the  iridium  pigments  after  they  have  been 
urnt-in  upon  porcelain,  the  eesquioxide  of  iridium  is  seen  to  be  suspended  in  the 
transparent  fused  lead-glass.  It  is  owing  to  the  unaltersbilify  of  the  sesquioxide 
«f  iridium  that  it  admits  of  being  mixed  with  all  other  vitriOable  colonrs  without 
injuriously  affecting  the  tints,  as  is  the  ease  with  all  the  other  ritrifiable  grey  and 
black  pigments. 

Black  from  Cobalt  and  Mangaiute. — 2  parts  of  sulphate  of  cobalt  deprived  of  its 
water  of  crystallisation,  g  parts  of  dry  piotosnlphate  of  manganese,  and  6  parts  of  nitre, 
are  intimately  mixed,  and  heated  to  radness  in  a  Hessian  orucible  until  the  whole  of 
the  nitre  is  decomposed.  The  calcined  mass,  exhausted  with  boiling  water,  furnishes 
a  deep  block  powder,  which  consists  of  a  combination  of  oxide  of  cobalt  and  oxide  of 
manganese.  1  part  of  this  compound  is  mixed  with  24  parts  of  lead-glass  (prepared 
by  fhsing  together  5  prts  of  minium,  2  ports  of  sand,  and  I  part  ealcined  botux),  and 
ground  fine  upon  a  plate  of  glass. 

Grty  from  Cobalt  and  ifanganaae. — 2  parts  of  the  above  compound  of  the  oxide  of 
cobalt  and  manganese,  1  part  oxide  of  xino,  and  9  parts  of  lead-glass  (prepared  by 
ftising  together  S  parts  of  minium,  2  parts  of  sand,  and  I  part  of  calcined  borax)  are 
mixed  and  ground  line. 

These  bla<^  and  grey  pigments  are  fu  less  expensive  to  prepare  than  those  i^om 
iridium,  and  are  not  inferior  to  them  in  colour ;  but  they  do  not  mix  so  well  with 
other  colours,  and  when  baked  several  times  they  vary  their  tint  somewhat,  which 
renders  their  application  less  certain.  When  these  colours  bumt-in  upon  porcelain 
are  examined  under  the  miorosoope,  it  is  seen  that  the  oxide  of  cobalt  and  manganese 
is  not  dissolved  by  the  lead-ghiss,  but  merely  suspended  in  it. 

Besides  these  colonrs,  a  reiy  infusible  black  is  used  in  painting,  which  is  not  acted 
upon  by  the  superposed  colours  in  the  fusion  ;  it  is  the — 

Gromtd  Blaok,  which  consists  of  6  parts  of  blue  violet  (gold-puride),  l}rds  port  of 
oxide  of  manganese  and  cobalt,  and  llrds  port  of  oxide  of  ano;  these  are  intunately 
mixed  and  ground  fine  upon  a  plate  of  glass. 

White  for  Cowling. — 1  part  minium,  1  part  white  sand,  and  1  put  ayitallised 
boraeic  acid,  are  well  mixed,  and  ftassd  in  a  poroelaiD  crndble.  This  white  enamel  lias 
the  peculiarity  of  forming  a  colourless  dear  ^iass  when  ^ckly  cooled,  for  instance,  when 
poured  into  water ;  while,  when  slowly  cooled,  it  remains  perfectly  white  and  opaque. 
On  heating  the  dear  glass  to  its  melting  point,  it  loses  its  transparency,  and  becomes 
opaque  as  before.  This  property  it  possesses  in  common  with  the  enamels,  theopadly 
of  which  is  produced  by  arsenic  or  tungstic  acid ;  probably  the  opacity  in  the  present 
ease  is  produeed  by  the  separation  of  silicate  of  lead,  as  in  the  white  enamels  'bj 
srseniate  or  tungstate  of  potash,  or  by  oxide  of  sine.  It  is,  however,  of  excessive 
minuteness ;  for  under  the  microscope,  even  with  the  highest  power,  the  glass  merely 
exhibits  a  ^dlowish  tnrbidness,  and  no  individual  particles  are  visible. 

This  white  serves  for  marking  the  lightest  part  of  the  pictures,  where  it  is  impos- 
sible to  produce  them  by  exposing  the  bare  surface  of  the  white  porcelain ;  it  is  also 
frequently  mixed  in  small  quantity  with  the  yellow  and  green  pigments,  to  make  them 
cover  well. 

Lead  Flut. — A.  colourless  Isad-glaas  tat  tondilng-np  those  ports  of  the  painting 
which  have  remained  dull,  and  for  mixing  with  those  pigments  which  are  not  eonr 
of  fusion,  is  obtained  by  mixing  together  6  ports  of  minium,  2  parts  of  white  sand, 
and  1  part  of  calcined  borax. 

Bed  and  Brown  Viirifiable  PigmenU  derUndfrom  Peroaidi  of  Iran  for  painting  vmon 
Porcelain.  YeUoto-Bed. — Anhydrous  sulphate  of  the  peroxide  of  iron  is  heated  to 
redness  on  a  didi  in  an  open  muf&e,  and  constantly  stirred  with  an  iron  spatula  until 
the  greater  portion  of  the  sulphuric  acid  has  been  expelled,  and  a  sample  mixed  with 
water  upon  a  gjass  plate  exhibits  a  beautiful  yellowish-red  colour ;  after  cooling,  the 
peroxide  of  iron  is  fined  by  washing  with  water  from  any  undecomposed  sulphate, 
and  dried.  To  prepare  the  pigment,  7  parts  of  the  yellowish-red  peroxide  M  iron 
are  well  mixed  with  24  ports  of  lead-glass  (prepared  by  fusing  together  12  parts  of 
minium,  3  parts  of  sand,  and  1  part  of  calcined  borax),  and  ground  fine  upon  s  plats 
of  glass. 

Bromt  Bed. — When  the  persulphate  of  iron  is  heated  to  redness  until  the  whole  of 
the  sulphuric  acid  is  expelled,  and  a  sample  exhibits  a  dark  red  colour,  the  peroxide 
of  iron  is  well  suited  for  a  brownish-red  pigment,  whidi  is  pr^ared  in  the  same 
manner  as  directed  for  the  yellowish-red. 

Blineh  Bed  {Pompadour'^.— yfhea  the  persulphate  is  heated  still  more  strongly,  it  is 
deprived  of  its  Ioom  consutenqr,  becomes  heavier,  and  ooquiies  a  Uuish-red  oolou. 


Digitized  by 


Google 


1088  VITRIFIABLB  PIGMENTS 

To  hit  thii  point  axactlr  when  the  oxide  of  iron  has  sasnmed  the  desiied  earmins 
tint  it  not  so  easy,  as  it  ohangea  very  rapidly  at  these  tempeiatures. 

The  pigment  is  prepared  by  mixing  2  parta  of  the  purple-coloured  peroxide  of  iron 
vith  5  parts  of  lead-glass,  obtained  by  fusing  together  S  parts  of  mininm,  2  parts  of 
■and,  fnd  1  part  of  calcined  lx>rax. 

ChalHut  llroum. — This  colour  of  various  shades,  even  to  blad^  is  acquired  by  the 
peroxide  of  iron,  at  still  higher  degrees  of  heat  than  required  for  the  preparation  of 
red  colours ;  the  [ngments  are  prepared  by  mixing  2  parts  of  the  chestnut-brown  per- 
oxide of  iron  with  S  parts  of  lead-glass,  prepared  by  fusing  together  12  parts  of  mininm, 
S  parts  of  sand,  and  1  part  of  calcined  borax. 

ChaiTtoii. — 1  port  of  the  hydrate  of  the  peroxide  of  iron,  prepared  by  precipitating 
the  peroxide  of  iron  with  ammonia  is  mixed  with  4  parts  of  the  lead-^lass,  described 
in  the  preceding,  and  the  mixture  ground  fine  on  a  plate  of  glass.  This  oolonr  is  laid 
on  very  thin,  and  serres  to  produce  a  yellowish-brown  ground. 

Fltth  Colour. — 1  part  of  peroxide  of  iron,  4  parts  of  dark  yellow  2,  and  10  parts  of 
lead-glass,  prepgredas  described  under  chestnut-brown,  are  well  mixed  and  ground 
line  upon  a  plate  of  glass.  This  colour  can  also  only  be  employed  in  a  thin  layer. 
Various  tints  may  be  given  to  it  by  mixing  it  with  a  red  peroxide  of  iron,  sky-blue, 
or  dark  yoUow  2.  The  red  of  the  cheeks  and  lips  are  painted  upon  it  with  Pompadour- 
red. 

When  the  above  coloon  are  bnmt-in  upon  poiceUun,  it  is  distinctly  seen  under  the 
inicrasoope  that  the  peroxide  of  iron  is  suspended  unaltered  in  the  dear  lead-glass  ;  at 
least  the  quantity  dissolved  by  the  fused  lead-glass  is  so  small  that  it  is  not  perceptibly 
coloured. 

Varumi  Brown  Pigment* /or  painting  upon  Poreelaia.  Ligit  Brottm,  1.—  6  parts  of 
diT  protosulphate  of  iron,  4  parts  of  dry  sulphate  of  rinc,  and  13  parts  of  nitre  are  well 
mixed,  and  heated  to  a  redness  in  a  Hessian  crucible,  until  the  whole  of  the  nitre  is 
deoompoeed.  When  cold,  the  crucible  is  broken,  the  residue  removed,  and  separated 
by  boiling  with  water  from  soluble  matters.  A  yellowish-brown  powder  remains,  which 
is  a  comtnnaUon  of  oxide  of  zinc  with  peroxide  of  iron.  The  pigment  is  made  by 
mixing  2  parts  of  tliis  compound  with  5  parts  of  lead-glass,  prepared  by  fusing  to- 
gether 12  parts  of  minium,  3  parts  of  sand,  and  1  part  of  calcined  borax. 

L^ht  Brovm,  2. — 2  parts  of  dry  sulphate  of  iron,  2  parts  of  dry  sulphata  of  rine, 
and  6  parts  of  nitre,  are  treated  in  the  same  manner  as  described  for  light  brown  I. 
The  resulting  compound  of  oxide  of  sine  and  iron  is  of  a  lighter  tint ;.  the  pigment  is 
prepared  from  it  as  above. 

lAght  Brovm,  3. — 1  part  of  dry  sulphate  of  iron,  2  parts  of  dry  sulphate  of  sine,  and 
4  parts  of  nitre  are  treated  as  directed  for  1  and  2. 

The  light  brown  colours,  after  having  been  bumt-in  npon  porcelain,  exhibited,  nnder 
the  microscope,  the  transparent  partidee  of  the  yellowish  oxide  of  iron  and  zinc  sus- 
pended in  the  colourless  lead-glass. 

Biitre  Brown,  1. — 1  port  dry  sulphate  of  manganese,  8  parts  of  dry  sulphate  of  linc, 
Yi  parts  dry  snlpbato  of  iron,  and  26  parts  nitre,  are  treated  as  directed  for  light 
brown  1,  and  the  resulting  dark  brown  powder  (a  combination  of  the  oxides  of  zinc, 
iron,  and  manganese),  mixed  with  i\  times  its  weight  of  lead-glass  of  the  same  compo- 
rition  as  for  light  brown  1. 

Bittn  Brown,  2. — 1  part  dry  sulphate  of  manganese,  4  parts  dry  sulphate  of  iron,  4 
prts  dry  sulphate  of  zinc,  12  parts  nitre,  are  treated  as  for  bistre  brown  1.  The  colour 
IS  somewhat  darker. 

Sepia  Brown,  1. — 1  part  dry  sulphate  of  iron,  1  part  dry  sulphate  of  manganese,  2 
parts  dry  sulphate  of  zinc,  and  fi  parts  nitre,  are  treated  as  directed  for  li^ht  orown  1, 
and  the  greyish-brown  pigment  thos  obtaineid  mixed  with  2|  times  its  weight  of  lead- 
glass  of  the  above  oompoaition, 

Bepia  Brown,  2. — 1  part  calcined  sulphate  of  iron,  2  parts  calcined  sulphate  of  man- 
ganese, 6  parts  caldnea  ralpbate  of  zinc,  and  10  parts  nitre,  are  treated  as  for  sepia  I. 

Dark  Brown. — 1  part  d^  sulphate  of  cobalt,  4  parts  dry  sulphate  of  zinc,  4  parts 
dry  sulphate  of  iron,  and  10  parts  of  nitre,  are  mixed  and  treated  as  directed  for  light 
brown  1.  The  resulting  beautifbl  dark  leddisb-brown  oombination  of  the  oxides  of 
cobalt,  zinc,  and  iron  is  mixed  with  2^  times  its  weight  of  the  same  lead-glass  as  for 
the  preceding  colours. 

(Mrome  Brovm. — 1  part  of  hydrated  peroxide  of  iron  is  intimately  mixed  with  2  pails 
of  the  ehromate  of  tha  protoxide  of  mercury,  and  then  heated  to  redness  in  a  dish,  in 
an  open  muffle,  to  expel  the  whole  of  the  mercury.  The  dark  reddish-brown  compound 
of  the  oxides  of  chromium  and  iron  is  mixed  with  3  time*  its  weight  of  lead-glasi, 
prepared  by  fusing  together  6  parts  of  minium,  2  parts  of  sand,  and  1  "part  of  calcined 
borax. 

When  examined  under  the  mictosoope,  after  being  bnmt-in  upoa  porcelain,  these 
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dif&rent  brovn  colouis  also  shov  that  the  dark  compounds  are  Bin^ly  suspended  in 
the  lead-glass,  and  not,  or  merely  to  a  small  extent,  dissolved.  The  direction  above 
given  for  preparing  the  coloured  combinations  of  the  oxides  in  the  dry  way,  for  the 
bodies  irbich  constitute  the  different  brown  pigments,  is  cheaper  and  more  certain 
than  the  precipitation  of  the  mixed  solutions  by  carbonate  of  soda  and  calcination  of 
the  washed  precipitate,  which  also  answers.  If,  however,  the  several  oxides  were  to 
be  mixed  with  the  lead-gloss  separately,  instead  of  combined,  the  colours  would  not 
be  pure,  that  is  to  say  they  would  exhibit  after  the  firing  different  tints  in  a  thick  and 
thin  layer ;  they  would  moreover  possess  a  totally  different  colour  before  the  burning 
&om  that  which  they  acquire  after  that  operation,  and  would  thus  contribute  to  deceive 
the  artist. 

6M  fttrpU  is  obtained,  according  to  the  process  of  Ladarsdorff,  by  mixing  a  solu- 
tion of  1  part  ductft  gold,  in  4  yaxta  agua  regia,  with  1  drachm  of  tin-salt  dissolved  in 
4  oz.  distilled  water,  and  a  solution  of  1  drachm  of  gum  in  3  oz.  of  water,  in  the  fol- 
lowing proportions : — 

Distilled  water 8  oz. 

Solution  of  gum  arable         .        .       .        .    28  grs. 

„      of  tin-salt      .        .        .        ...  14    „ 

„      of  gold 23  „ 

and  adding  alcohol  of  0-863  spec,  grav.,  until  the  liquid  begins  to  grows  turbid.  The 
purple  is  deposited  and  washed  with  spirit  of  0*968.  The  dried  precipitate  has  a 
brownish  colour,  and  finishes,  when  all  the  gum  has  been  carefully  removed  by 
washing,  a  very  beautiftal  purple  after  the  firing. 

According  to  Fnchs,  1  oz.  liq.  fern  muriat.  orydaH,  Fh.  bor.,  is  mixed  with  3  o& 
of  distilled  water,  and  a  solution  of  1  oz.  protochloride  of  tin  in  6  oz.  distilled  water, 
and  10  drops  of  muriatic  acid  added  until  the  whole  has  acquired  a  greenish  colour, 
when  a  farther  addition  of  16  oz.  of  distilled  water  is  made. 

On  the  other  hand,  some  ducat  gold  is  heated  to  boiling  with  pure  nitric  acid,  until 
all  the  gold  is  dissolved.  An  excess  of  acid  should  be  avoided.  360  parts  of  distilled 
water  are  added  to  this  solution  of  gold ;  and  then  the  above  solution  of  iron  and  tin 
gradually  poured  into  it  until  the  whole  of  the  purple  is  precipitated.  This  precipi- 
tate has  likewise  a  brownish  tint  after  drying,  but  furnishes  a  beautiful  purple  after 
burning. 

It  has  been  found,  however,  that  purple  prepared  according  to  the  following 
process  is  prefnrable,  especially  as  regards  the  eztonal  appearance.  A  mixture  of  4 
parts  pure  nitric  acid  of  1'24  spec,  grav.,  and  1  part  pure  muriatic  acid,  which  is  mixed 
with  half  as  much  pure  alcohol  of  0863,  and  chemically  pore  tin,  gradually  added  in 
small  portions  until  no  more  is  dissolved ;  the  solution  must  be  effected  slowly,  on 
which  account  the  vessel  containing  the  mixture  should  be  placed  in  snow  or  cold 
water.  The  carefully  decanted  solution  is  diluted  with  80  times  its  weight  of  distilled 
water,  and  mixed  with  a  solution  of  gold,  prepared  according  to  the  above  directions. 
'  The  precipitate  is  pnrple-red,  and  remains  so  after  drying.  The  tin-solution  for  this 
purpose  cannot  be  preserved  long,  otherwise  nitric  ether  is  formed ;  and  the  higher 
oxidation  of  the  tin-salt  no  longer  furnishes  such  beautiful  precipitates  with  gold  as 
the  recently-prepared  solution. 

For  mixing  with  the  purple  in  order  to  produce  a  rose  colour,  the  author  does  not 
employ  a  carbonate  of  silver,  but  the  metal  in  a  very  minute  state  of  division,  obtained 
by  mixing  the  finest  silver-leaf  with  honey  and  a  few  drops  of  ether,  and  well  grinding 
it,  when  the  honey  is  washed  out  with  water.  Mr.  Waechter  nscs  as  a  flux  for  the 
purple  colours  a  lead-glass, -consisting  of  6  parts  minium,  2  parts^  silica,  and  2  parts 
calcined  borax. 

With  respect  to  the  chrome  colours,  he  observes,  that  the  expensive  method  for  their 
preparation  by  means  of  the  chromate  of  the  protoxide  of  mercury  is  stiU  the  only  one 
by  means  of  which  a  fine  colour  can  be  obtained. 

Cobalt  Colourt.—ln  purifying  the  cobalt  for  porcelain  colours,  the  removal  of  the 
whole  of  the  arsenic  is  of  less  consequence  than  that  of  the  iron.  Cobalt  ores  ftom 
various  localities,  Tnnaberg,  Saxony,  and  Thuringia,  are  treated  in  the  following 
manner.  The  mineral  is  reduced  to  a  fine  powder  in  an  iron  mortar,  kept  for  the 
purpose,  and  mixed  with  ^h  its  weight  of  charcoal-powder;  then  exposed  in  Hessian 
crucibles  to  a  red  heat  under  a  chimney  with  a  good  draught  or  in  the  open  ur,  and 
roasted  as  long  as  arsenical  vapours  escape,  a  very  disagreeable  operation,  which  lasts 
several  hours.  The  ore  thus  prepared  is  now  boiled  over  the  fire  with  a  mixture  of 
4  parts  nitre  and  1  part  muriatic  acid,  1  part  of  which  is  diluted  with  3  parts  of  water. 
This  operation  is  repeated  about  3  times,  with  less  acid.  The  liquids  are  allowed  to 
kettle,  the  clear  portion  decanted,  the  remainder  diluted  with  water  and  filtered,  and 
the  solution  evaporated  to  dryness.     The  dry  mass  is  mixed  with  some  water,  heated. 

Vol.  m.  4  A 
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and  separated  by  fiUmtion  from  the  residue  of  areeniate  of  iron.  The  green  lipoid, 
which  now  oontains  more  or  lees  cobalt,  iron,  nickel,  and  manganese,  is  mixed  -with  a 
filtered  solution  of  pearlash,  until  the  dirty  red  precipitate  begins  to  turn  blue. 
Care  and  expenanee  in  this  operation  are  requisite,  otherwise  a  loss  of  cobalt  might 
result.  The  precipitate  of  arseniate  and  carbonate  of  iron,  which  at  the  same  time 
contaias  nickel  and  manganese,  is  separated  by  ftltiation,  and  the  beautiful  red 
liquid  mixed  with  more  of  the  solution  of  pearlash  until  the  whole  of  the  cobalt  is  {oe- 
cipitated ;  the  precipitate  is  car^illy  washed  and  dried.  This  hydrated  oxide  of  cobalt 
is  suffidently  pore  for  technical  porposee,  and  answert  just  as  well  as  that  prepared 
from  oxalate  Mf  oobalt  or  by  caustic  anmumia. 

For  painting,  the  oxide  of  oobalt  is  heated  in  a  Hessian  crucible  with  1  part  nliea, 
and  U  part  oxide  of  rino  for  two  booiain  a  blaat-fumace,  then  reduced  to  a  fine 
powder  in  a  porcelain  mortar,  and  mixed  with  an  equal  weight  of  lead-glass. 

YtUow  (Mour. — A  beautiful  yellow  is  obtained  from  2  oz.  minium,  \  oz.  Stih,  oxydat, 
alb.  abl.  2  drms.  oxide  of  zinc,  2  drma.  2  scruples  calcined  borax,  )  ok.  silica,  4  drm. 
dry  carbonate  of  soda,  and  I  scruple /err.  oxydat.  futcum,  which  are  well  mixed,  fused 
in  a  crucible,  and  then  gibundHne. — WatelUer: 

▼XTKZO&ifrom  Vitt^vi,  ^glass.'is  the  old  chemical,  and  still  the  vulgar  appellation 
of  sulphuric  acid,  and  of  )nany  of  its  compounds,  which  in  certain  states  have  a  glassy 
appearance :  thus : — Vitriolic  acid,  or  oil  of  vitriol,' is  sulphuric  acid ;  blue  vitriol,  is 
sulphate  of  copper;  qrten  vitriol,  is  green  sulphate  of  iron;  mMol  tf  Mart,  is  led 
sulphate  of  iron ;  ancl  leUte  vitriol,  is  sulphate  of  zinc. 

VTVZAWZra*    a  blue  iron  ore,  phosphate  of  iron.    Some  fine  examples  have 
been  foxmd  in  the  mines  of  Cornwall  and  Devon.    See  Iboh  Obh, 
.  VO&OURO  O&Am,    SeeOasiDuir. 

▼OBXaX  WATa».WBaHb.    SeeTuBBiira. 

VBX&O.  A  name  given  to  kelp  by  the  French  makers ;  vriao  vmant,  drift  weed ; 
ortac  sct^,  cut  weed.    The  same  as  Vabbc. 

vmbOAMITB.    Vulcanised  india-rubber.    See  CAOOTCHOxrc. 

▼OXVXWira.  A  siliceous  variety  of  anhydrite,  containing  8  per  cent,  of  silica. 
The  Tulpinite  troxa  Vnlpino,  near  Bergamo  in  Italy,  takes  a  fins  polish,  and  is  used 
for  ornamental  purpoees.    It  is  known  to  artists  as  the  Marmo  Sardiglio  di  Btrgamo. 


is  an  obsolete  name  for  a  rock  intermediate  between  day-slate  and 
basalt.     It  is  generally  an  earthy  decomposing  igneous  rock. 

WA9|  or  TVASS,  is  the  provincial  name  of  plumbago  in  Cumberland  ;  and  also 
of  an  ore  of  manganese  in  Derbyshire  and  elsewhere,  wmch  consists  of  the  peroxide 
of  that  metal,  associated  with  ntnrly  its  own  weight  of  oxide  of  iron,  &c. 

inrASlkXjrO  {Ouate,  Fr. ;  Watte,  Ger.)  is  t£e  spongy  web  which  serves  to  line 
ladies'  dresses,  &c.  Otiate,  or  Wat,  was  the  name  originally  given  to  the  glossy 
down  tufts  found  in  the  pods  of  the  plant  commonly  called  Apocyn,  and  by  botanists 
Asclepias  ^riaoa,  which  was  imported  ftom  Egypt  and  Asia  Minor  for  the  purpose  of 
stuffing  cuuuons,  &c.  Wadding  is  now  made  with  a  lap  or  fleece  of  cotton  prepared 
by  the  carding-engine  (see  Carding,  Corroir  MAMT;FA.CTUitE),  which  is  applied  to 
tissue-paper  by  a  coat  of  size,  made  by  boiling  the  cuttings  of  hare-skins,  and  adding 
a  little  alum  to  the  gelatinous  solution.  When  two  laps  are  glued  with  their  faces 
together,  they  form  the  most  downy  kind  of  wadding. 

^ITAriUMI.  There  are  two  manners  of  manufacturing  wafers:  1,  with  wheat- 
flour  and  water,  for  the  ordinary  kind ;  and  2,  with  gelatine.  I.  A  certain  quantity 
of  fine  flour  is  to  be  diffbsed  through  pure  water,  and  so  mixed  as  to  leave  no  glotty 
particles.  This  thin  pap  is  then  coloured  with  one  or  other  of  the  matters  to  be  par- 
ticularly described  under  the  second  head;  and  which  are,  vermilion,  sulphate  of 
indigo,  and  gamboge.  The  pap  is  not  allowed  to  ferment,  but  must  be  employed 
immediately  after  it  is  mixed.  Wafers  are  now  but  little  used,  adhesive  envelopes 
having  almost  superseded  them. 

The  colouring-matters  ou^ht  not  to  be  of  an  insalnbrioua  kind. 

For  red  wafers,  carmine  is  well  adapted,  when  they  are  not  to  be  transparent;  but 
this  colouris  dear,  and  can  be  used  only  for  the  finer  kinds.  Instead  of  it  a  decoction 
of  brazil-wood,  brightened  with  a  little  alum,  nuiy  be  employed. 

For  yellow,  an  infusion  of  saffron  or  turmeric  bos  been  prescribed;  but  a  decoction 
of  welo,  fnsUc,  or  Persian  berries,  might  be  used. 
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Snlphftte  of  iudigo,  partially  satutatod  with  potath,  ii  lued  fv  the  bine  wafan ;  and 
it  ia  mixed  vith  yallov,  for  the  gteentL  Some  Tcoommend  the  snlphate  to  be  nearly 
nentraliaod  -with  chalk,  and  to  treat  the  liquor  with  alcohol,  ia  order  to  obtain  the 
best  blae  dye  for  wafers. 

Ckimmon  wafers,  are,  howeTer,  coloured  with  the  sobstanoes  mentioned  at  the  be- 
ginning  of  this  article ;  and  for  the  cheap  hinds,  red  lead  is  nsed  instead  of  TermiUon, 
and  turmeric  instead  of  gamboge. 

Three  new  methods  of  manu&ctnring  wafen  were  made  the  satjeet  of  a  patent  by 
Feter  Armand  Be  Comta  de  Fontainemorean,  in  April  1850 ;  the  chief  feature  of 
which  is  a  layer  of  metal-foil.  In  the  first  of  the  three  forms  described,  the  metal 
slip  or  band  is  to  be  coated  with  the  ordinary  firinacoons  paste  used  for  making 
wafers,  for  which  purpose  the  slip  is  laid  on  one  of  the  jaws  of  the  ordinary  iron 
mould,  then  a  spoonful  of  paste  is  poured  on  it,  the  mould  is  shut,  and  the  paste 
baked  as  usual.  The  metal  band  is  lastly  punched  into  wafers,  either  plain  or  orna- 
mental. 

The  second  method  is  to  stick  these  slips  to  paper  with  paste,  then  to  dry  and  punch 
them  out. 

By  the  third  plan,  strips  of  gummed  paper  are  fixed  to  the  slips,  and  a  resinous 
cement  is  put  on  &e  other  side.  The  first  two  methods  require  moistening,  the  third 
heating.    This  contriTance  is  susceptible  of  much  variety  of  decoration. 

VAUrUT  WBMMU,  or  »MMUt  (Brout  dts  noix,  Fr.),  are  much  employed  by 
the  French  dyers  for  rooting  or  giving  dun  colours. 

WAXJfDT  OXMt.    See  Oils. 

vrJkMOMMB,  or  Jmam  Canei.    A  cane  imported  from  China. 

VABV  (Oudnt,  Fr.;  Kelte,  AntdoBttf,  ZettO,  W»rft,Qa.)  is  the  name  of  the 
longitudinal  threads  or  yams,  whether  of  cotton,  linen,  sUk,  or  wool,  which  being  de- 
cussated at  right  angles  by  the  woof  or  weft  threads  form  a  piece  of  cloth.  The  warp 
yams  are  parallel,  and  continuons  from  end  to  end  of  the  web.  See  WxiTraa,  for  a 
description  of  the  marping-mill. 

IVASB  is  the  fermented  wort  of  the  distiller. 

WASBXVO  OOAX.  M.  Berard  is  the  inventor  of  a  very  successful  apparatus 
for  purifying  small  coal.  He  exhibited  his  anangement  at  the  Oreat  Exhibition  of 
1851,  receiving  the  Council  medal.  The  decoration  of  the  Legion  of  Honour  and  a 
gold  medal  was  also  awarded  to  him  at  the  Paris  Bxhibition  in  1866.  This  appa- 
ratus, to  be  presently  described,  effects,  without  any  manual  labour,  the  following 
operations : — 

1st  The  sorting  the  eoal  by  throwing  out  the  larger  pieces. 

2nd.  Breaking  the  coal,  which  is  in  pieces  too  huge  to  be  sabjeeted  to  the  operation 
of  washing. 

8rd.  Continuous  and  perfect  purification  of  the  coal. 

4th.  Loading  the  purified  coal  into  waggons. 

5th.  Loading  the  refuse  (pyrites  or  ediist)  into  waggons  for  removal. 

The  power  required  for  the  apparatus  is  that  of  from  four  to  five  horses,  and  the 
machine  can  operate  upon  from  80  to  100  tons  of  coal  in  about  twelve  hours,  if  fitted 
up  near  the  colliery.  The  expense  of  the  operation  of  purifying  is  stated  to  consist 
solely  in  the  wages  of  the  workmen  charged  to  conduct  the  labour  of  the  machine. 

The  following  description  of  tiiefga.  2091  and  2092,  will  render  the  arrangements 
of  H.  Beiard's  machine  readily  intelligible. 

The  coal  is  carried  from  the  mine  on  a  staging,  for  example,  and  the  tram- waggon ,  n 
(Jiff.  2091),  is  unloaded  into  a  hopper,  c,  either  by  opening  the  bottom  or  by  tilting  it  (as 
in  the  position  represented  by  the  dotted  lines  6),  by  means  of  a  lerar.  It  falls  after- 
wards either  on  to  a  table  or  a  moveable  grating,  d,  formed  of  frames,  or  of  a  series 
of  stages,  of  sloping  perforated  plates,  which  immediately  sorts  it  into  as  many  sizes 
as  there  are  pernirued  plates. 

This  grating  is  suspended  ont  of  perpendicular  by  four  chains  or  iron  rods,  o  c, 
fixed  to  the  framework  of  the  staging  a.  It  is  moved  by  means  of  a  cam  motion  (an 
arrangement  of  a  cam  and  tongue  mentonnet),  c",  and  falls  back  by  its  own  weight 
against  the  stops,  which  produce  concussions  or  vibrations  &vciurable  to  the  clearing 
out  of  the  holes  and  to  the  descent  of  the  materials.  The  motion  communicated  to  the 
grating  admits  of  a  much  lees  inclination  being  given  to  it  than  would  be  the  case  if 
It  wer«  fixed :  the  sorting  is  effected  quicker  and  more  perfectly,  besides  which,  th« 
differences  of  level  which  it  is  necessary  to  preserve  are  maintained. 

The  larger  pieces  rqected  by  the  first  plate  reach  the  picking-table  ■,  where  a 
labourer  picks  out  the  largest  stones  and  extraneoos  substances,  as  fragments  of  cast- 
ings, iron,  &c. 

The  figments  which  hare  passed  through  the  upper  plate,  and  are  retained 
by  that  below,  descend  direct  to  the  crushara  v  i',  sitwted  below.    Lastlyi  the  fine 

4a2 


Digitized  by 


Google 


1092 


WASHING  COAL 


pottioiiB  of  the  cool  which  hare  paassd  through  the  second  perforated  plate,  fall  on  to 
a  solid  bottom,  a.',  whence  they  are  thrown,  delivered  direct  into  the  pit  by  means  of 
a  fixed  shoot,  e. 

The  crushing-cylinders,  f  f,  are  made  with  a  covering  of  cast  iron,  mofanted  on  an 
iron  shaft.  This  covering  can  be  easily  replaced  when  worn  out.  It  has  on  its  snr- 
£u!e  small  grooves,  which  are  usually  placed  longitudinally,  parallel  with  the  axis  of 
the  cylinder,  in  order  to  avoid  the  slipping  of  the  subBtances  operated  on.  Bnt  it  is 
also  necessary  to  cmsh  fiagments  of  slate  which  gun  admission  with  the  coal,  and 
these  congisring  of  thin,  flattened  lamiiue,  it  would  be  necessaiy  to  bring  the  crosheir 


closer  than  would  be  laqnired  to  reduce  the  coal,  which  is  of  a  more  cubical  form,  to 
the  proper  sise. 

In  order  to  obviate  this  difBculty,  another  series  of  grooves  are  formed  on  the  snr- 
&ces  of  the  crusher  tnnsrersely  to  those  already  described,  the  intersection  of  the 
two  producing  projections  in  the  form  of  quadrangular  pyramids,  with  slightly 
rounded  tops.  In  coming  between  the  projections  of  the  crashers,  the  fisagments  of 
■late,  being  unable  to  pass,  are  broken  up  without  reducing  the  coal  to  a  smaller  size 
than  is  required. 


When  the  coal  has  undeigone  a  preliminary  sifting,  which  has  removed  all  the 
pieces  exceeding  6  or  7  oentimeters  in  size,  one  pair  of  crushers  is  sufficient.  In 
that  case  the  grating  may  be  dispensed  with  altogether  by  discharging  the  cosi  direct 
into  the  pit,  and  returning  from  Uie  sifter  to  the  washer  the  pieces  of  coal  which  have 
not  been  able  to  pass  beyond  the  first  perforated  plate. 

The  small  coal  resulting  &om  the  washer,  or  fiom  the  sifter,  by  means  of  the 
jigger,  is  delivered  into  a  common  pit  placed  under  the  washers.  The  pit  is  shaped 
like  an  inverted  quadrangular  pyramid,  the  three  taoea  of  which  are  inclined  to  one 
another  at  an  angle  of  46°,  to  fHcilitate  the  descent  of  the  substance,  and  the  fbnrth 
is  usually  vertical.  It  is  on  the  latter  that  an  opening  is  made,  which  is  regulated  by 
a  flood-gate. 

An  elevator,  fanned  of  an  endless  chain,  with  buckets,  raises  the  coal  from  the 
bottom  of  the  pit,  and  places  itself  sufficiently  high  to  allow  of  the  final  disefaaige, 
which  may  take  place  into  the  waggon. 

The  rate  of  ascent  of  the  bnckets  and  their  capadties  are  calculated  so  as  to  raise 
160  to  200  tons  of  coal  in  the  working  hours ;  but  this  quantity  may  be  diminished 
by  means  of  the  flood-gate  in  the  pit. 

The  coal  discharged  by  the  elevator  falls  on  the  sorter,  which  ought  immediately  to 
divide  it,  according  to  size,  and  distribute  it  to  the  feny-boats. 
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The  dassifier  is  foimed  of  a  kind  of  oblong  Tectangular  chest,  made  of  iron 
plates,  in  the  inside  of  -which  are  placed  stages  of  perforated  plates,  the  apertures  in 
which  deoreasa  in  a  downward  direction.  Sufficient  space  is  allowed  between  each 
plate  for  the  motion  of  the  materials.  At  the  bottom  of  the  perforated  plates  are 
disposed  inclined  planes  for  throwing  on  one  side>  the  product  of  the  sifting,  which 
escapes  through  a  slope  made  on  the  side  of  the  sifter.  A  bottom  fixed  to  the 
classifier  itself,  and  like  it  moveable,  receiyes  the  dust  in  the  finest  numbers,  if  the 
sifting  has  been  effected  in  the  dry  way,  or  else  this  bottom  is  immoveable  and  fixed 
to  longerons  which  support  the  classifier,  if  the  sifting  take  place  in  water,  as  we  are 
about  to  p<nnt  out. 

The  dassifisr  is  suspended  by  two  or  three  pairs  of  articulated'  handles  turning 
on  axles  fixed  to  longeri>DS :  by  that  means  it  eigoys  an  extreme  freedom  of  motion 
in  a  longitudinal  direction.  A  rapid  reciprocating  motion  is  communicated  by  a 
'  bidle,'  which  receives  the  action  <rf  a  bent  axle  firmly  established  on  a  foundation 
fixed  on  the  principal  wall  of  the  chamber  of  the  machine.  The  motion  of  rotation 
is  communicated  to  the  axle  by  the  disposition  of  an  iron  pinion  tCangle  working 
into  a. 

The  bac  is  formed  of  a  rectangular  chest  in  cast  iron,  i!,  one  part  of  the  bottom  of 
which  is  inclined  at  45°,  the  other  lower  parts  remaining  horizontal. 

Opposite  one  of  the  lesser  sides  of  the  rectangle  is  placed  a  cylinder  o,  opening 
into  ue  oblong  chest  at  about  half  its  height.  The  chest  l'  is  prolonged  anoer  the 
cylinder,  in  cnder  to  increase  the  stability  of  the  system  and  the  capacity  of  the 
drain-well  (puworti). 

A  cast-iron  box,  k  h',  is  firmly  fixed  in  the  interior  of  the  bac,  on  flanges  of  cast 
iron  with  vertical  &ees.  This  box  has  a  slight  inclination  from  h  towards  m'.  It  is 
covered  with  a  perforated  plate,  usually  of  ci^per,  fitstened  to  the  fame  by  a  number 
of  iron  pins  or  bolts  easy  of  replacement.  Tiie  size  of  the  holes  varies  according  to 
that  of  the  matters  brought  into  the  bac 

A  cast-iron  door,  N,  traverses,  opening  outward,  is  fixed  at  a  sb'ght  height  above  the 
frame,  serving  as  a  kind  of  partition  dividing  the  materials  in  the  bac,  and  against  it 
a  fiood-gate  v!,  by  means  of  which  the  opening  beneath  the  cast-iron  door  may  be. 
closed  at  pleasure. 

A  counter  flood-gate,  vf,  is  placed  at  the  lower  extremity  of  the  frame;  in  raising  it 
a  barrier  is  formed  of  variable  height,  by  means  of  which  the  substances  between  the 
flood-gate  and  counter  flood-gate  may  be  arrested. 

A  piston,  c,  receives  ttam  the  machine  a  sufficiently  rapid  reciprocating  motion. 

Everything  being  thus  arranged,  if  the  bac  is  supposed  to  be  filled  with  water  to 
the  level  of  the  front  face  at  n",  and  that  the  substances  to  be  washed  fill  the  space  in 
the  bac  between  this  level  and  the  perforated  plate  of  the  &ame,  the  piston  working 
upwards  and  downwards  will  press  the  water  in  the  body  of  the  cylinder,  and  will 
force  it  by  its  incompressibility  to  pass  through  the  holes  in  the  perforated  plate  ;  it 
will  establish  above  this  plate  an  asoending  current,  which,  if  of  sufficient  power,  will 
raise  the  substances  submerged. 

The  resistance  to  the  rise  of  each  body  will  be  in  proportion  to  its  specific  gravity, 
and  the  height  it  will  be  carried  will  follow  an  inverse  law,  supposing  the  &^;ments 
to  be  of  nearly  equal  sizes. 

The  slates  which  fall  over  the  counter  flood-gate  fall  into  a  pocket  or  reservoir,  v, 
whence  they  are  discharged  on  opening  a  flood-gate,  x'.  Pressed  by  the  upper  column 
of  water,  they  slide  witj^  a  slight  admixtoie  of  water  on  the  inclined  plane,  x'  i<f, 
which  can  be  pierced  with  holes ;  the  water  escapee,  and  the  slate  only  &lls  directly 
into  the  waggon  of  dischar^. 

The  bent  axle  of  transmission,  s  s,  moves  in  a  groove  turning  on  a  pivot  at  its  ex- 
tremity.   The  rotation  of  the  axle  communicates  an  oscillating  motion  to  it. 

The  deposit  formed  in  the  drain-well  is  emptied  through  an  opening  of  the  flood- 
gate placed  at  the  lower  part.  An  opening  serving  as  a  man-hole  is  reserved  for 
e&eting  internal  ropairs  without  the  necessity  of  raising  the  frame. 

All  coal  contains  a  portion  of  earthy  matters  or  impurities  which,  in  the  form  of 
bands  or  scales,  are  generally  in  some  degree  apparent  to  the  eye,  and  constitute  the 
ashes  and  clinker  left  by  combustion.  The  small  coal  which  is  sent  out  of  mines 
necessarily  contains  a  still  larger  proportion,  frequently  exceeding  10  per  cent.,  con- 
sisting chiefly  of  shale  and  iron  pyrites  derived  from  the  roof  or  floor  of  the  seam  of 
coal,  or  from  the  bands  of  impurities  interstratified  with  it.  Generally  these  impurities 
are  so  incorporated  with  the  mass  of  the  coal  that  it  must  be  crushed  in  order  suffi- 
ciently to  detach  them.  The  pyrites,  wluch  contain  nearly  the  whole  of  the  sulphur 
found  in  coal-seams,  is  well  known  to  be  very  injurious  either  in  a  heating  or  smelting 
fteiace,  in  the  mannfaeture  or  working  of  iion,  in  gas-making,  in  coking,  and  other 
processes. 
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Many  scama  of  coal  already  sank  to,  or  portionw  of  Beams  in  wwk,  aie  left  naitt- 
groond  as  unsaleable  in  consequence  of  the  impnritieB  they  contain.  Small  coal  nils 
at  a  lov  price  chiefly  in  consequence  of  its  impurities  and  the  defectire  eoking  poto- 
perty  which  they  occasion.  It  has  been  estimated  that  an  amount  not  far  abort  <tf 
the  quantity  of  coal  sold  is  sacrificed  in  producing  a  commercial  article  of  adequate 
quality  and  description.  The  enormous  consumption  of  coal  in  this  oountiy,  amount- 
ing to  127  millions  of  tons  per  annum,  renders  the  utilisation  of  a  larger  portion  of 
the  more  valuable  seams  now  in  course  tjf  being  exhausted,  and  the  bringing  into  the 
market  of  other  seams,  objects  ci  national  importance. 

The  difiereuces  between  the  specific  gravities  of  coal  and  its  imnntitie*,  alloiw  of 
their  being  separated  by  the  action  of  water  when  sufficiently  crushed.'  The  water 
process  hitherto  most  commonly  adopted  is  that  known  as  '  jigging,'  lAidi  consists  in 
fordng  the  water  alternately  up  and  down  through  the  mass  of  coal.  The  downward 
current  of  water  in  'jigging '  is  prejudicial,  and  entails  a  large  sacrifice  of  tha  finer 
particles  of  the  best  coal;  whilst  the  upward  current,  from  its  rapidi^  and  irregolarity, 
IS  costly  both  in  time  and  power,  beskles  failing  to  eSbct  the  more  perfect  separatiou 
which  is  obtained  by  a  slow,  continuously  ascending  or  pulsating  current,  regulated 
to  die  proportion  of  shale  in  the  coal,  and  to  the  siae  at  the  particles  to  be  acted 
upon. 

Several  coal-washing  machines  have  been  from  time  to'  time  introduced,  but  the 
machine  described  sufficiently  represents  their  general  character. 

Machines  have  been  established  in  Scotland,  Cumberland,  Derbyshire,  Gloneester- 
shiie,  and  'Wales,  to  parify  from  20  to  100  tons  of  coal  per  day,  at  a  cost  not  exceed- 
ing td.  per  ton,  and  with  a  loss  not  exceeding  2  per  cent,  of  coal. 

WAVSM.  {Eati,  Fr. ;  Waster,  Ger.)  There  is  no  substance  so  extcnsiv«ly  used 
in  the  operations  of  nature  on  our  globe,  as  well  as  in  the  workshops  of  men,  as  water. 
To  speak  of  its  numerous  relationships,  even  briefly,  would  demand  too  much  spacr, 
and  it  will  be  needful  to  confine  ourselves  strictly  to  a  consideration  of  its  physical 
conditions. 

A  few  analyses  of  river  water  will  convey  some  idea  of  the  oompoeitkin  of  the  solid 
matter  held  in  solution,  given  in  grains  per  gallon  of  this  fluid : — 
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Bain  is  the  probable  source  of  all  water.  It  is  almost  absolutely  pure  water  if  it 
falls  through  uncontaminated  air.  'Water  is  almost  colourless,  brilliant,  without  taste 
or  smell,  and  very  transparent.  'When  seen  through  great  depths  it  has  a  slightly 
blue  shaJde  of  colour.  It  wei^  262-46  grains  per  cubic  inch  at  60°  Fahr.  in  the  air. 
The  spedflc  gravity  of  all  subetauoes  liquid  and  solid  are  taken  by  their  reUtion  to 
water,  which  is  called  1-000  or  1.  Ite  bcnling  point  at  2992  bar.  pressure  is  212° 
Fahr. ;  it  freezes  at  32°,  and  it  evaporates  at  all  temperatures.  Ite  boiling  ptant  at 
760  meters  pressure  is  called  100°  Cent, ;  freezing  point  0°.  It  assumes^  therefore,  the 
gaseous,  liquid,  and  solid  states  with  great  facility.    The  specific  heat  of  water  at  >3° 
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FaliT.  » taken  u  1000.  Water  is  taken  to  measure  amotmts  of  heat  also.  The  heat 
required  to  raise  1  gramme  of  water  1°  Cent,  is  a  unit  of  heat.  The  amonnt  of  heat 
reqaired  to  raise  1  lb.  of  water,  one  degree  of  Fahr.,  requires  for  its  evolution  Uie 
expenditure  of  a  meclwiiical  force  equal  to  the  fail  of  778  lbs.  through  the  spnce  of 
1  &iot.  Or  1  gramme  of  water  is  heated  1°  (Cent)  bjr  an  amonnt  of  heat  represented 
hj  the  fall  of  423-66  grammes  through  tiie  space  of  1  meter.  The  latent  heat  of 
water  and  the  amount  required  to  convert  ice  at  the  freezing  point  into  water  is  144°, 
or  144-6''  Fahr.  (80°-80-84°  Cent.)  The  refractive  power  of  water,  or  its  index  of  refrac- 
tion of  light,  is  1  -336 ;  that  is,  the  sine  of  the  angle  of  incidence  is  to  the  sine  of  the 
angle  of  refraction  as  1*336  to  1.  Refractdve  power  increases  below  39',  although 
density  diminishes.  Water  expands  when  heated  or  cooled  beyond  39°  Fahr.,  or  3'°)) 
Centigrade :  Flay&u:  and  Joule  give  30-1 ;  Fraukenhein,  38-86  ;  Pliicker  and  Oessler, 
38'8.  Hope,  who  discovered  the  property,  gave  39*6.  Water  treeteB  in  ciystals ;  one 
form  is  not  unlike  Iceland  spar,  a  rhomboid.  Hail  crystallises  in  six-sided  pyramids, 
base  to  base;  snow  frequenUy  with  various  stellar  radiations. 

Specific  gravity  of  the  vapour  of  water  is  0'622 ;  it  is  nine  times  heavier  than 
hydrogen.  Water  itself  is  812  times  heavier  tlian  the  atmospheric  air.  Water  ex- 
pands by  heat,  between  32°  and  212°,  1  in  21-3  volumes.  It  expands  in  cooling  below 
32°,  even  if  it  be  not  allowed  to  crystallise.  The  expansion  may  be  prevented  by 
using  smooth  vessels  and  preventing  disturbance.  It  may  be  cooled  in  this  way  to 
about  7°  Fahr.  A  slight  agitation,  or  the  presence  of  a  rough  substance,  rapidly  causes 
it  to  shoot  oat  crystals  in  all  directions.  The  spec.  gr.  of  ico  is  0-916,  it  therefore 
floats  on  water.  It  expands  with  irretsistible  force,  bursting  asunder  iron  vessels, 
however  strong,  in  which  it  may  be  confined,  water-pipes  of  whatever  substance, 
porous  stones  which  may  have  absorbed  it,  and  vegetable-celb  in  which  it  may 
be  enclosed. 

Water  heated  to  212°  Fahr.  boils.  Long  before  this  period,  and  even  in  heating  it 
only  a  few  degrees,  it  gives  off  babbles,  which  are  those  of  air,  from  which  it  is  never 
found  free  in  nature.  At  212°  the  bubbles  of  vapour  are  formed  and  rise  to  the  sur- 
face. These  bubbles  form  more  readily  on  certain  surfaces  ;  on  metals  easily,  especially 
if  they  are  not  polished.  Qay-Lussac  gave  the  difference  of  tJie  boiling  point  in  metal 
and  glass  as  two  degrees,  il.  Maicet  found  it  raised  to  221°  when  a  glass  flask  had 
its  inner  surface  coated  with  a  thin  film  of  shell-Uc.  When  water  has  ceased  to  boil 
in  a  gloss  or  porcelain  vessel,  it  will  begin  again  instantly  if  a  metallic  wire  is  intro- 
duced. Sough  glass  and  porcelain  vessels  allow  water  to  boil  better  than  smooth. 
The  boiling  of  water  depends  on  the  pressure  of  the  air  as  well  as  temperature,  as  the 
following  shows : — 

Barometer,  inebes  Water  boUs  at  degs.  Fabr. 

27-74 208° 

28-20 209° 

28-84 210° 

29-41 211« 

29-92 212° 

30-6 213° 

This  change  of  boiling  point  is  used  to  ascertain  the  height  of  mountains,  650  feet 
making  a  di&rence  of  1  degree.  In  a  vacuum  water  will  boil  at  67°.  In  a  Pnpin's 
digester  it  is  raised  to  800  or  400  without  boiling. 

WATWI-OT.W.    SeeOuM,  W^-TBR. 

WATBBnm  or  STUnv  (Moirage,  Fr.)  is  a  procsat  to  which  silk  and  other 
textile  fabrics  are  subjected,  for  causing  them  to  exhibit  a  variety  of  undulated  reflec- 
tions and  plays  of  light.    See  Moibb. 

W-ATSS-Msmi  An  apparatus  by  which  the  quantity  of  water  supplied  to  a 
manufactory  or  to  a  houM  can  be  satisfactorily  measnnd.  As  a  description  bf  sns- 
meters  has  been  given,  it  appears  requisite  that  some  notice  should  be  taken  of  an 
equally  important  instrument  for  measuring  water.  These  may  be,  and  are,  variously 
constmetsd.  The  principle  upon  which  they  are  made  is  in  all  cases  that  which  we 
see  in  action  in  a  water-wheel,  a  given  quantity  of  -water  in  flowing  performs  a  given 
quantity  of  work. 

Siemens  and  Adamson's  water-meter  is  shown  in  the  following  figures  : — 

Fig.  2093  is  a  plan  of  a  meter,  looking  on  the  dial  and  dial-cap. 

Fig.  2094  is  a  section  of  meter,  filter,  and  unions,  complete. 

Fig.  i006  is  a  perspective  view  of  drum  or  measuring  medium,  showing  the 
•^justing  or  regulating  vanes  a  a  a,  and  water-ways  bb  b;  letters  of  reference  refer 
to  similar  parts  in  all  the  drawings. 

Injly.  2094,  A_is  the  inlet  union  of  meter  for  connecting  to  the  Water  Company's 
supply  fipc.    D  is  the  filter-case,    c  is  a  filter,  which  is  for  the  purpose  of  preventing 
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fbrasD  and  iqinrions  Bubetances  passing  into  the  dram  of  meter,  disk  filter-ease  e 
'which  connects  it  with  the  meter,  and  is  for  the  purpose  of  attaching  to  and  detaching 
from  Ae  meter-case,  to  cleanse  the  filter  c  when  required,  b  b  is  an  inner  filter,  for  the 
porpoae  of  prerenting  any  foreign  and  iqjuiions  matter  vhich  might  pass  the  first  filter, 
c  (irhether  from  being  broken  or  from  any  other  caose)  from  entezmg  into  the  drnrn. 


V  is  an  inlet  chamber  of  the  meter-case  z,  into  which  the  water  enters,  and  ia  con- 
ducted into  the  measuring  drum  B  by  means  of  the  conducting  tube  o.  o  is  the  inlet 
or  conducting  tube  into  &nm.  h  is  the  drum  or  measuring  medium  of  meter,  'nUch  is 
legolated  so  as  to  give  uniformity  of  measurement  by  the  adjusting  ranes  a  a.  i  ia 
an  oil-cup  attached  to  bottom  of  drum,  which  encloses  and  lubricates  the  bottom  of 
spindle  x.  At  the  upper  end  of  the  oil-cup  there  is  a  steel  boss,  which  the  drum  reTolres 
upon.  X  is  the  bottom  spindle,  which  has  a  steel  pivot,  on  which  the  drum  rerolvea, 
and  is  enclosed  by  the  oU-cnp  or  chamber  }.    1. 1.  u  the  outlet  chamber  of  the  meter- 

2094 


case  z,  iqto  whidi  the  water  is  measured  or  delivered  from  the  drum,  and  isdisdiatged 
through  tJie  outlet  end  m.  m  is  the  outlet  nnion  of  case,  for  connecting  to  the  consumer's 
or  service  pipe,  o  o  is  the  spindle  of  drum,  having  a  steel  boss  at  the  bottom,  which 
levolvea  npon  the  steel  pivot  of  the  spindle  x,  and  a  collar  at  top,  working  into  the 
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2095 


Qeiman  silrer  bush  f.  q  U  a  saev  attached  to  the  top  of  the  drnm  spindle,  for  the 
pnrpose  of  giviiig  motion  to  the  wheels  of  dial-vork,  and  so  indicating  on  a  graduated 
dial  the  nnmber  of  feet  or  gaUons  of  water  passed  thiongh  the  meter,  b  is  the 
dial  work,  s  s  is  an  oil  chunber,  which  is  for  the  pnrpose 
of  Inbricatiog  and  protecting  the  wheels  of  the  dial-work 
firom  the  action  of  the  water,  and  so  preventing  any 
foreign  substance  getting  npon  and  injuring  them,  t  is 
the  Sal-plate,  used  for  the  pnrpose  of  making,  along  with 
the  india-mbber  washer  r,  a  sealed  or  water-tight  joint 
1>etween  the  oil  chamber,  where  the  bottom  wheels  work, 
and  the  npper  portion  or  chamber,  where  the  top  or 
diS^ential  wheels  and  dial  work,  y  is  a  dial-cap,  screwed 
on  to  the  top  of  meter-case,  w  is  a  glass  plate,  covering 
dial.  X  is  an  outside  metal-case,  in  which  the  drum  revolves. 
T  is  a  bottom  plate,  for  patting  in  and  taking  out  the  drum. 
The  annexed  drawing,  fig,  2096,  shows  the  arrangement 
of  the  meters  to  measure  large  quantities  of  water  in  con- 
nection with  town  supply  or  district  mains.  The  plan 
shown  admits  of  the  regular  and  periodical  examination 

2096 


2097 


and  repairs,  when  necessaryt  without  in- 
terfering with  the  constant  supply.  A 
dirt  box  is  attached  to  each  end  of  the 
meters,  so  as  to  protect  them  from  in- 
jxaj  arising  from  anything  (such_  as 
Htidcs,  stones,  shells,  &c.)  which  might 
be  in  the  pipes,  and  which  if  allowed 
to  pass  might,  without  this  precaution, 
destroy  the  accuracy  of  the  measure- 
ment, and  damage  the  meter.  The 
sluice  valve  at  each  end  provides  for 
the  periodical  examination  of  the  meter 
and  cleaning  the  dirt  box,  and  when 
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necessary  (for  the  purpose  of  repaits)  the  taking-ont  of  the  metor.  As  it  is  arranged 
that  any  two  of  the  meters  are  of  sufficient  capacity  to  deliver  the  qnantity  required, 
it  will  be  apparent  that  this  can  be  done  while  the  regular  supply  is  going  on. 

_  Messrs.  Walker  and  Son's  duplex  watetr-meter,  figs.  2097  and  2098,  is  somewhat 
different  from  this.  The  water  passes  into  an  annular  chamber  A,  in  which  is  a  rotator 
arbor,  on  which  are  fixed  two  measuring  screws  c,  with  their  blades  at  contrary  angles, 
and  on  the  same  arbor,  between  these  screws,  are  two  cones,  which  servo  to  guide  the 
water  smoothly  on  to  the  screw-blades,  and  likewise  to  lift  the  rotator  off  its  lower 
pivot  and  keep  it  suspended  in  its  bearings  whilst  in  action,  thereby  preventing  end-pres- 
sure. The  water,  by  means  of  a  partition,  is  divided  as  it  enters,  and  it  passes  over 
the  screws  at  opposite  sides  in  two  streams  of  equal  fbtce.  In  the  central  compartment 
the  water  is  again  divided  into  two  streams,  the  one  descending  and  passing  between 
the  blades  of  the  lower  screw,  and  the  other  ascending  and  passing  between  uie  blades 
of  the  npper  screw ;  these  two  currents  join,  and  the  water  passes  off  by  the  outlet. 

The  first  example  g^ven  in  some  respects  resembles  a  Barker's  3G11 ;  while  in  the 
other  the  revolutions  of  the  screws  are  made  to  measure  the  quantity  of  water  passing 
throuj^  the  meter. 

^IVATBBS,  MUlBWTi.  Those  waters  which  contain  such  a  proportion  of  foreign 
matter  as  render  them  totally  unfit  for  ordinary  purposes,  and  give  them  a  sensible 
flavour,  and  a  specific  action  upon  the  animal  economy,  are  called  mineral  waters. 
They  are  various  in  their  composition,  temperature,  and  in  their  e£kct  upon  the 
system.  In  regard  to  temperature  they  are  divided  into  marm,  thermal,  and  cold, 
"ihej  are  generally  so  far  impregnated  with  acid  or  saline  bodies  as  to  derive  from 
them  their  peculiarities,  and  are  commonly  divided  into  fonr  classes.  Acidulous  or 
carbonated  waters  are  characterised  by  an  acid  ta8t«,  and  by  the  disengagement  of 
gas.  They  contain  five  or  six  times  their  volume  of  carbonic  acid  gas ;  their 
salts  are  muriates  and  carbonates  of  lime  and  magnesia,  carbonate  or  sulphate  of 
iron.  See,  Salme  waters  contain,  in  general,  salts  of  soda  and  lime,  or  of  magnesia 
and  lime,  with  carbonic  acid  and  oxide  of  iron.  Cha^/beate  or  fermginous  waters 
have  a  decided  styptic  taste ;  the  iron  is  sometimes  in  Uie  state  c£  an  oxide,  held  in 
solution  by  carbouc  acid,  sometimes  exists  ss  a  sulphate,  and  sometimes  both  as  a 
sulphate  and  carbonate.  Suiphttreous  waters  ore  oafily  recognised  by  their  disagree- 
able smell,  and  their  property  of  tarnishing  silver  and  copper. 

Dr.  Gaiidner,  in  his  '  Natural  History  of  Mineral  ana  Thermal  Springs,"  has  en- 
deavoured to  generalise  the  connection  between  the  composition  of  mineral  waters 
and  the  rock-nrmations  from  which  they  flow : — 1.  '  The  salts  held  in  solution  in 
mineral  waters  have  no  connection  with  the  acid,  saline,  or  earthy  matter  which  enter 
into  the  composition  of  the  rocks  which  they  traverse  in  their  passage  to  the  surface 
of  the  earth.  2.  The  mineral  waters  of  the  primitive  formations  are  almost  all 
thermal,  and  generally  possess  a  very  high  temperature.  Their  predominant  im- 
pregnation is  sulphuretted  hydrogen  gas,  free  carbonic  add  gas,  carbonate  of  soda, 
and,  in  ^neral,  salts  with  a  base  of  soda,  silica,  few  calcareous  salts,  except  carbonate 
of  lime  in  some  peculiar  situations,  and  but  a  small  quantity  of  iron.  3.  The  waters 
of  the  palseozoic  and  older  secondary  formations  participate  in  those  belonging  to  the 
primitive  locks.  They  are  generally  of  a  lower  temperature,  though  some  of  them 
are  still  very  hot ;  free  carbonic  acid  is  much  less  common,  and  sulphuretted  hydrogen 
is  almoet  entirely  absent.  Salts  of  soda  still  predominate,  but  carbonate  is  not  so 
common;  sulphate  of  lime  is  found  in  the  greater  number  of  these  waters;  silica 
exists  in  but  two  or  three  examples.  4.  The  waters  of  the  newer  socondaiy  and 
tertiary  formations  ore  as  distinctly  characterised  as  those  of  the  primitive  rocks, 
placed  at  the  other  extremity  of  the  series.  They  are  all  exii.  Free  carbonic  acid  is 
almoet  entirely  absent.  Their  predominant  ingredients  are  the  carbonate  and  sulphate 
of  lime,  sulphate  of  magnesia,  and  oxide  of  iron.  6.  The  trachytic  and  basaltic 
formations,  and  modem  volcanic  rocks,  present  in  their  mineral  waters  many  of  the 
circumstances  of  temperature  and  composition  which  are  found  in  the  waters  of  granite 
and  other  primitive  rocks.  Sulphuretted  hydrogen,  carbonic  add,  carbonate  of  soda, 
carbonate  of  lime,  and  silica  reappear,  and  many  contain  the  free  snlphnrie  and 
hydrochloric  adds.  The  sulphate  of  lime,  magnesian  salts,  and  oxide  of  iron,  are  again 
wanting.  6.  It  is  often  found  that  the  mineral  waters  of  a  district  have  almost  the 
same  composition,  in  which  case  they  generally  issue  &om  the  crystalline  and 
independent  formations.  In  other  cases  they  are  subject  to  great  varieties  within  a 
comparatively  limited  space,  bo  that  watera  of  a  totally  di^rent  composition  rise  doss 
to  each  other  when  they  emerge  firom  sedimentary  rodcs. 

Sir  Charles  Lyell,  in  his  Address  at  the  meeting  of  the  Bridsh  Association  at  Bath, 
stated  that,  'Kotwithstanding  the  general  persistency  in  character  of  mineral  waters 
and  hot  springs  ever  since  they  were  first  known  to  us,  we  find  on  enquiry  that  some 
few  of  them  even  in  historical  times  have  been  subject  to  great  changes.     Iliese  have 


Digitized  by 


Google 


WATERS,  MINERAL  1099 

lutppened  during  eaithqnokes  which  have  been  Tiolent  enough  to  distorb  the  mb- 
terranean  drainage  and  alter  the  shape  of  the  fissures  up  which  the  waters  ascend. 
Thus,  daring  the  gretft  earthquake  at  Lisbon,  in  175S,  the  temperature  of  the  spring 
called  La  Sonice  de  la  Beiue  at  Bagtiires-de-Suehon,  in  the  Pyrenees,  was  suddenly 
raised  as  much  as  76°  Fahr.,  or  changed  from  a  cold  spring  to  one  of  122°  Fahr.,  a  heat 
which  it  has  sincd  retained. '  It  is  lUso  recorded  that  the  hot  springs  at  Bagnires-de- 
Bigorre,  in  the  same  mountain-chain,  bscame  snddenlj  cold  during  a  great  earthquake 
which  in  1660  threw  down  several  honnes  in  that  town.  It  has  been  ascertained  thnt 
the  hot  springs  of  the  Pyrenees,  the  Alps,  and  many  other  regions,  are  situated  in  lines 
along  with  the  rocks  have  been  tent,  bnd  usually  where  they  have  been  displaced  or 
faulted.'  • 

In  the  regions  where  volcanic  eruptions  BtiU  occasionally  occur,  hot-water  springs 
are  found  in  great  abundance;  sometimes  the  water  of  these  springs  attains  a  boiling 
temperature,  and  some  emit  steam  coosiderably  above  boiling  point  These  springs 
are  most  conspicuous  in  districts  where,  as  in  Central  France,  and  the  Eifcl  in  Ger- 
many, there  are  indications  that  the  internal  flres  have  comparatively  recently  become 
dormant. 

At  Carlsbad,  in  Bohemia,  there  are  some  vray  important  mineral  springa :  one  of 
these  is  a  very  copious  stream,  gushing  ibrth  with  great  vehemence.  Its  temperature 
is  I6fi°  Fahr.    The  analysis  of  Benehus  shows  the  water  of  this  spring  to  contain  :— 


Sulpliate  of  soda 
Caroonate  of  soda    . 
Chloride  of  soditui  . 
Carbonate  of  lime    .   . 
Fluoride  of  calcium  .  . 
Phosphate  of  lime    . 
Carbonate  of  strcmtia 

„         of  magnesia 
Phosphate  of  alumina 
Carbonate  of  manganese 
Silez 


Total 


2M7U 
.  1-26300 
1-04893 
0-31S19 
0-00331 
0-00019 
0-00097 
018221 
000034 
a  trace 
0-07504 


«-4<3S8 


Berzelias  found  that  the  substances  dissolved  by  carbonic  acid  in  this  spring  crj-stal- 
lise  out,  when  the  carbonic  acid  escapes,  independently  of  the  diminntion  of  the 
liquid,  but  that  the  magnesia  and  silicic  acid  were  not  deposited  until  the  evaporation 
hacl  taken  place. 

There  are  many  celebrated  mineral  springs  in  England ;  amongst  the  most  im- 
portant may  be  enumerated  those  of  Buxton,  Harrowgate,  Cheltenham,  Leamington, 
Tnnbridi!;e,  Epsom,  and  Bath. 

Sir  Charles  Lyell  stated  (in  the  same  Address  before  alluded  to)  that: — ^"The 
thermal  waters  of  Bath  are  far  from  being  conspicuous  among  European  hot  springs 
for  the  quantity  of  mineral  matter  contained  m  them  in  proportion  to  the  water 
which  acts  as  a  solvent.'  *  Dr.  Danbeny,  after  devoting  a  month  to  the  aDa1}-8i9  of 
the  Bath  waters  in  1833,  ascertained  that  the  daily  evolution  of  nitrogen  gas  amounted 
to  no  less  than  260  cubic  feet  in  volume.  This  gas,  he  remarks,  is  not  only  charac- 
teristic of  hot  springs,  but  is  largely  disengaged  mm  volcanic  craters  during  eruptions. 
Carbonic  add  is  another  of  the  gaseous  substances  dischaiged  by  the  Bath  waters.' 

The  temperature  of  the  Bath  waters  varies  in  diflerent  springs  from  117°  to  120° 
Faiir.  Prof.  Boscoe  analysed  the  Bath  waters,  more  particularly  the  water  of  the 
King's  Bath  spring :  he  found  it  contained  strontium,  lithium,  sulphate  of  calcium, 
m^nesium,  and  a  small  quantity  of  copper. 

Dr.  Muspratt,  in  a  letter  addressed  to  the  Editor  of  the  Chemical  News,  said : — 

'The  thermal  springs  of  Buxton  issue  from  fissures  in  the  calcareous  rocks,  and 
are  attended  by  often-repeated  but  suspended  volumes  of  gas,  which  escape  partly 
as  large  bubbles,  and  partly  in  countless  minute  vesicles  of  water,  giving  to  the 
liquid  f^hly  collected  in  ^ass  vessels  all  the  appearance  of  aSrated  water.  As  it 
gurgles  up,  the  water  is  clear,  sparkling,  and  almost  tasteless.  The  temperature 
is  a  little  above  32°  Fahr.,  and  the  specific  gravity  1-000330.  The  most  remark- 
able feature  of  the  Buxton  water  is  the  very  large  quantity  of  nitrogen  which  it 
eviscerates.' 

CnUe  inches 
pergalloii. 

Nitrogen 20400 

Free  Carbonic  acid 8-SO 
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Ths  analysis  made  by  Dr.  Muspntt  of  the  Boxton  vaUr  is  as  fdlows: — 

Carbonate  of  lime,  CaOCO' 8-Ml 

Carbonate  of  magnesia,  HgOCO' 3741 

Carbonate  of  iron,  FeOCO* 0-082 

Chloride  of  calcium,  CaCl 1-227 

Chloride  of  magneeiam,  HgCl 0'4<3 

Chloride  of  socQnm,  NaCl 2-404 

Chloride  of  potassiom,  KCl 0-260 

Sulphate  of  Ume.CaOSO' 0-330 

Silicic  add,  810* 1-044 

Oiganic  matter 0*341 

Phosphate  of  lime  and  alumina,  flvioride  of  caldnm,  nitric 

add,  &C. 1-076 


19-510 


The  celebrated  Geysers  of  Iceland  are  the  faott4st  known  springs  in  the  worid. 
From  experiments  made  by  Prof.  Bunsen,  we  Isara  cnat  at  the  depth  of  only  74  feet, 
at  the  bottom  of  the  tube  a  column  of  water  may  be  in  a  state  of  rest,  and  yet  poasesB 
a  heat  of  120°  Cent,  or  248  Fahr.  What  then  will  be  the  temperatore  of  snch  water 
at  the  depth  of  a  few  thousand  feet  7    The  Oeyser  water  contains  in  10,000  parts : — 

Forafahammer,  Ftaff. 

Slide  add 409  800 

Soda 1'82  — 

Chloride  of  sodium 1-68  1-68 

Sulphate  of  soda  (and  magnesia)       ....  0-62  1-32 

Sulphate  of  lime .0-34  — 

7-96  11-00 

By  cooling  alone  about  one-tenth  of  the  silide  add  separates;  for  the  water 
which  Forchhamnier  received  in  sealed  flasks  became  doudy,  and  left  that  quantity 
of  silica.  

MaoHiinDRT. 

See  Caoctchooc. 
r  OV.  This  subject  has  been  already  dealt  with  to 
some  extent  while  on  the  subject  of  filters,  and  when  speaking  of  the  influence  of 
animal-chaicoal.  Spencer,  the  discoverer  of  the  electrotype  process,  appears  to  hare 
made  a  cUscorery  proving  that  magnetic  oxide  of  iron  and  the  protooirbide  possess  the 
property  of  purifying  water. 

After  trying  a  number  of  experiments  with  various  descriptions  of  rocks  and 
minerals,  Mr.  Spencer  found  that  those  containing  protoxide  of  iron  (even  where  it 
was  chemically  combined  with  other  substances)  eSecbad  the  flltiatioD  of  water  £ram 
even  suspended  impurity  better  than  any  others.  Acting  on  the  idea  thus  suggested, 
he  found  that  the  same  oxide,  when  isolated  in  the  state  of  *  magnetic  oxide,'  not  only 
freed  water  from  turbidity  more  effectually  than  an  equal  thickness  of  sand,  but 
effected  its  decolouration  with  marvellous  rapidity.  On  the  other  hand,  the  earthy 
substances  entering  into  the  compodtion  of  the  same  rocks,  such  as  nlica  and  alumina, 
when  isolated,  were,  in  the  latter  respect,  perfectly  inart.  From  this  it  was  evident 
that  the  protcodde  of  iron,  as  magnetic  oxide — a  substance  wliich  enters  into  the  com- 
position of  so  many  rocks — was  one  of  nature's  chief  agents  of  purification.  A  most 
striking  experiment  was  made  with  some  bog-water,  darker  in  colour  than  ordinary 
POTter,  which  had  been  procured  from  the  soakings  of  an  Aberdeenshire  pest-bed. 
What  bnmght  into  contact  wWt  the  moffnetie  oxide,  it  uxu  deprived  ofita  colour  almost 
inetanlaneoutlt/,  and  carbonic  acid  eubetituted  t»  ite  place. 

Perhaps  the  most  extraordinary  drcumstance  is  that  tie  magnetic  filtering  medimn 
ite^  ti^ere  no  deterioration  after  any  period  of  operaOon.  Of  course,  if  its  sur&oe  be- 
comes fouled  with  slimy  impurity,  it  requires  washing.  Its  province  is  confined  to 
forcing  the  oxygen,  always  present  in  the  water,  into  combinati(m  with  the  impun 
oinuue  matter,  and  thus  converting  it  into  carioTuc  acid,  which  gas  conferred  freshness 
and  salubrity  on  all  waters  in  which  it  was  found.  In  these  results  the  occult  aetion  of 
catalysis  was,  for  the  first  time  in  the  histoiy  of  sdence,  brought  at  will  into  artificial 
eveiy-day  operation. 

The  magnetic  oxide  was  not  to  be  understood  as  ordinary  oxide  (rust)  of  iron.  It 
was,  on  the  contrary,  a  black  ciystalline  body,  bard  bat  brittle,  and  analogous,  in 
perhaps  all  respects,  to  the  body  .formerly  termed  *  loadstone.'     Below  xeoiMa*  it 
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neyer  oxidised.  Thontfh  not  plentiful  as  a  natoial  body,  Mr.  Spencer  had  mioceeded 
in  farming  it  artiflciaUy,  from  sereral  iron  ores,  at  a  yery  reasonable  rate.  Though 
the  magnetic  ocdde  he  had  obtained  from  the  white  carbonate  of  iron  was  rerj  etbctive, 
yet  it  had  a  tendency  to  be  reduced  to  fine  powder  by  attrition.  He  became  apprehen- 
sive, therefore,  that  this  circumstance  might  ultimately  interfere  with  the  rapidity  of 
his  filtering  operations.  This  led  him  to  seek  some  mode  of  procuring  an  equally 
efiective  though  less  friable  body.  After  varions  experiments,  he  sacoeeded  be- 
yond his  anticipations.  By  rary  simple  means,  he  had  obtained  a  magnetic  body 
combined  with  carbon  from  the  Utherto  reiractory  Cumberland  bamatite.  This  new 
compound  body,  which  is  thus  added  to  metallurgical  chemistry,  consists  of  iron, 
oxygen,  and  carbon — an  eqniTalent  of  each ;  its  atomic  number  is  therefore  42.  It 
is  yery  hard,  and  when  polished,  has  a  black  metallic  lustre.  It  is  highly  magnetic, 
and  was  said  to  be  as  incorrodible  as  gold  or  platinum.  Its  purifying  powers  were 
stated  to  be  yery  great.  It  can  be  manufactured  cheaply.  Mr.  Spencer  named 
it  protocarbide  of  iron.  He  stated  that  it  was  not  always  necessary  m  practice  to 
have  an  eqniyalent  of  carbon  combined  with  the  oxide,  as  a  smaller  proportion  con- 
ferred the  requisite  hardness,  in  which  case  it  was  prepared  more  quiokly ;  bnt,  in 
making,  if  kept  at  a  low  red  heat  along  with  uncombined  carbon  for  a  longer  time, 
the  combination  took  place  in  eqniyalent  proportions. 

'WJk.VMBt  UMA—rtndtred  frah.  The  analyses  of  sea  water  which  haye  been 
made  at  yarious  times,  and  the  results  of  which  will  be  found  elsewhere,  prove  that 
that  liquid  contains  £rom  8|  to  4  per  cent,  of  saline  substances, 
two-thirds  at  least  of  which  are  common  salt,  and  also  a  certain 
quantity  of  organic  matters,  all  of  which  substances  impart  to 
it  its  well-known  taste  and  odour,  and  render  it  unfit  for  drink- 
ing or  other  domestic  purposes. 

To  render  sea  water  drinkable,  and  thus  avoid  the  accidents 
resulting  from  an  insufficient  supply,  or  from  an  absolute  want 
of  fresh  water,  in  sea-voyages,  is  a  problem  which  may  be  said 
to  have  engaged  the  attention  of  men  from  tiie  yery  moment 
they  ventured  to  lose  sight  of  the  friendly  shore  and  became 
navigators ;  gradually,  as  the  enlargement  of  commeieial  opera- 
tions extended  the  length  of  sea-voyages,  the  difficulty  of  pre- 
serving in  a  pure  state  the  fr«sh  water  taken  in  store,  the 
necessi^  of  putting  up  at  stations  for  procuring  a  fresh  supply 
of  it  when  it  is  exhausted,  the  great  gain  to  be  realised  by 
being  enabled  to  devote  to  the  stowage  of  cargo  the  valuable 
space  occupied  by  water-tanks  and  water-casks,  have  induced 
many  people  at  various  times,  and  for  many  years  past,  to 
contrive  apparatus  by  means  of  which  sea  water  would  be 
rendered  fit  to  drink,  or  by  means  of  which  good  fr«sh  water 
could  be  obtained  therefrom. 

fresh  water  can  be  obtained  from  sea  water  in  two  ways : 
the  one  by  distillation,  the  other  by  passing  it  through  a  layer 
or  column  of  sand,  or  of  earth,  of  sufficient  thickness  or  length. 
In  effect,  if  sea  water  be  poured  at  A  (fig.  2099),  into  a  pipe  1 5  feet 
high,  and  full  of  clean  dry  sand,  the  water,  which  will  at  first 
flow  at  B,  will  be  found  pretty  fresh  and  drinkable,  but  as  the 
operation  is  continued,  the  water  which  flows  at  b  soon  becomes  brackish;  the 
brackishness  gradnally  augmenting,  until,  in  a  very  short  time,  the  water  which 
flows  at  II  is  actually  more  salted  than  that  poured  at  k.  \  because  the  latter  dissolves 
the  salt  which  had  been  first  retained  by  the  sand,  which  must  then  be  renewed,  or 
washed  with  fresh  water,  a  process  evidentiy  useless  for  the  purpose  in  question. 
This  phenomenon,  accordiing  to  Berzelius,  is  due  to  the  interstices  between  the  grains 
of  sand  acting  as  capillary  tubes;  and  as,  at  the  beginning  of  the  operation,  the  effect 
depends  more  on  the  attraction  than  on  the  pressure  of  the  liquid  poured  in  one  of  the' 
branches  of  the  tube,  the  salt  is  partiy  separated  from  the  water  which  held  it  in 
solution,  the  latter  lodging  itself  into  the  interstices  of  the  sand,  and  filling  them;  if, 
when  the  mass  of  the  sand  is  completely  wetted,  a  greater  qnanti^  of  sea  water  is 
poured  upon  it,  the  weight  of  the  said  sea  water  first  displaces  and  expels  the  fresh 
water ;  but  as  soon  as  t£e  interstices  of  the  sand  have  thus  been  forcibly  filled  up  with 
sea  water,  the  water  flowing  at  B  becomes  more  and  more  salted ;  wherefore  this  filtra- 
tion cannot  yield  more  fresh  water  than  can  be  contained  in  the  interstices  of  a  column 
of  sand  of  a  certain  length,  and  proportionate  to  the  saltness  of  the  sea  water. 

Howbeit,  the  removal  of  the  salt  from  sea  water,  so  as  to  obtain  fresh  water  there- 
from, is,  practically  speaking,  an  impossibility,  except  by  evaporation. 

At  first  sight  one  would  think  that  it  is  sufficient  to  submit  sea  water  to  distilla- 
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tion  to  MBTeit  it  into  fraih  water,  and  that  tlu  aolntiaii  of  the  problem  is  altogathar 
dependeQt  npon  a  itill  coiutnieted  80  a*  to  prodnes,  bj  arapontioii,  a  great  qnaati^ 
of  distilled  water,  with  a  ooluumpUon  of  iiiel  raffloiaDtly  small  to  become  pgBJtiaabla. 

Distillation  at  a  cheap  rate  is  doabUeai  an  important  item,  and  ftiel  being  a  com- 
broos  and  eotpensiTe  article  on  board  thtp,  it  is  sopembnndantly  evident  that,  sap- 
poains  all  the  ai^ianitas  which  have  hithuto  been  oontrired  for  the  porposa  to  answer 
equaUjr  well,  that  one  would  olearly  merit  the  prefcrsnoe  which  wonld  piodaes  moat 
at  least  cost ;  but  there  are,  besides,  other  desideiata  <tf  a  no  less  primary  impntasoe, 
and  it  is  firom  having  neglected,  ignoired,  or  been  .unable  to  realise  them,  that  all  tha 
apparatus  for  obtaining  ^sh  water  from  sea  water,  which  hare  been  from  time  to 
time  brought  before  the  pnblici  have  hitherto^  withoat  ezeeptioo,  proved  total 
fikilures,  or,  after  trial,  hava  been  quite  discarded,  or  falfll  the  olgeot  in  view  in  a 
way  so  imperfect  or  precarious,  that,  pmcticaUy  speaking,  the  mannfjaetare  of  firash 
water  at  sea,  or  from  sea  water,  may  tw  said  to  haire  been,  until  quite  lately,  an  vn- 
aceomplished  feat.  In  order  to  understand  the  nature  of  the  difficulties  iriueh  stood 
in  the  way  of  success,  a  few  words  of  explanation  become  neeaaaary. 

When  ordinary  water,  whether  fireah  or  salt,  is  submitted  to  distillation,  the  con- 
densed steam,  instead  of  being,  as  might  be  suppoaed,  pure,  tasteless,  and  odourless, 
yields  on  the  contrary  a  liquid  free  from  salt,  it  is  true,  but  of  an  intolerably  nauseous 
and  empyreumatio  taste  and  odour  which  it  retains  for  many  weeks ;  it  is,  mareover, 
insipid,  flat,  and  vapid,  owing  to  its  want  of  oxygen  and  earbonie  acid,  which  water 
in  its  natural  eteto  possesses,  and  of  which  it  has  been  deprived  by  the  process  of 
distillation.  In  the  afaaaaoe  of  ordinary  fresh  water,  this  distilled  water,  however  die- 
agreeable  and  objectionable  it  may  be,  is  of  course  of  use  so  &r  as  it  is  fresh,  but  the 
crews  invariably  refiise  it  as  long  as  they  can  obtain  a  sai^y  from  natural  sources. 

With  a  view  to  remedy  the  d^ecU  just  alluded  to,  various  means  have  from  time  to 
time  been  proposed  and  employed :  such  as  the  addition  of  alum,  sulphuric  and  other 
adds,  chloride  of  lime,  jce. ;  but  it  is  evident  that  chemical  veageote  cannot  effect  the 
object ;  but  if  even  they  did,  their  use  is  always  unsafe,  for  their  eontinnoas  and  daily 
absorption  might,  and  doabtleaa  would,  cause  aocidente  of  a  more  or  leas  serious 
nature,  not  to  speak  of  the  trouble  and  care  required  in  making  such  additinaa. 
Liebig  said,  with  both  authority  and  reason,  that,  as  a  general  rule,  the  use  of  chemicals 
should  never  be  recommended  for  cnli&ary  (or  fbod)  purposes ;  for  chemicals  are 
seldom  met  with  in  commerce  in  a  state  of  purity,  and  are  frequently  contaminated 
by  poisonous  substances.  On  the  other  hand,  the  percolation  throu^  parfinated 
barrels  or  coarse  sieves,  porous  substances,  plaster,  chalk,  sand,  &e.,  the  pomps, 
ventilators,  bellows,  agitetors,  which  have  been  proposed  to  a8rate  the  diitilled  water 
obtained,  and  render  it  palatable,  are  slow  in  their  action,  of  a  difficult,  ineonvanieot, 
or  impossible  application ;  and  as  to  leaving  the  distilled  water  to  become  aerated  by 
the  agitation  imparted  to  it  in  tanks  or  casks  by  the  motion  of  the  ship,  this  must  be 
continued  for  a  length  of  time,  proportioned  of  course  to  the  vigour  of  the  osdllatioas 
imparted  to  the  ship  by  the  violence  of  the  waves,  and  the  time  thus  required  is 
always  considerable ;  yet  in  this  way,  and  finally  by  ponring  the  water  sevenl  times 
fkom  one  glass  to  another  before  drinking  it,  it  may  become  folly  aerated,  but  without 
entirely  losing  iU  vapid  and  nauseous  taste  and  odour. 

But  before  proceeding  further,  it  may  not  be  amiss  to  say  a  few  words  respecting 
another  condition  in  the  construction  of  marine  eondenaiiig  machines,  which,  tiam  not 
being  sufficiently  taken  into  acoonnt,  fluently  pute  them  suddenly  out  of  service^  or 
necessitates  constant  repairs. 

The  question  which  had  hitherto  been  left  unanswered,  and  yet  iriiieh  most  be  in- 
tegrally solved  before  success  could  be  hoped  for,  is  the  following : — 

To  obtain,  with  a  small  proportion  of  fuel,  large  quantitiee  of  fraah,  inodocoos, 
salubrious,  aerated  water,  without  the  help  of  chemical  reagents,  by  means  of  a  self- 
acting  and  compact  apparatus  capable  of  being  woiked  at  all  noun,  under  all  lantudea, 
in  all  weathers  and  conditions  compatible  with  the  existence  of  the  ship  itself,  and 
incapable  of  becoming  inomsted,  or  ot  otherwise  going  out  of  order. 

How  this  complex  and  difficult  problem  was  solved  by  Br.  Normandy  we  now  pro- 
ceed to  explain : — 

It  is  a  known  property  of  steam  that  it  becomes  condensed  into  water  again, 
whenever  it  comes  in  contact  with  water  at  a  temperature  lower  than  itself  no  matter 
how  high  the  temperature  of  that  condensing  water  may  be. 

It  is  known  that  the  sea  and  other  natural  waters  are  saturated  with  air  oonteiniag 
a  larger  proportion  of  oxygen  and  of  carbonic  acid  than  the  air  we  breathe.  In  eibct, 
100  volumes  of  the  air  held  in  solution  in  water  oontein  from  33  to  33  volumas  of 
oxygen,  whereas  100  volumes  of  ordinary  atmospheric  air  contein  only  24  vidnmes  of 
oxygen.  Again,  ordinary  atmospheric  air  contains  only  ^^  at  carbonic  add,  whereas 
the  air  held  in  solution  in  water  contains  from  40  to  12  per  cent,  of  earbonie  acid. 
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Experiments  undertaken  vith  a  view  to  determine  the  amount  of  these  gases  pre- 
sent in  water,  showed  that  this  amount  varied  with  the  state  of  purity  of  the  water ; 
that  whilst  ordinary  rain-water  contains,  on  an  average,  15  cubic  mches  of  oxygenised 
air  per  gallon,  it  was  constituted  as  follows : — 

Carbonic  add 6-26 

Oxygen 6'04 

Nitrogen      .........    370 

1500 

Sea  water,  owing  to  the  Tarioos  substances  which  it  holds  in  solution,  contains  only 
on  an  average  5  cubic  inches  of  gases,  more  than  one-half  of  which  is  carbonic  acid ; 
or,  in  other  words,  1  gallon  of  sea  water  contains  about  two-thirds  less  gases  than 
ordinaty  rain-water,  and  one-half  less  gases  than  river  water. 

It  has  been  ascertained  that  air  b^ns  to  be  expelled  from  such  natural  waters 
when  the  temperature  reaches  about  130°  Fahr. ;  and  we  know  that  when  the  tem- 
perature reaches  212°  Fahr.,  all  the  air  which  it  contained  has  been  expelled,  and  it 
IS  for  this  reason  that  distilled  water  contains  no  air. 

The  apparatus  invented  by  Sr.  Normandy  is  represented  in  fig*.  2100,  2101.  It 
consists  <n  three  principal  parts — an  evaporator,  a  condenser,  and  a  refrigerator — 
joined  so  as  to  form  one  compact  and  aoud  mass,  screwed  and  bolted,  without  sol- 
dering or  brazing  of  any  kind.  The  evaporator  is  a  cylinder,  partly  filled  with  sea 
water,  into  whi(£  a.  sheaf  of  pipes  is  immersed,  so  that  on  admitting  steam  at  a  cer- 
tain pressure  into  these  pipes  it  is  condensed  into  fresh,  though  non-aerated  water  by 
the  sea  water  by  which  the  pipes  ore  surrounded,  that  sea  water  being  thus  heated  and 
a  portion  of  it  evaporated  at  the  same  time ;  for  it  is  one  of  the  properties  of  steam  to 
be  condensed  b^  water,  no  matter  how  high  the  temperature  of  that  water  may  be,  if 
it  be  only  inferior  to  that  of  the  steam.  Tbiis  non-aerated  water  becomes  aerated,  as 
will  be  explained  below.  On  board  steamers,  the  steam  is  obtained  directly  from 
the  boilers  of  the  shij> ;  in  sailing-vessels  it  is  procured  &om  a  small  boiler  which 
may,  or  may  not  be  connected  with  the  hearth,  gallery,  or  caboose. 

The  steam  at  a  pressure  being,  of  course,  hotter  than  ordinary  boiling  water,  serves 
to  convert  a  portion  of  the  water  contained  in  the  evaporator  into  onlinary  or  non- 
pressure  steam,  which,  as  it  reaches  the  pipes  in  the  condenser,  b,  is  resolved  into  fresh 
aerated  water.  By  Utus  evaporating  water  under  slight  pressure,  one  fire  performs 
double  duty,  and  thus  the  first  condition,  that  of  economy,  is  completely  folfllled,  for 
while,  in  the  usual  way,  1  lb.  of  coal  evaporates  at  most  6  or  7  lbs.  of  water,  the  same 
quantity  of  coals,  put  under  the  same  boUer,  but  in  connection  with  this  apparatus,  is 
thus  made  to  evaporate  12  or  14  lbs.  of  water ;  or,  in  other  words,  from  the  same  amount 
of  coals  or  of  steam  employed,  the  machine  whiiji  is  described  will  produce  double  the 
quantity  of  firedi  water  that  can  be  obtained  by  simple  or  ordinary  distillation ;  that 
is  to  say,  double  the  quantity  obtained  by  the  ordinaiy  condensers. 

The  comparative  tnals  made  in  1859  on  board  aJS..  ships  the  Sphynx,  Erebus, 
and  Odin,  at  Portsmouth,  before  the  Commissioners  of  the  Admiralty,  most  con- 
clusively proved  the  perfect  accuracy  of  that  statement. 

The  steam  issuing  £rom  the  evaporator,  and  which  is  condensed  by  the  water  in 
the  condenser,  imparts,  of  course,  its  heat  to  the  sea  water  in  it ;  and  as  this  water  is 
admitted  cold  at  tlie  bottom,  whilst  the  steam  of  the  evaporator  is  admitted  at  the  top 
of  the  condenser,  the  water  therein  becomes  hotter  and  hotter  gradually  as  it  ascends, 
and  when  it  finally  reaches  the  top  its  temperature  is  about  208°  Fahr. 

It  has  been  already  stated  that  water  begins  to  part  with  its  air  at  a  temperature  of 
about  130°  Falir.,  therefore  the  greater  portion  of  the  air  contained  in  the  water 
which  flows  constantly  and  unintMmptedly  through  the  condenser  is  thus  separated, 
and  led  through  a  pipe  into  the  empty  space  left  for  steam-room  within  the  evaporator, 
where  it  mixes  with  the  steam. 

Now,  as  about  six  gallons  of  sea  water  must  be  discharged  for  every  gallon  of  flwsh 
water  which  is  condensed,  and  as  each  gallon  of  sea  water  contains,  as  was  said  before, 
5  cubic  inches  of  air,  and  whereas  the  utmost  quantity  of  it  that  fresh  water  can 
naturally  absorb  is  16  cubic  inches  per  gallon,  it  follows  that  the  steam  in  the  evapo- 
rator, befcffo  it  is  finally  condensed,  has  been  in  contact  with  twice  as  much  air  as 
water  can  take  up,  the  result  being  a  production  of  fresh  water  to  the  maximum  of 
a&ration,  that  is,  containing  us  much  air  as  in  pure  rain-water. 

This  aeration  of  the  water  to  the  maximum  and  with  the  air  naturally  contained 
in  the  water  in  its  original  state,  though  a  condition  of  the  utmost  importance.  Dr. 
Normandy  having  failed  in  removing  the  odour  and  taste  in  question,  it  became  neces- 
sary to  by  to  discover  whence  came  that  flavour  which  no  aeration  conld  destroy, 
except  after  a  considerable  length  of  time,  and  even  then  never  perfectly.    That  wutsr 
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bas  the  power  of  absorbing  &nd  dusolTing  organic  mntter  is,  of  course,  well  known, 
bat  it  maj  be  illnstrsted  in  a  very  simple  manner,  as  follows : — ^If  water,  from  whaterer 
soaice,  be  distilled,  the  distillate  wil^  of  course,  be  fresh  water,  pore  fresh  water,  bat 
it  will  hare  a  peculiar,  nauseous,  and  empyrenmatic  taste  and  odour,  stronger  in  pro- 
portion as  the  heat  applied  to  evaporate  it  has  been  more  elevated ;  it  is  that  smell  and 
taste  which  render  it  iindriiikable  for  a  while.  If,  when  it  has  become  sweet  again 
by  long  standing,  which  period  may  be  hastened  b;  agitation  in  the  atmosphere,  that 
distilled  water  be  then'  renlistilled,  the  distillate  will  be  found  to  have  aoquirod  again 
the  same  empyreomatic  taste  and  odour  as  when  it  was  first  distilled.  How  is  this  ? — 
Because  it  will,  by  standing  or  agitation,  have  re-dissolved  a  portion  of  the  air  in  the 
room  in  t^iich  it  was  kept,  and  along  with  that  air  it  will  have  absorbed  whateTer  sub- 
stances were  present,  dissolved  or  suspended  in  it,  and  those  snbetances  by  their  con- 
tact with  the  heated  surfaces  of  the  still,  yield  an  empyreumatio  product,  which  taints 
the  distillate.  On  board  ships,  the  water  which  is  stoi«d  in  for  the  use  of  crews  in  the 
usual  way,  in  the  course  of  about  a  fortnight  becomes  putrid  and  almost  undrinkable, 
because  the  organic  matter  which  that  water  contains  is  imdetgoing  pntrefiu^re  fer- 
mentation. But  about  a  month  or  so  afterwards  the  water  gradually  becomes  sweeter 
and  sweeter,  until  at  last  it  becomes  drinkable  again;  because,  eventually,  all  the 
organic  matter  which  it  contained  becomes  decomposed,  carbonic  acid  and  water  being 
the  result,  and  although  the  air  of  a  ship's  hold  is  none  of  the  sweetest,  such  water,  as 
just  said,  generally  remains  afterwards  perfectly  good  and  palatable;  because,  the  tanks 
in  which  it  is  kept,  being  covered  up,  it  is  sheltoted  from  fresh  pollutions,  and  because 
it  is  now  saturated  with  pure  air,  and  therefore  cannot  absorb  that  of  the  atmosphere. 

When  the  natural  waters  supplied  to  our  habitations  are  obtained  from  impure 
sources,  as  is  unfortunately  too  often  the  case,  the  evils  resulting  fr«m  their  use  may 
in  some  degree  be  remedied  by  putting  in  practice  the  recommendation  which  has 
been  sometimes  made,  of  boiling  such  water  previous  to  emplimng  it  as  a  beverage ; 
unfortunately,  the  water  being  thereby  deprived  of  air  is,  like  distilled  water,  though 
in  a  less  degree,  unpalatable  and  vapid  and  heavy ;  it  is,  in  fact,  of  difkult  digestion ; 
but  there  is  something  worse  than  that ;  water  which  has  been  boiled,  or  which  has 
been  distilled,  by  reason  of  its  containing  no  air,  has  a  great  tendency  to  absorb  or  to 
take  that  of  the  media  where  it  is  kept,  so  that  if  distilled  water  which  contains  no 
air  be  kept  in  a  ship's  hold,  or  in  an  impure  and  confined  place,  it  will  absorb  pre- 
cisely the  quantity  of  air  which  it  can  absorb,  namely,  16  cubic  inches  per  gallon,  and 
if  tliat  air  be  loaded  with  organic  particles  or  impure  emanationB,  it  will  soon  become 
fcetid  and  putrid.  The  experiments  of  Dr.  Angus  Smith  have  proved  that  if  a  stream 
of  air  wfaidi  has  already  been  breathed  be  passed  through  water,  the  latter  will  retain 
a  peculiar  albuminoid  matter  which  undergoes  putrefaction  with  eztraordinaiy 
rapidity ;  and  the  water  which  condenses  on  tiie  cold  exterior  sur&ces  of  vessels  in 
crowded  rooms  possesses  the  same  character,  and  acquires  in  a  short  time  an  offensive 
odour ;  now  this  is  to  a  great  extent  the  case  with  the  water  of  ordinary  cundensers 
when  allowed  to  become  spontaneously  aerated  on  board  ship.  Thus  water,  though 
distilled,  if  kept  in  tainted  rooms,  will  soon  become  foul,  llie  only  condition  neces- 
sary for  distilled  water  not  to  become  putrid  or  offensive  is  to  saturate  it  with  pi$re 
air,  because  in  that  case  there  is  no  room  left  for  other  gases  to  impregnate  it  (st 
least,  practically  speaking,  and  in  the  ordinary  conditions  of  domestic  or  of  sliip 
economy)  and  to  keep  it  in  covered  vessels  or  tanks. 

Fiff.  2100  is  a  section,  all  on  the  same  plane,  showing  the  mode  of  action  of  the  app)t- 
ratus,  without  reference  to  the  real  position  of  its  constituent  parts.  Fig.  2101  is  a 
correct  front  elevation  of  the  apparatus. 

1  shows  the  large  entrance  tube  for  the  sea  water :  tins  tube  is  connected  to  a  large 
cock,  communicating  with  the  sea  through  the  side  or  bottom  of  the  ship ;  or  else  flanged 
to  a  much  smaller  pipe  connected  with  a  pump,  by  means  of  wliich  the  apparatus  is 
supplied  with  water  from  the  sea,  which  thus  penetrates  into  the  refrigerator  S,  throagh 
the  tube  of  communication  4,  and  thence  passes  round  the  sheaf  of  pipes  IS,  in  the 
said  refrigerator,  through  another  communication  tube  5,  into  the  condenser  6,  as 
shown  by  the  arrows,  and  up  the  large  vertical  tube  8,  whence  the  surplus  sea  water 
pumped  up  flows  away  through  the  pipe  9,  in  the  direction  indicated  by  the  arrows. 
The  condenser,  6,  being  thus  completely  filled  up  with  sea  water,  on  opening  the  cock 
10,  the  sea  water  passing  through  pipe  11  fiills  into  the  feed  and  priming  b^  12,  and 
thence  through  pipe  13  into  the  evaporator  14,  filling  it  up  to  a  certain  level,  regulated 
by  opening  or  shutting  the  cock  10  so  as  to  maintain  the  sea  water  at  the  proper 
level  in  the  evaporator  14. 

3,  'Rtfrigeraior.  It  is  a  horizontal  case  pervaded  with  pipes  15,  idaced  horizon- 
tally in  it.  The  sea  water  being  introduced  into  this  refrigerator,  circulates  round 
a  sheaf  of  pipes  16,  held  between  the  caps  16,  at  each  end  of  the  said  refrigerat<v,  so 
that  the  fimh  water  which  has  been  condensed  in  the  pipes  23,  of  the  evaporater  14, 
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and  in  the  pipes  17  of  the  condenser  6,  is  thereby  cooled  down  to  the  temperature  of 
the  soa  water  outside. 

_»_ 
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4,  loigB  pipe  oonnecUng  the  pipe  1  vrith  the  refrigerator  3. 

6,  large  pipe  connecting  the  renigerator  S  -vith  the  condenser  6. 

6,  Condautr.  It  ia  s  cylinder  containing  a  sheaf  of  pipes  17,  into  vhich  the  noi- 
aSrated  itram  &oin  the  eraporator  is  condensed  by  tfie  sea  irater  which  sorroands 
thanu 

I,  large  ontlet  tube,  nsed  only  when  the  apparatus  is  pat  below  the  level  ot  the 
lea. 

8,  large  npright  tube,  which,  when  the  apparatus  is  placed  on  de(^  is  turned 
upwards,  and  is  of  such  a  length  that  the  sea  water  which  is  forced  throngh  the  appa- 
ratus by  means  of  the  pump,  or  otherwise,  may  be  raised  a  few  feet  above  the  whole 
apparatus,  so  that  there  may  be  in  the  laige  tube  8,  a  ooluinn  of  sea  water  higher  than 
the  condenser  6,  in  order  to  keep  it  quite  taW. 

9,  overflow  pipe  for  the  escape  of  tlie  esceM  of  ^M  water. 

10,  coek  of  the  feed  pipe. 

II,  feed  pipe,  one  end  of  which  is  inserted  in  the  condenser  6,  and  the  other  end  in 
the  feed  and  priming  box  12.  It  is  through  this  feed  pipe  11,  that  the  sea  water  is  led 
from  the  top  of  the  condenser  into  the  feed  and  priming  txuc  12,  by  opening  the  cock 
10  to  a  suitable  degree,  as  said  before  1. 

12,  feed  and  priming  box.  It  is  a  box  into  which,  on  opening  the  cock  10,  the  sea 
water  supplied  finm  the  condenser  6,  by  pipe  11,  passes  through  pipe  13  into  the 
evaporator  14,  which  is  thus  fed  with  the  proper  quantity  of  sea  water.  This  feed 
box  receives  also  any  priming  which  might  be  mechanically  projected  by  or  carried 
along  with  the  steam  through  pipe  22.  In  such  a  case  the  pruning  is  then  letomed 
to  the  evaporator  14,  through  pipe  13. 

13,  feed-pipe  leading  to  Uie  sea  water  to  be  evaporated  in  the  evaporator  14. 

1 4,  Evaporator.  It  is  a  cylinder  containing  a  sheaf  of  pipes  23,  with  their  caps,  24, 
at  each  end,  immersed  in  the  sea  water,  part  of  which  is  to  be  evaporated. 

15,  sheaf  of  pipes  of  the  re&igerator  3,  for  the  purpose  of  cooung  the  fresh  water 
produced ;  has  been  already  described  nnder  Na  8. 

16,  caps  of  the  refrigerator  3,  so  arranged  that  by  means  of  the  divisions  reserved  in 
the  said  caps,  the  steam  from  the  boiler,  and  that  evolved  from  the  evaporator  14,  are  both 
made  to  travel  to  and  bo  through  the  different  pipes  15  consecutively,  so  as  eventually 
to  flow  out  in  a  mixed  and  cold  state  through  the  cock  32  in  the  filter  33,  and  finally 
through  the  tube  84  in  a  perfect  state. 

1 7,  sheaf  of  pipes  placed  between  the  two  caps  18  of  tlie  condenser  6,  for  the  porpost 
of  condensing  the  aSrated  steam  from  the  evaporator  14. 

18,  caps  covering  the  end  of  the  sheaf  of  pipes  17  placed  in  the  condenser  6. 

19,  aSrating  pipe  leading  the  air  which  separates  from  the  sea  water  round  the 
pipes  17  of  the  condenser  6  into  the  steam-room  or  chamber  of  the  evaporator  14.  It 
IS  by  means  of  this  aerating  pipe  that  the  fresh  water  condensed  in  the  condenser  6 
becomes  aerated,  and  this  aeration  is  accomplished  as  follows  : — 

As  the  steam  from  the  evaporator  14  enters  the  pipes  within  the  condenser  6  at  the 
top  thereof,  through  the  pipe  21,  it  follows  that  the  sea  water  at  the  top  of  the  con- 
denser 6  is  brought,  as  was  already  said  under  No.  II,  to  a  temperature  which,  at  the 
top  oi  the  said  condenser,  is  as  high  as  206°  or  208°  Fahr. ;  this  temperature,  as  we 
also  said  of  No.  11,  gradtially  diminishes  from  the  top  downwards,  but  at  azone  eom- 
sponding  to  about  the  point  marked  by  No.  7,  the  temperature  of  the  sea  water  round 
the  sheaf  of  pipes  17  is  reduced  to  about  140°  Fahr.  As  the  air  natnrally  contained 
in  sea  water  begins  to  separate  therefrom  at  about  130°  Fahr.,  that  in  the  sea  water 
round  the  sheaf  of  pipes  17,  between  No.  7  and  the  top  of  the  condenser,  beconing 
entirely  liberated,  ascends,  by  virtue  of  its  lighter  wei^t,  to  the  top  of  Uie  siud  eon- 
denser  6 ;  it  then  passes  through  the  aSrating  pipe  1 9,  and  is  then  pound  into  the  steam- 
room  37  of  the  evaporator  14,  wherein  it  mixes  with  the  secondary  steam  therein  pro- 
duced by  the  evaporating  pipes  23.  This  mixture  of  air  and  steam  passes  then  thnnigh 
pipes  22  into  the  feed  and  priming-box  12,  and  thence  through  pipe  21  into  the  sheaf 
of  pipes  17.  The  air  being  there  absorbed  during  the  condensation  of  this  secondary 
■team,  wjUi  which  it  was  mixed,  the  condensed  fresh  water  resnldng  therefrom 
becomes  thus  snper-aeratpd,  and  in  passing  subsequently  through  the  cock  39  of 
pipe  30  into  a  portion  of  the  pipes  15  of  the  refrigerator  3,  it  mixes  there  with 
the  non-aerated  fresh  water,  resulting  from  the  steam  of  the  boiler,  which  has 
condensed  in  the  pipes  23  of  the  evaporator  14,  which  condensed  water  flows  throng 
pipe  25  into  the  steam-trap  26,  thence  along  ppes  29  and  81,  and  throngh  the 
cock  41,  into  the  other  portion  of  pipes  15  of  the  refrigerator  3.  The  condensed 
water  from  the  pipes  23  of  the  evaporator  14  becomes  aerated  by  the  excess  of  air 
contained  in  the  condensed  water  of  the  pipes  1 7  of  the  condenser,  in  its  passsge 
with  the  latter  through  the  pipes  15  of  the  refrigerator  3,  in  traversing  which  the 
combined  waters  are  cooled  down  to  the  temperature  of  the  sea  water  round  the  said 
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sheaf  of  pipes  in  the  refrigerator.  And  the  remit  is,  that  aiter  ptssing  through  the 
filter  it  flows  at  31  in  the  state  of  perfectly  cold  fresh  water,  thoronghly  aliuted,  and  of 
matchless  quality. 

20,  level  to  which  the  sea  water  rises  in  the  aerating  pipe  19. 

21,  pipe  conducting  the  mixture  of  steam  and  air  from  the  feed  and  priming-boac  12 
into  the  sheaf  of  pipes  17  of  the  condenser  6. 

22,  pipe  leading  the  mixture  of  steam  and  air  £rom  the  evaporator  14  into  the 
feed  and  priming-box  12,  where  any  salt  water,  with  which  it  may  be  mixed,  is 
arrested  and  returned  to  the  evaporator  14,  through  pipe  13,  while  the  pure  steam, 
passing  through  pipe  21,  is  next  condensed  in  the  sheaf  of  pipes  17  of  the  con* 
denser  6. 

23,  sheaf  oi  pipes  immersed  in  the  sea  water  36  of  the  evaporator  14,  and  in  which 
pipes  the  steam  coming  from  the  boiler  through  the  steam-pipo  3S  is  condensed,  after 
which  it  flows  as  distilled  but  non-aeraied  fresh  water  into  the  lower  cap  24,  and 
thence  through  pipe  25  into  the  steam-trap  26,  thence  through  the  pipes  29  and  31 
and  cock  41  into  the  sheaf  of  pipes  15  of  the  refrigerator  3. 

24,  npper  and  lower  cape  covering  the  two  extremities  of  pipes  23  of  the  evaporator 
14,  into  which  pipes  the  steam  from  the  boiler  diffuses  its^,  and  is  condensed,  after 
which  it  flows  in  the  state  of  distilled  but  non-aSrated  fresh  water,  through  pipe  26 
into  the  stram-trap  26.  and  thence  through  pipes  29  and  31  into  the  pipes  IS  of  the 
refrigerator  8,  in  which  it  mixes  with  the  airattd  water  coming  through  pipe  30,  and 
passing  through  pipe  82  into  the  filter  33,  finally  issues  at  pipe  34  in  the  state  of  cold, 
matchless,  aerated  fresh  water,  immediately  fit  for  eoneumption. 

25,  pipe  for  the  exit  of  the  condensed  non-aerated  fresh  water  from  the  sheaf  of 
pipes  23,  of  the  evaporator  14,  which  water,  after  entering  the  steam-trap  36,  issues 
therefrom  through  pipe  29,  and  then  enters  the  refrigerator  as  already  said. 

26,  steam-trap.  It  is  a  box  containing  a  float  28,  provided  with  a  plunger 
acting  in  such  a  way  that  when  the  box  contains  only  steam,  or  a  quantity  of  con- 
dens^  water,  not  sufficient  to  buoy  the  float,  it  (the  plunger)  doses  the  exit  pipe  29 ; 
but  as  sooo  as  the  condensed  water  has  accumulated  in  quantity  sufficient  to  buoy  the 
float  up,  the  plunger,  of  course,  rising  with  the  float,  no  longer  obstructs  the  exit 
pipe  29,  and  aooMdingly  the  eoDdenssd  mttcr  may  then  escape  as  fast  as  it  is 
produced. 

27,  small  vet  cock  on  the  top  of  the  cover  of  the  steam-trap  26. 

28,  float  already  deKribed  (26). 

29,  pipe  leading  the  condensed  non-agrated  water  from  the  steam  trap  26,  throng 
pipe  31,  into  the  pipes  IS  of  the  refrigerator  3,  in  which  it  mixes  with  the  aerated 
£reeh  water  from  the  condenser. 

30,  pipes  leading  the  condensed  aSrated  water  from  the  pipes  17  of  the  condenser  6, 
into  the  pipes  IS  of  the  refrigerator  3,  in  which  it  mixes  with  the  non-a8»ted  water 
from  the  steam  26.  This  pipe  is  provided  with  two  cocks,  38  and  39,  for  the  purpose 
of  cleaning  the  condenser  6. 

31,  pipe  leading  the  condensed  non-aerated  water  from  pipe  29  into  the  pipes  15  of 
the  refrigerator,  in  which  it  mixes  with  the  aSroted  wftter  from  the  condenser. 

82,  exit-pipe  and  cock,  through  which  the  mixed  distilled  waters  (aerated  and  non- 
agrated),  after  passing  through  the  pipes  of  the  refrigerator,  enter  the  filter  38. 

33,  filter  for  receiving  the  condensed  water  ftom  both  the  evaporator  and  the  con- 
denser, as  they  issue  in  a  mixed  and  cold  state  from  the  pipes  IS  of  the  refrigerator 
3,  through  cock  and  pipe  82. 

34,  pipe  for  the  final  exit  of  the  perfect  aSrated  fresh  water. 

35,  steam-pipe  and  cock  leading  the  steam  more  or  less  under  pressore  from  any 
description  of  boiler  to  the  pipes  23  of  the  evaporator  14.  It  is  connected  at  one  end 
with  the  steam-boiler,  and  at  the  other  with  the  upper  cap,  24,  of  the  evaporating 
pipes  28. 

36,  sea  water,  to  be  evaporated  by  the  steam-pipes  23,  of  the  evaporator  14. 

37,  steam  room,  or  space  into  which  the  air  naturally  contained  in  the  sea  water  used 
for  condensation  in  the  condenser  6,  is  poured  through  the  aerating  pipe  19,  so  as  to 
mix  with  the  steam  generated  by  the  pipes  23  of  the  evaporator. 

38  itnd  39,  two  cocks  on  pipe  30,  placed  between  the  condenser  6  and  the  refirige- 
rator  3,  for  the  purpose  of  clearing  the  pipes  17  of  the  condenser  6. 

40  and  41,  two  cocks  placed  on  pipe  31,  for  the  purpose  of  clearing  the  ^pes  3>  vt 
the  evaporator  14,  and  steam-trap  26. 

42,  cock  placed  between  the  cap  16  of  the  refriger«tor  3,  and  the  eoek  S2,  for  the 
purpose  of  cleaning  the  pipes  1 5  of  the  refrigerator  3. 

43,  glass  water-gauge. 

44,  breathing-pipe.  It  is  a.  small  pipe,  one  end  of  which  is  in  communication  with 
the  lower  cap  18  of  the  condensing-pipes  17,  and  the  other  end  is  open  to  the  atmo- 
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■pbeM.    Tha  object  of  tbia  pipe  u  not  only  to  lemore  praaore  firam  the  eylinden,  but 
likeTise  to  afford  (m  exit  for  the  exceas  of  air  generated. 

46,  brine  cock. 

46,  opening  reserved  in  the  feed  and  priming-box. 

The  first  thing  to  be  done  ia,  of  oourae,  to  charge  the  apparatoa  trith  aea  -vat^. 
This  is  done  by  establiabing  a  commnnication  between  the  sppamttu  and  the  sea 
water  round  the  ship.  This  is  easily  effected  by  taming  on  the  large  cocks,  or  Kingstoo 
Talves,  connected  inth  the  large  onfices  2  and  7  (see  the  figures),  trhereupon  the  aalt 
irater  immediately  fills  up  boUi  the  refrigerator  3  through  the  passage  4  and  the  eon- 
denser  6  Unoog^  the  passage  6,  np  to  a  certain  point  30  of  the  aevatiDg  pipe. 

Opening  now  the  cock  10  of  the  feed  pipe  11  the  sea  water  will  pasA  mnn  the  con- 
denser 6  into  the  feed  and  priming-box  12  and  thence  through  pipe  13  into  the  evapo- 
lator  14,  where  it  should  be  allowed  to  rise  np  to  about  one  thud  of  the  gjass  gai^ 
48,  when  the  cock  10  shooM  be  shut  up.  The  apparatoa  being  thus  chafed  with  its 
proper  quantity  of  sea  water ;  the  steam-boiler  being  ready  to  ftamish  the  necessary 
steam ;  and  admitting,  of  course,  that  tha  steam-pipe  35  is  in  commnnication  with 
the  said  boiler,  the  next  thing  to  be  done  is  to  open  the  steam-cock,  8fi,  shutting  at 
the  same  time  liie  cocks,  39,  41,  and  32,  and  opening  cocks,  38,  40,  and  42,  and  like- 
wise the  small  pet  cock  27  of  the  steam-trap  28.  On  opening  the  small  pet  eock  27 
nothing  but  air  will  at  first  rush  out;  but,  presently,  steam  will  issue  from  it;  it 
•hould  then  be  closed  men  and  more  (^vdually  as  the  steam  is  seen  issuing  from  it 
with  rapidity ;  and  it  should  eTentually  be  left  almott,  but  not  altogether,  shut  up,  so 
as  to  leave  only  room  for  the  smallest  possible  wreath  of  steam  slowly  to  iiMne  from  it< 
As  soon  as  the  steam-cock  85  is  open,  and  the  steam  Cram  the  boiler  will  rush  through 
that  cock  into  the  sheaf  of  pipes  23  of  the  evaporator  14,  in  which  pipes  it  will  be 
condensed  bv  the  sea  water  whidi  surrounds  them,  and  it  will  then  flow  in  the  state 
of  condensed  non-a8rated  distilled  water  through  the  pipe  26  into  the  steam-trap  26; 
lift  np  the  float  22,  and  passing  through  pipe  29,  will  flow  through  cock  40,  its  Auther 
progress  being  intercepted  by  cock  41,  which  is  shut,  as  said  b^ore.  As  soon  as  the 
ixmoensed  water  flows  out  in  a  clear  rtate  firam  cock  40,  shut  it,  and  open  cock  41,  ao 
that  it  may  pass  into  the  pipes  16  of  the  refrigerator  3,  and  out  at  co<^  42.  In  a  few 
moments  the  condensed  water  will  flow  out  in  a  dear  state  trom  that  cock,  42,  which 
should  then  be  closed,  opening  at  the  same  time  cock  32,  so  that  it  may  pass  into  the 
filter  88. 

But  the  steam  within  the  sheaf  of  pipes  28  of  the  evapotator.  14  soon  brings  the  saa 
water  round  them  to  the  boiling  point,  and  converts  part  of  it  into  steam.  Tliia 
pore  secopdaiy  steam  from  the  evaporator,  issuing  then  from  the  priming-box  IS, 
passes  through  pipe  21  into  the  pipes  17  immersed  in  the  salt  water  of  the  condenser  6« 
and  being  condensed  in  the  said  pipes,  is  allowed  to  flow  out  at  the  eock  38  (which 
has  been  opened  at  starting),  as  hmg  as  it  is  not  clear.  In  a  short  time,  however,  it 
will  flow  ont  from  that  co^  38,  in  a  perfectly  clear  state ;  when  this  takes  place  shut 
this  cock  38,  and  open  cock  89,  whereupon  it  will  flow  into  the  pipes  15  of  the  re^ge- 
mtor  8,  in  which  pipes  it  will  mix  with  that  coming  from  the  pipes  23  of  the  evaporator 
14,  and  flow  with  it  through  the  said  pipes  15,  and  thence  into  the  filter  33  through 
Uie  cock  82,  the  whole  issuing  finally  from  the  fllter  38  through  pipe  84,  in  the  state 
of  perfectly  aSiated  fresh  water. 

From  this  brief  description  of  Dr.  Normandy's  marine  fresh- water  apparatus  it  may  be 
Men  that  a  quantity  of  fresh  water  is  produced  ahoay*  double  that  which  can  be  evapo- 
rated from  any  boiler  whatever,  and  indeed  by  increasing  the  number  of  evapcntots 
1  lb.  of  coals  may  thus  be  made  to  yield  80  or  40  lbs.  of  fresh  water  of  matchless 
quality.  The  small  volnme  of  the  apparatus,  the  large  qoantity  of  titxh  aerated  water 
which  it  produces,  at  an  extremely  small  cost,  its  perfect  safety,  permanent  order, 
and  the  ease  with  which  it  can  be  disconnected,  and  all  its  parts  reached,  not  only 
render  it  pre-eminently  suited  to  naval  purposes,  but  likewise  to  such  statioos  or 
places  as  are  deficient  in  one  of  the  first  necessaries  of  life,  salubrious  fresh  water,  <a 
where  it  cannot  be  obtained  at  all,  or  only  in  an  insufficient,  precarious,  or  expmmve 
manner. 
IVAVraB  BABX.    See  Babk. 

1I7AX  (Oin,  'St.;  Wacht,  Qer.)  is  the  substance  which  forms  the  cells  of  bees. 
It  was  long  supposed  to  be  derived  from  the  pollen  of  plants,  swallowed  by  these 
insects,  and  merely  voided  under  this  new  form ;  but  it  has  been  proved  I^  the  expe- 
riments, first  of  Mr.  Hunter,  and  more  especially  of  M.  Huber,  to  be  the  peculiar 
cecretion  of  a  certain  organ,  which  forms  a  part  of  the  small  sacs  situated  on  the  sides 
of  the  median  line  of  the  abdomen  of  the  bee.  On  raisiiig  the  lower  segments  of  the 
abdomen  these  sacs  may  be  observed,  as  also  scales  or  spangles  of  wax,  arranged  in 
pairs  upon  each  segment.  There  are  none,  however,  under  the  rings  of  the  males 
and  the  queen.    £aeh  individual  haa  only  eig^t  was  wwa,  or  ponehea ;  iar  th«  first 
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and  tiie  Ia«t  uriiig  are  not  provided  yntb  them.  M.  Huber  satisfied  bimaelf  hj  precise 
experiments  that  bees,  thonp[h  fed  'vith  honey  or  sugar  alone,  produced  nevertheless 
a  rer^  considerable  quantity  of  irax ;  thus  proving  that  they  were  not  mere  collectors 
of  this  substance  from  the  vegetable  kingdom.  The  poUen  of  plants  serves  for  the 
nourishment  of  the  larvK. 

Bat  vax  exists  also  as  a  vegetable  product,  and  may,  in  this  point  of  view,  be 
regarded  as  a  concrete  fixed  oil.  It  forms  a  part  of  the  green  fecnla  of  many  plants, 
particularly  of  the  cabbage ;  it  may  be  extracted  from  the  pollen  of  most  flowers,  as 
also  fh>m  the  skins  of  plums  and  many  stone-fruits.  It  constitutes  a  varnish  upon 
the  upper  surface  of  the  leaves  of  many  trees,  and  it  has  been  observed  in  the  juice 
of  the  cow-tree.  The '  berries  of  the  Myrica  angttttyfoliOy  M.  lattfoUa,  as  well  as  the 
M.  oer^era,  afibrd  abundance  of  wax. 

Bees'  wax,  as  obtained  by  washing  and  melting  the  comb,  is  yellow.  It  has  a 
peculiar  smell,  resembling  honey,  and  derived  finm  it,  for  the  cells  in  which  no  honey 
has  been  deposited  yield  a  scentless  white  wax.  Wax  is  ^ed  fh>m  its  impurities,  and 
bleached,  by  melting  it  with  hot  water  or  steom,  in  a  tinned-copper  or  wooden  vessel, 
letting  it  settle,  running  aS  the  clear  supernatant  oily-looking  liquid  into  an  oblong 
trough  with  a  line  of  holes  in  its  bottom,  so  as  to  distribute  it  upon  horizontal  wooden 
cyliMers  made  to  revolve  half  immersed  in  cold  water,  and  then  exposing  the  thin 
nbbons  or  films  thus  obtained  to  the  blanching  action  of  air,  light,  and  moisture.  For 
this  purpose  the  ribbons  are  laid  upon  long  webs  of  canvas  stretched  horizontally 
between  standards,  2  feet  above  the  surface  of  a  sheltered  field,  having  a  free 
exposure  to  the  sunbeams.  Here  they  are  frequently  turned  over,  then  covered  by 
nets  to  prevent  their  being  blown  away  by  winds,  and  watered  from  time  to  time,  like 
linen  upon  the  grass  field  in  the  old  method  of  bleaching.  Whenever  the  colour  of 
the  wax  seems  stationary,  it  is  collected,  re-melted,  and  thrown  again  into  ribbons 
upon  the  wet  cylinder,  in  order  to  expose  new  sur&cea  to  the  bleaching  operation. 
By  several  repetitions  of  these  processes,  if  .the  weather  proves  favourable,  the  wax 
eventually  loses  its  yellow  tint  entirely,  and  becomes  fit  for  forming  white  candles. 
If  it  be  finished  under  rain,  it  will  become  grey  on  keeping,  and  also  lose  in  weight. 

In  France,  where  the  purification  of  wax  is  a  considerable  object  of  manufacture, 
about  4  ounces  of  cream  of  tartar  or  alum  are  added  to  the  water  in  the  first 
melting-copper,  and  the  solution  is  incorporated  with  the  wax  by  diligent  manipula- 
tion. The  whole  is  left  at  rest  for  some  time,  and  then  the  supernatant  wax  is  run 
off  into  a  settling  cistern,  whence  it  is  discharged  by  a  stopcock  or  tap  over  the 
wooden  cylinder  revolving  at  the  surface  of  a  large  water-cistern,  kept  cool  by  passing 
a  stream  continually  through  it. 

The  bleached  wax  is  finally  melted,  strained  through  silk  sieves,  and  then  run  into 
circular  cavities  in  a  moistened  table,  to  be  cast  or  moulded  into  thin  disk  pieces, 
weighing  &om  2  to  3  ounces  each,  and  3  or  4  inches  in  diameter. 

Neither  chlorine  nor  even  the  chlorides  of  limeand  alkalis  can  be  employed  with  any 
advantage  to  bleach  wax,  because  they  render  it  brittle,  and  impair  its  burning  quality. 

Wax  purified  as  above  is  white  and  translucent  in  thin  segment* ;  it  has  neither 
taste  nor  smell ;  it  has  a  specific  gravity  of  from  0960  to  0*996 ;  it  does  not  liquefy 
till  heated  to  lS4i°  Fahr. ;  but  it  softens  at  86°,  becoming  so  plastic  that  it  may  be 
moulded  by  the  hand  into  any  form.    At  32"  it  is  hard  and  brittle. 

It  is  not  a  simple  substance,  but  consists  of  two  species  of  wax,  which  may  be  easily 
separated  by  boiling  alcohol.  The  resulting  solution  deposits,  on  cooling,  the  waxy 
body  called  eerint.  The  undissolved  wax  being  once  and  again  treated  with  boiling 
alcohol,  finally  afifords  from  70  to  90  per  cent,  of  its  weight  of  cerine.  The  insoluble 
residuum  is  the  myrinirte  of  Dr.  John,  so  called  because  it  exists  in  a  much  larger  pro- 
portion in  the  wax  of  the  Myrica  eerifera.  It  is  greatly  denser  than  wax,  being  of  the 
same  spedfio  gravity  as  water;  and  may  be  distilled  without  decomposition,  which 
cerine  undergoes.  Professor  B.  0.  Brodie  made  an  extensive  series  of  researches 
into  the  constitution  of  wax.  He  applies  the  name  cerotic  acid  to  cerine,  and  repre- 
sents its  formula  as  C"H*'0*  (CH*^').  Fore  myricine  he  considers  to  be  repre- 
sented by  C^H*^*  (C"H«0').    Myricine  is  a  palmitate  of  myricyl. 

Wax  ia  adulteratM  sometimes  with  starch ;  a  fiaud  easily  detected  by  oil  of  turpen- 
tine, wbich  dissolves  the  former  and  leaves  the  latter  substance :  and  more  frequently 
with  mutton-suet  This  firand  may  be  discovered  by  dry  distillation ;  for  wax  does 
not  thereby  afford,  like  tallow,  sebasic  add  (benzoic),  which  is  known  by  its  occa- 
sioning a  precipitate  in  a  solntion  of  acetate  of  lead.  It  is  said  that  2  per  cent,  of 
a  tallow  sophistication  may  be  discovered  in  this  way. 

Wax  is  sometimes  adulterated  with  stearine,  which  can  be  detected,  according  to 
Lebel,  even  when  only  in  l-20th  part.  It  may  be  recognised  by  dissolving  the  speci- 
mens in  two  ports  of  oil,  agitating  with  water,  and  adding  acetate  of  lead.  The  pre- 
cipitate thus  obtained  is  sati  to  exhibit  a  very  hig^  degree  of  solidity. 
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VrtxlmparUdm  1S7S:— 42,689  toos;  ralne,  221,951/. 
Wax  &^)orUd  in  1873 :— 20,260  cwts. ;  ralue,  104,600/. 

^■^AX  <MUr9&aa.  Wax  contains  8176  porta  of  carbon  in  100,  irhich  genarato 
byeomboation  800  parU  of  carbonic  acid  gaa.  Mow,  since  125  grains  of  Tax  coostitnta 
the  average  eonsamption  of  a  candle  per  hour,  these  will  generate  375  grains  of  car- 
bonic aeia ;  equivalent  in  volume  to  800  cubic  inches  of  gas.  According  to  tJie  most 
exact  experiments  on  respiration,  a  man  of  ordinary  size  discharges  firom  his  lungs 
1,632  cubic  inches  of  carbonic  acid  gaa  per  tour,  which  is  very  nearly  the  donblp  of 
the  quantity  produced  from  the  wax  candle.  Hence  the  combustion  of  two  sneh 
candles  vitiates  the  air  much  the  same  as  the  breathing  of  one  man.  A  tallow  candle, 
three  or  four  in  the  pound,  generates  nearly  the  same  quantity  of  carbonic  add  as  the 
wax  candle ;  for  though  tallow  contains  only  79  per  cent,  of  carbon,  instead  of  8176, 
yet  it  consumes  so  much  futer,  as  thereby  to  compensate  fully  for  this  difference. 

When  a  tallow  candle  of  6  to  the  lb.  is  not  snufiU,  it  loses  in  intensity,  in  SO 
minutes,  80-hundredths,  and  in  39  minutes,  86-hundrodtb8 ;  in  which  dim  state  it 
remains  stationaiy,  yet  still  consuming  nearly  the  same  proportion  of  tallow.  A  wax 
candle  attains  to  its  greatest  intensity  of  light  when  its  wide  has  reached  the  greatest 
length,  and  begins  to  bend  out  of  the  flame.  The  reason  of  this  difference  is,  that 
only  the  lower  part  of  the  wick  in  the  tallow  candle  is  charged  with  the  £at,  so  as  to 
emit  luminiferous  vapour,  while  the  upper  part  remains  dry ;  whereas,  in  the  wax 
candle  the  combustible  substance  being  lees  fusible  and  volatile,  allows  a  greater 
lenpfth  of  the  wick  to  be  charged  by  capillary  attraction,  and  of  cooim  to  emit  a  longer 
train  of  light 

^va&vnra  (Ttssooe,  Fr. ;  Weberei,  Qet.)  is  performed  by  the  implement  called 
loom  in  English,  nUHer  a  tiaer  in  French,  and  W^)eravU  in  German.  The  proceas  of 
warping  must  ^ways  precede  weaving.  Its  object  is  to  arrange  all  the  longitudinal 
threads,  which  are  to  form  the  chain  of  the  web,  alongside  of  each  other  in  one 

parallel  plane.  Such 
a  number  of  bobbing 
llUed  with  yam,  must 
therefore  be  taken  as 
will  ftamish  the  quan- 
tity required  for  the 
length  of  the  intended 
peee  of  doth.  One- 
aixth  of  that  number 
of  bobbins  is  usually 
mounted  at  once  in  the 
warp  mill,  being  set 
loosely  in  a  horixontal 
direction  upon  wire- 
dcewers,  or  spindles,  in 
a  square  frame,  so  that 
they  may  revolve,  and 
give  off  the  yam  freely. 
The  warper  sits  at  A, 
/b.  2102,  and  esuaes 
the  reel  b  to  revolve, 
by  turning  round  with 
his  hand  the  wheel  B, 
with  the  endless  rope  or  band  n.  The  bobbins  filled  with  yam  are  placed  in  the 
fhime  B.  There  is  a  sliding  piece  at  r,  called  the  heck  box,  which  rises  and  falls 
by  the  coiling  and  uncoiling  of  the  cord  a,  round  the  central  shaft  of  the  reef  H.  By 
this  simple  contrivance  the  band  of  warp-yarns  is  wound  spirally  from  top  to  bottom 
upon  the  reel.  I,  i,  i,  are  wooden  pins  which  separate  the  different  bsods.  Host 
warping-mnles  are  of  a  prismatic  form,  having  twelve,  eighteen,  or  more  sides.  The 
reel  is  commonly  about  6  feet  in  diameter  and  7  feet  in  hdght,  so  as  to  serve  for 
measuring  exactly  upon  its  periphoy  the  total  length  of  the  warp.  All  the  threads 
tiom  the  frame  ■  pass  throogfa  the  heck  r,  which  consists  of  a  series  of  finely-polished, 
hard-tempered  steel  pins,  with  a  small  hole  at  the  upper  part  of  each  to  receive  and 
guide  one  thread.  The  heck  is  divided  into  two  parts,  either  c^  whidi  may  be  lifted 
by  a  small  handle  below,  while  their  eyes  are  placed  alternately.  Hence,  when  one  of 
them  is  raised  a  little,  a  vacuity  is  formed  between  the  two  bands  of  the  warp ;  but 
when  the  other  is  raised,  the  vacuity  is  reversed.  In  this  way  the  lease  is  produced 
at  each  end  of  the  warp,  and  it  is  preserved  by  appropriate  wooden  pegs.  The  lease 
bein^  carefully  tied  up  affords  a  guide  to  the  weaver  for  inserting  his  lease-rods.  The 
warping-mill  is  tamed  alternately,  £rom  right  to  left,  and  tima  left  to  right,  till  * 
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knfflaent  nninb«r  of  jams  are  coiled  lonnd  it  to  form  the  breadth  that  is  wanted ;  die 
irarper'a  principal  care  being  to  tie  immediately  every  thread  as  it  breaka,  otherwise, 
defldencies  would  be  occasioned  in  the  chain,  iqjnriona  to  the  appearance  of  the  web, 
or  productive  of  much  annoyance  to  the  weaver. 

Fig.  2103  shows  another  form  of  warpin^-mill,  known  as  the  beam- warping  machine, 
and  generally  in  use  for  yarns  above  20<.  in  counts,  aa  by  its  use  more  perfect  work 
can  be  produced,  and  at  a  less  cost  than  on  the  vertical  warping-mill.  It  is  supplied 
with  a  letting-back  motion,  whereby,  when  a  thread  is  broken,  the  motion  of  the  wind- 
ing-on  beam,  or  dram,  is  reversed,  and  by  the  aid  of  a  simple  arrangement  of  falling 
iron  rods,  the  thread  may  be  easily  found  and  reunited.  It  has  also  a  self-acting  mea- 
snzing  and  stopping  motion,  by  means  of  which  the  machine  is  promptly  stopped  the 

310S 


moment  the  proper  length  of  yam  is  wound  on  to  the  weavers'  warp-beam.  The  drum 
on  which  the  weavers'  beam  revolves,  is  so  constructed  as  to  suit  any  length  of  beam, 
by  being  expanded  or  contracted.  A  comb  or  raithe,  on  the  expancBng  or  contracting 
principle,  guides  the  threads  with  precision  on  to  any  length  of  beam.  As  a  rule, 
young  women  are  preferred  to  men  for  working  this  machine. 

When  a  warp  has  been  made,  it  requires  to  be  sized  before  it  is  ready  for  the 
loom ;  for  that  purpose,  it  is  taken  as  a  boll  from  the  vertical  warping-mill,  fy, 
2102,  and  sized  in  a  sizing-trough,  and  then  dried  by  being  passed  over  a  number  of 
hot  cylinders,  when  it  is  wound  by  the  beomer  into  the  weavers'  beam,  and  then, 
having  been  drawn  in  or  twisted  in  to  the  healds  and  reeds,  is  ready  for  the  loom. 

In  the  case  of  a  warp  made  in  the  horizontal  or  beam-warping  machine,  it  is  at 
once  wound  on  a  beam,  and  thence  taken  to  the  slasher  sidng-machine,  where, 
forming  one  of  six  or  eight  beams,  its  yam  is  passed  through  the  operations  of 
sizing  and  drying,  in  one  passage,  and  at  once  wound  on  to  the  weavers'  beam,  and  is 
then  ready  to  have  attached  the  healds  and  reeds  in  the  ordinary  manner. 

Fiff.  2104  shows  the  slasher  sizing-machine,  as  made  by  Messrs.  Harrison  and  Sons, 
machinists,  Blackburn.  This  machine  is  sufficient  to  size  for  300  shirting-looms, 
and  is  managed  by  one  man.  The  yarn  is  taken  from  the  weavers'  (8)  beams  shown 
in  fig.  2103,  and  passed  through  boiling  size,  and  then  over  the  two  cylinders, 
which  are  heated  by  steam,  and  having  been  dried  by  them,  is  at  once  wound  on 
to  the  weavers'  beam.  The  stand  on  which  the  warpers'  beams  are  placed,  is  made 
so  as  to  be  adjustible  to  any  length  of  beam.  The  flanges  of  the  beams  are  of 
lined  iron,  and  are  convex  on  the  inner  side,  to  allow  the  ^am  to  leave  tha  beam 
freely.  The  boiling  box  through  which  the  yam  passes,  is  lined  with  copper  to 
prevent  oxidisation.  The  rollers  in  the  box  are  hooped  at  the  ends  witli  brass, 
and  run  upon  brass  puUies,  thus  saving  the  roller  ends,  and  producing  a  smooth 
motion.  The  size  roller,  or  squeezer,  is  of  heavy  copper,  wiUiODt  a  seam,  being 
cast  solid,  afterwards  bored,  and  then  expanded  on  a  mandril  to  the  proper  dia> 
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meter.     By  b«ng  made  seunless,  ihe  acid  in  t]io  rize  does  not  efi&et  any  haxti 
A,.,  part,    and  br   being  thick 

■*  "  """""'"  and  heavy,  the  roller*  lut 

longer  and  sqneeie  lietta. 
The  machine  is  supplied  vith 
an  apparatus  which  pn- 
Tents  any  undue  tension  on 
thv  yam  while  in  a  wet  ststa ; 
the  elasticity  of  the  ysm  ii 
thus  retained,  and  brokn 
threads  in  wearing  largely 
prevented,  thus  seeming 
quantity  and  quality  in  the 
loom.  By  the  introdoctiai 
of  syphon-boxes  and  a  self- 
acting  apparatus  to  admit 
only  a  definite  and  certain 
quantity  of  steam  into  the 
cylinders,  economy  is  ctbcted 
in  the  consnmption  of  steam. 
TThe  machine  itself  gives  no- 
tice, 1^  ringing  a  bell,  when 
a  given  length  of  yam  i> 
sized,  and  also  marks  the 
length  of  a  cut :  an  expanding 
comb  guides  the  even  and 
sheet-like  threads  on  to  the 
wearers'  beam. 

The  simplest  and  probably 
the  most  ancient  A  looms 
now  to  be  seen  in  action  a 
that  of  the  Hindi  tmtf, 
shown  in  fy.  2105.  It  con- 
sists of  two  bamboo  lollara : 
one  for  the  warp,  and  another 
for  the  woven  cloth ;  with  « 
pair  of  heddles,  for  porting 
the  warp,  to  permit  the  weft 
to  be  drawn  across  between 
its  upper  and  under  threads. 
The  shuttle  is  a  slender  rod, 
like  a  large  nctting-needK 
rathor  longer  than  the  web 
is  broad,  and  is  made  use  of 
as  a  batten  or  lag,  to  strike 
home  or  condense  onch.snc- 
cessive  thread  or  weft,  a^inst 
the  closed  fabric  The  Bindn 
carries  this  simple  imple- 
ment, with  his  water  pitcher, 
rice  pot,  and  hooka,  to  the 
foot  of  any  tree  which  can 
afiford  him  a  comfortable 
shade ;  he  there  digs  a  luge 
hole,  to  receive  his  leg^ 
along  with  the  traddles  or 
lower  part  of  the  harness; 
he  next  extends  his  warp,  by 
&stoning  his  two  bamboo 
rollers  at  a  proper  distance 
from  each  other,  with  pins, 
into  the  sward ;  he  attaches 
the  heddles  to  a  convenient 
branch  of  the  tree  overhead: 
inserts  his  great  toes  into 
two  loops  under  the  gear,  to 
serve  him  for  treddles ;  iMtlfi 
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he  Bheds  the  iran>,  dram  through  the  weft,  and  boats  it  dose  ap  to  the  web  with 
his  zod  shuttle  oi  batten. 


2105 


The  Eoropean  loom  is  represented  in  its  plainest  state,  as  it  has  existed  for  several 
centaries,  in  fig.  2106.  A  is  a  warp- beam,  round  which  the  chain  has  been  wound;  b 
represents  the  flat  rods,  usually 
three  in  number,  which  pass  across  ^l"" 

between  its  threads,  to  preserve  the 
lease,  or  the  plane  of  decussation 
for  the  weft ;  c  shows  the  beddles 
or  healds,  consisting  of  twines 
looped  in  Uie  middle,  mrongh  which 
loops  the  warp-yarns  are  drawn, 
one-half  through  the  front  heddle, 
and  the  other  through  the  back 
one ;  by  moving  which,  the  decus- 
sation is  readily  effected.  The 
yarns  then  pass  through  the  dents 
of  the  reed  under  d,  which  is  set  in 
a  moveable  swing-frame  ■,  called 
the  lathe,  lay,  and  also  batten,  be- 
cause it  beatt  home  the  weft  to  the 
web.  The  lay  is  &ce1y  suspended 
to  a  cross-bar  f,  attached  by  rulers, 
called  the  siBords,  to  the  top  of  the  lateral  standards  of  the  loom,  so  as  to  oscillate 
upon  it.  The  wearer,  sitting  on .  the  bench  o,  presses  down  one  of  the  treddlcs  at  m, 
with  one  of  his  feet,  whereby  he  raises  the  corresponding  heddle,  but  sinks  the  alternate 
one ;  thus  sheds  the  warp,  by  lifting  and  depressing  each  alternate  thread  through  a 
little  space,  and  opens  a  pathway  or  race-course  for  the  shuttle  to  traverse  the  middle 
of  the  warp,  upon  its  two  friction  rollers  K  x.  For  this  purpose,  be  lays  hold  of  the 
picking-peg  in  his  right  hand,  and  with  a  smart  jerk  of  his  wrist  drives  the  fly-shuttle 
swiftly  tiom  one  side  of  the  loom  to  the  other,  between  the  shed  warp-yams.  The 
shoot  of  weft  being  thereby  left  behind  from  the  shuttle  pirn  or  cop,  the  weaver  brings 
home,  by  pulling  uie  lay  with  its  reed  towards  him  by  his  left  hand,  with  such  force 
as  the  closeness  of  the  texture  requires.  The  web,  as  thus  woven,  is  wound  up  by  turn- 
ing ronnd  the  cloth  beam  i,  f  nrmsbod  with  a  ratchet-wheel,  which  takes  into  a  holding- 
tooth.  The  plan  of  throwing  the  shuttle  by  the  picking-peg  and  cord,  is  a  groat  im- 
provement upon  the  old  way  of  throwing  it  by  hand.  It  was  contrived  upwards  of  a 
century  ago,  by  John  Eay,  of  Bury,  in  Lancashire,  but  then  resident  in  Colchester, 
and  was  (»lled  the '  fly-shuttle,'  &om  its  speed,  as  it  enabled  the  weaver  to  make  double 
thequantity  of  narrow  cloth,  and  much  more  broad  cloth,  in  the  same  time. 

The  cloth  is  kept  distended  during  the  operation  of  weaving,  by  means  of  two 
pieces  of  hard  wood,  called  '  a  templet,'  furnished  with  sharp  iron  points  in  their  ends, 
which  take  hold  of  the  opposite  salvages  or  lists  of  the  web.  The  warp  and  web  are 
kept  longitudinally  stretched  by  a  weighted  cord,  which  passes  round  the  warp-beam, 
and  which  tends  continually  to  draw  back  the  cloth  &om  iu  beam,  where  it  is  held 
&8tby  the  ratchet-tooth.    See  Frsnur,  Jacovabd  Loou,  Bkei<,  and  Tsxtujs  Fabbics. 

The  greater  part  of  pUun  weaving,  «nd  much  even  of  the  figured,  is  now  performed 
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by  Uie  power-loom,  crIIixI  mitier  mieimurut  a  ii$ttr  in  Fnncli.  Fig.  2107,  r^trewnU 
the  cast-iron  power-loom  of  Sharp  ana  Boberbi.  a,  a',  ar»  the  two  side  nprights, 
or  standards,  on  the  front  oi  the  loom,  D,  is  the  great  arch  of  cast  iron  which  Mnds 
the  two  sides  together.  B,  is  the  ttoat  cross-beam,  terminating  in  the  forks  e,  e  ;  whose 


ends  are  bolted  to  the  opposite  standards  a,  a',  so  as  to  bind  the  framewwl:  moat  flnnlj 
together,  o',  is  the  breast  beam  of  wood,  nearly  eqnare  ;  its  tipper  surface  is  sloped 
a  little  towards  the  front,  and  its  edge  ronnded  off  for  Ihe  web  to  slide  smootfalj  orer 
it  in  its  progress  to  the  cloth  beam.  The  beam  is  supported  at  its  end  nptm  brackets, 
and  is  secored  by  the  bolts  ^,  y'.    h,  is  the  cloth  beam,  a  wooden  cylinder  aoaoted 
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with  iron  gadgeoiu  at  its  ends,  that  on  the  right  band  being  prolonged  to  carry  tha 
tooth  winding  wheel  b'.  i',  is  a  pinion  in  gear  with  r'.  h",  is  a  ratcfact-wbeel, 
mounted  npon  the  same  shaft  V",  as  the  pinion  h'.  k",  is  the  click  of  the  ratchet-wbeei 
B*.  h",  is  a  long  bolt  fixed  to  the  frame,  aerring  as  a  shaft  to  the  ratchet-wheel  h*, 
and  the  pinion  h'.  i,  is  the  front  heddle-Ieaf,  and  i',  the  hack  one.  ),  l,  j",  j',  jacks  or 
pulleys  and  straps  for  raising  and  depressing  the  leaves  of  the  beddles.  f',  is  the 
iron  shaft  which  carries  the  jack  or  system  of  pulleys,  i,  J,  )',  f.  x,  a  stKMig  wooden 
ruler,  connecting  the  front  heddle  with  its  treadle,  i,  jJ,  the  front  and  rear  marches 
or  treddle  pieces  for  depressing  the  heddle-leaves  alternately,  hy  the  interrontion  of 
the  rods  He  (and  Hi',  hid  behind  %).  u,  u,  axe  the  two  swords  (swing  bars)  of  the  lay  or 
bstten.  X,  is  tlie  upper  cross-bar  of  the  lay,  made  of  wood,  and  supported  upon  th« 
squares  of  the  levers  »,  n',  to  which  it  is  firmly  bolted,  h',  is  the  lay-cap,  which 
is  placed  higher  or  lower,  according  to  the  breadth  of  the  reed;  it  is  tile  part 
of  the  lay  which  the  hand-loom  weaver  seizes  with  his  band,  in  order  to  swing  it 
towards  him.  n',  is  the  reed  contained  between  the  bar  n,  and  the  lay-cap  x'.  o,  o, 
are  two  rods  of  iron,  perfectly  round  and  straight,  mounted  near  the  ends  of  the 
batten-bar  K,  which  serve  as  guides  to  the  drivers  or  peclcers  o,  o,  which  impel 
the  shuttle.  These  aro  made  of  builalo-hide,  and  shonld  slide  freely  on  their  guide- 
rods,  o',  o',  an  the  fronts  of  the  shuttle-boxes;  they  have  a  slight  inclination 
backwards ;  p  is  the  bock  of  them.  (See ^s.  2108  and  2109.)  o",  o",  are  iron  plates, 
fonning  the  bottom  of  the  shuttle-boxes,  p,  small  pegs  or  pins,  planted  in  the 
posterior  faces  r  (fig.  2107)  of  the  boxes,  round  which  the  levers  p'  turn.  These 
levers  are  sunk  in  the  substance  of  the  faces  p,  turned  round  pegs^,  being  pressed 
from  without  inwards,  by  the  springs  i/.  f/'tfig.  2107  (to  the  right  of  k),  is  the  whip 
or  lever-end ;  q",  its  centra  of  motion  (corresponding  to  the  right  ann  and  elbow  Of 
the  weaver),  which  serves  to  throw  the  shuttle  by  means  of  the  pecking^ord  j/', 
attached  at  its  other  end  to  the  drivers  o,  o. 

On  the  axis  of  qf',  a  kind  of  excentric  or  heart  wheel  is  amunted,  to  whose  oancave 
part,  the  middle  of  the  double  bond  or  strap  r,  being  attached,  receives  impulsira ;  its 
two  ends  aro  attached  to  the  heads  of  the  bolts  r',  whieh  carry  the  stimpe  r",  that 
may  be  adjusted  at  any  suitable  height,  by  set  screws. 

9  (see  the  left-hand  side  of /y.  2107)  is  the  moving  shaft  of  wrought  iron,  resting 
on  the  two  ends  of  the  frame,  tl  (see  the  right-hand  side),  is  a  toothed  wheel, 
mounted  exteriorly  to  the  firame,  npon  the  end  of  the  shaft  s.  s"  (near  s^,  an  two 
equal  elbows  in  the  same  direction,  and  in  the  same  plane,  as  the  sluft  s,  opposite  to 
the  swords  m,  u,  of  the  lay. 

z,  is  the  loose,  and  z',  the  fiut  pulley,  or  riggen,  iriiieh  receive  motion  from  the 
steam-shaft  of  the  factory,  z',  a  small  fly-wheel,  to  regulate  the  movements  of  the 
main  shaft  of  the  loom. 

T,  is  the  shaft  of  the  excentric  tappets,  cams,  or  wipers,  which  press  the  treddle- 
levers  alternately  up  and  down  ;  on  its  right  end  is  mounted  t",  a  toothed  wheel  in 
gear  with  the  wheel  s*,  of  one  lialf  its  diameter,  "i,  is  a  cleft  clamping  collar,  which 
serves  to  support  the  shaft  t. 

c,  is  a  lever  which  turns  round  the  bolt «.  as  well  as  the  clink  A",  n',  the  dick  of 
tTACtion,  for  turning  round  the  cloth  beam,  jointed  to  the  upper  extnmity  of  the  lever 
V ;  its  tooth  u',  catches  in  the  teeth  of  the  ratchet-wheel  it.  k"  is  a  long  slender  rod, 
fixed  to  one  of  the  swords  of  the  lay  K,  serving  to  push  the  lower  end  of  the  lever  tr, 
when  the  lay  ntires  towards  the  heddle-leaves. 

X,  is  a  wrought-iron  shaft,  extending  from  the  one  shuttle-box  to  the  other,  supported 
at  its  ends  by  the  bearings,  x,  x. 

r,  is  a  befiring,  affixed  exteriorly  to  the  ftame,  against  which  the  spring  bar  z  rests 
near  its  top,  but  is  affixed  to  the  frame  at  its  bottom.  The  spring  &119  tnto  a  notch 
in  the  bar  y,  and  is  thonby  held  at  a  distance  from  the  upright  a,  as  long  as  the  band 
is  npon  the  loose  pulley  t/ ;  but  when  the  spring  bar  is  disengaged, '  it  falls  towards  A, 
and  carries  the  band  npon  the  fast  pulley  c,  so  as  to  pnt  the  loom  in  gear  with  the 
steam-shaft  of  the  fiictoiy. 

Weaving,  by  this  powerful  machine,  consists  of  four  operations  :  1,  to  shed  the  warp 
by  means  of  the  heddle-leaves,  actuated  by  the  tappet-wheels  npon  the  axis  a',  the 
rods  h,  k,  the  cross-bar  b,  and  the  eyes  of  the  heddle-leaves  i,  f;  2,  to  throw  the 
shuttle  (see  fig,  2107),  by  means  of  the  weft  lever  p",  the  driver  coid  j>,  and  the 
pecker  o;  S,  to  drive  home  the  weft  by  the  batten  v,  r';  4,  to  unwind  the  chain  flrom 
the  warp  beam,  and  to  draw  it  progressively  forwards,  and  wind  the  finished  web  upon 
the  doui  beam  h,  by  the  click  and  toothed  wheel  mechanism  at  the  right-hand 
ride  of  the  frame. 

See  Cotton,  Flax,  Tbxtilb  Fabrics,  &c. 

'WBAVnra  BT  a&BCTBZOZTT.  So  long  ago  as  1852,  M.  Bonelli  con- 
itmcted  an  electric  loon.,  which  was  exhitnted  at  thsAtime  in  Turin ;  but  the  Ar^  trial 
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to  vlueh  the  madiine  ma  aabmitted  gare  bnt  small  hope  to  thoM  who  saw  it  that  the 
inyentor  would  succeed  in  his  object.  The  public  trial  at  TnriD,  in  18S3,  in  the 
presence  of  mannfactoiers,  was  not  so  snccessfol  as  to  ranore  all  doubts  as  to  the 
merits  of  the  novel  apparatus.  In  the  following  year  it  was  submitted  to  the  judg- 
ment of  the  Academy  of  Sciences  at  Paris,  who  appointed  a  committee  to  examine  it, 
but  it  is  believed  that  no  report  was  ever  made.  In  186fi,  a  model  of  the  loom  had  a 
place  at  the  Universal  Exhibition  of  Paris,  but  the  lateness  of  its  arrival  there  prevented 
any  official  report  being  made  in  reference  to  its  merits.  U.  Bonelli  afterwiuds 
devoted  much  time  and  attention  in  endeavouring  to  remedy  ila  defects  and  to  petftet 
its  woridog,  so  as  to  render  it  capable  of  holding  its  puce  in  the  fiwtory.  This 
H.  Bonelli  believed  he  had  at  last  accomplished,  and  he  brought  over  to  this  countiy 
not  merely  a  model,  but  a  loom  in  complete  working  order,  which  he  snbmitted  to 
the  judgment  of  msnu&eturers,  as  a  machine,  which,  from  its  economy  and  efiBdeocj, 
might  be  put  in  fkvouiable  comparison  with  the  Jacqnard  loom. 

In  the  flist  place,  it  muit  be  understood  that  the  special  object  of  H.  Bonellfs 
machine  was  to  do  away  with  the  necessity  for  the  Jacquaid  cards  used  to  produce  the 
pattern  at  the  present  time,  the  source  of  delay  and  very  considerable  cost,  mora 
especially  in  patterns  of  any  extent  and  variety  of  treatment.  M.  Bonelli  used  an 
endless  band  of  paper,  of  suitable  width,  the  surface  of  which  is  covered  with  tin-finL 
On  this  metallised  snrfiice,  the  required  pattern  is  drawn,  or  rather  painted  with 
a  brush  in  black  varnish,  rendering  the  parts  thus  covered  non-conducting  to  a  cumst 
of  electricity.  This  band  of  paper,  bearing  the  pattern,  being  caused  to  pass  under  a 
series  of  thin  metal  teeth,  each  of  which  is  in  connection  with  a  small  electro-magnet, 
it  will  be  readily  conceived  that  as  the  band  passes  under  these  teeth,  a  current  of 
electricity  from  a  galvanic  battery  may  be  made  to  pass  through  such  of  the  teeth  ss 
lest  on  the  metallised  or  conducting  portion  of  the  l»Dd,  and  from  such  teeth,  thnmgfa 
the  respective  coils,  surrounding  small  bars  of  soft  iron,  thus  rendering  them  tempoiaiy 
magnets,  while  io  current  passes  through  those  connected  with  the  teeth  resting  on 
the  varnished  portions.  Thus,  at  every  shift  of  the  band,  each  electro-msgnet  in 
connection  with  the  teeth  becomes  active  or  remains  inactive  according  to  the  varying 
portion  of  the  pattern  which  happens  to  be  in  contact  with  the  teeth.  In  a  moveable 
frame  opposite  the  ends  of  tbe  electro-magnets,  which,  it  should  be  stated,  lie  in  s 
horizontal  direction,  are  a  series  of  small  rods  or  pistons,  as  M.  Bonelli  termed  them, 
the  ends  of  which  are  respectively  opposite  to  the  ends  of  the  dectro-magnets.  These 
pistons  are  capable  of  sliding  honiontally  in  the  frame,  and  pass  through  a  plats 
attached  to  the  front  of  it.  "When  this  frame  is  moved  so  that  the  ends  of  the  pistons 
are  brought  into  contact  with  the  ends  of  the  electro-magnets  they  are  seized  by  sack 
of  them  as  are  in  an  active  state,  and  on  moving  tbe  frame  forward,  those  are  retained 
while  the  others  are  carried  back  with  it,  and,  by  means  of  a  simple  mechsnicst 
arrangement,  becomes  fixed  in  their  places ;  thus  there  is  in  front  of  the  frame  a  plate, 
with  holes,  which  are  only  open  where  the  pistons  have  been  withdrawn,  and  this 
plate,  as  will  be  readily  understood,  nets  the  part  of  the  Jacquard  card,  and  is  smtable 
for  receiving  the  steel  needles  which  govern  the  hooks  of  the  Jaoquaid  io  cmnectioB 
with  the  warp  threads  as  ordinarily  used. 

The  ordinary  Jacquard  cards  are  shown  in  the  following  woadeut,  Jiff.  2110. 

Instead  of  tnis  arrangement^  which  will  be  imderstood  by  reference  to  the  article 
Jacqvakd,  M.  Bonelli,  as  we  have  said,  instead  of  the  cards  prepares  his  design  on 
metal  foil,  in  a  resinous  ink,  which  serves  to  interrupt  the  eurcent,  and  thus  aflfect  the 
object  of  the  machine. 

Figi.  2110  and  2111  explain  generally  the  amngementa  by  which  the  piocesi  is 
efiected. 

A,  fig.  2110,  represents  the  plate  pierced  with  holes,  which  plays  the  part  of  the  card. 
Uneh  of  the  small  pistons  or  rods,  b,  forming  the  armatures  of  the  electio-magncts 
c,  have  a  small  head,  d,  afiSxcd  to  the  end,  exactly  opposite  the  needles,  e,  of  the 
Jacquard,  and  are  capable  of  passing  freely  through  the  holes  Of  the  plate,  A.  At  a 
given  moment  the  plate  is  slightly  lowered,  which  prevents  the  heads  of  the  pistons 
passing,  and  the  surface  of  the  plate  then  represents  a  plain  card.  The  pistons, 
are  supported  on  a  frame,  //,  which  allows  them  to  more  horixontally  in  the 
direction  of  their  length.  At  each  stndce  of  the  shnttle,  the  frame,  carrying  with  it 
the  plate  A,  has,  by  means  of  the  treddle,  a  reciprocating  motion  backwards  and  fbr- 
waros,  and  in  its  backward  movement  presents  the  end  of  the  pistons  to  one  of  tbe 
poles  of  the  electro-magnets,  and,  by  means  of  certain  special  contrivances,  contact 
with  the  magnets  is  secured.  When  the  frame,  //,  returns  with  the  plate  A  towards 
the  needles  of  the  Jacquard,  the  electro-magnets,  which  become  temporarily  mag- 
netised by  the  electric  current,  hold  back  the  pistons,  the  heeds  of  which  pass  throngh 
the  plate  a,  and  rest  behind  it.  On  the  other  hand,  the  dectro-magnets  which  are 
not  magnetised,  owing  to  the  coarse  of  the  curreDt  htiag  interrupted,  permit  the  other 
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pUtODi  to  be  oarried  baok,  their  hesdi  remaining  ontiide  the  plate  and  in  front  of  it. 
At  this  moment,  the  plate,  bj  mesne  of  an  inclined  plane  beneath  it,  ia  lowered 
•lightlj,  thna  preventing  the  heads  of  the  piatons  paaeing  thiongh  Uie  holes,  I7  the 
edges  of  which  they  are  atopped,  *o  as  to  posh  against  the  needles  of  the  Jaequard ; 


on  the  other  hand,  the  heads  of  the  pistons  which  hare  passed  within  and  to  tJie  baok 
of  the  plate,  leaye  the  conesponding  holes  of  the  plate  free,  and  the  needles  of  the 
Jacqnanl  which  are  opposite  to  them  are  allowed  to  enter. 

The  electro-magnets  are  put  into  circuit  in  the  following  manner :  One  of  the  ends 
of  the  wire  forming  the  coil  of  each  of  the  magnets  is  joined  to  one  common  wire  in 
connection  with  one  of  the  poles  of  a  galvanic  battery.  The  other  end  of  the  coil- 
wiro  of  each  magnet  is  attached  to  a  thin  metallic  plate,  m,  having  a  point  at  its  lower 
extremity.  All  these  thin  metallic  plates  are  placed  side  by  side,  with  an  insulating 
material  between  them,  formed  like  the  teeth  of  a  comb,  on.  At  a  given  time,  these 
thin  plates  rest  with  their  lower  extremities  on  the  sheet  bearing  the  design  p,  which, 
in  the  form  of  an  endless  band,  is  wrapped  round  and  hangs  upon  the  cylinder,  o,  and 
according  as  the  thin  metal-plate  rests  on  a  metallised  or  on  a  non-oonducting  portion 
of  the  design,  the  corresponding  electro-magnet  is  or  is  not  magnetised,  and  its  corre- 
sponding piston  does  not  or  does  press  against  the  needle  of  the  Jacqnard.  The  wirf 
from  the  other  pole  of  the  battery  of  conrse  eommnnieates  with  the  bond  bearing  the 
design,  by  being  attached  to  a  piece  of  metal,  which  lies  in  constant  contact  with  the 
metallic  edge  of  the  band.  At  b  is  a  contact-breaker,  which  is  put  in  motion  b;  the 
movement  of  the  frame.  Besides  this,  by  means  of  a  mechaniral  arrangement  con- 
nected with  the  treddle,  which  raises  or  depresses  the  griff  firame,  the  Irand  bearing 
the  design  is  carried  forward  at  each  stroke,  and  the  rapidity  with  which  it  is  made 
to  travel  can  readily  be  regulated,  by  means  of  gearing,  at  the  will  of  the  workman. 
By  regnlating  the  speed  of  the  band,  and  by  the  use  of  thicker  or  thinner  weit,  an 
alteration  in  the  character  of  the  woven  material  may  be  made,  whilst  the  same 
design  is  produced,  thongh  in  a  flner  or  coarser  materiaL 

Such  are  the  arrangements  by  which  Uie  loom  will  produce  a  damask  pattern,  or 
one  arising  tiom  the  use  of  two  colours,  one  in  the  warp,  and  the  other  in  the  weft. 
The  meUiod  adopted  by  M,  Bonelli  for  producing  a  pattern  where  several  colours  are 
required  will  now  be  explained. 

The  design  i*  ^epared  on  the  metallised  paper,  so  that  ths  coloaad  paita  arc 
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tepreseDted  by  the  metalliMd  poition  of  the  band,  bnt  ench  separate  coloni  ii,  hj 
nmoriiig  a  very  thin  strip  of  the  foil  at  the  maigio,  insulated  from  its  ueighboniiiie 
colour.  Then  all  the  piecet  of  foil  thus  ininlated,  which  repiesent  one  colonr  oi 
•hnde^  ai«  connected  vith  each  other  by  meaDS  of  small  strips  of  tin-foil,  which  pisKa 
through  the  paper  and  are  fastened  at  the  back,  and  are  oocdncted  to  a  strip  of  tin-foil 
which  runs  along  the  edge  of  the  band,  there  being  as  many  such  strips  of  tin-foil  as 
there  are  colours.  Thus  each  spscial  colour  of  the  pattern,  in  all  its  parts,  is  con- 
nected by  a  conductor  with  its  own  separata  strip  of  tin-foil,  and  by  bringiox  the  tIk 
from  the  pole  of  the  battery  successively  into  contact  with  the  scTeral  strips,  a  oirre&t 
of  electricity  may  be  mads  to  pass  in  succession  through  the  sereral  parts  of  the 
design  on  the  band  representing  the  separate  colours  of  the  design.  Thus,  assuming 
four  colours,  1,  2,  3,  4,  there  would  be  four  strips  of  tin-foil  running  the  length  of  the 
band,  insulated  firom  each  other,  each  of  which  would  be  in  connection  with  its  on 
separate  colour  only.  At  any  given  moment,  the  thin  plates  of  metal  resting  on  the 
pattern  would  touch  in  a  line  which,  as  it  passes  over  the  width  of  the  pattern, 
would  run  through  all,  or  any  one  or  more  of  the  colours,  but  the  electric  current 
would  pass  only  through  those  plates  which  rest  on  the  one  colour  represented  by 
the  strip  with  which  the  pole  of  the  bnttery  at  that  instant  was  in  contact. 

The  inventor  claims  the  following  as  the  results  of  his  invention  : — 

Fint. — ^The  great  facility  with  which,  in  a  very  short  time,  and  with  precision, 
reductions  of  the  pattern  may  be  obtained  on  the  fabric  by  means  of  the  vaiying 
Telocity  with  which  the  pattern  may  be  passed  under  the  teetii. 

Second. — That  without  changing  the  mounting  of  the  loom  or  the  pattern,  fabrics 
thinner  or  thicker  can  be  produced  by  changing  the  number  of  the  w^  and  making 
a  corresponding  change  in  the  movement  of  the  pattern. 

2%ird. — The  loom  and  its  mounting  remaining  unchanged,  the  design  may  be 
changed  in  a  few  minutes  by  the  substitution  of  another  metallised  paper  having  a 
diS^nt  pattern. 

Fourth. — The  power  of  getting  rid  of  any  part  of  the  design  if  required,  and  of 
modifying  the  pattern. 

WA.VZVO  or  If  ft  Tg-OXiOTH.  In  addition  to  the  description  of  this  ait 
under  Haib,  a  short  notice  is  required  of  the  best  kind  of  shuttle  for  weaving  hair. 
Fig.  2113  shows  in  plan  a,  and  in  longitudinal  secUon  b,  a  shuttle  which  differs  &om 


that  of  the  common  cloth-weaver  only  in  not  having  a  pirn  enclosed  in  the  body  «t 
the  box-wood,  bnt  merely  an  iron  trap  a,  which  turns  in  the  middle  upon  the  pin  i. 
This  tiap-piece  is  pressed  up  at  the  one  end,  by  the  action  of  the  spring  e,  so  as  to 
bear  with  its  other  end  upon  the  cleft  of  the  iron  plate  d,  which  is  intended  to  hold 
fast  the  ends  of  the  hair-weft :  d  and  c  together  are  called  '  the  jaws '  or '  mouth,'  whence 
the  popular  name  of  this  shuttle.  The  workman  opens  this  jaw  by  the  pressnie  of 
his  thumb  upon  the  spring  end  of  the  trap  a,  introduces  with  the  other  hand  one_  or 
more  hairs  (according  to  Uie  description  c^  hair-doth,)  into  the  month,  and  removing 
his  thumb,  lets  the  hairs  be  seised  by  the  force  of  the  spring.  The  hairs  having  one 
end  thus  made  fast  are  passed  across  the  warp  by  the  passage  of  the  shuttle,  which  is 
received  at  the  other  end  by  the  weaver's  left  hand.  The  friction  rollers,  jc,  f,  ars 
like  those  of  fly-shuttles,  but  are  used  merely  for  convenience,  as  the  shuttle  cannot 
be  thrown  swiftly  from  side  to  side.  The  hand  which  receives  the  shuttle  <^ns  at 
the  same  time  the  trap,  in  order  to  insert  another  hair,  after  the  preceding  has  been 
drawn  through  the  warp  on  both  sides  and  secured  to  the  list.  A  child  attends  to 
count  and  stretch  the  iiaiia.     This  assistant  may,  howevw,  be  dispensed  with  by 
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meon*  of  the  following  iroplemant,  Tepnsented  in  ^3113.  c,  c  ii  the  Tivw  of  it 
bom  aboTe,  ot  the  plan ;  b  it » tide  Tiflw;  >  » longitndiDel  aectioi),  nnd /an  obliqne 
■ection  across.  The  chief  part  consists  in  a  woMen  giooye,  or  chamfered  slip  of 
irood,  open  aboTe,  and  ronnded  on  the  sides.  It  is  abont  21  inches  in  length,  abont 
as  long  nearly  as  the  veb  is  broad,  therefore  a  little  shorter  than  the  horse-hairs  in- 
serted in  it,  which  project  about  an  inch  beyond  it  at  each  end.  Thej  are  heroin 
pressed  down  by  elastic  slips,  e,  of  india-rubber,  so  that  the  others  remain,  when 
one  or  more  are  drawn  out  by  the  ends.  The  ends  of  the  grooves  are  flat  where  the 
india-mbber  spring  exerts  its  pressure,  as  shown  by  the  dotted  Hne  /.  The  spring 
is  formed  by  cutting  out  a  double  piece  fW>m  the  curvature  of  the  neck  of  a  caontehoue 
bottle  or  flask,  listening  the  one  end  of  the  piece  by  a  wire  staple  in  the  groove  of 
the  shuttle,  whereby  the  other  end,  which  alone  can  yield,  presses  upon  the  inlaid 
hair.  Wire  staples  like  /  (in  the  section  e)  are  passed  obliquely  through  two  i^ces 
of  the  groove  or  gutter,  to  prevent  the  hairs  from  springing  up  in  the  middle  of  the 
shuttle,  whioh  is  suitably  charged  with  them.  The  workman  shoves  the  tool  across 
the  opened  warp  with  the  one  hand,  seizes  with  the  other  the  requisite  number  of 
hairs  by  the  projecting  ends,  and  holds  them  &st  while  he  draws  the  shuttle  once 
more  through  the  warp.  The  remaining  hairs  are  retained  in  the  groove  by  the 
springs,  and  only  those  for  the  single  decussation  remain  in  the  web,  to  be  secured  to 
the  list  on  eitJur  side.  A  weaver  with  this  tool  can  turn  out  a  length  of  cloth  double 
of  what  he  eonld  do  with  the  mouth-shuttle. 

waaSTBSITB.  A  hydrous  subsulphate  of  alumina,  found  at  Newhaven  and 
Brighton,  in  Sussex ;  at  Halle ;  and  in  several  French  localities. 

Wmrr  (7hm»,  Fr.;  Eintrag,  Oer.)  is  the  name  of  the  yams  or  threads  which 
mn  from  selvage  to  selvage  in  a  web. 

HTSIOHZVO  HULOMXMM,  See  Balanck. 
'  iraz«BTS  and  MSABinuui.  Metried  and  Imperial.  The  metrical  system 
originated  with  the  government  of  Louis  XV.,  who  named  a  eommission  to  pursue 
the  investigations  necessary  to  decide  the  principles  upon  which  such  a  system  could 
be  carried  out.  An  extensive  series  of  observations  were  conducted  during  the  nigti 
of  Louis  XVI.  Under  his  consent  the  Academy  of  Sciences  decided  that  all  the 
differeqt  weights,  measures,  and  coinages  should  be  'established  accessory  to  certain 
deflnite  relations  to  the  dimensions  of  uie  globe  itsel£'_ 

Belaimbre  and  Mfchain  ascertained  the  length  of  the  earth's  meridian  in  the  portion 
between  Dunkirk  and  Barcelona,  and  Arago  and  Biot  that  between  Barcelona  and 
Formentera.  The  length  of  the  meridian  from  the  Pole  to  the  Equator,  passing 
throu^  Paris,  was  then  divided  info  10,000,000  parts,  and  one  of  these  parts,  called 
the  mitr*,  became  the  l»sis  of  the  new-  system. 

Haupertuis  had,  in  the  year  1736,  measured  a  portion  of  the  arc  of  the  meridian 
passing  through  the  North  Cape.  His  observations  were  therefore  combined  with  the 
othera  by  the  eommission.  The  distance  from  the  Equator  to  the  Pole,  which  is  really 
10,000,738,  was  fixed  at  10,000,000.  This  standard  is,  therefore,  the  ten-millionth 
part  of  the  quadrant  of  the  terrestrial  meridian ;  and  fh>m  the  measurements  and 
calculations  which  were  made  at  that  juried  on  the  arc  of  the  meridian  which  ex- 
tended tiom  Barcelona  to  Dunkirk,  it  was  reckoned  to  be  39*871  inches  of  the 
En^ish  standard  yard,  which  contained  36  inches.  Thus  the  French  mitre,  which 
ia  longer  than  the  English,  yard  by  3i  inches,  or  more  accurately  by  SJS  inches,  is 
the  standard  of  all  the  measures  ancl  weights  of  France.  Its  decimal  multiples 
are  successively  denoted  by  the  prefixes  deal,  heoa,  kilo,  &&,  which  signify  10,  100, 
1000,  &&,  times  respectively ;  and  its  decimal  submultiples  or  fractions  snooessively 
by  the  prefixes  dtei,  centi,  miUi,  &c.,  which  signiiy  ^,  ■^,  yjj^,  &c.,  parts  respectively. 
The  mitre  itself  was  made  the  unit  of  lineal  measure  and  itinerary  distances. 

A  bar  of  platinum  was  constructed  representing  the  length  of  the  mitre  as  accu- 
rately as  possible  ;  and  this  bar,  or  others  directly  or  indirectly  copied  firom  it,  is  the 
standard  unit  of  length  throoghont  France,  and  in  many  other  countries  which  have 
herein  followed  her  example.  It  is  equal  to  39'S71  English  inches,  and  is  about  ^  of 
on  inch  longer  than  a  pendulum  vibrating  seconds  at  we  level  of  the  sea  in  London. 

2114 
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The  mitre  is  divided  decimally  downwards,  into  dicimitrei,  eendmitres,  and  mitli- 
mitres  (Jig.  3114) ;  and  multiplied  decimally  upwards  into  dicamitres,  hectomitres, 
kilomitres,  and  myriamitres ;  the  latter  being,  as  is  implied  by  its  name,  equal  to 
10,000  mitres  of  the  scale. 


Digitized  by 


Google 


1120 


WEIGHTS  AND  MBASUBES 


A  tUeimitre,  aa  its  namo  implies,  it  the  tenth  part  of  a  ntetM.  In  like  manner 
a  eaUimiire  ia  the  hundiedth  part,  and  a  miUmiln  is  the  tboiuandtli  part,  of  a 
mhtn. 

A  Kjoare  formed  upon  a  line  of  ten  m&tres  is  the  unit  of  superficial  or  land  measure ; 
and  a  cube  which  has  a  dieimilre  (or  one-tenth  of  a  mitre)  for  its  measoring  line,  ii 
called  a  litre — the  unit  of  capacity.  Each  of  these  is  incresMd  or  diminiahed  by  mul- 
tiple* or  sobmoltifdea  of  ten ;  but  for  the  convenience  of  those  vho  prefer  halree  and 
qnartats  to  tenths,  each  may  be,  and  often  is,  divided  in  this  manner,  though  all  arith- 
metical calcolations  are  performed  decimally.  The  fundamental  unit  of  vei^t  is  the 
kUegramnu,  which  ia  the  weight  of  a  litre  of  distilled  water,  at  its  greatest  dansitT, 
which  is  a  little  aboTe  the  frMciog-point.  The  thoosandth  pait  of  a  kilogramme  u 
eallad  a  $Tiimffi<. 

To  Mcaptalate : — 

The  moltiples  of  the  mitr«  are  the  dfcomitre  —       10  mitres. 

„  „  heetoiiJiitte=     100  mitres. 

„  „  kSomhtn=   1000  m&trea. 

„  „         fiiyrtametre- 10,000  mitres. 

The  submnltiples  of  the  mitre  are  the  ti^amitre  =  the      1 0th  part  of  a  mitze. 
„  „  <!ra<tmitre=the    100th  part  of  a  metre. 

„  „  f)ttKtmitre=iths  lOOOth  part  of  a  mitre. 

The  unit  of  snifiioe  is  the  are,  which  is  the  square  of  10  metres  on  a  side,  or  100 
superficial  mitres.  The  usual  multiples  and  snbmultiples  are  the  kfet-ax%  a  sqnaie 
of  100  mitres  on  a  side,  and  the  cetUi-axe,  the  mitre  superficial.  These  terms  art 
employed  in  the  sale  of  land,  and  in  agricultural  discussions. 

The  unit  of  weight  is  the  gramme,  which  is  the  equivalent  of  a  cube  of  distilled 
water,  at  the  zero  of  the  Centigrade  scale  (32°  of  Fahrenheit),*  measuring  a  eentimitn 
every  way.    The  multiples  are  ;— 

The  Dleagramme         ......••     10  grammes. 

„   Hectogramme »   100  grammes. 

„  Kilogramme =  1000  grammes. 

The  submnltiples  are : — 

TheZMoyv'mHM       .        .        ,       .     •the    lOth  part  of  a  gramme. 
,,    Centigramme     ,       .        .       .    •  the  100th  part  of  a  gramme. 

oe.    && 

A  thousand  kilogrammes  will  form  a  cube  measuring  a  mitre  on  every  side,  and  it 
is  made  the  legal  ton  for  heavy  weights. 

The  unit  of  capacity  is  the  litre,  which  is  the  equivalent  of  a  cube  measuring  one- 
tenth  part  of  a  mitre  every  way.  The  multiples  are  the  dieaUtre,  tile  heUolitre,  the 
kilolitre,  and  the  submultiplos,  the  diciiiin,  the  eeniUiire,  tec  The  litre  is  usually 
employed  in  expressing  the  quantities  of  liquids.  A  thousand  litres  of  water  are 
equal  to  a  mitre  cube  every  way,  and  one  ton  in  weight.  The  ktatolitre  is  used  in 
expressing  the  measures  of  grain. 

The  following  Tables,  constructed  bv  Mr.  Warren  Be  La  Rue,  and  published  in  his 
'  Diary  and  Almanack,'  are  reprodaeed  here  by  his  obliging  permission : — 


French  Meanurei  cif  Length. 


InEngllah 
lacbea 

InEngUthfeet 
=  13  Incbe* 

InXngUth 
yaids=8  teeb 

InBngUsh 

fatbonu=6 

feet 

InEogHA 

maa=17«» 

ysids 

Himimttn . 
Oentlmttre 
IMdmttie. 
HMn.       . 
IMeamMra. 

Kllomttre  . 
UjilamMre 

0-0393T 

0-89371 

3-98708 

89-87079 

393-70790 

8937-07000 

89870-79000 

(98707-90000 

0-008381 

0-082809 

0-328090 

3-280899 

32-808998 

328-089920 

3280-899200 

82808-992000 

0-0010936 

0-0109883 

0-1098888 

1-09S83S1 

10-8*68310 

109-8633100 

I09S-4831O0O 

I0936'33100«0 

0-000(««8 

0-00S468> 

O-OMSSIS 

0-H«816( 

C-46S16U 

M-«816t<0 

S46-81SS800 

M«8-16tS000 

0-0000006 
OHMOOOa 

oHwooan 

Oi)C0(tM 
OHNMtISS 

0-62188M 

\         1  Inch  s  2-S390M  oentimUret.                         1  yard  si  0-91488.V  mitre. 

1  foot  =  8-0*72449  d*clm»tre«.                         1  mile  =  1-6093140  kaomStre. 
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French  Meaauret  of  Surface. 


InEogllah 
aq.feet 

In  English 

aq.  Tarda 

=  9  aq.  f oet 

In  Engllata 

polea=27'J'-i9 

aq.feet 

In  English 

rooda= 10890 

aq.feet 

In  EngUsh 

acrea=48JS60 

aq.feet 

Oentian  or  aq.  mUis 
An  or  100  iq.  mitna 
Hectare  or  10,000  aq. 
m6trei    .       . 

10'7S*a»9 
1076'4229»t 

107«43-99M18 

1-198033- 
U9-603326 

11960-882603 

(Hisar,ss3 
8'3S38290 

896'88289i;9 

0-000988JI 
.0-0988M7 

9-8S4i724 

ill 

1  aquare  inohxS'tf  18860  gqnara  oentim$trea. 
1  Bqnare  Joot  =9-28»0(ISS  aqnare  dftcimitrea. 
1  square  fard=0'SS00971{  iquare  mitro  or  oenUaro, 
1  acre            ^O-WMTloa  hectare. 

.FVeiMA  Mcature*  of  Oapaeiiy. 


In  cubic  Inches 

In  cubic  feet 

=1728 
cuUoinchoa 

InplntB 

=34-65923 

cnUc  inchea 

Ingallona 

=ipinta 

=377-27884 

cnUclnobea 

Inboahela 
=8gaUona 
=!B18-19075 
cnblo  inohea 

UOmtte,    or     cnUo 

centhnMre 

0-06108 

0-00008J) 

0-00176 

0-0003301 

0-0000279 

Centilitre,  or  10  coUo 

0-61037 

O-00OS8S 

0^)1761 

0*0033010 

0-0002TS1 

DMUtre,  or  100  coble 

centim6trafl    . 

6-10271 

0-003«83 

0-17608 

00330097 

0-0037513 

Litre,  or  ooblo  d&d- 

mdtre      .       . 

61-0270S 

0-08(817 

1-76077 

0-2200967 

0-0375131 

IMcaUtn,    or   centi- 

Bttoi       .       ,       . 

610-27053 

0-828168 

17-60778 

3-2009668 

0-3761208 

HectoUtre,    or    dtel- 

atira       .       .       . 

6102-7081S 

8-S816iS 

176'0778t 

23-0096877 

3-7513086 

Kilolitre,  or  atire,  or 

cable  mitre    . 

610S7-05U3 

85-816*81 

1760-77841 

230-0968767 

27-6120646 

ICTriolitre,  or  d«ca. 

atiro       .       .       ; 

C10370-SU19 

S5S-16«Mt 

17607-7M14 

2240-9667676 

37t-12084S» 

loaUo]ilch=>16-38< 

I7<  cable  oenUi 

1 

matrea.     -  • 
gallan=4-548« 

1  cubic-toots 
KUtces.     . 

28-816313  enblo 

dMmMna. 

Freneh  Meaturei  of  Weight. 


In  English 

In  avoirdnpols 

In  ew«a.=I13 

lba.= 784000 

gnina 

Ton8=20owta. 

grolna 

=480  grains 

lbe.=7000gn. 

= 19680000  gra. 

0H)18«8 

0-000032 

0-0000023 

0-0000000 

0-0000000 

Centigramme 

0-15483 

0-000333 

OHH)00320 

0-0000003 

0-0000000 

Dteigramme 

1-54833 

0008216 

0-0002206 

0-0000080 

0-0000001 

Oranune    . 

15-48285 

0H)821S1 

0-0022046 

0-0000197 

OilOOCOlO 

IMcagromme 

154-82349 

0-321607 

0-0220463 

0-0001968 

0HXI00098 

1548-23488 

3-216078 

0-2204621 

0KHn96S4 

0-0000984 

Kilogramme 

15482-34880 

32-150727 

2-2046213 

0-0198841 

0-0009843 

Myriagranune 

154823-48800 

321-507267 

220462126 

0-1968412 

0-0098421 

1  graln=0-064799  gramme 

1  troy  onnoes 

31-108496  gram 

me. 

1  lb.  aTolnliii)Oia=>0-453»98 

kilogramme. 

1  owt.=50-802 

377  Ulogrammf 

K. 

7h»/  Weight,  so  called  from  Troyes,  a  toini  in  tha  province  of  Champagne  in  France, 
now  in  the  department  of  Aube,  where  a  celebiatea  &ir  was  held,  appeais  to  hare 
come  into  general  use  in  England  about  the  time  of  Henry  IV.  The  first  mention  of 
the  term  ^tiotrdujXTMoccnrs  in  a  charter  of  31  Edward  L  'Ponnd'  is  derived  i^m  the 
Latin  jKWtitM ;  <  oonce,'  from  uaeia,  or  twelfth  part,  being  the  ^th  part  of  a  lb.  Troy. 

M  meaturet  of  capacity  were  first  taken  from  Troy  weight ;  and  several  laws  were 
passed  in  the  reign  of  Henry  III.,  enacting  that  8  lbs.  troy  of  wheat,  taken  from  tha 
middle  of  the  ear,  and  well  dried,  should  make  1  gallon  of  wine  measure ;  and  8  such 
gallons  made  a  bushel. 

_  Avoirdupoia  Weight  was  first  made  legal  in  the  reign  of  Henry  VH.,  and  its  par- 
ticular nse  was  to  weigh  provisions  and  coarse,  heavy  articles.  Henry  fixed  the  stone 
at  14  lbs.,  which  has  been  confirmed  by  a  recent  Act  of  Parliament. 

Agreeably  to  the  Act  of  uniformity,  which  took  effect  Ist  January,  1826,  the  t«rm 
'measure'  may  be  distinguished  into  eight  kinds :  viz.,  length,  sniface,  Tolnnie,  spedfio 
gravity,  capacity,  space,  time,  and  motion. 

voi»  in.  40 
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IKiy  Weiffkt. 


Kvki 

Omoe* 

Dwth 

OrmlM 

dvt 

01. 

ft. 

Pennyweight 

Oonoe  .... 

Pound.        ,        .        . 

i'2 

26 
240 

24- 

480 
57«0 

tliough  the  man  oonTatient  dedmal  cUtUodi  ot  tba  Fnncb  gnoime  are  almort  ohItowII;  prs- 
tened  b7  idantUU)  chemista  ot  ttas  pteMnt  ttm*. 

Apothaeariti  Weiffit. 

lUiki 

Oniic«s 

Dnuni 

Soniplei 

Otalne 

8 

3 

Scrapie     • 
Dnm 
Ounce       , 
Pound 

•  • 

•  • 

•  • 

•  • 

••• 
•*• 

12 

... 
8 

••* 

S 

24 

288 

20 

60 

480 

5760 

The  onnoe  lad  pound  we 
(UkelnaawdgMi. 

ttMMBM  M  in  Ttoj  might,  bat  dlfleraitly  sobdiTUad 

.   AgimlBii 

AvoiriltipoU  Wagkt. 

Oirta. 

Qostten 

Founds 

Ounces 

Draaia 

Ounce  (4371  gnini) . 
Pound  (7000  gisins) 
Stone 
Quarter    . 
Hundred-weight 
Ton  . 

20 

■  ■• 

•  •• 

••* 

4 
80 

•  •• 

14 

28 

112 

2240 

... 

16 

224 

448 

1792 

85840 

IS 

256 

3584 

7168 

28672 

573440 

This  wdght  Is  used  iBr  nil  iahatsnoes,  ezcspt  gold,  •Um,  sad  pradons  atonei.    Drogi  ue  sold 
b7  this  might,  but  mwrtMnw  an  oomponndad  bj  Apothecaries'  weight. 

MeoMum  of  LutgiK — ^TIm  imperial  stMidaid  yard  is  divided  into  3  feet,  and  each 
foot  into  12  inches,  and  its  length  is  fixed  (see  Act  of  Pari.  5  Geo.  IV.  c.  74)  by  itfe- 
renee  to  the  length  of  the  pendulum  vibrating  seconds  in  the  latitude  of  London,  in  a 
vaeuum  at  the  level  of  the  sea ;  tlie  former  being  to  the  latter  in  the  proportion  of  86 
imperial  inches  to  89'1393  imperial  inches.  The  length  of  the  seconds  pendulnm  at 
Greenwich  is  30'13029  inches;  at  Leith  Fort  (nearly  the  parallel  of  Glasgow),  under 
the  same  circumstances,  it  is  39°I5S5  imperial  inches ;  and  at  New  York,  39-I0I7 
imperial  inches.  The  imperial  standard  yard  may,  however,  be  more  distinctly  de- 
fined as  the  distance  between  the  points  of  oscillation  and  suspension  of  a  pendulum 
vibrating  in  a  mean  solar  day  (in  a  vacuum  at  the  level  of  the  sea,)  at  London  90,088 
times.  The  Scotch  standaid  ell  (the  use  of  which  is  now  abolished,)  measured  37 
imperial  inches. 

An  inch,  formerly  divided  into  3  barleycorns,  is  now  the  smallest  lineld  measure  to 
which  a  name  is  given,  but  subdivisions  are  used  for  many  purposes. 

OothMeatvre. 


Qnaitea 

Mens 

IndM 

Nail     ...       . 

... 

•  •• 

2i 

Quarter 

••* 

4 

9 

Yard    .... 

4 

16 

S« 

EU       .        .        .        . 

6 

20 

45 

French  ell     . 

6 

24 

54 
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I/)t»g  Mtasure. 


Inches 

LlnlDS 

Feet 

Tardi 

Pole  or 
Fenh 

(Tboiiis 

Fnrlonga 

Mil* 

7-82 

1 

*•• 

12 

1-616 

1 

.•. 

.*. 

••• 

36 

4-646 

3 

1 

.*. 

»«* 

198 

26 

16-5 

6-6 

1 

••• 

792 

100 

66 

22 

4 

1 

7920 

1000 

660 

220 

40 

10 

i 

68860 

8000 

6280 

1760 

820 

80 

8 

i 

In  Ireland  the  perch  contains  7  jards,  and  the  mile  2240. 

Scotch  and  Irish  linens,  all  sorts  of  woollen  cloths,  muslins,  ribbons,  coids,  tapes, 
&&,  are  measured  by  the  yard.  Dutch  linens,  called  Hollands,  are  bought  by  the 
Flemish  ell,  and  sold  by  the  English  ell. 

The  yard  in  Cloth  Measure  is  the  same  as  in  Long  Heasnie,  but  differs  in  its 
divisions  and  subdivisions,  as  under : — 


2}  inches     make  1  nail  .        .    nl. 
4    nails  „     1  quarter      .    qr. 

4    quarters     „    1  yard .        .    yd. 


3  quarters  male  1  Flemish  ell     Fl.  ell. 
6  qtiarters      „     1  English  ell      Eng.  eU. 
6  quarters      „    1  Frenbh  ell  ,    Fi.  ell. 


Linear  iteature. 


FurloiigB 

Cbains 

Poles 

Yards 

IM) 

Inches 

Foot  .... 

Yard  .... 

Pole  or  Rod 

Chain  of  100  links      . 

furlong 

MUe   .        .        .        . 

8 

•  •• 

io 

80 

4 

40 

320 

22 

220 

1760 

""3 

16i 
66 
660 
6280 

12 

36 

198 

792 

7920 

68860 

A  Lengoe  ta  S  miles,    A  Hand  (nsed  In  meamiag  horaei},  4  laches.    A  Fathom,  3  yards,  or  S 
feet,  or  73  Inches. 

A  pondDlom,  which  Tlbtates  seconds  of  mesoi  time  In  the  latitude  of  London,  at  the  lerel  of  tho 
sea  and  In  a  Tsouun,  meosnres  89*1898  inches.    It  Is  by  an  accurate  sabdiTlsIon  ot  the  length  of 
such  a  pendnlnm  that  an  Inch,  the  foundation  of  all  other  measures  and  iralgbt*.  Is  obtalne£ 

Land 

or  Square 

Meaeure, 

Boods 

t^a\j^ 

Pttlas 

Tank 

'   Feet 

Inohss 

Square  foot .        . 
Square  yard         .        . 
Square  pole  or  rod 
Chain  of  10,000  links  . 
Bood  .... 
Acre   .... 

"4 

... 
"2* 

10 

•  •• 

1*6 

40 

160 

SO* 
484 
1210 
4840 

••• 

9 

272^ 

4356 

10890 

43660 

144 

1296 

39204 

627264 

1668160 

6272640 

Asqoi 

S,097,«00  sq 

oare  yards. 

Cubie  w  Solid  Meature. 

Feet  Inchss 

.         .         •        .         ...  1728 

27  46666 

A  ton  ol  sUpffaig  Is  43  cnblo  feat.   A  taoMl's  bulk  Is  t  enbio  test. 
4c2 


Onbie  foot. 
Cubic  yard 
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Liquid  Ifeaiurt. 


OaUoni 

Qoatte 

.Finti 

<m 

... 

i 

Qaaxt     . 

••• 

••• 

2 

Oftllon    .... 

•*• 

4 

8 

Firkin  or  quarter  band 

9 

36 

72 

Kilderkiii  oz  half  band 

18 

72 

144 

Barrel     . 

36 

144 

288 

Hogshead  of  ale       . 

64 

216 

432 

Hogshead  of  vine    . 

68 

252 

604 

Puncheon        . 

84 

336 

672 

Butt  of  ale      . 

108 

432 

864 

126 

604 

1008 

Tnn  or  3  pipea 

262 

1008 

2016 

Dry  Jfeature, 


Qnarten 

Bnaheb 

Feoki 

1 
OaUoes      1 

Peck    ...        . 
Buahel.     .  .       •. 
Quarter 
Load  or  wey 

... 
... 

"6 

"i 

"  40 

"4 

•    32 
160 

2 

8 

64 

820 

The  ImneTlsl  gaUon  Is  Oa  kgal  itaDdiud  meMore  both  tor  di7  good*  and  U<i<iids.    It  oootalni 

tt<S°IUiT.  Under  tiunmeoondltioii*  an  imperial  gsUoa  of  water  Td^  10  avolTdiipobpooiids 
or  70,000  gnins.    A  flablo  Inob  oC  water  weigha  »3-4«8  gndm.    A  cnldc  Inch  of  air  w«ig)a  Ml« 
gndn. 

Time  TaiU. 

D«fi 

Honii 

ioniitw 

Saceodi      1 

Uinuta 

Hour  .... 

Day     . 

Wide  .... 

■  •• 
•  •• 

"7 

24 
108 

"(JO 

1440 

10080 

60 

3600 

86400 

604800 

Aoommon  year  la  BJweel 
ooBtalns  aafiU  itj*. 

X  1  day,  or  8U 
Bap  year,  and  001 

days.    BTBiyye& 
itoini  886  daya,  e 

r  which  win  dlTi 
xcept  1900,  noo, 

le  bytwttliaiit 
be    AaentoT 

Mtmoranda  eoMuet«d  wUh  tmriou*  hregxiar  WrigkU  and  tteamra. 


A  barrel  of  beer,  86  gallons. 

ale,    32      „ 
A  butt  of  sherry,  108  gallons,  or  52  dosen 

bottles. 
Hogshead  of  French  wine,  48  to  46  gals. 
Anm  (^  bock,  30  gallons. 
Pipe  of  madeira,  «2  gallons. 

„     port,      116      „        or67ido«in 
botUes. 
'    (Hogsheads  one  half,  and  qnarter-eaaks 

one  fonrth  part  of  that  quantity.) 
Pipe  of  Teneri&,  100  gallons.. 

„      lisbon,     in      n 

„     Malaga,    105      ,. 
Tun  of  wine,  262  gallons. 
Hogshead  of  daret,  46  gallons. 
Puncheon  of  brandy,  100  to  116  gallons. 


Puncheon  of  turn,  00  to  100  gallons. 

„  whisky,  •     120      „ 

A  dicker  of  hides,  10  skins. 
A  last  of  hides,  20  dickers. 
A  dicker  of  glores,  10  dozen  pairs, 
A  box  of  raisins,'  56  lbs. 
Cask  of  rice,  7  to  8  cwts.    • 
Chest  of  oongou  tea,  80  to  100  lbs. 
Chest  of  hyson  tea,  60  to  80  lbs. 
Dram  of  figs,  6  to  14  lbs. 
Pocket  of  hops,  1^  to  2  cwts. 
A  bag  of  hops,  neaxly  3^  cwts. 
Firkin  of  butter,  56  lbs. 
Load  of  hay  or  straw,  86  trasses. 
'Truss  of  hay,  old,  66  lbs. 
■  „  new,  60  lbs. 

„    straw,  36  Ibh 
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Load  of  brieka,  600. 

„      viain  tiles,  1000. 
Sack  of  flDur,  280  lbs. 
Tieice  of  su^,  9  to  12  cvts. 
„       coiee,  4  to  9  cTts. 
Barrel  of  tar,  26^  gallons. ' 
Fodder  of  lead,  I9|  cwts. 
Oroes,  144,  or  12  dozen. 
Qnire  of  paper,  24  sheets. 
Beam        „       480  sheets,  or  20  quires. 
Boll  of  parchment,  60-skias. 
A  veigb  of  cheese,  236  lbs. 
6  quarters,  a  weigh  or  load. 
A  last  of  com  or  rape-seed,  10  qnartonk 

or  80  bushels. 
A  lastof  {lotsshes,  cod-fish,  white  herrings, 

meal,  pitch,  and  tar,  12  barrels. 
A  last  of  flax  and  feathers,  17  cwts. 


A  last   of  gunpowder,  24    barrels,  or 

2,400  lbs. 
A  last  of  wool,  4,fi68  lbs. 
A  tod  ofwool  is  88  lbs. 
A  pack  of  ditto,  364  lbs. 
48  SoUd  feet  of  timber,  a  ton. 
A  stone  of  fish,  14  lbs.,  uid  of  wool,  14 

lbs.    The  same  for  horseman's  weight, 

hay,  iron,  shot,  &c. 
A  stone  of  glass,  5  Ibi.,  and  a  seam  of 

ditto,  24  stone. 
A  cade  of  red  herrings,  600,  and  sprats, 

1000. 
A  load  of  timber  imhewcd,  40  feet 
Flour,  peck  or  stone,  14  lbs. 

„     boll  of  10  pedu  or  stones,  140  lbs. 

„     sack  of  2  bolls,  280  lbs. 

„     barrel,  196  lbs. 


Meatitra  of  LeHffth, 


A  line  is  one-twelfth  part  of  an  inch. 
A  nail  is  2^  inches  (nsed  in  measuring 

cloth). 
A  palm  is  3  inches. 
A  hand  is  4  inches  (used  in  measuring 

the  height  of  horses). 
A  span  is  9  inches. 
A  cubit  is  I^  foot. 


A  military  pace  is  2)  feet> 
An  itinerary  pace  is  6  feet. 
A  cable  length  is  120  fathoms,  or  240 

rards. 
A  league  is  3  miles. 
The  Imot,  or  nautical  mile,  2,000  yards. 
The  old  Scotch  and  Irish  miles  are  1| 

and  lf[  English. 


Cod  WeifflUt  and  Meaiurt*. 

'From  and  after  January  1, 1836,  all  coals,  slack,  culm,  and  cannel  of  every  de> 
scription  shall  be  sold  by  weight  and  not  measure,  under  a  penalty  of  forty  shillings.' 

6&6WiUiamIV. 

Tie  ChaUron,    By  thia  meaanre  coal  was  fbrmetly  sold ;  it  was  86  bndiehi  or  12 
sacks  of  coaL 

The  London  imperial  chaldron  is  about  26  cwts. 

The  Newcastle  chaldron  .       .      „      63  cwts.,  w  as  about  11  to  21. 

The  relation  of  the  chaldron  to  the  ton  in  London  is  shown  by  the  follawing  results  :— 

cwts.  qn.  Um. 
1  chaldron  of  Buisell's  Hatton's  VTallsend  weighed  26    0      8 


Lambton's  Wallaend                 „ 

26 

3 

0 

Bossell's         „                       „ 

26 

0 

0 

Northumberland                       „ 

26 

1 

26 

O^nfield  Moor 

26 

0 

17 

Stewart's  WaUsend                   „ 

26 

0 

18 

Eillingworth                             „ 

26 

0 

18 

Mean,  26  cwts.  2  qnk  4  lbs. 

I J^  ^ 'J|  "^  J  make  a  Newcastle  chaldron,  which  is  only  62J. 

ne  Keel  is  8  chaldrons  or  21  tons  7  cwts.  (sometimea  4  cwts.),  or  8  tuha*21  tons 
4  cwts. 

7%e  BoUt  or  SoulU,  In  1600,  at  a  '  Courte  of  the  Hostmen,'  wains  were  ordered  to 
be  marked  and  measured.  '  For  time  out  of  mind  it  hath  been  ordered  that  all  coal 
wains  did  usually  cany  and  bring  8  boults  of  coals  to  all  staithea  upon  tha  river  Tyne.' 


Pmks 

BoU 

tons  cwts.  Hm* 

8 

1 

...    .        . 

.    0      4    23} 

... 

24 

1      . 

.    2    18      0 

... 

440 

18}  or  1  ten 

.  48     11     74 

Thi  Ten.  A  local  customary  and  arbitrary  weight,  being  usually  440  coal  bushels 
of  36  gallotiK  TVlnchester,  or  48  tons  11  cwts.  2  qrs.  17  lbs.  9  oxs.  The  Sean  and 
Chapter  of  Durham,  to  avoid  fractions,  make  the  Ten  432  bushels,  or  47  tons  14  cwts. 
420  bolls,  oor  sunetimes  440  boUa  malu  1  Ten. 


Digitized  by 


Google 


1126  WEIGHTS  AND  MEASUBBS 

A  load  <if  Coolt. 

AtNewCMtleu.        .  .  .  1  ton  of  20  cnrts. 

„  Morpeth       .        .  .  .  |  ton. 

„        „        (out  load)  .  .  IS  to  IS  cwts. 

„  Lftncarfiire    .        .  .  2fi  cwts. 

A  WaggcA. 

The  Nevcastle  chaldron,  63  ewts.    At  WhitehaTcn,  in  1826,  24  Carlisle  bosluli, 
weif^hing  a  little  nrara  than  2  tons. 
About  25  yean  since  the  vei|^t  wm  48  cwts.  and  it  was  inoreaaed  to  fiO  cwts. 

Tkt  Tub.    In  the  Wear  the  best  ooal  is  put  into  tabs,  these  are  waggons  withoat 
wheels,  eont^ning  each  68  cwts. 

TkeSaiket. 
West  Lancashiie  6  ewts. 
Esst         „  8    „    sometimes  4  cwts.,  according  to  the  thickness  of  the  '  mine.' 

7%e  Room.    Coal-barges  are  divided  into  roans,  containing  ISO  bushels  and  I  rat 
more,  or  6  chaldrons  and  a  yat. 
7%e  Vat,  a  quarter  of  a  chaldron. 
7%e  Ored,  sold  in  Ayrshire  »  3  cwts. 
Jjt  Acre  of  Stratum  1  foot  thick  is  31  tens. 
An  Acre  qf  Coal  — 1,610  tons. 
A  Father  qf  Coal- 17  cwts. 

7%eBtuhel. 

Carlisle,  8  streaked  Ai^ncheeter  weighing  from  1  cwt.  2  qrs.  21  lbs.  to  1  cwt  3  qrs 
Cornish    .        .    94    lbs.  (Lean's  Engine  Report). 
London     .        .    82J    „          ...        t*4I,m  ,.i„ 
Standard  .        .    88     „    arobdnpras  T  nSJr^,  p? 
Imperial  .        .    79  to  82  lbs.  oonteins  J>  ,:i„.i,    n  t 
WlSdiester J2160  42   C.  L 

In  Gntch's  '  Literary  and  Sdentiile  Register  and  Almanad: '  for  1872  Uie  fbllowing 
statement  of  measures  was  given,  which  is  so  curions  that  it  deserres  preserration : — 

'  The  Winchester  bushel  contuns  2160*42  cubic  inches,  or  4  ppdks  ;  Uie  Waterside 
measure  contains  6  pedes.  The  old  standard  Scotch  pint  or  sterling  jog  contains 
about  104  cubic  inches,  or  3  imperial  pints ;  and  the  Scotch  gallon  contains  3  imperial 
gallons.  The  Scotch  wheat  firlot  contains  24^  Scotch  pints ;  and  the  Scotcb  barley 
firlot,  31  Scotch  pints.  In  Chester  wheat  is  sold  at  76  lbs.  the  bushel,  or  9-23-38 
gallons.  In  Cornwall  (Laoneeston  and  Oallington)the  customary  bnsbel  is  IS  gallons; 
at  Helston,  Falmouth,  St  Anstoll,  and  Truro,  the  bushel  consists  of  24  gallons ;  at 
Bedruth  it  is  sold  per  186  lbs.  Cornish  bushel ;  at  St  Colomb,  186  lbs.,  and  at  Bodmin, 
S2  lbs.,  per  imperial  busheL  In  Deron  a  sack  contains  40  gallons,  a  bag  IS  gallons 
(in  some  parts  32  gallons) ;  at  Hereford  wheat  is  sold  sometimes  by  the  bushel  of  8 
gallons,  sometimes  by  the  old  bushel  of  10  gallons,  sometimes  by  weight,  varying  &om 
62  lbs.  imperial,  or  64  lbs.  Winchester,  to  80  lbs.  old  10  gallons ;  in  Norfolk,  by  the 
coomb  of  4  bushels ;  in  Northmnberiand  (Alnwick,  Uorpeth,  and  Hexham  markets), 
per  new  boU  of  16  gallons ;  in  Bedford  and  WooUer  maAets  by  the  old  boll  of  48 
gallons ;  in  Salop  the  boshel  is  76  lbs.  net ;  Yock  (North  IticBng),  63  lbs.  per  bushel ; 
West  Riding,  at  Wakefield  com  exchange,  per  bushel  of  SO  lbs. ;  at  the  &rmen' 
Burket  per  the  load  of  3  basbels  or  24  gallons  measure,  or  load  weig^iing  12  stone  13 
lbs.  (or  180  lbs.)  to  14  stone  (or  196  lbs.) ;  at  Leeds,  Bamsley,  I>onte{ract  Boncaster, 
Selby,  Otiey,  Knaresborongfa,  Bipon,  Sldpton,  and  Snaith,  the  same  as  at  one  or  the 
other  of  Wakefield  markets ;  Wales  (Anglesea),  at  S3  lbs.  per  bushel ;  at  Brecon,  by 
the  bushel  of  8  gallons  and  the  bnshd  of  10  g^ons ;  Cardigan,  63  lbs. ;  Carmarthen, 
64  lbs. ;  Flint  by  the  hobbet  of  21  gallons,  or  168  lbs. ;  Glamorgan  (boroogh  of 
Swansea),  by  the  bushel  or  stack  of  24  gallons,  or  by  a  measure  called  '  a  peck,  con- 
taining 6  gallons.  In  the  eastern  part  of  the  county  there  is  also  a  bushel  measure  in 
use,  called  '  the  Welsh  bushel.'  In  Kontgomeiy  and  Radnor  the  bushel  is  10  gallcms, 
or  80  lbs.  weight  All  local  weights  and  measures  are  abolished,  and  a  standard 
adopted  that  all  grain,  meal,  flour,  butter,  and  potatoes  shall  be  sold  by  the  Avoiidn- 
pois,  by  the  score  of  20  lbs.,  by  the  cwt.  of  100  lbs.,  and  by  the  ton  of  2,000  lbs. ;  and 
that  all  hay,  straw,  turnips,  and  mangold-wurtsel  shall  be  sold  by  the  Avoinlupois,  by 
the  score  of  20  lbs.,  by  the  cwt  of  100  lbs.,  and  by  the  ton  of  2,000  lbs.' 
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The  2)m  vsHm  in  a  similarly  vnfattnnate  mannei  :— 

The  Statute  ton  called  abort  ton    .        .    20ewta.  of  112  lbs.  >  2240  lbs 

„  Staffordshire  ton  „  long  ton  .  .  20  „  120  „  >:  2400  „ 
„'  „  „        „     boat  ton     .        .    24       „       120    „    >  2880  ., 

„   Sonth  Wales fixnn2400   „  to  2618  „ 

„   Ayrshire         „ ,    2464    „  to2fi20   „ 

'WBXS,  or  Dyei'$  Wad  (Oande,  Fr. ;  Wan,  Ger.)  A.  tnennial  plant,  native  of 
Britain,  Italy,  and  Tarious  parts  of  Europe ;  the  Baeda  ItUeola  of  botanistjs.  Weld  ia 
preferred  to  all  other  snbetancee  in  giving  the  lively  green-lemon  yello7  to  silk. 
Although  the  quenritron  bark  has  almost  superseded  it  in  calico-printing,  veld  ia  still 
largely  used  in  dyeing  silk  a  golden  yellow,  and  in  paper-staining, 

WSKBIMO  (Soudtr,  Fr. ;  Schweitam,  Oer.)  is  the  properly  which  pieces  of 
wrought  iron  pomess  when  heated  to  whiteness  of  uniting  intunately  under  the 
hammer  without  any  appearance  of  Junction.    See  Ibon. 

•WWLSM,  AXXaSXAV.     See  Abtcsian  Wbixs. 

'WKAUBSOVa  (Balfine,  Fr. ;  FuclAeme,  G«r.)  is  the  name  of  the  homy 
laminae,  consisting  of  fibres  laid  lengthways,  found  in  the  mouth  of  the  whale,  which, 
by  the  fringes  upon  their  edges,  enable  uie  animal  to  allow  the  water  to  flow  out,  as 
through  rows  of  teeth  (which  are  absent),  from  between  its  capacious  jaws,  but  to  catch 
and  detain  the  minute  cieatores  upon  which  it  feeds.  The  fibres  <^  whalebone  have 
little  lateral  cohesion,  as  they  are  not  transversely  decussated,  and  may,  therefore,  be 
readily  detached  in  the  form  of  long  filaments  or  bristles.  The  Uada,  at  scythe- 
shaped  plates,  are  externally  compact,  smooth,  and  susceptible  of  a  good  polish.  They 
are  connected,  in  a  parallel  series,  by  what  is  called  the  gum  of  the  animal,  and  are 
arranged  along  each  side  of  its  month,  to  the  number  of  about  300.  _  The  length  of 
the  longest  Uade,  which  is  nsnally  found  near  Uie  middle  of  the  series,  is  the  gnuge 
adopted  by  the  fishermen  to  deagnate  the  size  of  the  fish.  The  greatest  lengtii 
hitherto  known  has  been  IS  feet,  but  it  rarely  exceeds  12  or  18.  The  breadth,  at  the 
root  end,  is  from  10  to  12  inches ;  and  the  average  thickness,  from  four  to  five  tenths 
of  an  inch.  The  series,  viewed  altc«ether  in  the  mouth  of  the  whale,  resemble,  in 
general  form,  the  roof  of  a  house.  They  are  cleansed  and  softened  before  cutting,  by 
boiling  for  2  hours  in  a  long  copper. 

Wlulebone^  as  brought  from  Greenland,  is  commcmly  divided  into  portable  junks 
or  pieces,  comprising  ten  or  twelve  blades  in  each ;  but  it  is  occasionally  subdivided 
into  separate  blades,  the  gum  and  the  hairy  fringes  having  been  removed  by  the 
sailors  during  the  voyage.  The  price  of  whalebone  fiuctuates  from  fiO^  to  160^.  per 
ton.  The  blaide  is  cut  into  parallel  prismatic  slips,  as  follows : — It  is  damped  hori- 
sontally,  with  its  edge  up  and  down,  in  the  large  wooden  vioe  of  a  carpenter's  bench, 
and  is  then  planed  1^  the  following  tool,  fig.  21 16.  A,  B.  are  its  two  handles ;  c,  D,  is 
an  iron  plate,  with  a  guide-notch  ■ ;  F,  is  a  semicircular  knife,  screwed  firmly  at  each 
end  to  the  enOa  of  the  iron  plate  o  D,  having  its  cutting 
edge  adjusted  in  a  plane,  so  much  lower  than  the  '^*" 

bottom  of  the  notch  a,  as  the  thickness  of  the  whale- 
bone slip  is  intended  to  be  for  different  thicknesses : 
the  knife  may  be  set  by  the  screws  at  different  levels, 
but  always  in  a  plane  parallel  to  the  lower  guide 
surface  of  the  plate  c  D.  The  workman,  taking  hold 
of  the  handles  a,  b,  applies  the  notch  of  the  tool  at 
the  end  of  the  whalebone  blade  furthest  from  him,  and 
with  his  two  hands  polls  it  steadily  along,  so  as  to  shave  ofTa  slice  in  the  direction 
of  the  fibres ;  being  careful  to  cut  none  of  them  across.  These  prismatic  slips  are 
then  dried,  and  planed  level  upon  th^  other  two  surfaces.  The  fibrous  matter 
detached  in  this  operation,  is  used,  instead  of  hair,  for  stufiing  mattresses. 

From  its  flexibility,  strength,  elasticity,  and  lightness,  whiuebona  is  employed  for 
many  purposes ;  tac  ribs  to  umbrellas  or  parasols ;  for  stiffemng  stays ;  for  the  frame- 
work of  hats,  &C.    When  heated  by  steam-  or  a  sand-bath,  it  softens,  and  may  be 
bent  or  moulded,  like  hcnm,  into  various  shapes,  which  it  retains  if  cooled  under 
compression.    In  tliis  way,  snufiT-boxes,  and  nsobs  of  walking-sticks,  may  be  made 
frorn^  the  thicker  parts  of  the  blade.    The  sorfaoe  is  polisbea  at  fint  with  grc«uid 
pumice-stone,  felt,  and  water  ;  and  finished  with  dry  quicklime  spontaneously  slaked, 
and  sifted.    Whaleflns  Imported  in  1878—177  tons ;  valued  at  64,618^.    Etpertml  in 
1878—060  cwta. ;  valued  at  18,710<. 
OZZi.    See  Oils. 
a.    See  Tbikt  Sum, 
vr.    TrUieum  vulgar*,  Linn.;  (Frommt.'Et.i  Wai$m,Qti,)    SaeBntiS, 
Giimm,  and  Stabch. 
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WBSAT-FMtTB ;  To  dtUet  AduUeration  of.  Potato-staich  is  inaoIuUe  in  etAA  ««t«r, 
nnlMS  it  be  triturated  in  thin  portipns  in  a  mortar.  If  pure  wheat-flour  be  thni 
triturated,  it  affords  no  ti^ice  of  starch  to  iodine,  as  the  former  does,  because  the 
particles  of  wheat-starch  are  yery  minute,  and  are  sheathed  in  gluten.  , 

Bean-flour  digested  with  water  at  a  he^t  of.  88°  ^ahr..  and  tritnnted,  affinds  on 
filtration  a  liquid  which  becomes  milkj  oq  the  fiddition  o{  a  Uttla  acetic  acid,  by  iti 
reaction  on  the  legumine  present  in  the  beans. 

Britkh  Wheat  rtlurttei  at  lold  in  variout  (160)  Market  Tomu  of  England  and  Wtittt 

tn  each  numtk. 


1M7 

18«S 

18W 

mo 

isn 

isn 

1 

un 

qrs. 

qr«. 

qri. 

qra. 

qtl. 

qim. 

qn. 

January 

221,792 

193,080 

312,654 

241,043 

267,828 

194,721 

166,472 

February      . 

203,902 

259,963 

254,916 

231,919 

809,377 

193,011 

202.079 

Mareh. 

280,880 

176.768 

217,462 

269,539 

298,966 

246.614 

238,127 

April    . 
May     . 

205,233 

173,122 

204,621 

308,798 

371,636 

191.623 

169,269 

221,069 

193,904 

249,080 

280,739 

222,005 

231,783 

277.881 

June    . 

197,017 

97,184 

213,005 

230,672 

191,126 

268,628 

167,467 

July     . 

109.831 

106,814 

204,293 

217,370 

158,780 

109,646 

101,103 

August 

128,249 

260,269 

172,221 

201,789 

123,891 

168,965 

131.180 

September    . 

239,727 

358,663 

220,167 

361,231 

371.692 

263,692 

232,664 

October 

349,789 

360,377 

308,310 

424,616 

367,673 

264,936 

266,123 

November    . 

337,170 

267,345 

218,613 

298,408 

269,364 

248,832 

264,924 

December     . 
Total      . 

230,014 

243,329 

195,974 

352,631 

322,768 

210,068 

234,763 

2,742.673 

2,679,908 

2,816.106 

8,398,666 

8,274,886 

2,682,106 

2,441,043 

WBABIi  OAMtlAOas.  This  article  is  omitted  flrom  this  edition  to  make  room 
for  articles  more  directly  connected  with  the  subjects  legitimately  belonging  to  it. 

WBBBJa  OU.     Sise  BouBHOiriTK. 

WSBTS&AiTa  is  a  massive  mineral  of  a  greenish-grey  colonr ;  feebly  glimmer 
ing ;  fracture  slaty  or  splintery ;  fragments  tabular ;  translucent  on  the  edges ;  feels 
rather  greasy ;  and  has  a  spec  grav.  of  2-722.  It  occurs  in  beds,  in  primitive  and 
transition  slates.  Very  fine  varieties  of  whetslate  are  brought  from  Tnikey,  called 
honeetonet,  which  are  in  much  e.Hteem  for  sharpening  steel  instruments.     See  Homs. 

Wnr  {Petit  lait,  Fr. ;  Molten,  Ger.)  is  the  greyish-green  liqnor  which  exudes 
ficom  the  cura  of  milk.  Scheele  states,  that  when  a  pound  of  milk  is  mixed  with  s 
spoonful  of  proof  sprit,  and  allowed  to  become  sour,  the  whey  filtered  ofl^  at  th»  end 
of  a  month  or  a  little  more,  is  a  good  vinegar,  devoid  of  lactic  acid. 

WVX8ST.  A  spirit  obtained  by  distillation  from  corn,  sugar,  or  molasses,  though 
generally  from  the  former.  It  is  extensively  manufactured  and  used  in  Scotland  aiid 
in  Ireland.    See  UsQXniB&VdH. 

WUVKM  &aAB,  Carkonate  of  lead,  or  Ceruse.  {Blanc  de  plomb,  Fr. ;  Bleiweiii, 
Ger.)  This  is  the  principal  preparation  of  lead  in  general  use  for  painting  wood  and 
the  plaster  walls  of  apartments  white.  It  mixes  well  with  oil.  without  having  its 
bEright  colour  impaired,  spreads  easily  under  the  brush,  and  gives  a  uniform  coat  to 
wood,  stone,  metal,  &c.  It  is  employed  either  alone,  or  with  other  pigments,  to  serve 
as  their  basis,  and  to  give  them  body.  This  article  has  been  long  manufactured  with 
much  success  at  Klagenfurth  in  Carinthia,  and  its  mode  of  preparation  has  been 
described  with  precision  by  Marcel  des  Serres.  The  great  white-lead  establishments 
at  Krems,  whence,  though  incorrectly,  the  term  wkUe  of  KramniU  became  cniienti 
on  the  Continent,  have  been  abandoned. 

In  Germany  the  manufacture  of  white  lead  is  conducted  as  follows : — 

The  lead  moetiy  comes  from  Bleibeig ;  it  is  very  pure,  and  partictilarly  free  fraat 
contamination  with  iron,  a  point  essential  to  the  beauty  of  its  factitious  carbonate.  It 
is  melted  in  ordinary  pots  of  cast  iron,  and  cast  into  sheets  of  various  tfaick>ess,  ac- 
cording to  the  pleasure  of  the  manufacturer.  These  sheets  are  made  by  pouring  the 
meltedlead  upon  an  iron  plate  placed  over  the  boiler ;  and  whenever  the  snrbce  of 
"the  metal  b^ns  to  consolidate,  the  plate  is  slightly  sloped  to  one  side,  so  as  to  run  off 
the  still  liquid  metal,  and  leave  a  lead  sheet  of  a  desired  thidmess.  It  is  then  lifted 
off  like  a  sbeet  of  paper ;  and  as  the  iron  plate  is  cooled  in  water,  several  hundred- 
weight of  lead  can  be  readily  cast  in  a  day.  In  cert^n  white-lead  works  these  sheets 
are  one  twenty-fourth  of  an  inch  thick  ;  m  others  half  that  thickness ;  in  some,  one 
of  these  sheets  takes  up  the  whole  widtii  of  the  conversion-box ;  in  others,  four  sheets 
are  employed.    It  is  of  consequence  not  to  smooth  down  the  taeee  of  the  leaden 
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jiheeU ;  'because  a  rough  snrface  presents  more  points  of  contact,  and  ii  more  leadiljr 
attacked  hj  acid  Tapours  than  a  polished  one. 

These  plates  are  now  placed  so  as  to  expose  an  extensive  surface  to  the  acid 
fumes,  by  folding  each  other  over  a  square  slip  of  vood.  Being  suspended  by  their 
middle,  like  a  sheet  of  paper,  they  are  arranged  in  wooden  boxes,  from  4)  to  6  feet 
long,  12  to  11  inches  broad,  and  £ram  9  to  11  inches  deep.  The  boxes  are  very 
Bubstantially  constructed ;  their  joints  being  mortised,  and  whatever  nails  are  used, 
being  carefully  covered.  Their  bottom  is  made  tight  with  a  coat  of  pitch  about  an 
inch  thick.  The  mouths  of  the  boxes  aie  luted  over  with  paper  in  the  works  where 
fermenting  horss-dung  is  employed  as  the  means  of  procuring  heat,  to  prevent  the 
sulphuretted  and  phosphuretted  hydrogen  fy>m  ii\juring  the  purity  of  the  white  lead. 
In  Carinthia  it  was  formerly  the  practice,  as  also  in  Holland,  to  form  the  lead  sheets 
into  spiral  rolls,  and  to  place  them  so  cmled  up  in  the  chests ;  but  this  plan  is  not  to 
be  recommended,  because  these  rolls  present  obviously  less  surface  to  the  action  of 
the  vapours,  are  apt  to  &11  down  into  the  liqtud  at  the  bottom,  and  thus  to  impair  the 
whiteness  of  the  lead.  The  lower  edges  of  the  sheets  are  suspended  about  two  inches 
and  a  half  &om  the  bottom  of  the  box ;  and  they  must  not  touch  either  one  another 
or  its  sides,  for  fear  of  obstructing  tile  vapours  in  the  first  case,  or  of  injuring  the  . 
colour  in  the  second.  Before  introducing  the  lead,  a  peculiar  acid  liquor  is  put  into 
the  box,  which  differs  in  different  works.  In  some,  tne  proportions  are  four  quarts 
of  vinegar,  with  four  quarts  of  wine-lees ;  and  in  others  a  mixture  is  made  of  20 
pounds  of  wine-lees,  with  8}  pounds  of  vinegar,  and  a  pound  of  carbonate  of  potash. 
It  is  evident  that  in  the  manufactories  where  no  carbonate  of  potash  is  employed  in 
the  mixture,  and  no  dung  for  heating  the  boxes,  it  is  not  necessary  to  lute  them. 

The  mixture  being  poured  into  the  boxes,  and  the  sheets  of  lead  suspended 
within  them,  they  are  carried  into  a  stove-room,  to  receive  the  requisite  heat  for 
raising  round  the  lead  the  corrosive  vapours,  and  thus  converting  it  into  carbonate. 
This  apartment  is  heated  generally  by  stoves,  is  about  9  feet  high,  80  feet  long, 
and  24  feet  wide,  or  of  such  a  size  as  to  receive  about  90  boxes.  It  has  only  one  door. 

The  heat  should  never  be  raised  above  86°  Fahr. ;  and  it  is  nsnaUy  lupt  up  for  16 
days,  in  which  time  the  operation  is,  for  the  most  ptirt,  completed.  If  the  heat  be  too 
high,  and  the  vapours  too  copious,  the  carbonic  add  in  a  great  measure  escapes,  and 
the  metallic  lead,  less  acted  upon,  affords  a  much  smaller  product. 

When  the  process  is  well  managed,  as  much  carbonate  of  lead  is  obtained  as  there 
was  employed  of  metal ;  or,  for  300  pounds  of  lead,  800  dl  ceruse  are  procured,  besides 
A  certain  quantity  of  metal  after  the  crusts  are  removed,  which  is  returned  to  the 
melting-pot.  The  mixture  introduced  into  the  boxes  serves  only  mce ;  and  if  carbon- 
ate of  potash  has  been  used,  the  residuary  matter  is  sold  to  the  hatters. 

When  the  preceding  operation  is  supposed  to  he  complete,  the  sheets,  being 
removed  from  Uie  boxes,  are  found  to  have  grown  a  quarter  of  an  inch  thick,  though 
previously  not  above  a  twelfth  of  that  thidmess.  A  few  crystals  of  acetate  of  lead 
are  sometimes  observed  on  their  edges.  The  plates  are  now  shaken  smartly,  to  cause 
the  crust  of  carbonate  of  lead  formed  on  their  sur&ces  to  fall  off.  This  carbonate  is 
put  into  large  cisterns,  and  washed  very  clean.  The  cistern  is  of  wood,  most  commonly 
cf  a  square  shape,  and  divided  into  from  seven  to  nine  compartments.  These  are  ot 
equal  capacity,  but  unequal  h^gbt,  so  that  the  liquid  may  be  made  to  overflow  ttom 
one  to  the  other.  Thereby,  if  the  first  chest  is  too  full,  it  decants  its  ezoess  into  the 
second,  and  so  on  in  succession. 

The  water  poured  into  the  first  chest  passes  successively  into  the  others,  a  slight 
agitation  being  meanwhile  kept  up,  and  there  deposits  the  white  lead  diffused  in  it 
proportionally,  so  that  the  deposit  of  the  last  compartment  is  the  lightest  and  finest. 
After  this  washing,  the  white  lead  receives  another  in  large  vats,  where  it  is  always 
kept  under  water.  It  is  lastly  lifted  out,  in  the  state  of  a  liquid  paste,  with  wooden 
spoons,  aud  laid  on  dmng-tables  to  prepare  it  for  the  market. 

The  white  lead  of  we  last  compartment  is  of  the  first  qui^ty,  and  is  called  on  the 
Continent  '  silver  white.'    It  is  employed  in  fine  painting. 

When  white  lead  is  mixed  in  equal  quantities  with  ground  sulphate  of  baryta,  it  is 
known  in  France  and  Germany  by  the  name  of  '  Venice  white.'  Another  quality, 
adulterated  with  double  its  weight  of  sulphate  of  baryta,  is.  styled  '  Hamburgh  white ;' 
and  a  fourth,  having  three  parts  of  sulphate  to  one  of  white  lead,  gets  the  name  of 
'  Dutch  white.'  When  the  sulphate  of  baryta  is  very  white,  like  t£it  of  the  Tyrol, 
these  mixtures  are  reckoned  preferable  for  certain  kinds  of  painting,  as  the  barytes 
commonicatea  opacity  to  the  colour,  and  protects  the  lead  from  being  speedily  dark- 
ened by  sulphurous  smoke  or  vapours. 

The  high  reputation  of  the  white  lead  of  Krems  was  by  no  means  due  to  the  barjrtes, 
for  the  flnst  and  whitest  quality  was  mere  carbonate  of  lead.  The  freedom  from  silver 
of  the  lead  of  Villach,  a  veiy  rare  drcumstance,  is  one  cause  of  the  superiority  of  its 
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carbonate ;  as  ««11  as  tbe  iUUtal  and  laborioos  manner  in  which  it  is  waahsl,  tad 
■spaiatad  from  any  adhering  particle  of  metal  or  solphide. 

In  England,  lead  is  conTerted  into  carbonate  in  uie  following  way : — The  metal  i« 
east  into  the  form  of  a  netwwlc  grating,  in  moulds  aboot  20  indiee  long,  and  8  or  ( 
broad.  Several  rows  of  these  are  plaMd  over  cylindrical  glazed  earthsn  pots,  abont 
6  or  7  inches  in  diameter,  containing  some  wood-vioegar,  which  are  then  corerei 
with  planks  and  spent  tan ;  abore  these  pots  another  range  is  piled,  and  so  in  ino- 
eession,  to  a  conyenient  height.  The  whole  are  imbedded  in  spent  bail:  fifnm  the 
tan-pit,  bronght  into  a  fermenting  state  by  being  mixed  with  some  bark  used  in  * 
prenons  process.  The  pots  are  left  nndistorbed  nnder  the  inflnenco  of  a  fermentiog 
temperature  for  8  Or  9  weeks.  In  the  coarse  of  this  time  the  lead  gratings  become, 
eenerally  speaking,  converted  throughout  into  a  solid  carbonate,  which  when  remored, 
IS  levigated  in  a  proper  mill,  and  elutriated  with  abundance  of  pxire  water.  The 
plan  of  inserting  coils  of  sheet  lead  into  earthenware  pipkins  containing  vinegar,  and 
imbedding  the  pile  of  pipkins  in  fermenting  horsednng  and  litter,  has  now  ceased  t» 
be  need ;  because  the  coil  is  not  uniformly  acted  on  by  the  acid  vapours,  and  the  tnl- 
phnretted  hydrogen  evolved  from  the  dung  is  apt  to  darken  the  while  lead. 

In  the  above  processes,  the  conversion  ^  lead  into  carbonnto  seems  to  be  effiscted  br 
keeping  the  mstel  immersed  in  a  warm  humid  atmosphere,  loaded  with  carbonic  and 
acetic  adds. 

Another  process  has  been  practised  to  a  conrideraUe  extent  in  France,  thoiij)i 
it  does  not  tcSbrd  a  white  lead  equal  in  body  and  opacity  to  the  producbs  of  the  pre- 
ceding operations.  M.  lliinaTd  first  establiriied  the  principle,  and  lOI.  Brechoz  and 
Lesseur  contrived  the  arrangements  of  this  method,  wbich  was  subsequently  ezecnted 
on  a  great  scale  by  HH.  Board  and  I^echoz. 

A  subacetate  of  lead  is  filmed  by  digesting  a  cold  solution  of  unoystalHsed  acetate, 
arer  lithat^ge,  with  frequent  agitation.  It  is  said  that  65  pounds  of  purified  pyrdig" 
neons  acid,  of  specific  gravity  1*056,  require,  for  making  a  neutcal  acetate,  68  ponndi 
of  litharge ;  and  hence,  to  form  the  snlMcetate,  three  times  that  quantity  of  base^  or 
1 74  pounds,  must  be  used.  The  compound  is  diluted  with  water  as  soon  as  it  is 
formed,  and  being  decanted  off  quite  limpid,  is  exposed  to  a  current  of  carbonic  add 
gas,  which,  unitiD^  with  the  two  extra  proportions  of  oxide  of  lead  in  the  subacetate, 
precipitates  them  in  the  fbrm  of  a  white  carbonate,  while  the  liquid  becomes  a  faintly 
acidulous  acetate.  The  carbonic  add  may  be  extricated  from  chalk,  or  other  con- 
pounds,  or  generated  by  combustion  of  charcoal,  as  at  Clichy ;  but  in  the  latter  cast 
It  must  be  transmitted  through  a  solction  of  acetate  of  lead  before  being  admitted  into 
the  subacetate,  to  deprive  it  of  any  partidas  al  sulphuretted  hydrogen.  When  the 
predpitation  of  the  carbonate  <^  lead  is  completed  and  well  settled  down,  the  superna- 
tant acetate  is  decanted  off,  and  made  to  act  on  another  dose  of  lithsige.  The  depoiit 
being  first  rinsed  with  a  little  water,  this  washing  is  added  to  the  acetate :  after  which 
the  white  lead  is  thoroughly  elutriated.  This  rqwtition  of  the  process  may  be  inde- 
finitely made ;  but  there  is  always  a  small  loss  of  acetate^  which  must  be  repaired, 
either  directly  or  by  adding  some  vinegar. 

It  is  cnstomniy  on  the  Continent  to  mould  the  white  lead  into  conical  loaves  hdan 
sending  it  into  the  market.  This  is  done  by  stuffing  well-drained  white  lead  inte 
nnglazed  earthen  pots,  of  tbe  requisite  size  and  shape,  and  drying  it  to  a  s(did  nasi 
by  exposing  these  poto  in  stove-rooms.  The  moulds  being  now  inverted  on  tsUcs, 
discharge  their  contents,  which  then  recdve  a  final  desiccation;  and  are  aftervardt 
put  np  In  pale-blue  paper,  to  set  off  the  white  colour  by  eootraat. 

It  has  been  supposed  that  the  differences  observed  between  the  ceruse  of  Clidiy  and 
the  common  kinds,  depend  on  tbe  greater  compactness  <^  the  partides  of  the  latter, 

tntxlneed  by  their  slower  aggregation; 
as  also,  according  to  H.  Robiqnet,  on 
the  former  containing  consideraUy  less 
carbonic  acid. 

Mr,  Ham  proposed,  in  a  patent  dated 
June  1826,  to  produce  white  lead  with 
the  aid  of  the  fbllowiog  apparatus,  a,  s. 
Jiff.  2116,  are  the  side-walls  of  a  stovs- 
room  constructed  at  bricks;  i  is  tbe 
floor  of  bricks  laid  in  Boman  cement; 
0,  e,  are  the  side-plates,  between  vhidi 
and  the  walls  a  quantity  of  refuse  tan- 
ners' bark,  or  otner  suitable  vegetable- 
matter,  is  to  be  intzodncod.  Hie  same 
material  is  to  be  put  also  into  the  lower 
port  St  d  (upon  a  fislae  bottsm  or  grsting  ?}.    The  taa  should  ass  to  s  couadsaUs 
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height,  and  have  a  mnta  of  Btrips  of  sheet  lead,  «,  «,  e,  placed  upon  it,  whioh  are 
kept  apart  by  blocks  or  Bome  other  conTsnient  means,  with  a  qiace  open  nt  one 
end  of  the  plates,  tot  the  passage  of  the  vapours ;  bnt  above  the  npper  plirfes,  boards 
are  placed,  and  coTered  -mth  tan,  to  confine  them  thrae.  In  the  lover  ^rt  of  the 
chamber,  coils  of  steam-pipes,  /,/,  are  laid  in  different  directions  to  distribute  heat ; 
^  is  a  ftmnel-pipe,  to  conduct  yinegar  into  the  lower  part  of  the  vessel ;  and  A  is  a 
cock  to  draw  it  oB,  when  the  operation  is  suspended.  The  add  vnpomn  raised  by  the 
heat  pass  up  through  the  spent  bark,  and  on  coming  into  contact  with  the  sheets  ol 
lead,  corrodeJ^em.  The  quantity  of  acid  liquor  should  not  be  in  excess ;  a  point  to 
be  ascertained  by  means  of  the  small  tube  t,  at  top,  which  is  intended  for  testing  it  by 
the  tongue.  £  is  a  tube  for  inserting  a  thermometer,  to  watch  the  temperature,  which 
should  not  exceed  170°  Fahr.  We  are  not  aware  what  success  attended  this  patented 
arrangement 

A  &ctory  was  many  years  since  erected  at  West  Bromwich,  near  Birmingham,  to 
work  a  patent  obtamed  by  Messrs.  Gossage  and  Benson,  for  making  white  lead 
by  mixing  a  small  quantity  of  acetate  of  lead  in  solution  with  slightly-damped  litharge^ 
contained  in  a  long  stone  trough,  and  passing  ovex  the  snrfiuie  of  the  trough  cortents 
of  hot  carbonic  acid,  while  its  contents  were  powerfully  stirred  up  by  a  travelling-wheel 
medianism.  The  product  was  afterwards  ground  and  elutriated,  as  usual.  The  car- 
bonic acid  gas  was  produced  &om  tiu  combustion  of  coke.  This  factory  has  long 
been  abandoned. 

Heasrs.  Button  and  Dyer  obtained  a  patent  for  making  white  lead  by  transmitting  a 
eimrent  of  purified  carbonic  acid  gas,  firam  the  combustion  of  coke,  through  a  mixtnre 
of  lithai^  and  nitrate  of  lead,  diffiued  and  dissolved  in  water,  which  was  kept  in  con- 
stant agitation  and  ebullition  by  steam  introduced  through  a  perforated  coil  of  pipes 
at  the  bittom  of  the  tab.  The  carbonate  of  lead  was  formed  here  npon  the  principle 
of  Thinard's  process  upon  the  subaeetate ;  for  the  nitrate  of  lead  formed  with  the 
litliarge  a  subnitrate,  which  was  forthwith  transformed  into  carbonate  and  neutral 
nitrate,  by  the  agency  of  the  carbonic  acid  gas.  It  is  known  that  all  sorts  of  white  lead 
produced  by  j^redintation  from  a  liquid,  are  in  a  semi-crystalline  condition ;  appear, 
therefore,  semi-transparent  when  viewed  in  the  microscope ;  and  do  not  cover  so  well 
as  white  lead  made  by  the  process  of  vinegar  and  tan,  in  which  the  lead  has  remained 
always  solid  during  its  transition  from  the  blue  to  the  white  state ;  and  hence  consists 
of  opaque  particles. 

A  patent  was  obtained  in  December  1883,  by  John  Baptists  Constantine  Torassn, 
and  others,  for  making  white  lead  by  a^tating  the  granulated  metal  or  shot,  in  trays 
or  barrels,  along  with  water,  and  exposing  the  mixture  of  lead-dnst  and  water  to  the 
air,  to  be  oxidised  and  carbonated.  The  whole  of  these  projects  for  preparing  white 
load  are  inferior  in  economy  and  qnality  of  produce  to  the  old  Dutch  process,  whidi 
may  be  so  armnged  as  to  convert  sheets  of  bine  lead  thoroughly  into  the  best  white 
lead,  within  the  space  of  ten  weeics,  at  less  expense  of  labonr  than  by  any  other 
plan.' 

The  composition  of  the  difiiarent  varices  of  white  lead  has  been  careAdly  examined 
by  J.  Arthur  Phillips.'  The  result  of  this  investigation  shows  that  those  specimens, 
which  are  obtained  by  precipitation  firom  solutions  of  the  nitrate  by  means  of  an 
alluiline  carbonate,  contain  very  variable  quantities  of  oxide  of  lead,  whilst  in  white 
lead  prepared  by  the  ordinary  Dutch  process,  the  relations  existing  between  the 
amounts  of  carbonate  and  oxide,  although  definite,  are  nsnally  very  simple.  The 
most  usual  composition  of  the  white  lead  of  commerce  is  represented  by  the  formula 
2(FbO.CO')  +  PbO.HO  (aVbOO'.VbB'O*).  although  specimens  represented  by  the 
formnlte  8(PbO.CO«)  +  PbO.HO  (S»bOO»*b««0»),  and  6(PbO.CO^  +  PbO.HO 
(SVbOO'tVbBHM)  are  also  occasionally  met  with. 

On  examining  the  ordinary  corroded  leads  in  a  finely-divided  state,  l^  the  aid  of  a 
powei'fiil  microscope,  no  traces  of  a  crystalline  structure  will  be  perceived,  bnt  when 
precipitated  specimens  are  subjected  to  a  power  of  800  diameters,  distinct  hexi^onal 
plates  become  visible.  These  vary  from  n^^th  to  j^ijjth  of  an  inch  in  diametar,  and 
appear  slighUy  yellow  by  transmitted  light. 

Hr.  Thomas  Kichardson,  of  I^ewcastle,  obtained  a  patent  in  December  1889,  for  a 
preparation  of  sulphate  of  lead,  applicable  to  some  of  the  purposes  to  which  the  car- 
bonate is  applied.  His  plan  is  to  put  66  lbs.  of  fiake  litharge  into  a  tub,  to  mix  it 
with  1  lb.  of  acetic  acid  (and  water)  of  spec.  grav.  1  '016,  and  to  uitate  the  mixture 
till  the  oxide  of  lead  becomes  an  acetate.  Bnt  whenever  this  dbange  is  partially 
effected,  he  pours  into  the  tub,  through  a  pipe,  sulphuric  acid  of  spec.  grav.  1-6076, 
at  the  rate  of  about  1  lb.  per  minute,  until  a  sufficient  quantity  of  sulphuric  acid  has 
been  added  to  convert  all  the  lead  into  a  sulphate ;  being  alxwt  20  parts  of  acid  to 
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112  of  tlie  Uthaige.    Th«  salphata  is  aftenmda  washed  and  dried  in  ebmea  for  Um 
market,  but  is  Tety  inferior  to  ordinary  vhite  lead. 

Hr.  Leigh,  snigeon  in  Manchester,  prepared  his  patent  viiite  lead  by  precix"tatiiig 
a  carbonate  from  a  solution  of  the  chloride  of  the  metal  by  means  at  carbonate  (^ 
ammonia.     On  this  process,  in  a  commercial  point  of  riew,  no  remarks  need  be  made. 

A  patent  was  granted  to  Mr.  Hugh  Lee  Fattinson,  in  September  1841,  for  improre- 
ments  in  the  manufacture  of  white  lead,  &c.  This  inrention  consists  in  dissolring 
carbonate  of  magnesia  in  water  impregnated  with  carbonic  acid  gas,  by  acting  upoa 
magnesian  limestone,  or  other  earthy  substances  containing  magnesia  in  a  solnbl* 
fonn,  or  upon  rough  hydrate  of  magnesia  in  the  mode  hereafter  described,  and  in 
applying  this  solution  to  the  manufacture  of  magnesia  and  its  salts,  and  the  precipi- 
tation of  carbonate  of  lead  from  any  of  the  soluble  salts  of  lead,  but  particulariy  Ui« 
chloride  of  lead ;  in  which  latter  case  the  carbonate  of  lead  so  precipitated  is  tri- 
turated with  a  solution  of  caustic  potash  or  soda,  by  wliich  a  small  quantity  of  chloride 
of  lead  contained  in  it  is  converted  into  hydrated  oside  of  lead,  and  the  whole  rendered 
similar  in  composition  to  the  best  white  lead  of  commerce.  The  manner  in  idiieh 
these  improvements  are  carried  into  effect  is  thus  described  by  the  patentee : — 

•  I  take  magnesian  limestone,  which  is  well  known  to  be  a  mixture  of  carbonate  of 
lime  and  carbonate  of  magnesia  in  proportions  varying  at  different  localities ;  and  os 
this  account  I  am  careful  to  procure  it  from  places  where  the  stone  is  rich  in  magnesia. 
This  I  reduce  to  powder,  and  sift  it  through  a  sieve  of  forty  or  fifty  apertures  to  the 
linear  inch.  I  then  heat  it  red-hot,  in  an  iron  retort  or  rerecberatory  fiimace,  for  two 
or  three  hours,  when  the  carbonic  acid  being  expelled  from  the  carbonate  of  magnesia, 
but  not  from  the  carbonate  of  lime,  I  withdraw  the  whde  {ram  the  jetort  or  fumscei 
and  suffer  it  to  cool.  The  magnesia  contained  in  the  limestone  is  now  soluble  in  water 
impregnated  with  carbonic  acid  gas,  and  to  dissolve  it  I  proceed  as  follows : — ^I  am 
provided  with  an  iron  cylinder  lined  with  lead,  which  may  be  of  any  convmient  size^ 
sa^  4  feet  long  by  2^  feet  in  diameter ;  it  is  furnished  with  a  safety-valve  and  an 
agitator,  which  liU^ter  may  be  an  axis  in  the  centre  of  the  cylinder,  with  arms  reaching 
nearly  to  the  drcumference,  all  made  of  iron  and  covered  with  lead.  The  cylinder  is 
placed  horixontally,  and  one  extremity  of  this  axis  is  supported  within  it  by  a  proper 
carriage,  the  other  extremity  being  prolonged  and  passing  through  a,  stuffing-box  at 
the  other  end  of  the  cylinder,  so  that  the  agitator  may  ha  turned  round  by  applying 
manual  or  other  power  to  its  projecting  end.  A  pipe,  leading  from  a  foroe-pnmp,  is 
connected  with  the  under  side  of  the  cylinder,  through  which  carbonic  add  gas  may 
be  forced  from  a  gasometer  in  commumcation  with  ue  pump,  and  a  mexcorial  gauge 
is  attached,  to  show  at  all  times  the  amount  of  presstne  within  the  cylinder,  in- 
dependently of  the  safety-valve.  Into  a  cylinder  of  the  size  given  I  introduce  fron 
100  to  120  lbs.  of  the  calcined  limestone  with  a  quantity  of  pure  water,  neariy  fillins 
the  cylinder ;  I  then  pump  in  carbonic  acid  gas,  constantly  turning  the  agitator,  and 
foieing  in  more  and  more  gas,  till  abaoiption  ceases  under  a  pressure  of  five  atmospheres. 
I  suffer  it  to  stand  in  this  condition  three  or  four  hours,  and  then  run  off  the  contents 
of  the  cylinder  into  a  dstem,  and  allow  it  to  settle.  The  dear  liquor  is  now  a  soIntioD 
of  carbonate  of  magnesia  in  water  impregnated  with  carbonic  add  gas,  or,  as  I  shall 
hereafter  call  it,  a  solution  of  bicarbonate  of  magnesia,  having  a  spec  giav.  of  about 
1*028,  and  containing  about  1,600  grains  of  carbonate  of  magnesia  to  the  imperial 
gallon. 

'  I  consider  it  the  best  mode  of  obtaining  a  solution  of  bicarbonate  of  magnesia  £nim 
magnesian  limestone,  to  operate  upon  the  limestone  after  bdng  caldned  at  a  red  heat 
in  the  way  described ;  but  the  process  may  be  varied  by  using  in  the  cylinder  the 
mixed  hydrates  of  lime  and  magnesia,  obtained  by  completely  burning  magnesiaa 
limestone  in  a  kiln,  as  commonly  practised,  and  slaking  it  with  water  in  the  usual 
manner:  or,  to  lessen  the  expen£ture  of  carbonic  gas,  the  mixed  hydrates  may 
be  exposed  to  the  air  a  few  we^s  till  the  lime  has  become  less  caustic  by  the  absorp- 
tion al  carbonic  add  fh>m  the  atmosphere.  Or  the  mixed  hydrates  may  be  treated 
with  water,  as  practised  by  some  manufacturers  of  Epsom  salts,  till  the  lime  is  wholly 
or  prindpally  removed  ;  after  which  the  residual  rough  hydrate  of  magnesia  may  Iw 
acted  upon  in  the  cylinder,  as  described ;  or  hydrate  of  magnesia  may  be  prepared 
for  solution  in  the  cylinder,  by  dissolving  magnesian  limestone  in  hydrodilorie  add, 
and  treating  the  solution, -.or  a  solution  of  chloride  of  magnesium,  obtained  from  sea- 
water  by  salt-makers  in  the  form  of  bittern,  with  its  equivalent  quantity  of  hydiats 
of  lime,  or  of  the  mixed  hydrates  of  lime  and  magnesia,  obtamed  by  completely 
burning  magnesian  limestone,  slaking  it  as  above.  When  I  nse  thk  solution  of 
bicarbonate  of  magnesia  for  the  purpose  of  preparing  magnesia  and  its  salts,  I 
evaporate  it  to  dryness,  by  whicli  a  pure  carbonate  of  magnesia  is  at  once  obtained, 
without  the  necessity  at  using  a  carbonated  alkali,  as  in  the  whole  process ;  and 
from  this  I  prepare  pure  magnesia  by  ealdnation  in  the  Usual  manner;  or,  instead 
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of  1>oiling  to  drvness,  I  merely  heat  tha  soladon  for  some  time  to  the  boiliag 
point,  by  which  toe  excess  of  carbonio  acid  is  partly  driven  oS|  and  pure  carbonate 
of  magnesia  is  precipitated,  vhich  may  then  be  collected,  and  dried  in  the  same  way 
as  if  precipitated  by  a  carbonated  alkali.  If  I  require  sulphate  aof  magnesia,  I 
neutralise  the  solution  of  bicarbonate  of  magnesia  with  sulphuric  acid,  boil  down, 
and  crystallise ;  or  I  mix  the  solution  with  its  equivalent  quantity  of  sulphate  of  iron, 
dissolved  in  water,  heated  to  the  boiling  point,  and  then  suffer  the  precipitated  car- 
bonate of  iron  to  subside ;  after  which  I  decant  the  clear  solution  of  sulphate  of 
magnesia,  boil  down,  and  ciystallise  as  heforo.  When  using  this  solution  of  bicar- 
bonate of  magnesia  for  the  purpose  of  preparing  carbonate  of  lead,  I  make  a  saturated 
solution  of  chloride  of  lead  in  water,  which  at  a  temperature  of  50°  or  60°  Fahr., 
has  a  specific  gravity  of  about  1*008,  and  consists  of  1  part  of  chloride  of  lead  dis- 
solved in  128  parts  of  water.  I  then  mix  the  two  solutions  together,  when  carbonate 
of  lead  is  immediately  precipitated ;  but  in  this  operation  I  find  it  necessary  to  use 
certain  precautions,  otherwise  a  considerable  quantity  of  chloride  of  lead  is  carried 
down  along  with  the  carbonate.  These  precautions  are,  first,  to  use  an  excess  of  the 
solution  of  magnesia ;  and  secondly,  to  mix  the  two  solutsons  together  as  rapidly  as 
possible.  As  to  the  first,  when  using  a  magnesian  solution  containing  1,600  grs. 
of  carbonate  of  magnesia,  per  imperial  gallon,  with  a  solution  of  chloride  of  lead 
saturated  at  55°  or  60°  Fahr.,  1  measure  of  the  former  to  8}  of  the  latter  is  a  piopet 
proportion;  in  which  case  there  is  an  excess  of  carbonate  of  magnesia  employed, 
amounting  to  about  an  eighth  of  the  total  quantity  contained  in  the  solution. .  When 
either  pne  or  both  the  solutions  vary  in  strength,  the  proportions  in  which  they  are  to 
be  mixed  must  be  determined  by  preliminary  trials.  It  is  not,  however,  necessary  to 
be  very  exact,  provided  there  is  uways  an  excess  of  carbonate  of  magnesia  amount- 
ing to  from  one-eighth  to  one-twelfth  of  the  total  quantity  employed.  If  the  excess 
is  greater  than  one-eighth,  no  injury  will  result,  except  the  unnecessary  expenditure 
of  the  magnesian  solution.  As  to  tJie  second  precaution,  of  mixing  the  two  solutions 
rapidly  together,  it  may  be  accomplished  variously ;  but  I  have  found  it  a  good 
methsd  to  run  them  in  two  streams,  properly  regulated  in  quantity,  into  a  small 
cistern,  in  which  they  are  to  be  rapidly  Mended  together  by  brisk  stirring,  before 
passing  out,  through  a  hole  in  the  bottom,  to  a  large  cistern  or  tank,  where  the 
precipitate  finally  settles.  The  precipitate  tlius  obtained  is  to  be  collected,  washed 
and  dried  in  the  usual  manner.  It  is  a  carbonate  of  lead,  very  nearly  pure,  and 
suitable  for  most  purposes;  but  it  always  contains  a  small  portion  of  chloride  of 
lead,  seldom  less  than  &om  1  to  2  per  cent,  the  pesence  of  which,  even  in  so  small 
a  quantity,  is  somewhat  ii^urious  to  the  colour  and  body  of  the  white  lead.  I  decom- 
pose this  chloride,  and  convert  it  into  a  hydrated  oxide  of  lead  by  grinding  the  diy 
precipitate  with  a  solution  of  caustic  alkali,  in  a  mill  similar  to  the  ordinary  miU 
used  in  grinding  white  lead  with  oil,  adding  just  so  much  of  the  lye  as  may  be 
required  to  convert  the  precipitate  into  a  soft  paste.  I  allow  this  paste  to  lie  a 
few  days,  after  which,  the  chloride  of  lead  being  entirely,  or  almost  entirely,  decom- 
posed, I  wash  out  the  alkaline  chloride  formed  by  the  reaction,  and  obtain  a  white 
lead,  similar  in  composition  to  the  best  white  lead  of  commerce.  I  prepare  the 
'  caustic  alkaline  lye  by  boilbg  together,  in  a  leaden  vessel,  for  an  hour  or  two,  1  part 
by  weight  of  dry  and  recently-slaked  lime,  2  parts  of  crystallised  carbonate  of  soda 
(which  being  cheaper  than  carbonate  of  potash,  I  prefer),  and  8  parts  of  water.  The 
clear  and  colourless  caustic  lye,  obtained  after  subsidence,  will  have  a  specific  gravity 
of  about  1'090,  and  when  drawn  off  from  the  sediment,  must  be  kept  in  a  close  vessel 
for  use.' 

More  recently  Hr.  Peter  Spence,  of  Hancbester,  has  patented  a  process  for  obtaining 
white  lead  directly  from  the  ores. 

As  we  have  before  stated,  the  manufacture  of  white  lead  by  the  Dntch  process  is 
one  the  nature  of  which  seems  yet  enveloped  in  considerable  obscurity.  So  far  as  ap- 
pearances go,  the  action  would  seem  to  consist :  first,  in  the  oxidation  of  metnllic  lead 
by  the  atmosphere,  under  the  influence  of  the  vapour  of  acetic  acid ;  secondly,  in  the 
production  of  acetate  of  lead,  by  the  combination  of  the  oxide  of  lead  with  the  acetic 
acid ;  and  thirdly,  in  tha  displacement  of  the  acetic  acid  from  its  union  with  the 
oxide  of  lead,  by  the  action  of  carbonic  acid,  and  tha  consequent  formation  of  white 
lead.  But  this  in  no  way  accounts  for  the  fact,  that,  when  acetate  of  lead  is  deoom- 
pceed  by  carbonic  acid,  it  is  carbonate  of  lead,  and  not  white  lead,  which  is  formed. 
Xtor  can  we  conceive  how  an  add  like  the  acetic  is  capable  of  being  wholly  expelled 
from  a  metallic  oxide  by  a  quantity  of  another  acid  incapable  of  completely  saturating 
the  oxide.  In  other  words,  as  white  lead  contains  free  or  uncombined  oxide  of  lead, 
how  happens  it  that  the  free  acetic  acid  does  not  remain  united  to  this  ?  We  confess 
«ur  inability  to  reconcile  the  facts  of  the  case  with  the  preceding  hypothesis,  and 
therefore  paas  on  to  ftnotber,  in  which  we  will  assume  that  aeetata  of  Uea,  bat  not  the 
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Deutwl  Mttate,  is  formad  ■•  we  bar*  abead^  lappowd.  Nov  there  are  two  sal- 
acetatM:  one  compoacd  of  lix  moleenlM  of  oxide  of  lead  to  one  of  acetic  add;  and 
the  other  eoDuiting  of  three  moleeolea  of  oxide  of  lead  to  one  of  acetic  acid.  We  select, 
in  preference  the  former,  a*  it  it  tlie  one  whieh  form*  naturaUr  whrn  acetic  acid  actc, 
at  common  tempeiatnree,  on  an  exoen  of  oxide  of  lead.  The  compoeition  of  tbii 
salt  ij  such,  that,  if  we  can  conoeire  slow  comhuetioB  to  take  place,  or  that  iti  soetio 
acid  combining  with  the'oonrgen  of  the  air  it  reaolred  into  water  and  carbonic  acid, 
then  the  carbtmic  acid  pradneed  would  be  exactly  enffloient  to  tatomte  four  atomi  of 
the  oxide  of  lead,  and  leare  a  compound  of  the  preciae  oompocition  of  white  lead. 
On  thie  riew,  the  fint  action  in  a  white  lead  stack  wonld  be  the  production  of  •«• 
basic  acetate  of  lead ;  and  the  next  would  be  the  deetmction  of  this  by  eremaeaaiis, 
and  the  formation  of  white  lead. 

The  apparatus  employed  in  tlte  manufacture  of  ii^ite  lead  is  extremely  simple,  and 
consists  merely  of  certain  large  enclosures  or  spaces,  called  '  beds,'  in  which  the  stacb 
are  built  np,  together  with  the  eartheaware-pots  needed  for  holding  the  Tinegsr,  and 
the  machinery  used  in  casting  the  lead  and  grinding  the  white  lead,  so  as  to  fit  it  for 
the  market.  The  metallic  lead  was  formeriy  used  in  the  shape  of  sheets  or  ooils,  which 
were  placed  perpendiculariy  orer  the  vinegar  pota ;  but  this  practice  has  been  almost 
ererywhere  abandoned,  and  at  pceaent  the  lead  is  generally  cast  into  what  are  called 
'  crates '  or  '  grates,'  and  having  the  appearance  of  lattice-woric ;  the  object  being  to 
expose  as  large  a  surfiwe  as  possible  of  metallic  lead  to  the  action  of  the  vapour  of  the 
vinegar.  The  beds  are  of  considerable  sise ;  and,  in  this  respect,  some  luveni^  al 
opinion  prevails  amongst  practical  men ;  but  it  seems  pretty  eerttun  that  no  advantage 
is  gained  when  the  area  of  a  bed  comes  to  exceed  SOO  square  feet ;  and  there  are  nunj 
reasons  for  beUeving  that*  with  beds  of  twice  this  area,  the  gain,  in  point  of  diminisbea 
labour,  is  much  more  than  compensated  for  by  the  reduced  produce  in  white  lead. 
NeverUieless,  each  manufacturer  seems  to  entwtaia  an  opinion  of  his  own  in  renwet 
to  this  matter ;  and  there  are  even  some  pretensions  to  secresy  concerning  it.  In  fact, 
everything  depends  upon  the  construction  of  the  bed,  for  it  is  this  wiucfa  regulates 
the  production  of  white  lead ;  and,  as  a  proof  of  the  great  importance  oonneeted  with 
this  dreumstance,  we  may  here  mention,  that,  whilst  one  mannfiwtnrer  has  produesd 
as  much  ss  Sfi  per  cent  of  corrosion  during  a  long  coarse  of  years,  anothrar  in  his  im- 
mediate neighbourhood  has  never  been  able  to  exceed  S3  per  cent.  The  beds  of  the 
formra  are  16  feet  square,  whilst  those  of  the  latter  are  19^  feet  square;  and,  in 
dwelling  upon  the  details  df  this  operation,  we  shall  find  that  theoreUoally,  a  bed  may 
be  too  large,  as  the  above  practical  fact  indicates. 

In  forming  a  stack,  it  is  necessary  to  begin  by  laying,  in  the  first  instance,  a  bed  of 
spent  tanners'  bark,  S  feet  in  thickness,  over  the  surface  of  the  bed ;  and  inxm  this 
are  placed  the  earthenware-pots  containing  the  vinegar.  These  are  arranged  side  by 
side,  and  filled  to  about  one-third  of  their  contents  with  vinegar,  of  a  strength  equal 
to  6  per  cent,  of  anhydrous  acetic  acid.  Upon  these  pots  are  placed  the  crates  of 
lead,  and  over  all  a  series  of  boards  are  arranged,  which  form  a  floor  for  the  next 
layer  of  spent  tan.  Such  an  arrangement  as  we  have  described  is  denominated  '  a 
bed,'  but  there  is  this  difference  between  the  beds,  viz.  that  the  lowest  or  bottom  bed 
has  a  bed  of  tan  i  feet  in  thickness,  whereas  but  one  foot  only  is  needed  in  the  otheis. 
Having  finished  the  loweet  bed,  12  inches  of  spent  tan  are.  now  placed  upoa  the 
boards,  and  a  similar  arrangement  of  pots,  crates,  and  boards  takes  place,  which  con- 
stitutes the  second  bed  ;  this  is  followed  by  u  third,  a  fourth,  and  so  on,  until  at  hut 
the  uppermost  bed  is  finished;  when  a  layer  of  spent  tan,  80  inches  in  thidmess,  is 
placed  over  the  whole,  and  the  operation  may  be  said  to  commence.  In  six  or  sight 
days  the  tan  begins  to  ferment  and  evolve  heat ;  and  this  goes  on  increasing  for  some 
weeks,  when  it  gradually  diminishes,  and  at  the  end  of  about  three  months  the  whole 
has  become  cool,  and  the  stack  is  fit  to  be  taken  down.  When  examined,  the  pots, 
which  formerly  contained  vinegar,  will  now  be  ft>und  to  be  quite  empty,  or  to  hold  a 
little  water  merely,  but  no  acetic  acid ;  the  leaden  crates  will  be  discovered  to  have 
increased  sensibly  in  bulk,  to  have  become  coated  with  a  thick  and  dense  incrustation 
of  white  lead,  and  in  some  places  even  to  have  become  altogether  oonveited  into  this 
substance ;  whilst  the  tan,  having  lost  its  fermentative  quality,  is  now  useless,  exeqit 
as  fuel. 

The  successive  beds  constituting  the  entire  stack  are  next  eareftilly  removed,  so  u 
to  obtain  the  white  lead  with  the  least  possible  admixture  of  the  tan ;  and  as  a  portioa 
of  this  substance  always  adheres  to  the  crates,  these  are  washed  in  a  kind  of  wear  or 
tiongb,  by  which  the  whole  of  the  tan  is  thoroughly  separated.  When  this  is  seta 
to  be  complete,  the  corroded  part  of  the  plate  or  '  white  lead '  is  detached  ftosi  the 
nncorrodsd  or  '  blue  lead,'  either  by  means  of  roHers  or  with  a  mallet.  The  bios  lead 
is  weighed,  and,  for  the  most  part,  remelted  and  again  east  into  srates ;  whilst  the 
white  lead  is  first  crushed,  and  afterwards  ground  in  water  into  a  fine  pewder,  wh» 
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k  is  collected  by  elutrUtloii  and  depoaition,  and  dried  in  Btorea,  a  little  below  the 
boiling  point  of  irater.  Foimerly  tlus  grinding  -was  peribrmed  in  the  dry  way,  and 
muoli  injury  to  the  iiealth  of  the  worlunea  thus  resnlted ;  bat  for  many  years  past 
the  wet  mode  of  grinding  has  been  general,  and  is  greatly  to  be  preferred. 

WHXyurOt  Chnlk  levigated  and  carefolly  washed,  after  wnich  it  is  formed  into 
balli. 

"WXOM,  (Miehe,  Fr. ;  J)oeU,  Oer.)  is  a  spongy  cord,  usually  made  of  soft  spun 
cotton  threads,  which  by  capillary  action  draws  up  the  oil  in  lamps,  or  the  melted 
tallow  or  wax  in  candles,  in  small  successiTie  portions,  to  be  burned.  In  common  wax 
and  tallow  candles  the  wick  is  formed  of  parallel  threads ;  in  the  stearine  candles  the 
wick  is  plaited  upon  the  braiding  machine,  moistened  with  a  very  dilute  sulphuric  acid, 
and  dried,  whereby  as  it  bums  it  fells  to  one  side  and  consumes  without  requiring  to 
be  snuffed ;  in  the  patent  candles  of  Hr.  Palmer  one-tenth  of  the  wick  is  flrst  imbued 
with  subnitrate  qf  bismuth  sround  up  with  oil ;  the  whole  is  then  bound  round  in  the 
manner  called  gimping ;  ana  of  this  wick,  twice  the  length  of  the  intended  candle  is 
twisted  double  round  a  rod.  This  rod  witli  its  coil  being  inserted  in  the  axis  of  the 
candle-monld  is  to  be  enclosed  by  pouring  in  the  melted  tallow ;  and  when  the  tallow 
is  set  the  rod  is  to  be  drawn  out  at  top,  leaying  the  wick  in  the  candle.  As  this 
candle  is  burned,  the  end*  of  the  double  wick  stand  out  sideways  beyond  the  flame ; 
and  the  bismuth  attached  to  the  cotton  being  acted  on  by  the  oxygen  of  the  atmo- 
sphere causes  the  wick  to  be  completely  consumed,  and  therefore  the  trouble  of  snuffing 
it  is  sarud.    See  Cambuis. 

VTVCnra  MAOXnni  is  the  English  name  of  the  dyers'  reel,  which  he  sus- 
pends horizontally,  by  the  ends  of  its  iron  axis  in  bearings,  over  the  edge  of  the  vat, 
so  that  the  line  d  the  axis,  being  placed  over  the  middle  partition  in  the  copper,  will 
permit  the  piece  of  cloth  which  is  wound  upon  the  reel  to  descend  alternately  into 
either  compartment  of  the  hiith,  aoeoiding  as  it  is  turned  by  hand  to  the  right  or  the 
left.    See  Dtsiko. 

Vlium  is  the  fermented  juice  of  the  grape.  This  beverage  has  been  in  use  from 
the  earliest  periods  of  man's  history.  We  haret  however,  only  space  to  deal  with 
wine  in  its  modem  relations. 

In  the  reign  of  Elizabeth  the  wines  chiefly  in  use  in  England  were  those  of  Oas- 
cony.  Burgundy,  and  Ouienne,  whidi,  with  Canary,  Cjprus,  Grecian  Malmsey, 
Italian  Vemage,  Rhenish  Tent,  Malaga,  and  others,  were  '  accompted  of,  because  of 
their  strength  and  valure.' 

In  the  time  of  Cliarles  IL  'the  consumption  of  French  wines  was  two-fifths  that 
of  the  whole  of  England.  The  fhTonrita  wines  were  then  Bordeaux,  Burgundy,  and 
Hermitage.  Champagne,  although  Imown  in  England  in  the  reign  of  Henry  vIIL, 
did  not  come  into  nse  till  that  of  Charies  IL 

The  strong  wines  of  Bnrgnndy,  the  white  wines  of  Spain  (SherrU-taei  or  Sec),  and 
the  red  wines  of  Portugal,  first  came  into  nse  about  1S90  A.D.  Port  wine  was  at 
first  a  much  lighter  wine  than  it  afterwards  became.  According  to  Baron  Forrester, 
the  first  Fort  wine  introduced  into  this  country  was  not  from  the  Donro,  or  even 
shipped  at  Oporto.    It  was  a  wine  resembling  the  Claret  of  Burgundy. 

The  wine-growing  countries  are  especially  the  more  southem  states  of  Europe, 
where  the  grapes,  being  very  saccharine,  afford  a  more  abundant  production  of 
alcohol,  and  stronger  wines,  as  exemplified  in  the  best  Fort,  Sherry,  and  Madeirtk 
In  the  more  temperate  climates,  such  as  the  district  of  Burgundy,  the  finer-flaroured 
wines  are  produced ;  and  there  the  vines  are  nsnally  grown  upon  hilly  slopes  fronting 
the  south,  with  more  or  less  of  an  easterly  or  westerly  direction,  as  on  the  C6te- 
d'Or,  at  a  distance  from  marshes,  forests,  and  rivers,  whoso  vapours  might  deteriorate 
the  air.  The  plains  of  this  district,  even  when  possessing  a  similar  or  analogous 
soil,  do  not  produce  wines  of  so  agreeable  a  flavour.  The  influence  of  temperature 
becomes  very  manifest  in  countries  farther  north,  where,  in  consequence  <^  a  few 
degrees  of  thermometric  depression,  the  production  of  generous,  agreeable  wine  be- 
comes impossible. 

The  land  most  favourable  to  the  vine  is  light,  easily  permeable  to  water,  but  some- 
what retentive  by  its  composition  ;  with  a  sandy  subsoil,  to  allow  the  excess  of  moisture 
to  drain  readily  off.  Calcareona  soils  produce  the  highly-esteemed  wines  of  tiie  C6t8- 
d'Or;  a  granitic  dibrit  forms  the  foundation  of  the  lands  where  the  Hermitage  wines 
are  grown;  silioeona  soil  interspersed  with  flints  furnishes  the  celebrated  wines  of 
Ch&teau-Nenf,  Fert^  and  La  Oaude;  scltistose  districts  afford  also  good  wino,  as  that 
called  la  Mtdgua.  Thus  we  see  that  lands  differing  in  chemical  composition,  but 
possessed  of  the  proper  physical  qnalities,  may  produce  most  agreeable  wines.  As  a 
striking  example  of  these  effects,  we  may  adduce  the  slopes  of  the  hills  which  grow 
the  wines  of  Montrachet.  The  insulated  part  towards  the  top  famishes  the  wino, 
called  ChndUtr  Jllenbvehtt,  which  is  leas  e«t««nMd,  and  sells  at  a  much  lower  pnee^ 
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than  the  delidons  vine  grown  on  the  middle  height,  called  trut  Monlraehet.  Benea^ 
this  district  and  in  tiie  snironnding  plains  the  vines  affiiid  a  far  inferior  article,  callea 
battard  Montracket.  The  opposite  side  of  tb«  hills  prodnces  ^ery  indifferent  vise. 
Similar  differences,  in  a  greater  or  less  degree,  are  observable  relatively  to  the  dit* 
tricts  vhich  grow  the  Pomard,  Volnay,  Beaune,  Nnits,  Clos-de-Vouge&t,  Chambertin, 
Boman^,  &e.  Everywhere  it  is  foand  that  the  reverse  side  of  the  hill,  tlie  snmimt 
and  the  plain,  although  generally  consifltaog  of  like  soils,  afford  inibrior  wine  to  the 
middle  southern  slopes. 

In  the  district  of  Hidoc  the  soil  is  mainly  a  quartccse  gravel,  with  a  snbscnl  of 
argillaceous  sand,  sometimes  compacted  by  brown  iron  ore,  known  as  alio$,  whidi  in 
the  neighbouring  or  southern  district  of  Graves  becomes  more  sandy,  and  marly,  ovei- 
Iving  the  limestones  which  form  considerable  cliffs  in  the  neighbouring  department  U 
Dordogne.  These  latter  are  known  as  the  Cfites,  the  tliin  soils  alx>ve  them  producing 
the  generous  wine  of  Sc-Emilion.  Other  examples  of  limestone  «A\a  are  foniished  bj 
the  CAte-d'Or,  the  great  wine-producing  district  of  Burgundy,  a  chain  of  limestooo 
hills  which  extends  for  about  3S  miles,  &om  Bijon  to  Ch&lons-snr-Saone,  and  include 
the  famous  vineyards  of  Clos-de-Vouge&t,  Cliambertin,  Noit-sur-Rariar,  &c.,  which 
are  situated  on  their  eastern  slope.  In  Champagne  the  soils  are  mainly  a  clayey  and 
sandy  alluvium  above  chalky  limestones,  very  usually  barren  when  too  exclusively 
sandy  or  calcareons,  so  that  it  is  necessary  to  dress  the  soils  with  clay,  in  order  to 
produce  the  fertility  required  for  vine-growing.  On  the  Rhine  and  the  tribntuy 
vine-growing  valleys  of  the  Maine,  Moselle,  Lahn,  and  Ahr,  the  soils  are  generally 
decomposed  day-slate,  more  or  less  quartzose,  of  Bevonian  age.  The  vineyards  are 
situated  on  the  steep  hill-sides,  the  soil  being  retained  by  terraoe-valls,  the  wash  of 
the  winter  rains  being  received  by  earth  carried  up  in  baskets  every  sping.  In  tho 
Sherry-prodttcing  districts,  of  the  neighbourhood  of  Cadiz,  the  finest  wines  are  pro- 
duced from  an  argillaceous  calcareous  soil  known  as  albarita,  while  a  lighter  and  lee 
valuable  wine  is  given  in  the  lower  sandy  soils  or  arenas.  On  the  southern  slopes  of 
the  Sierra  Nevada,  in  Spain,  the  vines  grow  in  a  deep  natural  soil  produced  from  the 
decomposition  of  clay-slate,  without  tenadng  up  to  a  height  of  about  3,000  feet  above 
the  sea-leveL  The  produce  is  a  sweet  wine  used  in  the  productitm  of  Sherry  and 
Malaga  at  various  pUces  in  the  south  of  Spain. 

For  the  vine,  a  manure  supplying  azotised  or  animal  nutriment  may  be  used  with 
great  advantage,  provided  care  be  taken  that  it  may  not,  by  absorption  in  too  erode 
a  state,  impart  any  disagreeable  odour  to  the  grape,  as  sometimes  happens  to  the 
vines  grown  in  the  vicinity  of  greet  towns,  like  Paris,  and  near  Ar;genteniL  There 
is  a  compost  used  in  France  called  animalised  liaek,  of  which  from  |  to  i  of  a  litre 
(old  English  quart)  serves  sufficiontly  to  fertilise  the  root  of  one  vine  when  applied 
every  year  or  two  years.  An  excess  of  manure,  in  nuny  seasons  espedally,  has  the 
effect  of  rendering  the  grapes  large  and  insipid. 

T]ie  famous  vineyards  of  Steinberg  and  Joliannisberg,  on  the  Rhine,  and  Ch&taau- 
Margaux,  in  Midoc,  are  heavily  mam^ed,  each  consuming  the  whole  of  the  manure  pro- 
duced on  a  large  grazing  farm  of  about  600  acres,  or  firom  6  to  8  times  its  own  area. 

The  ground  is  tilled  at  the  same  time  as  the  manure  is  applied,  towards  the  month 
of  March  ;  the  plants  are  then  dressed,  and  the  props  are  inserted.  The  weakness  of 
the  plants  renders  this  practice  useful ;  but  in  some  southern  districts  the  stem  of  the 
vine,  when  supported  at  a  proper  height  acquires,  after  a  while,  8u£Bcient  size  and 
strength  to  stand  alone.  The  ends  of  the  props  or  poles  are  eitiier  dipped  in  tar,  or 
charred,  to  prevent  their  rotting.  The  bottom  of  the  stem  must  be  covered  over 
with  soil  aftw  the  spring  rains  have  washed  it  down.  The  principal  husbandry  of  the 
vineyard  consists  in  digging  or  ploughing,  to  destroy  the  weeds,  and  to  expose  the  soil 
to  the  influence  of  the  air  during  the  months  of  May,  June,  and  occasionally  in  August. 

The  fruit  of  the  same  plant  when  transferred  to  a  different  soil  loees  its  peculiar 
characteristics ;  thus  one  and  tho  same  vine  produces  Hock  upon  the  Rhine,  BnceUss 
in  Portugal,  and  Serdal  at  Madeira.  It  has  been  found  that  vines  from  Qermany, 
France,  Portugal,  and  Spain  transplanted  to  the  Cape  of  Good  Hope  and  Australia, 
have  in  no  one  instance  produced  wine  assimilating  to  the  peculiarities  of  the  original 
plant ;  apd  no  European  vine  has  hitherto  succeeded  when  transplanted  to  the  United 
States,  although  wine  is  made  at  Cincinnati  from  American  grapes. 

The  finest  known  wines  are  the  produce  of  soils  the  combination  and  proportions 
of  whose  ingredients  are  extremely  rare  and  exceptional;  and  co-operating  with 
these  they  require  the  agency  of  peculiar  degrees  of  light,  moisture,  and  heat.  The 
district  of  Xeres,  which  has  so  long  supplied  us  with  Sherry,  is  mapped  out  so  aeen- 
rately  by  the  line  of  its  peculiar  soil  tliat  its  dimensions  are  known  by  the  acre.  The 
vine  which  produces  Port  on  the  hills  above  the  Douro  yields  a  totally  different  wine 
in  the  vicinity  of  the  Tagns.  The  vrine  district  of  the  Rhinegan,  between  Msjence 
•nd  Sndesheim,  is  bat  9  miles  in  length  by  half  as  much  broad.    The  soutJi  side  of  a 
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mnglsliill  piodnees  Johannisberg ;  and  Stoinoerg  is  the  rineyikid  of  a  sappressed 
monaateiy.  The  namerous  wines  of  Burgundy  and  the  Garonne  take  their  names 
reapectively  firom  circumscribed  spots  ;  and  so  narrow  and  apparently  so  capricions  are 
the  respectire  limits,  that  a  ditch  divides  portions  which  from  time  immemorial  hare 
been  sought  with  avidity,  from  others  which  in  the  market  will  uniformly  bring  but 
one-fifth  the  price.  The  produce  of  the  celebrated  vineyard  of  Lafitte,  near  Bordeaux, 
for  the  year  1848,  was  sonl  at  4,000  francs  per  tun,  while  the  wines  of  the  immediate 
neighbourhood  realised  only  200  &ancs.  The  proprietor  of  a  vineyard  which  is  only 
separated  from  that  of  Lafitte  by  a  narrow  gully,  a  few  years  since  expended  a  large 
sum  of  money  in  endeavouring,  by  improved  cultivation,  to  assimilate  his  winesto 
that  of  Lafitte.  To  some  extent  he  improved  the  quality,  but  the  wines  never  ap- 
proached the  peculiar  character  of  the  Lafitte,  while  the  expense  incurred  was  so  enor- 
mous that  the  enterprising  proprietor  was  mined.  The  costly  Clos-de-Vougeot  grows 
in  a  &rm  of  80  acres.  Bomaniie-Conti  is  but  6^ ;  and  the  &mou8  Montrachet  ol  the 
CAte-d'Or  is  distinguished  into  three  classes,  of  which  one  sells  at  one-third  less  than 
the  other  two, '  yet  these  qualities  are  produced  from  vineyards  only  separated  from 
one  another  by  a  footpath ;  they  have  the  same  aspect,  and  apparently  the  same  soil, 
in  which  the  same  vines  are  cultivated  and  managed  in  precisely  the  same  manner.' — 
(Hmderson  on  Wmes.)  One  small  valley  in  Madeira  alone  produces  the  finest  Malmsey. 
(See  Sir  Emerson  Tennent  On  Wine,  its  Uses  and  TtMUion.)  Art  and  horticultural 
science  have,  he  remarks,  been  applied  to  extend  the  limits  thos  circumscribed  by  nature, 
but  with  such  unsatis&ctory  results,  that,  as  a  rule,  it  may  be  stated  that  the  higher 
class  wine  of  any  known  district  has  not  been  successfully  reproduced  beyond  it. 
The  red  wines  of  Portugal  grown  in  the  Alto  Donro  can  no  more  be  made  in  the  ad- 
joining provinces  of  the  Hinho  or  Beits  than  the  white  wines  of  Spain  eonld  be  sac- 
cessfully  imitated  on  the  Bhine. 

Virte  Diseases, — ^The  (Xdium  Tuckeri  is  the  name  given  to  one  of  the  diseases, 
Mr.  Tucker  having  first  carefully  observed  the  growth  of  this  destructive  microscopic 
fungus.  In  connection  with  the  cultivation  of  uie  vine,  and  the  manu&cture  of  wine, 
it  is  necessary  that  the  peculiar  characteristics  of  this  disease  should  be  described. 

It  is  stated  that  the  epidemic  first  showed  itself  in  a  hothouse  in  England  in  1845. 
White  efflorescences  wero  romarked,  which  covered  the  vine ;  the  grapes  were  soon 
after  attacked,  and,  hindered  from  swelling,  the  skin  burst,  and  at  last  they  became 
rotten  and  fell  off.  In  1847  it  appeared  in  France ;  attacking  first  the  hothouses,  it 
spread  rapidly  to  the  trellised  vines,  and  to  those  cultivated  near  the  ground.  It  then 
invaded  Spain,  which  it  devastated ;  and  finally,  in  1851,  made  its  appearance  in  Italy, 
This  fiii^us  attacks  the  hinder  parts  of  the  vine,  and  rarely  the  stems.  The  leaves 
and  tendnls  also  become  more  or  less  a^cted,  the  green  colour  of  those  parts 
becoming  paler,  and  mailed  with  a  dark  yellow,  as  if  burnt,  and  emitting  an  offensive 
smell.  It  was  fancied  at  first  that  the  fiingus  was  produced  by  the  puncture  of  an 
insect,  and  its  presence  was  actually  ascertained  in  the  seed  of  the  grape,  and  on  the 
hinder  side  of  the  leaf.  This  insect  established  itself  on  the  leaves,  and  formed  a 
cobweb-like  film,  rising  like  a  blister  on  the  upper  part  of  the  leaf.  The  birth  of  it 
is,  however,  now  generally  admitted  to  be  posterior  to  the  invasion  of  the  oidio. 

The  '  Beports  of  Her  Majesty's  Secretaries  of  Embassy  and  Legation  on  the  Effects 
of  the  Vine  Disease  on  the  Commerce  of  the  Countries  in  which  they  reside  '  all  point 
to  sulphur  as  the  only  reliable  remedy  for  this  disease.  The  most  practical  method  of 
applying  sulphur  to  the  vines  was  that  introduced  by  Br.  Ashby  Price.  By*boiling 
sulphur  and  lime  together  in  water  we  obtain  a  brilliant  yellow  solution,  which  is  a 
sulphide  of  lime ;  with  a  diluted  solution  of  this  the  vines  aro  washed  over  every  part. 
By  the  action  of  the  carbonic  acid  of  the  plant  it  is  speedily  decomposed,  and  over 
every  part  a  thin  white  film  of  sulphur  is  produced,  which  effectoally  destroys  the 
parasite  without  injuring  the  viae. 

Within  the  last  few  years  the  vines  of  the  south  of  France  have  been  ravaged  by  a 
new  disease  dne  to  the  invasion  of  a  parasitic  insect  named  by  M.  Planchon  Phj/Uonra 
vastata.  The  first  appearance  of  the  disease  was  in  1865,  when  it  was  observed  in 
the  neighbourhood  of  Avignon,  Bep.  of  the  Oard.  In  the  following  year  it  spread 
from  this  centre,  and  also  appeared  in  several  localities  in  the  Beps.  of  Vauclnse  and 
the  Bouches-du-Rh6ne.  Spreading  at  first  gradually,  but  afterwards  with  alarming 
rapidity,  the  disease  has  extended  to  such  an  extent  that  in  1873  it  had  established 
itself  in  no  fewer  than  twelve  departments.  The  dreadful  destruction  which  it  causes 
may  be  seen  by  comparing  the  statistics  of  the  grape-crops  of  recent  years  with  those 
of  the  same  localities  prior  to  the  appearance  of  the  Phylloxera.  For  example,  in  the 
Commune  of  Oraveson  the  mean  crop  just  before  the  year  1865  was  10,000  hectolitres ; 
this  amount  then  became  reduced  year  by  year,  until  in  1873  it  reached  only  50  hecto- 
litres, lu  some  Communes  the  crops  have  been  almost  entirely  destroyed.  The 
Fhylloxera,  which  is  undoubtedly  the  cause  of  all  this  mischief,  is  a  very  minute 
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insect,  measuring  not  more  than  l-32nl  of  an  inch  in  lengtli.  From  April  to  Octab« 
it  oontinaes  aotire,  but  during  thereat  of  thsyaarithyberaates.  When  the  FhjUoxa 
attacks  a  vine,  the  rootlets  exhibit  peculiar  swellings,  and  the  insects  multiply  n 
rapidly  ss  soon  to  orenun  all  the  roots,  and  by  absorbing  nourishment  from  theplait, 
reauee  it  to  a  totally  exhausted  state.  Soon  after  the  disease  appeared,  the  Imidi 
Academy  of  Sdenoes  appointed  a  commission  to  investigate  the  subject.  Althoqgji  a 
largo  number  of  remeoies  have  been  suggested  and  triad,  it  can  hardly  be  said  that 
any  of  them  have  as  yet  (1874)  been  successful  in  cofHug  -with  the  difficulty.  Perhsp 
the  best  means  of  eradicating  the  parasite  is  to  place  the  vineyard  under  irater  as  mo 
OS  the  disease  appears ;  but  such  means  evidanU^  admit  of  only  local  applicatioo. 

Vintage. — This  vintage,  in  the  tampemta  pcovineee,  geoeisUy  takes  (dace  about  tlit 
end  of  September,  and  it  is  deterioraitad  vrhenever  the  fruit  is  not  ripe  enoogfa  befoi 
the  16th  or  20th  of  October ;  fat,  in  this  case,  not  only  is  the  must  more  add'ud  la 
saccharine,  but  the  atmospheric  temperature  is  apt  to  fall  so  low  during  the  nigliti^ 
as  to  obstruct  more  ot  less  its  fermentation  into  vine.  The  gr^MS  ahouM  be  pluekil 
in  dry  weather,  at  the  interval  of  a  few  days  after  they  are  ripe ;  being  unaUj 
gathered  in  baskets,  and  tranniortadto  the  vats  in  doisals,  sufficiently  tight  to  prentt 
the  juice  from  running  out.  Whenever  a  layer  about  14  or  15  inches  thick  hsi  ban 
spread  on  the  bottom  of  the  vat,  the  treading  operation  begins,  which  is  laailij 
repeated  after  macerating  the  grapes  for  some  time,  when  an  incipient  fermentatka 
has  softened  the  texture  ol  the  skin  and  the  interior  cells.  When  the  whole  bndaeil 
grapes  are  collected  in  the  vat,  the  juice,  by  means  of  a  slight  fermentation,  naeta, 
upon  the  colouring-matter  of  the  husks,  and  also  upon  the  tannin  contained  in  iIh 
stones  and  the  fruit-stalks.  The  process  of  fermentaUon  is  suffered  to  proceed  vithort 
any  other  precaution,  except  forcing  down  from  time  to  time  the  pellicles  and  pedidti 
floated  np  by  the  carbonic  acid  to  tho  top. 

With  whatever  kind  of  apparatus  the  fermentation  may  have  been  regalatal,  ai 
soon  as  it  ceases  to  be  tnmnltuons,  and  the  wine  is  not  sensibly  saccharine  or  maddy, 
it  must  be  racked  off  from  the  lees,  by  means  of  a  spigot,  and  run  into  the  ripemig 
tuns.  The  marc  being  then  gently  squeeied  in  a  press,  afibrds  a  tolembly  clear  wine, 
which  is  distributed  among  the  taps  in  equal  proportions ;  but  the  liquor  obtained  bj 
stronger  pressure  is  reserwd  for  (ha  casks  of  inferior  wine. 

In  the  south  of  France  the  fermentation  sometimes  proceeds  too  slowly,  on  aecamt 
of  the  must  being  too  saccharine  :  an  accident  which  is  best  counteracted  by  maio- 
taining  a  temperature  of  about  65°  or  68°  Fahr.  in  the  tun-room.  When  the  m-Jit, 
on  the  other  hand,  is  too  thin,  and  deficient  in  sugar,  it  must  be  partially  concestiaMi 
by  rapid  boiling  before  the  whole  can  be  made  to  ferment  into  a  good  wine.  Hj 
boiling  up  a  p^  of  the  most  for  this  purpose,  the  excess  of  ferment  is  at  the  aamt 
time  destroyed.  Should  this  concentration  be  inconvenient,  a  certain  proportaon  <d 
sugar  must  be  introduced,  and  immediately  after  racking  it  off. 

The  specific  gravity  of  must  varies  with  the  richness  and  ripeness  of  the  gispet 
which  afford  it;  being  in  some  cases  so  low  as  1'0627,  and  in  others  so  high  ss  1-281 
This  happens  partieularly  in  the  south  of  France.  In  the  district  of  the  Neoker  ia 
Oermany,  the  spec.  grav.  varies  from  1-050  to  1-090;  in  Heidelberg,  from  1-039  » 
J -091,  bat  it  varies  much  in  difESsrent  years. 

After  the  fermentation  is  complete,  the  vinous  port  consista  of  water,  alcohol,  a 
colouring-matter,  a  peculiar  aromatic  principle,  a  little  ondecomposed  sugar,  bitsitiata 
and  m^te  of  potash,  tartrate  of  lime,  chloride  of  sodium,  and  tannin ;  ue  latter  nb- 
stances  being  in  small  proportiai. 

It  is  known  that  a  few  green  grapes  are  capable  of  spoiling  a  whole  cask  of  inat, 
and  therefore  they  are  always  aUowed  to  become  completely  ripe,  and  even  sometiiwa 
to  undergo  a  species  of  sligbt  fermentation  before  being  plucked,  which  completea  tbt 
development  of  the  saccharine  principle.  At  other  times  the  grapes  are  githand 
when  they  are  ripe,  but  are  left  for  a  few  days  on  wicker-fioors,  to  sweetMi,  before 
being  pressed. 

In  general  the  whole  vintage  of  the  day  is  pressed  in  the  evening,  and  the  lesnltia; 
must  IS  received  in  separate  vats.  At  the  end  usually  of  six  or  eight  hoon.  if  the 
temperature  be  above  50°  Fahr.,  and  if  the  grapes  nave  not  been  too  cold  whea 
plucked,  a  froth  or  scum  is  formed  at  the  snr&ce,  which  rapidly  increases  in  thieknae. 
After  it  acquires  such  a  consistency  as  to  crack  in  several  places,  it  is  taken  off  witk 
a  skimmer,  and  drained;  and  the  thin  liquor  is  returned  to  the  vat.  A  few  bean 
afterwards  another  coat  of  froth  is  formed,  which  is  removed  in  like  manner,  and 
sometimes  a  third  may  be  produced.  The  regular  vinous  fermentation  now  bcgips; 
characterised  by  air-bubbles  rising  up  the  sides  of  the  staves,  with  a  peculiar  whianag 
as  they  break  at  the  sur&ce.  At  this  period  all  the  remaining  troth  shonld  be  qniettr 
skimmed  off,  and  the  clear  subjacent  must  be  transferred  into  barrels,  where  it  ii  la" 
to  ripen  by  a  regular  fermentation. 
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The  white  wines,  which  might  be  disposed  to  become  stringy,  from  a  deficient 
snpply  of  tannin,  may  be  preserred  firom  this  malady  by  a  due  addition  of  the  foot- 
stallLS  of  ripe  grapes.  The  tannin,  while  it  toads  to  preserre  the  wines,  renders  them 
also  more  easy  to  clarify,  by  the  addition  of  white^f-egg  or  isinglass. 

The  white  wines  should  be  racked  off  as  soon  as  the  first  frosts  bare  made  them 
clear,  and  at  the  latest  by  the  end  of  the  February  moon.  By  thus  separating  the 
wine  &om  the  lees,  the  fermentation  which  takes  place  on  the  return  of  spring,  and 
which,  if  too  brisk,  would  destroy  all  its  sweetness  by  decomposing  the  remaining 
portion  of  sugar,  is  avoided  or  rendered  of  little  consequence. 

The  eharacieristic  odour  possessed  by  all  wines,  in  a  greater  or  less  degree,  is  pro- 
duced by  a  peculiar  substance,  which  possesses  the  characters  of  an  essential  oil,  As 
it  is  not  volatile,  it  cannot  be  oonfoonded  with  the  aroma  of  wine.  When  large  quan- 
tities of  wine  are  distilled,  an  oily  substance  is  obtained  towards  the  end  of  the 
operation.  This  may  also  be  procured  &om  the  wine  lees  which  are  deposited  in 
the  ca^  after  the  fermentation  lias  commenced.  It  forms  I -40,000th  part  of  the 
wine,  and  consists  ctf  a  peculiar  add,  and  ether,  each  of  which  has  been  called  the 
rnntmMo.  The  acid  is  analogous  to  the  &tty  acids,  and  the  etho:  is  liquid,  but  in- 
soluble in  water.  The  acid  is  perfectly  white  when  pure,  of  the  consistency  of  butter 
at  60°,  melts  with  a  moderate  heat,  reddens  litmus,  and  diasolres  in  caustic  and  car- 
bonated alkalis,  as  well  as  in  alcohol  and  ether.  CEnanthic  ether  is  colourless,  has  an 
extremely  strong  smell  of  wine,,  which  is  almost  intoxicating  when  inhaled,  and  a 
powerful  disagreeable  taste. — Liebig  and  PdouM. 

FoBTDOAL. — Fort  wine  is  the  produce  uf  a  single  well-defined  district  in  the  north 
of  Fortugal,  extending  8  leagues  west  and  east  from  the  Ssrra  do  Mai^  an  elevation 
of  4,400  feet  above  the  level  of  the  sea,  to  the  Quinta  da  Baleira,  near  San  J<^  da 
Pesqueira,  and  4  leagues  north  and  south  between  Villa  Beal  and  Lamego.  The 
returns  of  the  vintages  in  this  area,  known  as  the  Alto  Bouro,  from  1843  to  18^1,  show 
the  average  production  of  qualities  fit  for  use  in  ordinary  years  to  be  63,568  pipes,  in 
addition  to  which  there  are  20,633  pipes  of  refuse,  fit  only  for  distillation ;  in  all 
84,211  pipes. 

The  aleoholio  contents  of  Fort  wine,  as  given  by  Brands,  are : — ^The  maximum 
quality,  23-92  ;  t^e  minimum,  18'82. 

Dr.  Chzistiaon  gives  the  alcoholic  contents  of  Fort  wine  in  volume  as : — Weak,  18 ; 
average  of  seven  kinds,  20;  strong,  21. 

Bed  wine  of  a  good  character  is  grown  in  the  vicinity  of  Figneira,  and  sometimes 
shipments  have  taien  place  from  that  port  and  from  Aviero  for  the  English  market 

Fortugal,  in  addition  to  Fort  wine  and  its  congeners,  yields  a  variety  of  other  wines 
of  a  sonnd  and  good  character ;  and  at  one  time  England  colisumed,  though  never 
venr  largely,  the  white  wines  of  Lisbon  and  Bncellas,  and  the  red  wines  of  the  Minho 
and  Beira ;  but  the  taste  for  them  changed ;  it  was  transferred  to  the  drier  and 
stronger-bodied  wines  of  Spain,  and  their  importation  came  to  an  end. 

Sfadc. — The  Sherries  of  Spain  have  long  been  favourite  wines  in  England  and  the 
United  States.  In  1840,  Sir  £.  Tennent  informs  us  the  consumption  attained  an 
average  of  2,600,000  gallons,  and  in  1864  it  had  risen  to  2,751,230  gallons.  The  more 
recent  imports  into  this  country  will  be  seen  in  the  Table  at  the  end  of  this  article. 

In  the  Bamite  Provinca  a  light  wine,  called  Chacoli,  is  produced,  but  not  in  large 
quantities.    Mr.  Lumley  gives  the  value  of  the  wines  of  tms  district  as  17,072/. 

JUeanie  produced  about  21,116  pipes  of  wine  in  1867. 

VaUmda  produced  about  160,000  pipes  of  100  gallons  each. 

Cadit  produces  annually  fiom  60,000  to  70,000  butts  of  new  wine  ( Motto)  at  about  7/. 
per  butt.  The  Sherries  exported  from  this  district  are  never  under  throe  to  four  years  old. 

Barcelotui  is  stated  to  produce  86,000,000  gallons. 

Tarragona  exports  by  sea  about  86,000  butts,  and  a  large  pcation  is  consumed  in  the 
province. 

Malaga. — Many  kinds  of  grapes  are  cultivated  in  this  province.  The  Pedro  Ximenee, 
DoradiUo,  and  I)on  Bueno  are  cultivated  entirely  for  the  manufacture  of  wine.  The 
TTvas  de  Parra  or  trellis  vine,  the  Fassa  larga  or  bloom  raisin  grape,  and  the  Loja, 
which  is  shipped  green  for  England  for  table  use,  are  cultivated  vac  exportation  as 
fruit.  Of  Malaga  wine  the  annual  produce  is  on  the  average  about  20,000  butts. 
Three  butts  of  Malaga  wine  yield  one  of  brandy,  while  ten  butts  of  French  wine  are 
required  to  produce  the  same  quantity  of  spirit.    This  brandy  is  used  to  cnro  the  wines. 

Aragon  produces  a  large  quantity  of  wine,  those  which  an  most  preferred  being  the 
wines  of  Campo  de  Carinena.  Many  of  the  wine  districts  of  Old  (^stile  produce  also 
large  quantities  of  wine. 

'At  present  many  of  ^e  Spanbh  wines  are  not  only  so  badly  made  that  they  will 
not  keep  for  two  years,  but  their  quality  is  much  injured  from  their  being  kept  and 
ttanspOTted  in  pig-skins.' — Conttpondent  of  the  Secretary  of  Legation  at  Madrid. 
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Spain  produces  an  enormous  qoantitj'  of  irine  vhicb  is  not  saiUble  for  Uie  Eselisk 
market.  Hr.  Porter  estimated  that,  good,  paasable,  and  bad,  it  amounted  it 
120,000,000  gallons;  but  (says  Sir  £.  Tennent)  the  testimony  is  coDeanent tint, 
except  in  Andalusia  and  a  few  other  minor  localities,  its  mannfactore  is  so  imparied:, 
its  qualities  so  peculiar,  and  its  flaronr  so  sxtraordinarj,  from  carelessnesa,  dut,  ud 
other  causes,  that  it  is  not  presentable  in  the  English  msiket.  Di.  Gonssii,  in  liii 
evidence  before  the  House  of  Commons  Committee,  says : — '  Ko  nattnsl  Shoir 
comes  to  this  country ;  no  wine  house  will  send  it ;  the  article  yoa  gat  i>  a  miBd 
article;  if  they  gave  you  the  natural  produce  of  Xeres  it  would  not  suit  yon;  iii>l 
probability  you  would  say  it  was  an  inferior  wine ;  our  taste  is  artificial,  becuae  se 
are  not  a  wine-drinking  people.' 

Brande  gives  the  alcohol  in  Shenqr  18'37  the  mazimnm,  and  17*00  the  mnDsnn, 
while  Dr.  Christison  gives  the  following  result  from  his  esounination : — Weak,  17  u 
TOlume  ;  averago  of  13  old  wines,  18 ;  strong,  20 ;  Madre  de  Xeres,  21. 

The  iiontiUado  of  Spain  is  a  wine  which  appears  to  depend  for  its  character  on  Oh 
soil,  wliich  is  a  white  sml  called  atbariea,  containing  70  per  cent,  of  carbonate  of 
Ume,  with  alumina,  silica,  and  a  little  magnesia.  The  MantaniUa  is  the  prodnes  of 
the  barrot,  at  red  earths,  somewhat  sandy. 

S1CIX.T,  as  producing  the  celebrated  Sicilian  Mariala,  is  perhaps  next  inimportus. 
Marsala  resembles  ordinary  sherry  in  many  respects ;  it  is,  when  good,  a  wholesou 
and,  as  it  is  technically  described  in  the  trade,  a  iiaa%  wine.  Of  HarsaU,  Sicily  pn- 
duces  not  less  than  2,148,370  gallons.  Sicily  also  produces  red  wine,  bat  of  a  V07 
coarse  quality. 

M^nitiHA  and  the  Cam.^bibs  produce  a  wins,  the  former  under  the  name  of  tin 
place  of  its  production,  being  well  known.  Its  consumption  has  never,  however,  bten 
very  large.  The  produce  of  the  island  has  rarely  exceeded  2S,000  pipes.  In  18fl 
we  impc^ted  42,874  gallons. 

Cafb  or  OooD  HoFK. — Cape  vriM  has  never  found  moch  favour  in  this  caoitiT. 
In  1854  we  imported  276,382  gallons,  whereas  in  1825  we  obtained  670,000  gilkia. 
This  wine  is  used  to  some  extent  in  the  manufacture  of  '  British  wines.' 

South  Jfrioan  Fort  and  Sherry  were  at  one  time  sent  to  the  Kngljph  maiket;  ui 
as  the  price  was  remarkably  low  as  compared  with  the  Portuguese  and  Spuiiii 
wines,  a  large  demand  was  created ;  bat  on  the  abolition  of  the  di^vntial  duues  in 
thoir  favour  on  the  conclusion  of  the  Treaty  of  Commeros  with  France,  they  ven 
unable  to  compete  with  the  better  qualities  of  wine  produced  in  Europe. 

The  only  Cape  wine  of  any  reputation  is  Qmttantia,  a  red  liqueur  wine  prodscoi 
on  the  farm  of  J.  P.  Eloete. 

Adstbaua. — ^Vine-growing  and  the  manufitcture  of  wine  is  practised  in  each  of  the 
three  southern  colonies  of  Australia,  New  South  Wales,  Victoria,  and  Soath  Asstnla. 
The  total  produce  being  about  1,500,000  gallons  annually.  The  vines  are  of  difinnt 
qualities,  mainly  red,  und  resemble  Burgundy  or  the  fuller  wines  of  the  Soath  of 
France.  The  white  wines  resemble  Sautemes  or  Huscatel,  but  all  are  more  a  \tst 
disguised  by  the  addition  of  alcohol.  Lately,  however,  this  practice  has  been  to  > 
great  extent  discontinued. 

Before  we  proceed  to  the  more  important  wines  of  Ftanee  and  Germany,  wa  vaA 
say  a  few  words  on — 

UinTB»  Statbs.— Ca<ato4a  JF«(i«.— About  the  year  1826,  'the  Catawba,'  a  nstin 
American  grape,  was  first  brought  into  notice  by  Major  Adlum,  who  had  found  it 
growing  in  a  garden  at  Georgetown,  near  Wariiington.  This  vino,  which  is  derired 
ftom  the  wild  fox  grape,  has  gradually  suj^lanted  all  others,  and  is  now  ado(ited, 
almost  universally,  throughout  the  United  States  for  making  wine.  It  imparts  a  to; 
peculiar  musty  flavour  to  the  wine,  displeasing  when  first  tasted  to  many  palates;  hat 
this  dislike  is  easily  removed  by  habit,  and  the  wine  is  much  relished  in  Ohio  and 
Missouri,  where  it  sells  readily  at  good  prices. 

About  3,000  acres  arecultiirated  as  vineyards  in  the  state  of  Ohio ;  600  in  Eantad?; 
1,000  in  Indiana;  600  in  Uissouri ;  500  in  Illinois;  100  in  Gteo^a;  800 in  Noiu 
Carolina ;  and  200  in  South  Carolina.  It  is  calculated  that  at  least  2,000,000  galloaxtf 
wine  are  now  raised  in  the  United  States,  the  value  of  which  may  be  taken  at  a  dolls 
and  half  the  gallon.    This  is  in  addition  to  a  large  amount  produced  in  Califonia. 

In  the  United  States  the  wine-press  is  constructad  much  on  the  same  prinopk  as 
the  ordinary  screw  cider-press.  It  has  an  iron  screw  3  or  4  indies  in  diameter,  in  • 
strong,  upright  frame.  A  box  platform,  6  or  7  feet  square,  of  3-inch  planJc,  is  vedgw 
into  heavy  timbers,  and  in  this  a  box  to  contain  the  mashed  grapes  is  placed,  the  hos 
being  perforated  with  holes.  Bands  to  fit  loosely  inside  the  box,  and  pieces  of  setntlin^ 
to  receive  the  pressure,  complete  the  implement.  The  power  is  applied  by  a  strsg 
lever,  and  the  juice  runs  out  through  a  hols  in  the  fioor,  and  is  led  into  the  oellai 
beneath  by  means  of  india-rubber  pipes.     Befor«  being  subjected  to  pcessnm  tiie 
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r.  gnpM  are  bndsed  in  a  small  vooden  mill.    When  it  is  intended  to  make  red  vine,  the 

E  gcapes  mashed  by  this  tnocess  are  allowed  to  stand  for  two  or  three  days,  and  are  then 

c  pressed,  in  order  that  ue  colonring-matter  in  the  skins  may  be  absorbed  by  the  grape 

,  jnice  or '  must.'    A  sample  of  good  Catawba  wine  examined  by  Dr.  Chapman  was 

I  found  to  contain  11*6  per  cent,  of  alcohol. 

!  Luge  qnantities  of  sparkling  wine  are  made  at  Cincinnati,  and  at  St.  Loais,  and 

c  sold  as  sparkling  Catawba. 

I  Gbbhaky. — The  principal  wine-producing  districts  of  Germany  are  eitaated  in  the 

i  Bhine  valley  and  its  tributaries ;  the  chief  Tineyaids  being  in  the  narrowportion  of  the 

river  known  as  the  Bbeingau,  between  Mainz  and  Assmaniishansen.    The  generic  name 
of  Back,  given  to  the  produce  of  this  district  in  Kngland,  is  derived  from  Hockheim, 
^  which  is,  however,  not  on  the  Bhine,  but  on  the  north  bank  of  the  Hain,  about  3  miles 

I;  east  of  !Mainz.    The  flne  wines  of  the  Bheingau  are  among  the  most  perfect  products 

of  the  wine-grower's  skill ;  being  remarkable  for  their  delicate  flavour  and  bouquet. 
J  The  first  plaM  is  held  by  the  low  vineyards  of  Steinberg,  belonging  to  the  Fmssian 

Government  and  Schloss  Johannisberg,  the  property  of  Prince  Mettemich.  The  prac- 
tice of  allowing  the  grapes  to  become  dead  ripe  before  gathering  prevails  here,  in  the 
same  manner  as  described  in  the  picking  of  the  fine  winee  of  Sautemes.  The  other 
principal  centres  of  production  in  the  Bheingau  are  at  Budesheim,  Marcobmnn,  and 
Ucisenheim.  At  Assmannshausen  and  Ingelheim,  red  wines  are  produced  from  a  Bor- 
gundy  grape.  Other  red  wines  are  made  at  Bnnkel,  on  the  Lehn,  and  more  particu* 
larly  in  the  valley  of  the  Ahr,  which,  under  the  names  of  Walportzheimer  and  Abr- 
bleichart,  is  in  considerable  demand  for  local  consumptim  at  Bonn,  Cologne,  and  other- 
towns  on  the  lower  Bhine. 
'  The  principal  vineyards  of  the  Moselle  are  situated  between  Trier  (Treves)  and 

'  Coblentz,  the  villages  giving  their  names  to  the  beet  known  growths,  being  Zeltingen, 

Piesport,  andBrauneberg.  The  wines  resemble  those  of  the  Bhine  valley,  butare  lighter, 
and  have  lees  flavour.  They  mature  quickly,  but  will  not  keep  for  any  length  of  time, 
A  considerable  amount  of  ofiervescing  wine  is  produced  at  various  manufactories 
{Sch<aamBa7{fabrik),  at  Coblentz,  and  otber  places  on  the  Bhine ;  ixith  Bhenish  and 
Moselle  wines  being  so  treated.  The  natural  deficiency  of  saccharine  matter  in  the  wine 
is  supplied  by  the  addition  of  sugar.  The  so-called  muscatel  flavour  of  the  sparkling 
Moeells  and  flock  is  mainly  derived  nom  the  alcoholic  infhsion  of  elder-flowers. 

Ai!STBiA. — The  total  average  vintage  in  Austria  is  estimated  at  158,886,000  florins 
=  3,974,660/.,  while  the  value  of  the  wine  production  amounts  only  to  40,000,000 
florins,  or  about  1,000,0002.  sterling. 

The  Austrian  wines  are  on  the  average  but  of  middling  quality ;  yet  there  are  some 
which  can  bear  comparison  with  all  but  the  very  best  Bhine,  French,  and  Spanish 
wines.    The  principal  wines  of  Austria  and  Hungary  are— 

'Sed  mnet,'  grown  at  Brian,  Carlowitz,  Szeksard,  Buda,  Adelsberg,  Yillau,  and 
St.  Andri ; 

'  ScUUer  wines,'  a  pale,  reddish-coloured  wine,  grown  at  Erlan  and  Carlowitz ; 
■  fVhitt  mnei,'  grown  at  Festh,  Steinbmch-Brag,  Tot£Un,  Moor,  Teting,  Voslan, 
and  Bust ; 

'  Wineaof  the  first  press,'  grown  at  Bust  and  Oedenburg. 

France. — The  chief  wine-growing  districts  of  France  are  Provence,  Lenguedoc, 
Boussillon,  Auvergne,  Bonrgogne,  Saintonge,  and  Champagne,  the  rich  valleys  of  the 
Card,  H^rault,  Garonne,  Dordogne,  the  Loire  and  the  Bhfine,  and  the  neighbouring 
departments  as  far  as  the  Pyiinies,  the  Hautes-Pyr^jes,  and  the  Fyr&i^-Orientales. 
The  average  production  of  wine  per  annum  is  between  40,000,000  and  42,000,000 
hectolitres  (of  22-0096  gallons  Englidi), 

The  following  account  of  the  principal  French  wines  is  condensed  from  Viscount 
Chelsea's  Beport  on  the  Bfffects  of  t^  Vine  Disease.  He  divides  France  into  six 
principal  districts : — 

1st.  The  southern,  including  Corsica,  Bonssillon,  Languedoc,  and  Provence, 
(a.)  Corsican.    Corsica  produces  both  dry  and  sweet  wines,  but  in  quantities  too 
small  for  exp(»tation. 

(6.)  Boussillon.  These  wines  are  produced  exclusively  in  the  Department  of  the 
Pyrin^es-Orientales,  which  contains  about  12S,000  acres  of  vineyards.  Sweet,  dry, 
and  ordinary  wines  are  equally  abundant.  Strong,  rich  in  colour,  and  being  generous, 
they  keep  long,  travel  well,  and  are  good  for  mixing  with  others.  There  are  three 
recognised,  varieties,  1st,  those  of  Banyuls,  of  CoUioure,  and  of  Port  Vendres,  red 
wines  which  generally  improve  with  age :  2nd,  those  of  Bivesaltes ;  the  greater  portion 
being, ordinary  wines  of  commerce,  deep  and  brilliant  in  colour;  200  acres  alone 
produce  flne  wince,  as  MuAat,  Mantua,  Grenache,  Malvoisie,  and  Bamio:  3id, 
Ferpignay ;  the  wines  of  this  district  will  keep  an  indefinite  time^  and  are  sent  to 
J^oith  and  South  America. 
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Je.)  Languedoe.  Under  thu  name  are  iodaded  all  the  winee  of  the  Hteiilt,  hie, 
[  •  part  of  Gard.  Hie  moat  important  of  theae  diitriete  ii  that  d  HMt, 
prodoeing  two  kind*  of  irioe ;  those  for  convenion  into  ^nrit  and  ordiniiT  viia, 
vliich  may  be  mbdivided  into  red  and  -white  oidinaiy  vines,  fine  red  TiiM,«lgti 
irines,  diy  and  sweet,  and  Moacats. 

Auth.  This  district  prodoees  a  red  wine  at  Limoox,  and  a  white  wine  kion  I7 
the  name  of  Slanqnette,  which  is  nearly  double  the  valne  of  the  preceding.  Hinitt 
is  the  moat  important  wine  oonntiy  in  the  sonth  of  France ;  it  is  the  largest  pidgeer 
of  raw  spirits  in  Europe.  The  red  wines  of  Htraolt  are  produced  in  the  natjtA 
of  St-Oeorges^l'Orqne*;  theae  am  geneiallr  heady. 

The  white  winea  of  Picardan  indnde  both  dry  nnd  sweet. 

Mtucat,  fVontiffnan,  and  Lutwl.  The  enltiration  of  theae  wines  has  ooiuMtnUj 
diminished  of  late  years ;  they  have  leas  flavonr  and  do  not  keep  so  well  as  Uio«a 
Kveaaltes. 

Hie  Tineyaida  of  St-Gillea  (Gard)  prodnca  a  lees  delicate  wine  than  tiuw  rf 
Ronssillon,  bat  which  serrea  to  bring  up  the  colour  of  other  winea. 

(d.)  Prtwence.  The  winea  of  Provence  baTe  not  the  importance  of  thoee  of  Son- 
sillon  or  of  Languedoe.    The  chief  growths  of  the  region  are : 

1st.  In  the  Var,  that  of  Gande  producing  a  flne  wine,  at  first  highly  colaered  ud 
heady,  but  becoming  dry  with  age. 

and.  Hiat  of  Malgne,  producing  a  wine  which  does  not  mataie,  but  that  bean  (tt 
sea  well. 

Srd.  That  of  Bandol,  an  excellent  wine  for  export,  improring  much  with  age:  H 
is  sent  to  India,  Brazil,  and  California. 

In  the  Bassea-Alpes,  the  vineyards  of  Hiea  yield  a  generous  wine.  In  the  Bentlia- 
dn-Bh6neb  Caaais  produces  the  finest  wines  in  the  region,  both  red  and  wliita,  xmA 
aooght  after  by  foreigners.  The  sour  and  flat  wines  of  Boquevaire  are  little  tfiftf- 
ciated.  The  methods  of  coltiTation  are  nearly  the  same  in  all  the  districts  of  tlie 
sonth  of  France.  The  soil  is  generally  dug  up  before  the  vines  lire  planted ;  in  Bno- 
sillon  only  is  tliis  omitted,  when  the  ground  has  been  previously  cultivated.  In  Uk 
latter,  the  operation  of  planting  is  carried  on  in  January  and  Febmaiy ;  in  Laagndoe 
it  is  put  off  until  ApriL 

With  those  varieties  of  the  vine  which  produce  the  Muscat,  it  is  the  custom  to  nb 
off  part  of  the  buds.  The  vines  are  dressed  four  times  during  the  first  yeir,  Iml 
afterwards  only  twice.  They  commence  b«uing  in  from  three  to  four  years.  Tbe 
grapes  are  pressed  by  the  feet  or  between  channelled  rollers  without  being  picbd  it 
the  bunches.  The  wine  is  slightly  sprinkled  with  lime  or  |daster-of-Paris  when  it  » 
intended  for  commerce.     It  is  allowed  to  ferment  for  ten,  twenty,  or  even  thirty  d>J<' 

2iid.  The  south-eastern,  including  Gard,  Vaucluse,  Aidiche,  Drdme,  and  Bhio& 
This  region  embraces  all  the  lower  part  of  the  basin  of  the  Bh6ne ;  the  wines  prodiced 
are  generally  known  as  wines  of  the  C6te-dn-Rhdne. 

(a.)  That  part  of  Oard  which  is  inclnded  in  this  region  produces,  Ist,  the  Rd 
irine  of  Xitvi — very  dry,  and  improving  much  by  age — and  tne  red  wine  of  £tf*^ 
2nd.  The  sweet  wines  of  Chiuelan,  wines  of  the  finest  quality,  and  those  of  Of' 
and  St.-Geniu,  of  the  second.  The  Oaid  also  produces  the  ordinary  wines  of  SL- 
Laurmt-det-Arimi  and  Boquemamre. 

(J.)  Vauobue.  The  chief  growths  are  the  Ch&teau-Nenf-du-Pape,  a  very  celelrttei 
wine,  and  the  growth  of  La  Nerthe,  which  is  decreasing  both  in  quality  and  ^nsnti^: 
it  is  sent  to  £rdeaux  and  Burgundy,  for  the  purpose  of  colouring  other  wines,  b 
Vaucluse  also  are  the  vineyards  of  the  CMteau-Vitux,  of  Nettat,  and  of  Brtt. 

(c.)  Ardiche  includes  the  fiimous  vineyards  of  8t.-Peray.  This  white  wine,  wliw 
in  a  state  of  efiervescence,  almost  equals  Champagne,  which,  however,  has  moe 
lightness,  delicacy,  and  softness.  It  is  sent  to  England,  Germany,  Bdginm.  nn 
Holland.  The  best  sparkling  sort  sells  at  2  francs  50  centimes  the  bottle.  Tlie>* 
are  also  the  vineyards  of  St.-Jean,  Comas,  and  St.-Joseph.  The  sparkling  wine  <■ 
St-Peray  is  {aoduced  in  the  same  way  as  Champagne. 

(d.)  Dr&me.  The  Hermitage,  the  most  famous  vineyard  in  the  Cite-dn-RWn«; 
consists  only  of  140  hectares.  It  produces  red  wine,  white  wine,  and  '  vins  de  f*iU> 
(straw-ooloiu^) ;  the  other  vineyards  are  Lamage,  Bochtgtuk,  Cron$,  and  Uatur^t 
all  of  which  wines  are  esteemed. 

(«.)  ShSne.  The  southern  part  of  the  Bhftne  produces  wine  verv  nmilar  ts  tke 
preceding.    The  beet  known  are  of  those  of  Condrimx  and  St.-Michel.  ' 

The  vineyards  of  the  Hermitage  are  managed  with  great  care ;  the  soil  is  drjr  toW 
depth  of  a  meter  (39  inches) ;  the  leaves  are  picked  off  the  vine,  and  it  is  dressed  m" 
tended  five  times  a  year  during  the  first  two  years;  the  grapes  are  stripped  elf  I'm 
atalka,  and  the  formeatation  lasts  ftom  fifteen  to  twenty  days. 

Srd.  The  eastern  region  is  formed  principally  Of  the  Valley  of  the  Saine, 
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(a.)  Beaujotau,  the  JKbuxuxrw,  and  the  CdU-Chahmnaise.  ThecewinrB  are  delicate, 
light,  well-flaTonied,  but  not  highly-coloured ;  they  are  principally  consumed  in  the 
interior  of  France.  The  principal  growths  are  of  CMmu  and  that  of  lieury.  The 
MScoimais  prodnces  the  nighly-esteemed  white  wine  of  Pouiily,  a  dry  wine  which 
keeps  badly,  and  the  red  wine  of  Botiumie^.  The  wines  of  CClt-Chalonnaiat  an 
common  wines,  amongst  which  the  Mermirtv  alone  is  lemarkabls. 

(b.)  Hauie-Burgogne,  consisting  of  the  CAte-d'Or,  prodace*  the  most  famons  wines 
in  Bnignndy.  The  white  wines  of  the  C^ts-d'Or,  most  known  are  thoaa  of  MoiUraeket, 
very  superior  wines ;  at  MsurtcaUi,  rery  delicate,  light,  and  with  a  delicious  *  booqnet ; ' 
and  those  of  Blaquy.  It  is  the  red  wines,  howeyer,  which  giye  pre-eminence  to  this 
district.  Here  grow  the  renowned  Volnat/,  Pomard,  Beauna,  Nvits,  more  spirituons 
than  the  others,  and  which  require  to  be  kept  fire  or  six  years  in  the  wood ;  Vottie, 
Somanie-Conli,  Clot-dt-  VougeSt,  and  Chamoertin. 

(e).  Bttue-Butyogne.  The  wines  of  Lower  Burgundy  are  brisk,  delicate,  and  light, 
but  too  spirituoDS.  The  Tonnmre  is  flt  for  drinking  after  the  third  year,  and  the 
wines  of  Aiuctrroit,  which  ar*  sooner  matured.  In  Auxerrois  also  are  the  vineyards  of 
Chabtis;  these  white  wines,  so  much  esteemed  for  their  lightness,  are  tnade  in  the 
early  part  of  Octobv,  under  the  name  of  OhMiB.  A  large  quantity  of  other  white 
wine  from  the  neighbouring  vineyards  finds  its  way  into  the  market.  The  wines  of 
Avallonaii,  and  those  of  Jmgny  are  sent  to  Flanders  and  Belgium. 

{d.)  Jura.  The  wines  (a  this  district  ars  in  general  dry,  heady,  brisk,  but  with 
some  acidity,  which  arises  from  their  bad  cnltiTation  and  the  unskilnil  mixture  of  the 
vines,  and  reduces  their  rejmtatira.  In  addition  to  the  inferior  wines,  the  Jura 
produces  also  rose-coloured  wines  (*  Vitu  So»is ') ;  these  are  sparkling  wines,  and  the 
luscious  wine  known  unda  the  name  of  *  Ftn  dt  Oardt  du  Ch&ieau  Chalons'  This 
vineyard  only  comprises  96  hectares.  The  wines  produced  there  require  to  be  kept 
from  twelve  to  fifteen  years  in  the  cask.  All  these  wines  aio  consumed  where  they 
are  grown,  or  sent  to  Switzerland. 

At  Seyssel,  and  other  places,  in  the  neighbourhood  of  Lyons,  and  in  Savoy,  a 
pleasant  white  sparkling  wine  is  produced  and  known  locally  as  Vin-da-Aiphalte», 
the  yineyaids  being  situated  on  the  asphaltic  limestones  now  so  extensively  used  as  a 
paving  material  in  Paris  and  London. 

(«.)  Maact  prodncea  only  common  wine,  with  the  exception  of  the  Turehemi  and 
BiheamiUUr, 

(/.)  Lorraine.    The  principal  growths  are  those  of  Vnancowrt,  Pagity,  and  Sey. 

Q.)  Champagne.  The  wines  of  the  Bepmtment  of  the  Mame,  known  under  the 
name  of  Champagne,  have  a  universal  reputation. 

Champagne  H^inii  are  divided  into  four  categories:— iS/wr^t/in^  Granoi,  Ordinary 
Sparkling,  Hal/ Sparkling,  Tieane  de  Champagne. 

The  following  are  the  principal  growths: — 


On  the  Hume 
MareuU. 

HautviUen. 
Erptmay. 


By  the  AtIso 

On  the  Monntaiiis  of  Bbcims 

Avme. 

Botuy. 

Cramant. 

Ambonnau. 

Muiia. 

MaUly. 

SiUery. 

Bomont. 

The  most  esteemed  kinds  are  the  SiUery,  Ay,  Cramant,  and  Soiuy.  In  good 
seasons  this  district  does  not  produce  less  than  15,000,000  bottles  of  white  wine. 
The  average  produce  is  7,000,000,  of  which  6,000,000  are  sent  to  England,  Bnssia, 
and  Germany. 

The  methods  employed  in  Lower  Burgundy  and  Champagne  are  nearly  the  same. 
It  is  not  as  respect)  the  cultivation  of  the  plant,  but  in  the  methods  adi^ted  in  making 
the  wine,  that  the  latter  is  remarkable. 

In  the  manu&ctore  of  Champagne  black  grapes  of  the  first  quality  are  usually 
employed,  especially  those  gathered  upon  the  vine  called  by  the  French  noirien, 
cultivated  on  the  best  exposures.  As  it  is  important,  however,  to  prevent  the  colour- 
ing-mattor  of  the  skin  from  entering  into  the  wine,  the  juice  is  squeezed  as  gently  and 
rapidly  as  possible.  The  liquor  obtained  by  a  second  and  a  third  pressing  is  reserved 
for  inferior  wines,  on  accotmt  of  the  reddish  tint  which  it  acquires.  The  maic  is  then 
mixed  witli  the  grapes  of  the  red-wine  vats. 

The  above  nearly  colourless  must  is  immediately  pomed  into  tuns  or  casks,  till 
about  three-fourths  of  their  capacity  are  filled,  when  fermentation  soon  brgins.  This 
is  allowed  to  continue  for  about  IS  days,  and  then  three-fourths  of  the  casks  are  filled 
np  with  wine  from  the  rest.  The  casks  are  now  closed  by  a  bung  secured  with  a  piece 
of  hoop-iron  nailed  to  two  contiguous,  staves.  The  casks  should  be  made  of  new  wood, 
but  not  of  oak ;  though  old  white  wine-casks  are  occasionally  used. 
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In  the  month  of  Janoaiy  the  clear  vine  is  racked  off,  and  is  fined  by  ft  small  qoti- 
tjty  of  isJDglats  diseolved  in  old  -nine  of  the  same  kind.  Forty  days  aftsnoidi  i 
second  fining  is  reqnired.  Sometimes  a  third  may  be  osefU,  if  the  lees  becouideEibk 
In  the  month  of  May  the  clear  wine  is  drairn  off  into  bottles.  Viscount  Ckeba 
says,  *  The  vine  is  bottled  between  April  and  August.  Warm  weather  is  neccsau; 
to  produce  the  sparkling  wine.  The  efferTosoenoe  is  the  result  of  carbonic  add  pt 
produced  by  fermentation,  which  being  interrupted  in  the  cask,  repndDna  aal 
derelopee  itself  in  the  bottles.  For  this  a  temperature  of  from  70''  to  75°  Pabr.  nt 
required.  -  The  bottles,  as  soon  as  thev  are  filled,  which  process  is  effected  by  maa. 
are  handed  over  to  men  called  "  bouchenis,"  who  add  a  certain  quantity  of  a  mixtue 
of  brandy  and  sugar-candy  (in  the  proportion  of  16  to  16  per  cent,  for  those  vines 
intended  for  the  English  market),  taking  can  to  leave  abont  2^  to  3  incfaee  tpsn 
between  the  cork  and  the  wine ;  they  then  introduce  by  a  machine  a  mcastened  eoi, 
and  pass  the  bottle  on  to  other  men  called  "  maillochers,"  whose  business  it  i:  to 
drive  the  cork  home  with  a  mallet,  who  again  transfer  them  to  those  who  fasten  tliem 
with  a  string  or  wire ;  sometimes  this  is  done  by  a  machine.  It  takes  an  hoar  Ui 
bottle  a  tun  of  88  gallons.  The  bottles  are  langed  against  the  cellar-walls  in  litn- 
■ontal  layers,  each  being  rerersed  as  it  regards  the  pierious  layer.  Sgfat  or  ten  dtji 
afterwards  a  deposit,  caUed  ■  ff^''  is  found  at  the  bottom  of  the  bottle.  This  indieata 
the  time  for  removing  the  bottles  to  the  second  or  permanent  cellar ;  this  is  the  period  als) 
when  breakage  commences.  This  loss  can  neither  be  foreseen  nor  prevented,  and  is  oftm 
dangerous ;  it  happens  mostly  at  the  season  when  the  vine  blossoms.  The  bottles  an 
first  placed  in  the  coldest  cellars  and  afterwards  nanoved  to  warmer  tempentins. 
In  the  second  winter  means  are  taken  to  remove  the  deposit  formed  in  the  enmma; 
the  bottles  are  placed  with  their  mouths  downwards,  and  are  shaken  for  twenty  dtja. 
to  cause  the  sediment  to  &U  into  the  ned:.  At  the  end  of  this  time  tlie  battle  is 
uncorked,  the  sediment  tbrowti  out,  and  a  fifth  part  of  the  contents  replaced  by  the 
sweetened  liquor,  when  the  bottles  ore  again  corked,  tied,  and  stacked  as  botet.' 
The  bottles  being  filled,  and  their  corks  secured  by  packthread  and  vire,  they  >R 
laid  on  their  sides,  in  this  month,  with  their  months  slo^ng  downwards  at  an  angle  of 
about  20  degrees,  in  order  that  any  sediment  may  &11  into  the  neck.  At  the  end  of 
8  or  10  days  the  inclination  of  the  bottle  is  increased,  when  they  are  slightly  tapped, 
and  placed  in  a  vertical  position ;  so  that  after  the  lees  are  all  collected  in  the  necl, 
the  cork  is  partially  removed  for  an  instant,  to  allow  the  sediment  to  be  expelled  by  tke 
pressure  of  the  gas.  If  the  wine  be  still  muddy  in  the  bottles,  along  with  a  nev  doe) 
of  liguor,  a  small  quantity  of  fining  should  be  added  to  each,  and  the  bottles  ehonld  be 
placed  again  in  the  inverted  position.  At  the  end  of  two  or  three  months  the  sedimoit 
collected  over  the  cork  is  dexterously  discharged ;  and  if  the  wine  be  still  defidentia 
transparency,  the  same  process  of  fining  must  be  repeated. 

Sparkling  wine  ( Vi»  motuseux),  prepared  as  above  described,  is  fit  for  drinkug 
usually  at  the  end  of  from  18  to  30  months,  according  to  the  state  of  the  seasons,  h 
is  in  Champagne  that  the  lightest,  most  transparent,  and  most  highly  flavonred  tiks 
have  been  hitherto- made.  The  breakage  of  the  bottles  in  these  sparkling  via" 
amounts  frequently  to  30  per  cent,  a  dicnmstance  which  adds  greatly  to  their  eoetef 
production.  The  tension  of  the  carbonic  add  gas  in  the  best  quality  of  champagne  is 
from  4}  to  6  atmospheres.  If  higher,  the  greater  part  of  the  gas  is  liberated  oa 
drawing  the  cork,  and  the  wine  is  in  great  part  lost.  About  7  or  8  atmospheres  is  tlu 
highest  pressure  that  the  bottles  will  bear  without  bursting ;  this  is  about  the  vsriaog 
pressure  of  a  high-pressure  steam-boiler,  from  106  lbs.  to  124  lbs.  per  square  inch 

(4.)  Central  Region.  In  the  five  departments  comprised  in  this  district  the  commoi 
wines  alone  are  raoduced ;  the  white  wine  of  PouUiy  being  the  only  celebrated  ona 

(6.)  Watem  Sepion.  The  two  departments  lying  on  the  banks  of  the  I^ 
Indre-and-Loire  tid  Maine-and-Loire,  possess  40,000  hectares  of  vineyards;  lie 
principal  growths  are  those  of  JotU,  Bourgual,  Vouvray,  and  the  white  viBe  of 
Saumur.  More  than  2,000,000  hectolitres  of  wine  are  annually  devoted  in  ^""^ 
SaintoDge,  and  Angoumois,  to  the  distillation  of  brandy,  so  well  known  as  Ox^MC-  Of 
the  200,000  hectares  of  vineyards  in  the  Ciharente  and  tiharmte-lDferior,  only  «»• 
third  is  cultivated  for  home  consumption  or  exportation,  the  remaining  two-thiids  Wn? 
employed  in  making  brandy.  This  is  divided  into  two  classes,  that  whieh^  is  pip- 
duced  in  the  plain  of  Champagne  in  the  arrondissement  of  Cognac,  which  is  iiga|° 
divided,  according  to  the  quality,  into  Champagnt^Tifi  and  common  ChamfognedeBei', 
and  Eau  de  Viede  Bow,  and  that  of  Aunis,  produced  from  the  vines  on  the  banis  of 
the  river. 

(6.)  South-Weatem  District.  The  Gironde  and  Jnran9on  are  the  only  locsl'tiw 
of  any  special  interest  Although  the  wines  of  the  Oiroode  have  a  common  origin, 
they  are  divided  in  commerce  into  five  greit  ^classes:  itUoe,  D«  Gravt,  Df  (^ 
Pqltu,  and  '  I/Slntre  Otux-mtrt! 
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The  district  known  as  H6doc,  or  tlie  xmanontory  betweeft  the  left  bank  of  the  Oiionde 
and  sea  to  the  \reiit  and  north  of  the  city  of  Botdeauz,  ia  remarkable  for  the '  great 
Talue  and  extent  of  its  trine  production,  tiie  producie  of  the  vineyards  of  this  district 
being  estimated  at  a  value  of  11,000,0002.  in  ordinary  years.  The  centre  of  the  trade 
is  at  Boideaax,  irhere  the  following  classification  of  the  different  growths  is  adopted  : 

let  class.  PreTitiert  Orut.  This  inclndes  only  three  growths :  those  of  Chlteau- 
Lafltte,  Ch&teau-Margauz,  and  Chiteau-Latoor. 

2nd  class.  Twelve  growths:  includes  Monton,  Leoville,  Laroso,  and  Braue 
Cantenac 

3rd  class.    Fourteen  growths :  including  Kirwan,  Cautenac,  Lagrange,  and  Gi8couri<. 

4th  class.  Twenty-eight  growths :  including  St. -Pierre,  Beycherille,  and  others  in 
Pauillae  and  St.-Estiphe  districts. 

Berides  the  above,  there  is  a  fifth  dass  of  named  wines,  below  which  the  qualities 
are  distinguished  as  Bonigeois,  superior  and  inferior,  and  Paysans,  the  latter  being  the 
lowest  class. 

The  proportional  scale  of  prices  in  an  average  year  may  be  taken  as  follows : — 

£       £ 

let  class 80  to  200  per  tonnean. 

2nd   „     .        .        .        .        .  48  „  66  ,, 

3rd    »     •        *  •        •  32  „  36  „ 

4th 28  „  86 

fith 24  „  28  „ 

Bonigeds,  Snperior  .  .  16  „  20  „ 

„         ordinary  .        .        .  14  „  16  „ 

Paysans 12  „  13  „ 

Hnch  of  the  red  wine  exported  from  Bordeaux  is  fortified  with  red  Hermitage, 
Spanish  red,  or  other  similar  Southern  wine,  for  the  purpose  of  increasing  its  alcoholic 
strength.  The  demand  for  Bordeaux  wines  is  so  large  and  constantly  incieasing  that 
it  would  be  difficult  to  meet  it  without  having  recourse  to  sources  of  supply  not  Ijnng 
within  the  district. 

W%ita  Winet  of  the  Gironde.—tlm  principel  white-wine  piododng  districts  in  the 
Gironde  are  those  of  Graves  and  Santwne,  which  are  on  the  left  bank  of  the  Garonne 
above  Bordeaiix. 

The  most  celebrated  vineyards  are  those  of  ChAtean-Yquem  and  Ch&teau-Latour 
Blanche.  The  treatment  of  the  grapes  differs  from  that  in  other  districts,  for  they  are 
allowed  to  remain  on  the  vines  until  they  are  rotten  ripe,  and  are  then  gathered  berry 
by  beny,  caie  being  taken  to  reject  sudt  as  may  be  too  far  gone,  or  not  suffidently 
ripe.  By  this  means  a  greater  amount  of  saccharins-matter  and  hi^er  flavour  is 
obtained  in  the  must  than  is  the  case  in  any  other  wine.  £ach  picking  is  crushed 
separately,  and  the  process  is  so  arranged  that  the  vintage  of  each  day  is  kept  apart. 
The  first  seven  days'  collection  gives  t£e  so-called  head  wines,  vias  de  tiie,  which  are 
the  sweetiest  and  heaviest ;  the  second  or  vina  de  milieu,  contain  less  sugar,  while  the 
third  or  gutuet,  which  are  made  by  pressing  all  the  grapes  remaining  from  the  former 
selections,  are  the  driest.  From  their  great  Sweetness  and  strength  the  highest  class 
of  Sautemes  require  to  be  kept  for  several  years  before  their  peculiar  fineness  and 
richness  of  flavour  is  developed.  The  wines  of  Chiteau-Yqnem  when  five  years  old, 
are  valned  on  the  spot  at  from  4002.  to  6002.  per  tonneau,  according  to  the  vintage. 

Such  is  a  somewhat  concise  statement  of  the  varieties  of  wines  known  in  commerce. 
It  is  not  possible  to  enter  into  all  the  details  of  the  manufacture,  varying  as  it  does  in 
every  locality,  the  numerous  peculiarities  being  dne  in  some  cases  to  the  conditions 
of  the  grape  itself,  and  in  others  to  the  methods  pursued  with  regard  to  the  fermen- 
tation and  the  subsequent  treatment  of  the  wine. 

There  are  many  persons  who  confound  the  '  flavour '  of  wine  with  the  '  bouqnet.' 
The  differences  are  well  determined  by  the  writer  on  wine  in  the  '  Penny  Cyclopsedia.' 
'  The  flavour  of  wine,  called  by  the  French  tive,  indicates  the  vinous  power  and  the 
aromatic  savour  which  are  felt  in  the  act  of  swallowing  the  wine,  embalming  the  mouth, 
and  ootttinning  to  be  felt  after  the  passage  of  the  liquor.  It  seems  to  consist  of  the 
impression  made  by  the  alcohol  and  the  aromatic  particles  which  are  liberated  and 
volatilised  as  soon  as  the  wine  receives  the  warmth  of  the  mouth  and  stomach.  The 
live  differs  from  the  houmut,  inasmuch  as  the  latter  declares  itself  the  moment  the 
wine  is  exposed  to  the  air;  it  is  no  criterion  of  the  vinous  force  or  quantity  of 
alcohol  present  (being,  in  fkct,  greatest  in  weak  wines),  and  influences  the  organ  of 
smell  rather  than  of  taste.' 

The  bougmt  of  wine  is  a  new  prodoet,  and  in  no  way  dependent  on  the  perfume  of  the 
grape  ftom  which  the  trine  is  made.  Bed  wines  scarcely  ever  retain  a  trace  of  the  odour 
<of  the  grapes ;  the  white  mnsndine  wines  do  in  some  degree,  espedally  Fnmt^nant 
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Lisbig,  in  hia  '  Organic  Ohemistiy,*  has  the  following  remarks  on  the  boajtut :—'  Ita 
well  known  that  wine  and  fermented  liquors  genemllj  contain,  in  addition  to  aloolul, 
other  snbstanees  which  conld  not  be  detected  before  their  fermentation,  lad  irincb 
most  therefore  hare  been  formed  during  that  process.  The  emell  and  taste  rioA 
distingnish  wine  from  all  other  fermented  liquids  are  known  to  depend  npoE  u 
ether  of  a  volatile  and  highly  combustible  acid,  which  is  of  an  oily  nataoe,  and  to 
which  the  name  of  ceiumthic  ether  has  been  giTsn.' 

On  the  Bhine  an  artificial  bottantl  is  often  given  to  wine,  by  hanging  ORis-isot  ii 
the  casks,  or  by  the  use  of  aromatic  herbs. 

The  volatile  substance  existing  in  wine  which  impaits  to  it,  coojointly  litli 
cenaothie  ether,  its  vinous  aioma,  is  partly  alcohol.  There  are  other  odorifaMi 
substances  developed  in  the  course  of  tune ;  these  are  compoonda  of  oxide  of  atk^ 
amyl,  or  propylene,  with  acetic,  pn^onic,  pelatgonic,  bu^rrie,  caproic,  cspiylic, « 
caprie  acids.  Aatic  ttker  is  present  in  all  aromstie  wines,  and  fnuunlont  dealai  v31 
add  acetic  ether  in  small  quantities  to  their  artificial  compounds. 
.  Butyric  ether  is  much  uised  by  confectioners,  who  call  it  'pine-apple  oil'  Cifrjfic 
ether  has  a  similar  flavour ;  these  are  slowly  developed  in  some  wines  by  tinMi  la 
Watts's '  Dictiwiaiy  of  Cfaemistiy '  the  other  chemical  compqnnda  will  be  found  ftltj 
described. 

Wine  produced  from  grape-juice  alone  is  perfectly  colourless  or  white ;  bat  as  the 
whole  mass  of  the  grapes  is  pressed  together,  it  is  impassible  bat  that  aoms  admixtm 
of  the  components  of  the  grape-skins  should  occur.  White  wine  may  be  prepared  fnn 
purple  grapes,  but  if  the  uins  are  allowed  to  ferment,  red  or  yellow  wine  will  U 
obtained.    The  Italian  wine,  Vino  Oebedino,  is  about  the  most  colourless  of  wines. 

The  colour  in  wines  appears  to  be  due  to  the  presence  of  extractive  matter,  whidi, 
when  oxidised,  assumes  a  red  or  brown  colour.  This  colouring-matter  ha>  beea 
called  apothema  by  Benselius,  but  it  is,  in  fact,  hnmic  add,  retaining  traces  of  the  tab- 
stance  from  which  it  has  been  derived. 

Whilst  the  juice  of  grapes  ferments,  the  skins  being  present,  the  wine  vbidi  u 
in  process  of  formation  extracts  tannic  acid  from  the  skins,  and  this  gfras  the  tcUot 
colour — when  by  oxidation  it  is  converted  into  apothema — to  Huscadel,  Chasipsgi*. 
Tenerifie,  and  Madeira. 

What  we  call  Bed  wines  are  prepared  firom  either  black,  pniple,  or  red  gmpes.  tlx 
juice  of  which  is  colourless,  and  the  sldns  of  which  are  allowed  to  ferment.  Danit 
fermentation  the  weak  spirit  which  is  formed  extracts  not  only  tannic  acid  bot  blur 
colouring-matter  from  we  skins.  This  blue  colouring-matter  is  tinged  more  or  laa 
red  by  the  tartaric  acid  of  the  wine,  and  may  afterwuds  be  rendered  more  decidedij 
red  b^  the  formation  of  acetic  add.  In  the  change  of  colour  undergoss  ij 
red  wine,  five  periods,  according  to  Mulder,  must  be  distinguished.  As  soon  at 
alcoholic  liquid  is  formed  during  fermentation,  blue  colourin^matter  bepiss  to  b< 
extracted  from  the  skins.  As  the  small  amount  of  blue  colonnng-matter  is  broagbt 
into  contact  with  grape-jnice,  which  has  an  add  reaction,  it  becomes  red.  The 
fermentation  and  formation  of  alcohol  proceed,  as  does  also  the  aolntaon  of  blaa 
colouring-matter,  and  the  young  wine  is  rather  blue  than  red,  and  may  be  called '  dark 
violet'  This  new  wine  now  undei^goes  fermentation,  daring  which  a  great  deal  of 
colouring-matter  and  red  tartar,  as  well  as  apothema  of  tannin  and  albumen,  is  piea- 
pitated.  The  loss  of  the  colouring-matter  causes  the  wine  to  become  lighter.  In  th< 
meantime  the  formation  of  acetic  acid  begins,  and  at  a  later  period  ineresses;  the 
amount  of  colouring-matter  is  not  thereby  diminished,  but  the  larger  propoitioe 
of  acid  in  the  U<^uta  reddens  its  colour.  Another  period  now  begins,  during  which 
the  tannic  acid  is  slowly  converted  into  apothema,  whereby  red  oolonring-msttn 
is  again  predpitated  out  of  the  liquid,  for  example,  in  Fort  wine ;  it  thus  mdaallj 
diminishes,  and  finally,  after  a  length  of  time,  disappears  entirely  from  the  in", 
which  then  remains  what  is  called  '  yellow.'  This  wiU  explain  the  alterations  pio- 
dsced  by  keeping  wines. 

According  to  Uie  character  of  the  wine,  as  already  stated,  is  its  power  of  eadmiaK 
undianged,  or  of  improving  by  age.  Weak  wiiies  of  bod  growths  ong^tto  be  eonsmea 
within  twelve  or  fifteen  months  after  bdng  manu&ctored ;  and  should  be  keitt  moa- 
while  in  cool  cellars.  White  wines  of  middling  strength  ought  to  be  kept  in  eadx 
constantly  foil,  and  carefully  excluded  item  contact  of  air,  and  the  rackii^  off  shoola 
be  done  as  quickly  as  possible.  As  the  most  of  them  are  injured  by  too  much  fermea- 
tation,  this  proce8a  should  be  so  regulated  as  always  to  leave  a  little  sugar  nsdeeoa- 
posed.  It  is  useful  to  counteract  the  absorption  of  oxygen,  and  the  consequent  tendency 
to  addity,  by  burning  a  Bulphur-match  in  the  casks  into  which  they  are  about  to  be  nn- 
This  is  done  by  hoolang  the  match  to  a  bent  wire,  kindling  and  suspending  it  withia 
the  cask  through  the  bung-hole.  Immediiitely  on  withdrawing  the  match,  the  caA 
should  be  corked,  if  the  wine  be  not  ready  for  transfer.    If  ,the  burning  salpbur  ha 


Digitized  by 


Google 


WINE 


1147 


eztingaiahed  on  pltiiig>iiu;  it  into  the  cask,  it  is  a  proof  of  the  caak  being  unsound,  and 
unfit  for  receiring  the  wine ;  in  vhich  ease  it  should  be  well  cleansed,  first  with  lime- 
water,  then  with  yerj  dilute  sulphuric  acid,  and  lastly  with  boiling  water. 

Wine-oellars  on^^t  to  be  dry  at  bottom,  floored  with  flags,  have  windows  opening 
to  the  north,  be  so  much  sunk  below  the  lerel  of  the  adjoining  ground  as  to  possess 
a  nearly  uniform  temperature  in  summer  and  winter ;  and  be  at  such  a  distance  from 
a  firequented  highway  or  street  as  not  to  snflbr  vibration  from  the  motion  of  carriages. 

Wines  should  be  racked  off  in  cool  weather;  the  end  of  Febmary  being  the  fittest 
time  for  light  wines.  Stiong  wines  are  not  ladced  off  till  they  haTe  stood  •  year  or 
eighteen  months  upon  the  lees,  to  promote  theSr  slow  or  insensible  fermentation.  A 
syphon  well  manned  serves  better  than  a  faucet  to  draw  off  wine  clear  from  the 
sediment  White  wines,  before  -being  bottled,  should  be  flned  with  isinglass ;  red 
wines  are  usually  flned  with  white-of-«gg  beat  up  into  a  froth,  and  mixed  with  two 
or  three  times  their  bulk  of  water.  But  some  strong  wines,  which  are  a  little  haish 
from  excess  of  tannin,  are  fined  with  a  little  sheep  or  bullock's  blood.  Occasionally 
a  small  quantity  of  sweet  glue  is  used  for  this  purpose. 

For  ratther  information,  see  '  Chemistry  of  Wine,'  by  O.  J.  Mulder,  edited  by  H. 
Benoe  Jones,  HJ).  F3.8. ;  and  Watts's  '  I^clioiiaiy  of  Chemistry.'  Also  a  '  Treatise 
on  Wine,'  by  Thudicnm  and  Snpri,  London,  1872.  This  is  the  most  comprehensire 
work  on  the  salgect  in  the  English  language. 

2'ke  following  Maladies  qf  Winet  are  certain  accidental  deteriorations,  to  which 
remedies  should  be  speedily  applied : — 

Xa-PotuM  (' pushing  out  of  the  cask'),  is  a  name  given  to  a  violent  fermentative 
movement,  which  occasionally  supervenes  after  the  wine  has  been  run  off  into  the 
casks.  If  these  have  been  tightly  dosed,  the  interior  pressure  may  increase  to  such 
a  degree  as  to  burst  the  hoops,  or  cause  the  seams  of  the  staves  or  ends  to  open.  One 
remedy  is,  to  transfer  the  wine  into  u  cask  previously  fumigated  with  burning  sulphur ; 
another  is,  to  add  to  it  about  1000th  part  of  sulphite  of  lime ;  and  a  third,  and  perhaps 
the  safest,  is  to  introduce  \  lb.  of  mustard-seed  into  each  barrel.  At  any  rate  the 
wines  should  be  fined  whenever  the  movements  aro  allayed,  to  remove  the  fioatiog 
ferment  which  has  been  the  cause  of  the  mischief. 

T\iming  Sow, — The  production  of  too  much  acid  in  a  wine  is  a  proof  of  its  con- 
taining originally  too  little  alcohol,  of  its  being  exposed  too  largely  to  the  air,  or  to 
vibration,  or  to  too  hi^h  a  temperature  in  the  cellar.  The  best  thing  to  be  done  in 
this  case  is,  to  mix  it  with  its  bulk  of  a  stronger  wine  in  a  less  advanced  state,  to  fine 
the  mixture,  to  bottle  it,  and  to  consume  it  as  soon  as  possible,  for  it  will  never  prove 
a  good  keeping  wine. 

Tablb  I. 


100  meamrea  con- 

100 measnru  con- 

tain at  «0°  Fahr. 

tain  a'.  60°  Fahr. 

Komo  of  the  winer 

Sp.  grav. 

Kamo  of  the  wine, 
spirit,  4(0. 

Sp.  grST. 

Xkobol 

Ahwlnte 

Alcohol 

AbwiDte 

oJ0-«» 

alcohol 

0(0-836 

akiohol 

Port  Trfne     . 

0^761* 

M-40 

19-8J 

Frcotlgiiaa  .       . 

0-98463 

17-79 

11-84 

M                     ■            * 

0-»7M0 

»•» 

2t-M 

CMe-RoU     .       . 

0-98496 

13-3T 

11-38 

Mew 

0^4«0 

a»-4» 

»l-7» 

BonnUlon    .       . 

0-98006 

17-34 

16-96 

Hsdolrs 

0-V7810 

lS-34 

17-»1 

Capelladeln 

0-97934 

18-11 

16-; ; 

»t             •       • 

0^7SS8 

71-43 

»-Cl 

Muscat .       .       . 

0-97918 

18-36 

17-00 

Shornr  . 

0-»7W» 

1»U 

17-00 

Conatantia   . 

0-97770 

19-76 

18-29 

„       .       .       > 

0-97700 

19-SS 

18-87 

Tinto    . 

0-98899 

18-80 

12-33 

Boidesux,  Claret. 

0-S7410 

13^1 

11-S6 

finWfag  .           .           • 

0-98176 

16-63 

4-85 

„                   . 

0-870W 

18-»S 

1»-11 

Nice      .       .       . 

0*96900 

16-38 

4-18 

Cnlcarella     . 

0-97920 

18-10 

16-76 

0-98368 

14-68 

13-64 

LLibon  . 

0-»784« 

IS-M 

17-4S 

Tokay  . 

0-98760 

9-88 

9-16 

Malaga. 

0^8000 

17M 

U-M 

BaUnwlm  .       . 

0-97306 

36-77 

33-86 

BnceUas 

0-»78»0 

18-43 

17-« 

Drained  grape  vine 
LaohrrnueChriaU 

0-97936 

18-11 

16-77 

Red  Madeira 

0-978W 

18-4» 

17-0* 

19-70 

18-34 

Malnucj 

0-980M 

1«-M 

1S-»1 

Oumnt  wine       • 

0-97696 

30-66 

19-03 

lianaJa 

0-aeiM 

l»-»« 

U-»l 

Qouaelitf  f  jf  wine  . 

0-98660 

11-84 

10-96 

»i              •       *, 

0-980«) 

17-W 

16-98 

Blderwlne    . 

Champagne  (nee) 

0-9860e 

11-80 

10-46 

Cyder    . 

0-98760 

9-87 

9-14 

(white) 

0-S8M8 

l»-80 

11-84 

Bnignndy     . 

0-S8M0 

u-u 

11-84 

Brown  stent. 

0-99116 

6-80 

6-80 

„ 

0-98M0 

n-M 

11-06 

Ale       .       .       . 

0-08873 

8-88 

8-00 

TVbtta  Hcrmllage . 

(f078M 

17-48 

1614 

Porter  . 

4-30 

8-88 

Red            ,. 

n-»8496 

12-M 

11-10 

0-m94 

68-68 

49-71 

Hock     .       .       . 

0-982M 

14-87 

lS-81 

BoUand*      .       . 

0-93866 

61-60 

47-77 

«... 

OtSSTS 

8-88 

8-00 

Scotch  wblaky      . 

,, 

64-33 

60-30 

Yin  da  Orave 

0M4W 

12-80 

H-80 

Irish  whisky.       . 

" 

68-90 

49-91 
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Soptneu  or  Fueuttfy  of  f^iiw.— The  canse  of  this  jAenomenoa,  iriueh  nadn 
wine  unfit  for  drinldiig,  -was  altogether  onknovn,  till  HL  Frsn^cns,  an  apotheeaiy  it 
Nantes,  demonstzated  that  it  was  owing  to  an  azotiaed  matter,  amalogoos  to  g^atM; 
and,  in  £>ct,  it  is  the  white  winea,  especially  those  which  contain  the  least  tannin,  vhkb 
are  subject  to  this  malady.  He  also  pointed  out  the  proper  remedy,  in  the  additioa 
of  tannin  under  a  rather  agreeable  form,  namely,  the  bruised  berriea  of  the  momitaiB' 
ash  {torbier)  in  a  somewhat  unripe  state ;  of  which  1  lb.  well  stirred  in,  is  snffiaent 
for  a  barrel.  AAer  agitation,  the  wine  is  to  be  left  in  repose  for  a  day  or  two,  and  then 
racked  off.  The  tannin  by  this  time  will  hare  separated  the  asotiaed  matter  baa  die 
liquor,  and  removed  the  ropiness.    This  wine  is  to  be  fined  and  bottled  off. 

The  tastt  <(fthe  catk,  which  sometimee  happens  to  wine  put  into  casks  which  hare 
remained  long  enmt^,  is  best  remedied  by  agitating  the  wine  for  some  time  witii  t 
spoonful  of  obTe  oil.  An  essential  oil,  the  chief  cause  of  the  bad  taite,  combines  with 
the  fixed  oil,  and  rises  with  it  to  the  sorfisce. 

The  quantity  of  alcohol  contained  in  different  wines  has  been  made  the  subject  of 
elaborate  experiments  by  Brands  and  Fontenells,  and  several  others ;  but  as  it  mmt 
eridently  xktj  with  difiwent  seasona,  the  results  can  bo  received  merely  as  appiozi- 
mate.  The  prc^rtion  given  by  Brsnde  (Table  I.  page  1147),  baa  been  reduced  to  tin 
standard  of  absolute  alcohol  by  Fesser ;  and  that  hj  Fontenelle  (TaUe  II.),  to  the  sum 
standard  by  Schubarth,  as  in  the  following  Tables.  Table  TTT.  gives  the  akohobe 
strength  of  the  Bhine  wines. 

Tabu  n. 


Nuns  ottlM  wine 

Atwlote 
aloobol 

Ktmeoftbawiae 

JLbniBte 
•kolMt 

Botusillon  {Eastern 

Department  o/FHirttult. 

Pyrenees.) 

Nissan    .        .      9  years  old 

7-89»  1 

Rivessltes       .    18  years  old 
Banvnls  .        .18       „ 
Collioure.        .    16       „ 
Sakes     .        .10       ,, 

9-166 
9-223 
9-080 
8-680 

B^ers    .        .      8         „ 
Montagnac      .     10         „ 
Mtee       .        .10 
Montpellier     .      5        „ 
Lnnel      .        .      8        „ 

7-72«  1 
8-108  ' 
7-81J 

7-4ia 

7-564 

Aude. 

Frontignan      .      6         „ 
Red  Hermitage      4         „ 

7-098 
6-8J8 

White 

7-056 

Fitou  and  Leucati  10  yrs.  old 

8-568 

Burgundy       .      4        „ 

6-19$ 

Lapalme    .        .     10      „ 

8-790 

Grave      .        .      8         „ 

6-8J8 

Sijeau        .        .      8      „ 

8-636 

6-880 

Narbonne  .        .      8      ., 

8-879 

„    white    „ 

6-145 

Leragnan   .        .    10      „ 

8-178 

„    rose         .        .         . 

4446 

Mirepeisset        .     10      „ 

8-689 

Bordeaux      .... 

6-186 

Carcassonne        .      8      „ 

7-190 

Toulouse       .... 

S-027 

Table  III. — Rhinx  Wimbs. 


Sort  of  gnpes 

Speciflc  gravity 

100  put*  yielded           i 

AlMlate 
aloobol 

,2L 

Steinberp;     . 
Biideshe  m  . 
Haikobmnn                 , 
Geisenheim  . 
Dimheim 

Weinheim  Hulberg 
Worms,  Liebfranenmileh 
Bingen,  Scharlachbeig . 

Eisler,  Kleimberger 
Wiesbaden  .        .       \ 
Neroberg      .        .       J' 
Wiesloch 

Biesling 
Orl&uiB 
Biesling 

1-0026 
1-0026 
0-9986 
0-9936 
0-9926 
0-9926 
0-9930 
not 
'  determined 

0-9960 
0-9946 

10-87 
12-66 
11-60 
12-60 
9-84 
11-70 
10-62 
12-10 

11-90 

10-83 

9-83 

9-94 

6-39       1 
6-10 
3-06 
2-18 
2-18 
2-27 
not 
determined 

2-78 
2-48 
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'  From  the  known  prices  of  these  wines,  it  is  obvious  that  the  proportion  of  alcohol, 
although  one  &etor  in  determining  the  ralne  of  a  wine,  is  not  the  only  absolute  one 
nor  does  it  stand  in  any  fixed  relation  to  the  commercial  value  of  tne  wine.  It  is 
remarkable  that  the  finest  sorts  of  wines  contain  a  mnch  greater  proportion  of  solid 
substances  in  solution  than  the  inferior  sorts ;  and  that  the  weight  of  the  residue,  which 
the  Bhenish  wines  yield  on  evaporation,  offers  a  safer  criterion  for  determining  their 
commercial  value  than  the  proportion  of  alcohoL  These  solids  disguise  the  acid,  take 
off  the  acrid  taste,  and  at  the  same  time  impart  body,  mellowness,  and  oiliness. 
Among  the  extractive  matters  of  new  wines  are  sugar,  which  gradually  disappears  by 
keeping ;  and  also  some  imperfectly  known  gummy  snbstancee,  which  become  brown- 
ish when  the  wine  is  submitted  to  evaporation.  The  presence  of  these  in  wine  appears 
chiefly  to  be  determined  by  the  soil,  and  the  condition  and  locality  of  the  vineyard ; 
and  it  is  obvious  that  the  qualities  dependent  upon  these  extractive  matters  cannot  by 
replaced  by  sugar. 

Port  is  one  of  the  wines  which  is  richest  in  alcohol.  Oii^al  has  stated  that  genuine 
Fort  wines  never  contain  more  than  1276  per  cent,  of  pure  alcohol: 

With  regard  to  alcoholic  contents,  Madeira  ranks  next  to  Fort  wine,  in  which 
respect  they  differ  but  little  from  each  other.  Liquor  wines  are  as  a  rule  stronger 
than  red  wines.  Jaran9on,  I^chiynue  Christi,  Benicario,  and  Sauteme,  all  contain 
from  12  to  15  per  cent,  alcohol  and  more.  Red  French  wines  contain  lees — from  9 
to  14  per  cent.  Good  Bordeaux  contains  10,  11, 12  per  cent.  Burgundy  9,  10,  11 
percent.  Champagne  10,  11  per  cent.  Bhine  wine  from  6  to  12  per  cent,  generally 
from  9  to  10  per  cent. — Mulda: 

Under  the  title  of  the  '  Deucidification  of  Wines,'  Professor  liebig  published  in  his 
Annalen  a  process  for  effecting  that  valuable  object  on  old  stored  (o^  abgdagerte) 
Bhine  wines.  '  Most  of  these  wines,'  he  sa^s,  '  even  of  the  most  propitions  growths, 
and  in  the  best  condition,  contain  a  certain  quantity  of  free  tartaric  acid,  on  whose 
presence  many  of  their  essential  properties  depend.  The  juice  of  all  sorts  of  grapes 
contains  bitartrate  of  potash,  ana  that  of  those  of  the  young  shoots,  in  good  years,  is 
saturated  with  it  When  the  must  of  these  sorts  of  grapes  becomes  fermented,  the  tartar 
diminishes  in  solubility  proportionally  as  the  alci&ol  increases,  and  a  part  of  it  falls 
along  with  the  yeast  This  deposit  of  tartar  increases  during  the  first  years  of  the 
vatting ;  the  sides  of  the  casks  become  encrusted  more  and  more  with  its  crystals, 
in  consequence  of  the  continual  addition  of  the  new  wine  to  replace  what  of  the  liquid 
is  lost  by  evaporation,  so  as  to  keep  the  casks  full,  and  prev£nt  the  destruction  of  the 
whole.  But  tbis  deposition  has  a  Umit  By  the  filling  up,  the  wine  receives  a  certain 
quantity  of  free  tartaric  acid,  and  thereby  acquires,  at  a  certain  point  of  con- 
centration, the  faculty  of  re-dissolving  the  deposited  tartar.  In  the  storing  of 
many  of  the  finer  wines,  the  tartar  again  disappears  at  a  cert^n  period.  By  pro- 
gressive filling  up,  the  proportion  of  acid  proportionally  augments,  the  taste  and 
flavour  of  the  wine  are  exalted,  but  the  acid  contents  make  the  wine  less  agreeable  in 
use.  Amateurs  and  manufacturers  should  therefore  welcome  a  means  of  taking  away 
the  free  tartaric  acid  without  altering  in  any  respect  the  quality  of  the  wine.  This 
is  pure  neutral  tartrate  of  potash.  When  this  salt,  in  concentrated  solution,  is  added 
to  such  a  fluid  as  the  above,  there  results  the  sparingly  soluble  tartar  (one  part 
of  which  requires  from  180  to  200  parts  of  water  of  ordinary  temperature  for  its 
solution^,  the  free  add  combines  with  the  neutral  salt  and  separates  as  bitartrate  from 
the  liquid.  If  we  add  to  100  parts  of  a  wine  which  contains  one  part  of  free  tartaric 
acid,  one  and  a  half  part  of  neutral  tartrate  of  potash,  there  will  separate  by  rest  at  1 8° 
— 19°  Cent,  2  parts  of  crystalline  tartar,  and  the  wine  contains  now  one  half  part  of 
tartar  dissolved,  in  which  there  are  only  0'2  part  of  the  original  free  acid.  In  this 
case  O'S  of  the  fma  acid  has  been  withdrawn  from  the  wine.' 

WiKBS,  British,  are  made  either  from  infusions  of  dried  grapes  (raisins)  or 
from  the  juices  of  native  fruits,  properly  fermented.'  These  wines  are  called  stotttt  in 
the  language  of  the  Excise,  under  whose  superintendence  they  were  placed  till  1834, 
when  the  duties  upon  them  were  repealed,  as  onerous  to  the  trade  and  unproductive  to 
the  revenue.  The  raisins  called  Lesias  aro  said  to  produce  a  dry  flavoured  wine ;  the 
Denias  a  sweet  wine;  the  black  Smymas  a  strong-bodied  wine,  and  the  red  Smymas 
and  Valencias  a  rich  and  full  wine.  The  early  spring  months  are  the  fittest  time  for 
this  wine-manufacture.  The  masses  oi  raisins,  on  bang  taken  out  of  the  packages, 
are  either  beaten  with  mallets  or  crushed  between  rollers  in  order  to  loosen  Uiem,  and 
are  then  steeped  in  water  in  large  vats,  between  a  perforated  board  at  bottom  and* 
another  at  top.  The  water  being  after  some  time  drawn  off  the  swollen  and  softened 
fruit  pressure  is  applied  to  the  upper  board  to  extract  all  the  soluble  sweet  matter, 
which  passes  down  tnrongh  the  falsa  bottom,  and  flows  off  by  an  appropriate  pipe  into 
fermenting  tuns.  The  residuary  fruit  is  infused  with  additional  water,  and  then 
squeezed :  a  process  which  is  repeated  till  all  the  sweets  are  drained  (^  after  which 
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the  'np«'  ia  anbjtcted  to  ssTsre  piemm  in  a  ktot  or  bydisalio  jseaa.  The  ^ 
in  the  prooMS  of  the  tidoiu  femiMitation.  is  oocanmally  PMtad  thzco^  a  gnat  bn^ 
of  the  rape  to  impiore  ita  iaxowc,  and  also  to  modify  the  fermeotabTe  accion ;  it  ii 
afterwaidg  set  to  ripen  in  casks,  clarified  by  being  repeatedly  racked  ofi^  and  fined 
with  ioinglass. 

IhUtl  ofaU  Unit  of  WiM  Jn^forted  in  1873. 


From  Oarmany 

„     Holland 

„     Belgium 

„     France 

„     Portugal 

„     madeira 

.,     Canary  Islands 

..Italy 

,.     Channel  Islands        .... 

..     Gibraltar 

..     Malta 

..     Britiah  Possessions  in  South  Africa   . 

,.     British  India 

..     Australia 

..     Other  countries 

Total  .... 

QtOaat 

Vahn             1 

495.930 

674,948 

27,287 

6.242,866 

4,037,594 

80,532 

9,389,367 

6,691 

639,614 

33,605 

14,975 

22,819 

17.878 

24.167 

87,142 

37,056 

;er7,807 
378.488 
17.160 
3.13A.084 
1,858.241 
45.381 
8,033,113 
1.948 
130.388 
18.500 
8,519 
6.711 
10.967 
16.847 
11.949 
19.899 

1 

1 
1 

21.682,856 

8,267,326 

Of  this,  of  Bed  wine  there  were  10,049,356  gallons. 
„        White  „  11,633,101       „ 

The  quantity  entered  tea  home  consumptiim  was  18,027,808  gaUona.aBd  the 
rsceived  fbr  duty  was  1,775,903^. 


The  following  shows  the  quantity  entered  for  home  eonsnmption  and  the  amonnt  oC 
duty  received,  so  far  as  reguds  the  importations  from  France.  Portugal  and  ^pain. 


F^ranoe  . 
Portugal 
Spain    . 

Bad 

1 
Wlitle                         1 

Oettios 

£ 

Oellons 

£ 

4,099,799 
3,451,740 
1,057.257 

216.426 
430,857 
130,266 

1,614,637 

22,620 

6,034,267 

83.535 

2.779 

743.807 

Bed  wine 
White  wine 


Wint  ItHfortt  HI  1874. 

OaUons 
.     9,012,696 
.    9,261,442 


Talne 
:e2,619,889 
4,348.252 


Entertd/or  Hojm  Oonsumption. 

Bed  wine  ....    8,461,705  gallons 
White  wine         .        .        .    8.822,680      ., 


■  is  the  deposit  of  crude  tartar,  called '  aigaV  which  settles  on  the 
sides  and  bottoms  of  wine^asks.    See  Wini. 

■Wnta-BSA'WIira.  {TrifiUne,  Fr.;  DrahisKhen,  Vrahtzvg,  Oer.)  When  u 
oblong  lump  of  metal  is  forced  through  a  series  of  progressirely  diminishing  apeDttnm 
in  a  steel  plate,  so  as  to  assume  in  its  crose-Bection  the  form  and  dimeneicms  of  the  last 
hole,  and  to  be  augmented  in  length  at  the  expense  of  its  thickness,  it  is  said  to  be 
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-wira-diawn.  The  piece  of  steel  called  the  draw-plate  is  pierced  -with  a  regular  grada- 
tion of  holes,  fh>m  the  largest  to  the  smallest ;  and  the  machine  for  overcoming  the 
lateral  adbesioa  of  the  metallic  partielea  to  one  another  is  called  the  iraM>4>eneh.  The 
pinoers  trhioh  lay  bold  of  the  extremitjr  of  the  wire,  to  poll  it  through  the  successive 
holes,  are  adapted  to  bite  it  firmly,  by  having  the  inside  of  the  jaws  cut  like  a  file.  For 
drawing  thick  rods  of  gilt  silver  down  into  stout  wire,  the  hydraulic  press  has  been 
had  leooorae  to  with  advantage. 

Fk.  2117  refiresents  a  convenient  form  of  the  draw-bench,  where  the  power  is  ap- 
plied by  a  toothed  wheel,  pinion,  and  rack-work,  moved  by  the  hands  of  one  or  two 
men  working  at  a  winch;  the 
motion  being  so  regulated  by  a  *"' 

fly-wheel,  ihSt,  it  does  not  proceed 
in  fits  and  starts,  and  cause  in- 
equalities in  the  wire.  The  metal 
requires  to  be  annealed,  now  and 
then,  between  successive  draw- 
ings, as  otherwise  it  would  become 
too  hard  and  brittle  for  Airther 
extension.  The  reel  upon  which 
it  is  wound  is  sometimes  mounted 
in  a  dstam  of  sour  small  beer, 
for  the  purpose  of  clearing  off,  or  loosening  at  least,  any  crust  of  oxide  formed  in  the 
annealing,  before  the  wire  enters  the  draw-plate. 

When,  for  very  accurate  purposes  of  science  or  the  arts,  a  considerable  length  of 
nnifarm  wire  is  to  be  drawn,  a  plate^  with  one  or  more  jewelled  holes,  that  is,  filled 
with  one  or  mrae  perforated  mbies,  sapphiiea,  or  chrysolites,  can  alone  be  trusted  to, 
because  the  boles  even  in  the  best  steel  become  rapidly  wider  by  abrasion.  Through 
a  hole  in  a  ruby  O'OOSS  of  an  inch  in  diameter,  a  silver  wire  170  miles  long  has  been 
drawn,  which  possessed  at  the  end  the  very  same  section  as  at  the  bepnning :  a  result 
determined  by  weishing  portions  of  equu  length,  as  also  by  measuring  it  with  a 
micrometer.  The  hole  in  an  ordinary  draw-^date  of  soft  steel  becomes  so  wide,  by 
drawing  14,000  fathoms  of  brass  wire,  that  it  requires  to  be  narrowed  before  the  on- 
ginal  sued  wire  can  be  again  obtained. 

Wire,  by  being  diminished  one-half,  one-third,  one-fourth,  &a.,  in  diameter,  is  aug- 
mented in  length  respectively  four,  nine,  sixteen  times,  jSo.  The  speed  with  which  it 
may  be  prudently  drawn  out  depends  upon  the  ductility  and  tenacilr  of  the  metal ; 
but  may  be  alwa3rs  increased  the  more  the  wire  becomes  attenuated,  because  its  par- 
ticles progressively  assume  more  and  more  of  the  filamentous  form,  and  accommodate 
themselves  more  readily  to  the  extending  force.  Iron  and  brass  wires,  of  0'3  inch  in 
diameter,  bear  drawing  at  the  rate  of  from  12  to  16  inches  per  second ;  but  when  of 
0*025  {its)  of  an  inch,  at  the  rate  of  team  40  to  46  inches  in  the  same  time.  Finer 
silver  and  c<^per  wire  may  be  extended  from  60  to  70  inches  per  second. 

By  enclosing  a  wire  of  platinum  within  one  of  silver  ten  times  thicker,  and  drawing 
down  the  compound  wire  till  it  be  sjj  of  an  inch,  a  wire  of  platinum  of  |]j^  of  an  inch 
will  exist  in  its  centre,  which  may  oe  obtained  apart,  by  dissolving  the  silver  away  in 
nitric  add.    This  pretty  experiment  was  first  made  by  Dr.  Wollaston. 

The  French  draw-plates  are  so  much  esteemed,  that  one  of  the  best  of  them  used  to 
be  sold  in  this  country  for  its  weight  in  silver.  The  holes  are  formed  with  a  steel 
punch ;  bang  made  large  on  that  side  where  the  wire  enters,  and  diminishing  with  a 
regular  taper  to  the  other  side. 

WIBB  BUf  The  manu&cture of  ropes  made  of  wire  has,  of  late  years,  become 
a  most  important  one.  Not  only  are  ropes  of  this  description  now  employed  in  the 
most  extensive  coal  mines  of  this  country,  and  for  winding  generally,  but  they  are 
used  for  much  of  the  standing  rigging  of  ships,  and  for  numerous  ordinary  purposes. 
Perhaps  the  most  important  application  of  wire-rope  has  been,  however,  in  the  con- 
struction of  the  electric  cables.    See  Eisnso-TXLEQiiAiw. 

The  Tables  on  the  following  page  show  the  relative  values  of  ropes  of  hemp,  iron, 
and  steel. 

The  applications  of  wire  are  extiaordinirily  numerous  and  interesting.  Many 
thousands  of  lives  are  every  day  trusted  to  wire  in  the  form  of  wire-rope  for 
collieries  and  mines,  and  the  lives  of  the  men  ascending  and  descending  a  cool  pit 
literally  depend  {mm  these  iron  threads.  The  standing  rigging  of  ships  is  now  gene- 
rally mode  of  wire-rope.  The  introduction  of  telegraphy  has  given  great  developnent 
to  the  manufacture  of  wire.  The  conducting  portion  of  submarine  electric  tele- 
graph cables  is  simply  a  wire-rope  made  of  coj^r  wires,  while  the  outside  pro- 
tective sheathing  generally  consists  of  iron  wire.  One  of  the  most  important  appli- 
cations of  wire  of  late  years  is  that  of  steel  wire  in  the  form  of  the  wire-rope  used  for 
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Tabu  L 
Bound  Wirt  Boptt,  for  inolin«d  platut,  mtuM,  «eUiertM,  *My»^  *tanding  ri^^g,  ^ 


nemp 

boa 

Sted 

Bqnlnlentitraglk 

Cironm- 

Lbt.weictat 

Ciroum- 

Lbi.welgfat 

LiM.  weight 

WorUnK 

BriUsk 

forancfl 

per  fftthom 

ferenoe 

per  fathom 

ferenoe 

per  fathom 

lowl 

•tnln 

Cwta. 

Tut 

2} 

2 

1 

... 

••• 

« 

2      , 

... 

u 

n 

1 

1 

« 

3 

8} 

4 

2 

•  •• 

••• 

12 

4 

•  •• 

... 

ll 

2* 

1* 

li 

15 

S 

4t 

6 

l} 

3 

18 

6 

■  •• 

2 

31 

H 

sT" 

21 

7 

sj 

7 

^ 

4 

i| 

2i 

24 

8 

•  •■ 

•  •• 

2 

*i 

27 

9 

6 

9      • 

2 

6 

i'j 

s" 

30 

10 

... 

... 

2 

H 

>•■ 

33 

11 

«i 

10 

H 

6 

2* 

3* 

36 

12 

... 

2 

8i 

H 

4 

39 

13 

r 

12 

H 

7 

2i 

*i 

42 

H 

... 

... 

8 

7i 

46 

16 

7* 

14 

H 

8 

U 

e" 

48 

16 

... 

3 

8J 

•  •• 

61 

17      , 

8* 

16 

H 

9 

H 

5} 

64 

18      1 

•  •• 

... 

8i 

10 

H 

6 

60 

20      1 

81 

18 

11 

2} 

8* 

66 

22      1 

... 

sl 

13 

•  •• 

72 

24       1 

oj 

22 

8^ 

13 

8i 

8*' 

78 

26       1 

10 

26 

4 

14 

•  •■ 

84 

38       ' 

*•• 

•  •> 

4i 

16 

s'i 

9 

90 

30 

11 

30 

4 

16 

... 

96 

32       1 

•  •• 

•  •• 

4 

18 

ii 

10 

108 

36 

.    13 

84 

4| 

20 

12 

120 

40 

Boond  rope  in  plt^luifta  mnst  be  worked  to  tlie  auu  load  m  flat  ropee. 

Tabub  U. 
Flat  Wire  Jiopa,/or  pitt,  hoitU,  4^.  ^c. 


Hemp 

Iron 

Steel 

BqnlnlentMnoftt 

BiMln 
Inohee 

Lbe.  weight 
perfstbom 

sue  In 
Inohee 

Ltx.  weight 
per  fftthom 

Btioln 
Inchee 

Lbe.  weight 
perfethom 

WorUng 

lOMl 

BreattK 
(tain 

4    xli 
6    xU 
6*xl 
6|xl| 

6  xl 

7  xl4 
8*x2j 
8}x2i 
9   x2 
9^x2 

10    x2 

20 
24 
26 
28 
30 
36 
40 
46 
60 
66 
60 

2ixJ 
2tx 
2}xf 
3   X 
34x 
8   X 

3  xtl 

4  X 
4ix} 
4    X 
4|x 

11 
13 
16 
16 
18 
20 
22 
26 
28 
32 
34 

... 

2'x4 
2ixi 

X 

pxj 
3   X 
Six 
3*x 

16 
11 

12 
13 
16 
16 
18 
20 

Cwtfc 

44 

62 

60 

64 

72 

80 

88 

110 

112 

128 

136 

Tone 

20 

23 

27 

38 

33 

36 

40 

46 

60 

66 

60 

steam  ploughing,  and  it  may  eafeljr  be  said  that  steam  j^ou^ing  would  have  temaiDwl 
an  impoisible  project  withont  the  st«el  wire-iope.  The  veiy  great  distances^  <d^ 
reaching  to  300  yards  or  more,  to  which  the  power  is  carried  by  means  of  the  win- 
rope  in  steam  ploughing,  would  seem  to  point  to  its  application  to  other  pniposes  in 
which  power  is  required  to  be  transmitt«d  to  great  distances.    Hany  and  raried  ue 
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wbat  may  be  termed  the  domeetic  applicatioiw  of  wire.  Wire  fences,  bell-polla^  &nd,  in 
the  form  of  gauze,  to  yentilators,  are  only  a  few  of  these.  Auother  meet  interesting 
employment  of  wire,  even  in  a  strictly  scientific  sense,  is  for  the  strings  of  pianofortes. 
Steel  wire  is  now  solely  used  for  this  purpo^.  Professor  W.  Pole,  at  the  request  of 
the  Messrs.  Broadwood,  the  pianoforte-mailers,  some  time  ago  made  a  number  of 
experiments  on  this  kind  of  wire ;  of  which  he  gave  a  short  account  at  the  Birmingham 
Institution  of  Mechanical  Engineers.  Some  ^  the  steel  wire  he  tested,  which  was 
made  in  Germany,  bore  as  much  as  110  and  120  tons  to  the  square  inch,  or  about 
double  the  breaking  strength  of  good  steel.  Suspension  bridges,  a  few  years  ago,  used 
to  be  made  very  eztensirely  of  wire.  The  two  most  celebrated  erections  of  this  kind 
ore  those  of  Niagara  and  Freiberg ;  the  wire  of  the  first  was  made  in  Manchester, 
and  broke  at  40  tons  to  the  square  inch,  while  that  of  Freiberg  was  mode  in  Switzer- 
land, and  stood  50  tons  to  the  square  inch.  The  carding  of  wool  and  cotton  is  also 
effected  by  means  of  wire.  Brushes  of  all  kinds  are  now  made  of  steel  and  iron  in  this 
form,  even  hair-brushes.  It  is  more  than  probable  that  wire  would  be  much  more  used 
for  constructire  purposes  if  some  good  and  generally  applicable  means  for  preventing 
the  corrosion  of  iron  and  steel  could  be  brought  forward.  In  fitct,  that  is,  for  all 
applications  of  iron,  almost  the  problem  of  the  dny.  .  It  has  been  noticed  by  careful 
obsorveis  that,  though  Swedish  charcoal  iron-wire  has  about  the  same  ultimata 
breaking  tensile  strength  as  other  wire,  it  is  neverthelcw  much  more  economical 
than  common  wire  for  rope  and  other  purposes  in  which  elasticity  and  supple* 
ness  are  required — another  proof  that  breaking  strength  alone  is  a  very  unreliable 
quality. 

The  ultimata  strength  of  wire  generally,  and  especially  that  of  iron  and  steel 
wire,  almost  always  decreases  as  the  diameter  increases — as  is  also  the  case  with 
forged  and  rolled  bars,  in  which  the  metals  are  united  in  greater  bulk.  Some 
very  small  kinds  of  charcoal  wire  only  break  with  loads  of  about  100  tons  to  the 
square  inch;  while  the  average  strength  of  wire  may  bo  taken  as  double  that 
of  rolled  bar.  Boiled  bars,  of  various  qualities,  possess  breaking  strengths  ranging 
from  20  to  40  tons  to  tjie  square  inch,  and  iron  wire  will,  on  an  average,  be 
also  foaud  to  vary  from  40  to  even  80  tons  to  the  square  inch.  The  most  eztensiye 
series  of  experiments  on  wires  has  been  due  to  M.  Leblanc,  who  built  a  rather  con- 
siderable bridge  of  wire  at  Soche-Bernard,  in  France.  Amongst  other  important 
inquiries,  he  also  investigated  the  question  whether  wires  of  a  great  length  did  not 
give  less  resistance  tlian  shorter  lengths  on  account  of  the  prolmbla  greater  number 
of  flaws.  He  thus  took  from  twelve  sets  of  different  wire  twelve  pieces  two  meters 
long  and  twelve  pieces  twenty-six  meters  long,  and  submitted  them  to  tensile  loads. 
The  wire  was  rather  more  than  one-eighth  of  an  inch  in  diameter.  The  resistance 
of  the  short  pieces  was  found  to  be  almost  the  same  as  that  of  the  long  lengths.  By 
means  of  some  experiments  extending  over  a  lengthened  period,  M.  Leblanc  also 
found  that  a  wire  can  support  during  three  months  a  tension  at  loist  ei^ual  to  nine- 
tenths  of  that  which  would  break  it  without  diminishing  its  ultimate  breaking  strength, 
though  undergoing  elongations  of  0'00£96  of  its  original  length.  General  Morin 
also  carried  out,  some  years  ago,  a  number  of  experiments  on  long  lengths  of 
wire,  in  order  to  determine  the  important  question  whether  wires  take  a  permanent 
set  with  the  smallest  loads :  a  fact  maintained  by  Mr.  Hodgkinson,  and  which  would 
appear  to  militate  against  the  doctrine  of  the  elastic  limit.  The  trials  were  conducted 
with  very  great  nicety,  and  their  results  seem  to  show  that  the  permanent  sets  ob- 
served by  Mr.  Hodgkinson  were  due  to  the  bends  taken  by  the  wire  when  coiled,  and 
which  afterwards  get  stretched  out  under  the  loads,  as  also  partly  to  variations  of 
temperature.  In  general  it  may  be  observed  that  wire,  as  compared  with  bar  iron, 
seems  to  be  better  for  undergoing  impulsive  forces,  as  it  is  perfectly  elastic  under 
loads  which,  cross-section  for  cross-section,  would  break  rolled  or  forged  iron.  Both 
rolled  iron  and  wire  seem  to  be  able  to  support  for  a  length  of  time  static  loads  of  an 
amount  very  near  that  which  would  produce  rupture.  The  elongations  are  also  in 
proportion  to  the  loads,  but  this  proportionality  seems  to  cease  sooner  with  wire 
than  with  wrought  iron.  The  irregularity  of  the  elongations  begins  with  wrought 
iron  with  loads  cf  about  half  the  breaking  loads,  and  with  wire  at  about  one* 
third  or  one-fourth  of  the  load  that  would  cause  rupture.  Annealing,  or  cooling 
down  slowly  &om  a  red. heat,  has  the  same  effect  on  wire  as  on  wrought  iron ;  that 
is  to  say,  the  ductility,  and  the  softness,  of  both  is  increased,  but  their  elasticity, 
and  also  breaking  strength,  are  considerably  diminished.  But  few  experiments 
have  yet  been  published  on  the  strength  and  other  mechanical  qualities  of  steel  wire. 
It  may,  however,  be  taken  to  have,  on  an  average,  twice  the  ultimate  strength  of  iron 
vrire,  and  a  proportionately  greater  elasticity,  comparing  diameter  with  diameter. 
These  qualities  allow  steel  wire-rope  to  be  made  little  more  than  half  the  weight  of 
iron  wire-rope,  with  the  same  ultimate  breaking  strength.    The  additional  elasticity 
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of  steel  triie  and  of  steel  wire-rope  renders  it  mnch  more  supple,  and  leee  liabla  tt 
injury  through  being  bent  over  a  dmm.  A  steel  rope  easily  straightens  of  itself  after 
being  bent  even  to  a  small  angle,  which  is  not  the  case  with  iron  wiie-rope.  Tkt 
duration  of  all  ropes  is  very  greatly  inflnonced  by  the  many  bondings  to  and  fio 
to  which  thqy  are  subjected,  and  these  influences  are  intensified  by  corrosioii.  Eotii 
the  mechamcal  and  the  chemical  sources  of  deterioration  act  in  a  less  degree  on  iteel 
wire,  as  it  is  stronger,  and  is,  at  the  same  time,  less  subject  to  oorrosion,  aa  tbt 
carbon  it  contains,  however  slight,  greatly  impedes  the  action  of  rust. '  It  haa  ben 
proved  that  wire-rope  which  is  made  of  soft  annealed  wire  cannot  stand  one-qiuita 
or  one-sixth  of  the  bending  to  and  fro  that  it  can  stand  if  made  of  the  same  vin  ato 
it  has  been  hardened.  It  is  to  be  noticed  that,  although  it  can  matter  but  little  u 
regards  absolute  length  whether  a  wire-rope  elongates  or  takes  a  permanent  act,  ii 
practice  this  is  not  the  case  as  to  its  cross-section  or  the  arrangement  of  its  stiaoih, 
which  is  injured  if  the  material  too  easily  takes  a  permanent  set  It  is  easy  to  imagiie 
cases  in  which  this  very  softness  and  ductility  is  cf  great  value.  In  the  same  mj  n 
should  imagine  that  the  beet  pianoforte-wire  ought  to  have  a  certain  elastic  Unit 
or  a  limit  up  to  which  it  will  elongate  temporarily  without  taking  a  permaist 
set,  and  a  certain  amount  of  ductility  or  power  of  elongation  without  mptan,  vliile 
it  should  have  a  certain  ultimate  breaking  strength.  The  same  is  the  case  villi  ti» 
other  many  applications  of  wire;  most  of  which,  however,  will  be  best  emted  by 
a  high  limit  of  elasticity,  or  the  power  of  elongating  temporarily  without  taking  » 

Sirmanent  set.    The  principal  seat  of  the  iron  wire  manufacture  in  England  a 
irmingham.     The  most  important  improvement  to  be  looked  for  in  the  wiie  nam- 
facture  is  some  easy  and  cheap  means  of  drawing  very  long  lengths  of  wire, 

WOAS  {Cfuide,  Pastel,  Fr. ;  Waid,  Qer. ;  Guado,  It),  the  Itatu  tturforir,  lina, 
is  almost  the  only  plant  growing  in  the  temperate  zone  which  is  known  to  piodiia 
indigo.  It  is  an  herbaceous,  biennial  plant  belonging  to  the  natural  order  Oruaja*, 
and  bears  yellow  flowers  and  large  flattened  seed-vessels,  which  are  often  streaked ntb 
purple.  The  leaves,  which  are  the  only  part  of  the  plant  employed  in  djreing,  art 
large,  smooth,  and  glaucous,  like  cabbage-leaves,  but  exhibit  no  external  m(ficati«i 
of  the  presence  of  any  blue  colouring-matter,  which  indeed,  according  to  moden 
researches,  is  not  contained  in  them  rmdy  formed.  The  plant  called  by  the  Somau 
gUatum,  with  which,  according  to  Pliny,  the  Britons,  dyed  their  skins  blue,  is  np- 
posed  to  be  identical  with  woad.  Before  the  introduction  of  indigo  into  the  dye-honaa 
of  Europe,  woad  was  generally  nsed  for  dyeing  blue,  and  was  extensively  cuUivstad  a 
various  districts  of  Europe,  such  as  Thuringia,  in  Genhany ;  Languedoc,  in  Fiance; 
and  Piedmont,  in  Italy.  To  these  districts  its  cultivation  was  a  sonros  of  gn*t 
wealth.  Beruni,  a  rich  woad  manufacturer  of  Toulouse,  became  surety  for  the  par- 
ment  of  the  ransom  of  his  king,  Francis  I.,  then  a  prisoner  ci  Charles  V.,  in  Sf^ 
The  term  Payt  de  oocaigme,  denoting  a  land  of  great  wealth  and  fertili^,  »  indeM 
supposed  to  be  derived  from  the  circumstance  that  the  woad  balls,  called  ia  YiaA 
eoeaignea,  were  manufactured  chiefly  in  Languedoc. 

The  woad-lcaves  were  not  employed  by  the  dyer  in  their  crude  state,  bnt  *«• 
previously  subjected  to  a  process  of  fermentation,  for  the  purpose  of  eUminating  t» 
colouring-matter.  The  seed  having  been  sown  in  winter,  or  eariy  spring,  thi 
plants  were  allowed  to  grow  until  the  leaves  were  about  a  span  long,  and  had  sniunw 
the  rich  glaucous  appearance  indicative  of  maturity,  when  they  were  stripped  or  eat 
off  The  cropping  was  repeated  several  times,  at  intervals  of  five  or  six  weela,  nn™ 
the  approach  of  winter  put  a  stop  to  the  growth  of  the  plant  The  leaves  set  np  m 
the  succeeding  spring  yielded  only  an  in^rior  article  (called  in  German  Ko»f^ 
waid),  and  it  was  therefore  customary  to  keop  only  as  many  plants  until  the  fbllomag 
year  as  were  required  for  obtaining  seed,  which,  tha  plant  being  biennial,  is  oj^ 
produced  in  the  second  year.  The  leaves,  after  being  gathered,  were  slightly  dried, 
and  then  ground  in  a  mill  to  a  paste.  In  Germany  it  was  usual  to  lay  this  pake  uW 
a  heap  for  about  twenty-four  hours,  and  then  form  it  by  hand  into  liurge  balls, ^™" 
were  first  dried  partially  in  the  sun,  on  lattice-work  or  rushes,  and  then  piW  "P 
in  heaps  a  yard  high,  in  an  airy  place,  but  under  cover,  when  they  diminMhed  u 
sise  and  became  hard.  These  balls,  when  of  good  quality,  exhibited,  oD  bemS 
broken,  a  light  blue  or  sea-green  colour.  They  are  usually  sold  in  this  ■'*'''° 
manufacturers,  by  whom  they  were  subjected  to  a  second  process  in  order  to  «n^ 
them  fit  for  the  use  of  the  dyer.  This  process  was  conducted  in  the  ^''''"T'JJ 
manner : — The  woad  balls  were  first  broken  by  means  of  wooden  hammen,  sad  t» 
triturated  mass  was  heaped  up  on  a  wooden  floor,  sprinkled  with  watff,  sometimei 
with  a  little  wine,  and  allowed  to  ferment  or  putrefy.  The  mass  became  vaiy  not, 
and  emitted  a  strong  ammoniacal  odour,  and  much  vapour.  In  order  to  le^folate  tw 
process,  it  was  frequently  turned  over  with  shovels,  *nd  again  sprinkled  with  f^ 
When  the  heat  had  subsided,  uie  mass,  which  had  become  dry,  was  pounded,  ps"*' 
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thronga  sieve*,  and  then  packed  in  t>ands  ready  for  nse,  Ii  had  the  appearance  of 
pigooDk'  dnng. 

In  France  the  paste  obtained  by  ponnding  the  woad-Ieaves  was  taken  to  a  room 
with  a  sloping  pavement,  open  at  one  end,  laid  in  a  heap  at  the  higher  end  of  the 
room,  and  allowed  to  ferment  for  a  period  of  twenty  or  thirty  days.  The  mass 
swelled  np  and  often  showed  cracks  or  fissures,  which  were  always  carefully  closed  as 
soon  as  they  appeared,  whilst  a  black  jnice  exuded  and  ran  away  in  gutters  constructed 
for  the  purpose.  When  the  fermented  heap  had  become  moderately  dry,  it  was  ground 
again  and  nrmed  into  cakes,  called  in  French  eomus,  which  were  then  fully  dri^,  and 
in  this  state  brought  to  market  In  France  and  Italy  a  second  fermentation  was  not 
generally  thought  essential,  but  when  performed  it  was  conducted  exactly  in  the  manner 
just  described. 

At  the  present  day  woad  is  nowhere  employed  alone  for  the  purpose  of  dyeing 
blue,  since  it  is  found  more  economical  to  use  indigo,  and  tbe  cultivation  of  the  plant 
has  therefme  declined  considerably,  and  has  even  become  nearly  extinct  in  districts 
where  it  was  formerly  carried  on  extensively.  By  woollen  dyers,  however,  it  is  still 
nsed,  but  only  as  a  means  of  exciting  fermentation,  and  thus  reducing  the  indigo  blue 
in  their  vats;  indeed,  the  woad  employed  by  them  contain*  little  or  no  blue  eolonring- 
mattAT.    See  Indioo. 

Numerous  attempts  have  been  made  to  extract  the  bine  colonring-nuitter  from 
woad,  in  the  same  way  that  indigo  is  extracted  from  the  leaves  of  the  Indigo/era  in 
the  East  Indies  and  other  countries.  At  the  commencement  of  the  present  century, 
when  the  price  of  indigo  on  the  Continent  of  Europe  was  veiy  high,  a  prize  of 
100,000  francs  was  even  offered  by  the  French  Government  for  the  discovery  of  a 
method  of  obtaining  from  tlie  Isatu  tinctoria,  or  some  other  natiie  plant,  a  dyeing 
material,  which,  both  in  regard  to  price  and  the  beauty  and  solidity  of  its  colour,  should 
form  a  perfect  substitute  for  inmgo.  The  experiments  which  were  made  in  conse- 
quence served  to  prove  that  it  was  quite  possible  to  obtain  genuine  indigo  from  woad- 
leaves,  but  that  the  procen  could  never  be  carried  on  profitably  on  account  of  the 
very  small  proportion  of  colouring-matter  contained  in  the  plant.  Nine  parts  of  fresh 
leaves  yield  oiUy  one  part  of  the  prepared  material  or  pastel,  and  the  latter  does  not 
s£B>id  more  than  2  per  cent,  of  its  weight  of  indigo.  According  to  Chevreul,  the 
leaves  of  the  Indigo/era  anil,  even  when  grown  in  t£e  neighbonrhood  of  Paris,  con- 
tain 80  times  as  much  indigo-blne  as  those  of  the  Isatit  tinctoria,  and,  when  cultivated 
in  tropical  countries,  the  amount  is  probably  still  higher.  The  comparatively  high 
price  of  land  and  labonr  would  probably  itself  prove  a  sufficient  obstacle  to  the  snc- 
cessM  manufacture  of  indigo  in  most  European  countries,  even  if  the  yield  were  equal 
to  what  it  is  in  the  tropici<. 

In  1808  Chevreul  published  the  results  of  his  analyris  of  woad  and  pastel.  It  has 
more  recently  been  made  the  subject  of  chemical  investigation,  for  tne  pnrpose  of 
ascertaining  the  state  in  which  indigo-blue  exists  in  plants  and  other  orgamsms.  Sea 
Indioo. — E.  S. 

^irOOB-MtaSXKVIirO.  The  preservation  of  wood  from  decay  depends  npon 
the  combination  of  the  vegetable  albumen  with  some  metallic  salt  or  some  powerful 
antiseptic  agent.  Bethelfs  invention,  which  was  much  employed,  consista  in  im- 
pregnating wood  throughout  with  oil  of  tar  and  other  bituminous  matters  containing 
creosote,  and  also  with  pyrolignite  of  iron,  which  holds  more  creosote  in  solution 
than  any  other  watery  menstruum. 

The  wood  was  put  in  a  doso  iron  tank,  like  a  high-pressure  steam-boiler,  which 
was  closed  and  filled  with  the  tar  oil  or  pyrolignite.  The  air  being  exhausted  by 
air-pumps,  afterwards  more  oil  or  pyrolignite  was  forced  in  by  hyd^tetic  pnmps, 
nntil  a  pressure  equal  to  ftem  100  to  ISO  lbs.  to  the  inch  was  obtained.  This  pres- 
sure was  kept  np  by  the  frequent  working  of  the  pumps  during  six  or  seven  hours, 
whereby  the  wood  became  thoroughly  saturated  with  the  tar  oil,  or  the  pyrolignite  of 
iron,  and  weighed  from  8  to  12  pounds  per  cube  foot  heavier  than  before. 

In  a  large  tank  20  loads  of  timber  per  day  could  be  prepared.  The  atmospheric 
action  on  wood  thus  prepared  renders  it  tougher,  and  infinitely  stronger.  A  post 
made  of  beech,  or  even  of  Scotch  fir,  is  rendered  more  durable,  and  as  strong  as  one 
made  of  the  best  oak;  the  bituminous  mixture  with  which  all  its  pores  are  filled 
acting  as  a  cement  to  bind  the  fibres  together  in  a  close  toagh  mass ;  and  the  more 
porous  the  wood  is,  the  more  durable  and  tough  it  becomes,  as  it  imbibes  a  greater 
quantity  of  the  bituminous  oil,  which  is  proved  by  iU  increased  weight.  The  materials 
which  are  injected  preserve  iron  and  metals  from  corrosion ;  and  an  iron  bolt  driven 
into  wood  so  saturated  remains  perfectly  sound  and  free  from  rust.  It  also  resista  the 
attack  of  insecta. 

The  effect  prodoeed  is  that  of  perfectly  coagulating  the  albumen  in  the  sap,  thns 
preventing  its  putie&etioa    For  wood  that  will  be  much  e^osed  to  the  weather,  and 
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iklteriiately  vet  and  dry,  the  mere  ooagulntion  of  tlie  sap  is  not  sniBeieiit ;  finalthoigli 
tihe  albomen  contaiaed  in  the  sap  of  the  wood  is  the  most  liable  and  the  first  to  pibefjr. 
yet  the  ligneous  fibre  itself,  after  it  has  been  derived  of  all  sap,  Trill,  when  exponl 
in  a  warm  damp  sitnatiou,  rot  and  crumble  into  dust.  To  preserve  wood,  thenfbn, 
that  will  be  much  exposed  to  the  weather,  it  is  not  only  necessary  that  the  sap  should 
be  coagulated,  but  that  the  fibres  should  be  protected  &om  moisture. 

Wood  prepared  with  petroleum  for  sleepers,  piles,  polss^  fencing,  Ssc,  is  notafieled 
by  alternate  exposure  to  wet  and  dry ;  it  requires  no  painting,  and  after  it  ha*  baa 
exposed  to  the  air  for  some  da^s  it  loses  every  unpleasant  smell. 

For  railway  sleepers  it  is  highly  useful,  as  the  commonest  Sootch-fir  sleeper,  whes 
thus  prepared,  will  last.  Posts  for  gates  or  fencing,  if  prepared  in  this  nunner,  wty 
be  made  of  tjcotch  fir.  The  processes  which  have  been  introduced  for  impregiiatiii; 
wood  with  the  protosulphate  of  iron,  corrosive  sublimate,  chloride  of  lime,  aid 
similar  substances,  are  also  much  employed,  and  many  of  them  have  been  iaii 
to  be  very  useful  as  preservative  agents.  The  tungstate  of  soda  has  been  firand  to  bi 
a  useful  preservative  of  wood. 

^Rroor  is  the  same  as  Wbft. 

WOO&>  In  reference  to  textile  fabrics,  sheep's  wool  is  of  two  difierent  soitt,  tin 
short-  and  the  long-stapled ;  each  of  which  requires  different  modes  of  mannfsctan  ia 
the  preparation  and  spinning  processes,  as  also  in  the  treatment  of  the  cloth  after  it  it 
woven,  to  fit  it  for  the  market.  Each  of  these  is,  moreover,  distinguished  in  eaanum 
by  the  names  of '  fieece  wools '  and  '  dead  wools,'  according  as  they  have  been  shflca  it 
the  usual  annual  period  fmm  the  living  animal,  or  are  eut  from  ita  skin  after  dettL 
The  latter  are  comparatively  harsh,  weak,  and  incapable  of  imbibing  the  dyeing  pm- 
ciples,  more  especially  if  the  sheep  has  died  of  some  malignant  distemper.  Ti* 
annular  pores,  leading  into  the  tubular  cavities  of  the  filaments,  seem,  in  ihia  <a» 
to  have  shrunk  and  become  obstructed.  The  time  of  year  for  sheep-shearing  moit 
favourable  to  the  quality  of  the  wool,  and  the  comfort  of  the  animal,  is  dnring  tb 
month  of  June — tbe  period  when  Lord  lioicester  holds  his  celebrated  rural  fke  for 
that  interesting  purpose. 

The  wool  of  the  sheep  has  been  surprisingly  improved  by  its  domestic  culture,  lie 
moujlon  {OvU  ariei),  the  parent  stock  from  which  our  sheep  is  undoubtedly  deriM 
and  which  is  still  found  in  a  wild  state  upon  the  mountains  of  Saidioia,  CoiaOi 
Barbary,  Qieeoe,  and  Asia  Minor,  has  a  very  short  and  coarse  fleece,  more  like  luii 
than  wool.  When  this  animal  is  brought  under  the  fostering  care  ot  man,  the  ml: 
fibres  gradually  disappear ;  while  the  soft  wool  round  their  roots,  little  conspicsoos  ii 
(he  wild  animal,  becomes  singularly  developed.  The  male  most  speedily  undeigM 
this  change,  and  continues  ever  afterwards  to  possess  far  more  power  in  modi^riiig 
the  fieece  of  the  offipring  than  the  female  parent  The  produce  of  a  hreed  tcm* 
coarse-wooUed  ewe  and  a  fine-woolled  ram,  is  not  of  a  mean  quality  between  tb 
two,  but  half-way  nearer  that  of  the  sire.  By  coupling  the  female  thus  geaentid 
with  such  a  male  as  the  former,  another  improvement  of  one-half  will  be  obtau»d, 
affijrding  a  staple  three-fourths  finer  than  that  of  the  grandam.  By  proceeding  in- 
versely, the  wool  would  be  as  rapidly  deteriorated.  It  is,  therefore,  a  matter  d 
the  first  consequence  in  wool  husbandry,  to  exclude  from  the  flock  all  coarte-flaeced 
rams. 

Long  wool  is  the  produce  of  a  peculiar  variety  of  sheep,  and  varies  in  the  length  of 
its  fibres  from  3  to  8  inches.  Such  wool  is  not  carded  like  cotton,  but  combed  lib 
flax,  either  by  hand  or  appropriate  machinery.  Short  wool  is  seldom  longer  thai  3 
or  4  inches  |  it  is  susceptible  of  carding  and  felting,  by  which  processes  the  filamaiiti 
become  densely  matted  together.  The  shorter  sorts  of  combing  wool  are  used  princi- 
pally for  hosiery,  though  of  late  years  the  finer  kinds  have  beien  extensively  worked 
up  into  merino  and  mousseline-de-laine  fiibrics.  The  longer  wools  of  the  Leieesttf- 
shire  breed  are  manufactured  into  hard  yams,  for  worsted-pieces,  such  as  boinbaziiies> 
poplins,  crapes,  Orleans,  &c. 

The  wool  of  which  good  broad-cloth  is  made  should  be  not  only  shorter,  bat, 
generally  speaking,  finer  and  softer  than  the  worsted  wools,  in  order  to  fit  them  6* 
the  fulling  process.  Some  wool-sorters  and  wool-staplers  acquire  by  practice  gnat 
nicety  of  discernment  in  judging  of  wools  by  the  touch  and  traction  of  the  fisgeo. 
The  filaments  of  the  finer  qualities  vary  in  thickness  from  ^^  to  ^^  of  an  iseh ; 
their  structure  is  very  curious,  exhibiting,  in  a  good  aclmimatio  microeoc^  at 
intervals  of  about  ^  of  an  inch,  a  series  of  serrated  rings,  imbricated  toini^ 
each  other,  like  the  joints  of  Eguiutum,  or  rather  like  the  scaly  sones  of  a  seipent'i 
skin. 

The  fleece  of  an  average  English  sheep  contains  five  distinct  long  sorts  and  thiw 
short  sorts.  The  short  sorts  grow  on  the  belly  of  the  sheep,  the  &ieet  being  va^ 
the  nock  and  the  fore-legs.    Of  the  long  sorts,  the  finest  is  on  the  shouldeis.  Xh» 
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next  occupies  a  position  almost  semicircular  ronnd  the  finest  sort,  commen<nng  at  the 
head,  and  extending  to  the  belly.  The  third  sort  adjoins  the  second,  and  is  of  a  some- 
what triangular  shape,  the  base  being  on  the  top  of  the  back.  The  fourtJi  adjoins  the 
third  on  one  side,  the  other  side  of  it  being  the  fifth,  which  covers  the  ramp,  and 
runs  dovm  almost  straight,  3  or  4  inches  wide,  to  where  the  wool  terminates  on  the 
hind-lecs. 

The  harshness  of  wools  is  dependent  not  solely  upon  the  breed  of  the  animal,  or  the 
climate,  but  is  owing  to  certain  peculiarities  in  the  pasture,  derived  from  the  soil.  It 
is  known,  that  in  sheep  fed  upon  chalky  districts,  wool  is  Apt  to  get  harsh ;  but  in 
those  upon  a  rich  loamy  soil,  it  becomes  soft  and  silky.  The  ardent  sun  of  Spain 
Mnders  the  fleece  of  the  Merino  breed  harsher  than  it  is  in  the  milder  climate  of 
Saxony.  The  Angoia,  or  Angola,  or  Angona  wool,  from  Agnolia,  39°  53'  K.  lat., 
32°  52'  K  long.,  owes  its  beantiful  character  to  the  place  of  its  growth.  This  wool 
is  the  same  as  Mohair.  Smearing  sheep  with  a  mixture  of  tor  and  butter  is  deemed, 
in  cold  countries,  fiavourable  to  the  softness  of  their  wool. 

All  wool,  in  its  natural  state,  contains  a  quantity  of  a  peculiar  potash-soap,  secreted 
by  the  animal,  called  in  this  country  the  yol&  ;  which  may  be  washed  out  by  water 
alone,  with  which  it  forms  a  sort  of  lather.  It  constitutes  from  25  to  60  per  cent,  of 
the  wool,  being  moat  abundant  in  the  Merino  breed  of  sheep ;  and,  however  favour- 
able to  the  growth  of  the  wool  on  the  living  animal,  should  be  taken  out  before  or 
soon  after  it  is  shorn,  lest  it  injure  the  fibres  by  fermentation,  and  cause  them  to  be- 
come hard  and  brittle.  After  being  washed  in  water,  somewhat  more  than  lukewarm, 
the  wool  should  bo  well  pressed,  and  carefully  dried.    See  StTurr. 

Mr.  Hicks,  of  Hnddersfleld,  obtained  a  patent  some  years  ago  for  a  machine  fot 
cleaning  wool  from  burs.  It  consists  of  4  rotatory  beaters,  which  act  in  succession. 
The  wool  having  been  opened  and  spread  upon  a  feeding-cloth,  is  carried  by  it  to  the 
drawing-rollers,  and  is  then  delivered  to  the  action  of  the  beater,  by  which  it  is  carried 
along  a  curved  grating  to  the  feed-cloth  of  another  beater,  so  as  to  be  made  eventually 
qnite  dean. 

^700&  BTanra.    See  Bykinq. 

WOOKUBV  KAamPAcnrBa.  In  this  branch  of  business,  a  short-stapled 
soft  wool  is  required  capable  of  being  milled  or  felted,  so  that  in  the  after-processes  a 
finer  finish  may  be  brought  upon  the  cloth. 

When  the  wool  is  brought  into  the  woollen  factonr,  it  is  first  of  all  washed  by  men 
with  soap-and-water,  wlio  are  paid  for  their  labour  by  the  piece,  and  are  each  assisted 
by  a  boy,  who  receives  the  wool  as  it  issues  from  between  the  drying  tqueexeri  (see 
BLBACKlKa).  The  boy  carries  off  the  wool  in  baskets,  and  sproads  it  evenly  upon  the 
floor  of  the  drying-room,  usually  an  apartment  over  the  boilers  of  the  steam-engine, 
which  is  thus  economically  heated  to  the  proper  temperature.  The  health  of  the  boys 
employed  in  this  business  is  not  found  to  be  at  all  injured. 

The  wool,  when  properly  dried,  is  transferred  to  a  machine  called  the  plucktr, 
which  is  always  superintended  by  a  boy  12  or  14  years  of  age,  being  very  light  work. 
He  lays  the  tresses  of  wool  pretty  evenly  npon  uie  feed-apron,  or  table  covered  with 
an  endless  moving  web  of  canvas,  which,  as  it  adrances,  delivers  the  ends  of  the 
long  tufts  to  a  pair  of  fluted  rollers,  whence  it  is  introduced  into  a  fuming  apparatus, 
somewhat  similar  to  the  uriilow  employed  in  the  ootton  manufacture,  which  sec.  The 
filaments  are  turned  out  at  the  opposite  end  of  this  winnowing  machine,  straightenpdj 
cleaned,  and  ready  for  the  combing  operation.  According  to  the  old  practice  of  the 
trade,  the  wool  was  carded  and  combed  by  hand,  but  this  is  now  entiniiy  superseded 
by  machinery.  This  was  far  more  severe  labour  than  any  subservient  to  machinery, 
and  was  carried  on  in  rooms  rendered  I        2113 

close  and  hot  by  the  number  of  stoves      ^^"—^  «  ■ill 

requisite  to  heat  the  combs,  and  so  enable 

them  to  render  the  fibres  soft,  flexible,  /CvJ^^flH  z    llillllH  ' 

and  elastic    This  was  a  task  at  which  WdlHIl 

only  robust  men  were  engaged.     They  ^^ 

use  three  implements :  I,  a  pair  of  combs  "lUIRII    "lltlllFC         <^ 

for  each  person ;  2,  a  post,  to  which  one 
of  the  combs  can  be  fixed ;  3,  a  comb- 
pot  or  small  stove  for  heating  the  teeth 
of  the  combs.  Each  comb  is  composed  either  of  two  or  three  rows  of  pointed  tapering 
steel  teeth,  b,  jig.  2118,  disposed  in  two  or  throe  parallel  planes,  each  row  being  a 
little  longer  than  the  preceding.  They  are  made  fast  at  the  roots  to  a  wooden 
stock  or  head  c,  which  is  covert  with  horn  and  has  a  handle  d,  fixed  into  it  at  right 
angles  to  the  lines  of  the  teeth.  The  spfices  between  these  two  or  three  planes  of 
teeth  is  about  one-third  of  an  inch  at  their  bottoms,  but  somewhat  more  at  their 
tips.     The  first  combing,  when  the  fibres  are  most  entangled,  is  performed  with 
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'the  tvo-iov  toothed  combe;  the  second  or  finishing  combing,  with  the  thiee-iov 

toothed. 

'In  the  woikshope  a  poet,  Jig.  21 19,  is  planted  nfrigfat,  for 
Testing  the  combe  ocoanonally  npon,  dnring  the  operstioB. 
An  iron  stem  g,  projects  from  it  horizontally,  haying  its 
end  turned  up,  so  as  to  pass  through  a  hole  in  the  handle 
of  the  comb.  Near  its  point  of  insertion  into  the  post,  then 
is  another  staple  point,  h,  which  enters  into  the  hollow  end 
of  the  handle ;  which,  between  these  two  catchea,  is  firmly 
secured  to  the  post.  The  stove  is  a  rery  simple  affair,  eon- 
sisting  merely  of  a  fiat  iron  plate,  heated  by  fire  or  ctaam, 
and  surmounted  with  a  similar  plate,  at  an  intorral  sufficient 
to  allow  the  teeth  to  be  inserted  between  them  at  one  side, 
which  is  left  open,  while  the  space  between  their  edges,  on 
the  other  rade,  is  closed  to  confine  the  heat. 


y 


In  combing  the  wool,  the  workman  takes  it  up  i 
of  about  four  oonces  each,  sprinkles  it  with  oil,  and  rolls 
it  about  in  his  hands,  to  render  all  the  filaments  equally 
unctnons.  Some  harsh  dry  wools  require  one-sixteenth  <^ 
their  weight  of  oil,  others  no  more  than  a  fortieth.  He 
next  atta^es  a  heated  comb  to  the  post,  with  its  teeth 
pointed  upwards,  seizes  one-half  the  tress  of  wool  in  hii 
hands,  throws'it  over  the  teeth,  then  draws  it  through  them, 
and  tha*  repeatedly:  leaving  a  few  straight  filaments  each  time  npon  the  comb. 
When  the  comb  has  in  this  way  collected  nil  the  wool,  it  is  placed  with  its  points 
inserted  into  the  cell  of  the  stove,  with  the  wool  hanging  down  outside,  exposed 
to  the  influence  of  the  heat.  The  other  comb,  just  removed  in  a  heated  state  from 
the  stove,  is  planted  upon  the  post,  and  furnished  in  its  turn  with  the  remain- 
ing two-ounce  tress  of  wool ;  after  which  it  supplants  the  preceding  at  the  store. 
Having  both  combs  now  hot,  he  holds  one  of  them  with  his  left  band  over  his  knee, 
being  seated  upon  a  low  stool,  and  seizing  the  other  with  his  right  hand,  he  umbs 
the  wool  upon  the  first,  by  introducing  the  teeth  of  one  ccnnb  into  the  wool  stock  in 
theother,  and  drawing  them  through  it.  This  manipulation  is  skilfully  repeated,  tiH 
the  fibres  are  laid  truly  parallel  like  a  flat  tress  of  hair.  It  is  proper  to  begin  by  comb- 
ing the  tips  of  the  tress,  and  to  advance  progressively,  from  the  one  end  towards  the 
other,  till  at  length  the  combs  are  workeid  with  their  teeth  as  closely  together  as  is 
possible,  without  bringing  them  into  collision.  If  the  workman  proceeded  otherwise, 
he  would  be  apt  to  rupture  the  filaments,  or  tear  their  ends  entirely  out  of  one  <^  the 
comlw.  The  flocks  left  at  the  end^  of  the  process,  because  they  are  too  short  for  the 
comber  to  grasp  them  in  his  hand,  are  called  noyb.  They  are  unfit  for  the  worsted 
spinner,  and  are  reserved  for  the  coarse  cloth  manufacturer. 

The  wool  finally  drawn  off  from  the  comb,  thongh  it  may  ibnn  a  uniform  treas  of 
straight  filaments,  must  yet  be  combed  agun  at  a  somewhat  lower  temperature,  to 
prepare  it  perfectly  for  the  spinning  operation.  From  ten  to  twelve  slivers  are  then 
arranged  in  one  parcel. 

To  relieve  the  workman  from  this  laborious  and  not  very  salubrious  task  has  been 
the  object  of  many  mechanical  inventions.  One  of  these,  considerably  em|do;yed  in 
this  country  and  in  France,  is  the  invention  of  the  late  Hr.  Jvim  CoUier,  of  Puis, 
for  which  a  patent  was  obtained  in  England,  under  the  name  of  John  Hatt,  of  Sal- 
ford,  in  November  1827.  It  conusts  of  two  comb-wheels  about  ten  feet  in  diameter, 
having  hollow  iron  spokes  filled  with  steam,  in  order  to  keep  the  whole  apparatus  at 
a  proper  combing  heat  The  comb  forms  a  circle,  made  fast  to  thejieripheiy  of  the 
wheel,  the  teeth  being  at  right  angles  to  the  plane  of  the  wheel.  The  shafts  of  the 
two  wheels  ore  mounted  in  a  strong  frame  of  cast  iron  ;  not,  however,  in  horizontal 
positions,  but  inelined  at  acute  angles  to  the  horizon,  and  in  planes  crossing  each 
other,  so  that  the  teeth  of  one  drcular  comb  sweep  with  a  steady  obliquity  over  the 
teeth  of  the  other,  in  a  most  ingenious  manner,  with  the  eSadt  of  combing  the  treeaes 
of  wool  hung  upon  them.  The  proper  quantity  of  long  wool,  in  its  ordinary  state, 
is  stuck  in  hnndfuls  upon  the  wheel,  revolving  slowly,  by  a  boy,  seated  upon  the 
ground  at  one  side  of  the  machine.  Whenever  the  wheel  is  dressed,  the  machine  is 
made  to  revolve  more  rapidly,  by  shifting  its  driving-band  on  another  pulley ;  and  it 
is  beautiful  to  observe  the  delicacy  and  precision  with  which  it  smooths  the  tangled 
tress.  Wlien  the  wools  are  set  in  rspid  rotation,  the  loose  ends  of  the  fleece,  by  tha 
centrifugal  force,  are  thrown  out,  in  the  direction  of  radii,  npon  the  ie^  of  the 
other  revolving  comb-wheel,  so  as  to  be  drawn  out  and  made  tmly  straight  Tba 
operation  commences  upon  the  tips  of  the  tresses,  where  the  wheels,  by  the  obliqne 
posture  of  theii  shafts,  are  at  tiu  greatest  distance  apart;  but  ai  tiw  plants  siovi/ 
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appioadi  to  paraUeHsm,  the  teeth  enter  more  deeply  into  the  wool,  till  they  pro* 
greasively  comb  the  whole  length  of  its  fibres.  The  machine  being  then  thrown  out 
of  gear,  the  teeth  are  stripped  of  the  tresses  by  the  hand  of  the  attendant ;  the  noylt, 
or  short  refuse  wool,  being  also  removed,  and  kept  by  itself. 

This  operation  being  one  of  simple  gnperintenaence,  not  of  handicraft  effort  and  sUll, 
like  the  old  combing  of  long  wool,  is  now  performed  by  boys  or  girls  of  13  and  14 
years  of  age;  and  places  in  a  striking  point  of  Tiew  the  influence  of  automatic 
mechanism,  in  go  embodjring  dexterity  and  intelligence  in  a  machine,  as  to  render  the 
cheap  and  tractable  labour  of  children  a  substitute  for  the  high-priced  and  often 
refractory  exertions  of  workmen  too  prone  to  capricious  combinations.  The  chief 
precaution  to  be  taken  with  this  machine,  is  to  keep  the  steam-joints  tight,  so  as  not 
to  wet  the  apartments,  and  provide  due  ventilation  for  the  operatives. 

The  machine  patented  by  James  Noble,  of  Halifiix,  worsted-spinner,  deserves 
particular  notice,  as  its  mode  of  operation  adapts  it  well  also  for  heckling  flax. 
In  Jiff.  2120,  its  internal  stmctore  is  exhibited.  The  framework,  a,  a,  supports  the 
axle  of  a  wheel,  b,  b,  in  suitable  bearings  on  each  side.  To  the  &ce  of  this  wheel 
is  affixed  the  excentric  or  heart-wheel  cam,  e,  e.     On  the  npper  part  of  the  peri- 

2120 


phery  of  this  cam  or  heart-wheel,  a  lever,  d,  d,  bean  merely  by  its  gravity ;  one 
end  of  which  lever  is  connected  by  a  joint  to  the  crank,  e.  By  the  rotation  of 
the  crank,  «,  it  will  be  perceived  that  the  lever  d,  will  be  slidden  to  and  fn>  on 
the  npper  part  of  the  periphery  of  the  excentric  or  heart-wheel  cam,  c,  the  OBter 
end  of  the  lever,  d,  carrying  Uie  npper  or  working  comb  or  needle-points,  /,  as 
it  moves,  performing  an  elliptical  curve,  which  curve  will  be  dependent  upon  the 
position  of  the  heart-wheel  cam,  o,  that  guides  it.  A  moveable  frame,  ff,  carries 
a  series  of  points,  h,  which  are  to  constitute  the  lower  comb  or  fhime  of  needles. 
Into  these  lower  needles  the  rough  uncombed  wool  is  to  be  fed  by  hand,  and  to  be 
drawn  out  and  combed  straight  by  the  movements  of  the  npper  or  woridng  comb. 

As  it  is  important,  in  order  to  prevent  waste,  that  the  ends  of  the  wool  should  be 
first  combed  out,  and  that  tlie  needle-points  dionld  be  made  to  penetrate  the  wool 
progressively,  the  moveable  &ame,  ff,  is  in  the  first  instance  placed  as  far  bock  as 
possible ;  and  the  action  of  the  lever,  d,  during  the  whole  operation,  is  so  directed  by 
the  varying  positions  of  the  cam-wheel,  as  to  allow  the  npper  comb  to  enter  at  first  a 
very  little  way  only  into  the  wool ;  but  as  the  operation  of  combing  goes  on,  the 
f^me  with  the  lower  combs  is  made  to  advance  gradually,  and  the  relative  positions 
of  the  revolving  heart  cam-wheel  c,  being  also  gradually  changed,  the  npper  or 
working  needles  are  at  length  allowed  to  be  drawn  completely  throngh  the  wool,  for 
the  purpose  of  combing  out  straight  the  whole  length  of  its  fibre. 

In  order  to  give  the  machine  the  beoessary  movements,  a  train  of  toothed  wheels 
and  pinions  is  monnted,  mostly  on  studs  attached  to  the  side  of  the  frame ;  which 
train  of  wheels  and  pinions  is  shown  by  dots  in  the  figure,  to  avoid  confusion.  The 
driving  power,  a  horse  or  steam-en^ne,  is  communicated  by  a  band  to  a  rigger  on 
the  short  axle  t ;  which  axle  carries  a  pinion,  taking  into  one  of  the  wheels  of  the 
train.  From  this  wheel  the  crank  e,  that  works  the  lever  d,  is  driven ;  and  also,  by 
gear  f^nm  the  same  pinion,  the  axle  of  the  wheel  b,  carrying  the  excentric  or  heart* 
wheel  cam,  is  also  actuated,  but  slower  than  the  crank-axle. 

At  the  end  of  the  axle  of  the  wheel  b,  and  cam<!,  a  bevel -pinion  is  affixed,  which 
gears  into  a  corresponding  bevel-pinion  on  the  end  of  the  lateral  shaft  k.  The  re- 
verse end  of  this  shaft  has  a  worm  or  endless  screw  I,  taking  into  a  toothed-wheel  m ; 
and  this  last-mentioned  toothed-wheel  gears  into  the  rack  at  the  under  part  of  the 
frame  y. 

It  will  hence  be  perceived,  that  by  the  movements  of  the  train  of  wheels,  c  slow 
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motion  is  given  to  the  ftams  ff,  by  wbich  the  lover  needles  caTrying  the  'wool  are  |iio- 
gnesirely  ndranced  as  the  operation  goes  on';  and  also,  that  bj  the  other  iHieels  of 
Uio  train,  tlie  heart-wheel  cam  is  made  to  rotate,  for  the  purpose  of  giving  snch  vaiy* 
ing  directions  to  the  stroke  of  the  lerer  Trhich  slides  upon  its  periphery,  and  to  the 
working  comb,  ns  shall  caose  the  comb  to  operate  gradnallT  upon  the  wool  as  it  is 
brought  forward.  The  construction  of  the  fiames  which  hold  the  needles,  and  the 
manner  of  fixing  them  in  the  machine,  present  no  featnres  of  importanee ;  it  is  there- 
fore unnecessary  to  describe  them  further,  than  to  sav,  that  the  heckles  are  to  b« 
heated  when  used  for  combing  wool.  Instrad  of  introdncing  the  wool  to  be  combed 
into  the  lower  needles  by  hand,  it  is  sometimes  fed  in,  by  means  of  an  endless  feeding- 
cloth,  as  shown  in  Jig.  2121.  IThis  endless  cloth  is  distended  over  two  rollers,  which 
are  made  to  revolve,  for  the  purpose  of  carrying  the  cloth  with  the  wool  fwward,  bgr 
means  of  the  endless  screw  and  pinions. 


w      2121 


sia2 


A  slight  variation  in  the  machine  is  shown  at  Jig.  2122,  for  the  purpose  of  combing 
wool  of  long  fibre,  which  differs  firom  the  former  only  in  placing  the  combs  or  needle- 
points npon  a  revolving  cylinder  or  shaft.  At  the  eud  of  the  axle  of  this  shaft,  there 
IS  a  toothed  wheel,  which  is  actuated  by  an  endless  screw  upon  a  lateral  shaft  The 
axle  of  the  cylinder  on  which  the  neemee  are  fixed,  is  mounted  in  a  moveable  &sme 
or  carriage,  in  older  that  the  pcnnts  of  the  needles  may,  in  the  first  instance,  be  brought 
to  act  upon  the  ends  of  the  wool  only,  and  ultimately  be  so  advanced  as  to  enable  the 
whole  length  of  the  fibres  to  be  drawn  through.  The  progressive  advancement  of  this 
oarriu^  with  the  needle-cylinder,  is  effected  by  the  agency  of  the  endless  screw  on  the 
latenu  shaft  before  mentioned. 

Some  combing-machines  rednce  the  wool  into  a  continuous  sliver,  which  is  ready 
for  the  drawing-frame ;  but  the  short  slivers  produced  by  the  hand-combing,  must  be 
first  joined  together,  by  what  is  called  planking.  These  slivers  are  rolled  up  by  tha 
oomfaeis  ten  or  twelve  together,  in  balls  called  '  tops,'  each  of  which  weigfaa  a  half 
pound.  At  the  spinning-mill  these  are  unrolled,  and  the  slivers  are  laid  on  a  long 
plank  or  trough,  with  the  ends  lapping  over,  in  order  to  splice  the  long  end  of  one 
sliver  into  the  short  end  of  another.  The  long  end  is  that  which  was  drawn  off  first 
tnaa  the  comb,  and  contains  the  longer  fibres ;  the  short  is  that  iriiidi  comes  last 
from  the  comb,  and  contains  the  shorter.  The  wool-comber  lays  all  the  slivers  of 
each  ball  the  same  way,  and  marks  the  long  end  of  each  by  twisting  up  the  end  of  the 
sliver.  It  is  a  curious  circumstance,  that  when  a  top  or  ball  of  slivers  is  unrolled  and 
stretched  out  straight,  they  will  not  separate  from  each  other  without  tearing  and 
breaking,  if  the  separation  is  begun  at  the  short  ends ;  but  if  they  are  first  parted  at 
the  long  ends  they  will  readily  separate. 

Tha  machine  for  combing  long  wool,  for  which  Heasrs.  Sonisthorpe  and  Bawsoo 
obtained  a  patent  in  April  1836,  has  been  found  to  wtsk  well,  and  therefwe  merits  a 
detailed  description. 

Fig.  2128  is  an  elevation.  Jig.  2124  an  end  view,  and  fig.  2125  a  plan,  in  whidi 
a,  0,  is  the  framing ;  b,  the  main  shaft,  bearing  a  pinion,  which  drives  the  wheel  and 
shaft  c,  in  gear  with  the  wheel  d,  on  the  shaft  t.  Upon  each  of  the  wheels  c  and  d, 
there  are  two  projections  or  studs  /,  which  cause  the  action  of  the  combs  g,  g,  of 
which  k,  h,  are  the  tables  or  carriages.  These  are  capable  of  sliding  along  the  upper 
guide-rails  of  the  framing  a.  Thnnigfa  these  carriages  or  tables  A,  a,  there  are  open- 
ings or  slits,  shown  by  dotted  lines,  which  act  as  guides  to  the  holders  t,  t,  of  the 
combe  g,  g,  rendering  the  holders  susceptible  of  motion  at  right  angles  to  the  conrse 
pursued  by  the  tables  h.  The  combs  are  retained  in  the  holders  t,  t,  by  means  of  the 
lever-handles  J,  J,  which  move  upon  inclined  surfaces,  and  are  made  to  press  on  the 
aor&ce  of  the  heads  of  the  combs  jr,^,  so  as  to  be  retained  in  their  places;  and  they 
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are  also  held  by  stnds  affixed  to  the  holders,  which  pass  into  the  comb-heads.  From 
the  under  side  of  the  tables,  forked  projections  t,  f,  etand'out,  vhich  pass  through  the 
openings  or  slits  formed  in  the  tables  a,  h ;  these  projections  are  worked  from  side  to 
side  by  the  frame  k,  k,  which  turning  on  the  axis  or  sliaft  /,  I,  is  caused  to  vibrate,  or 
Tock  to  and  fro,  by  the  arms  m,  moved  by  the 
ezcentric  groove  <•,  made  fast  to  the  shaft  «.  The 
tables  h,  are  drawn  inwards,  by  weights  sunwnded 
on  cords  or  straps  o,  o,  which  pass  over  friction 
pulleys  p,  p ;  wherel^  the  weights  have  a  constant 


[^ 


"TTf^ 


tendency  to  draw  the  eomba  into  the  contn  of  the  maijiine,  as  soon  as  it  is  released  by 
the  studs  /,  passing  beyond  the  projecting  arms  ff,  on  the  tables.  On  the  shaft  e,  a 
driving-tooth  or  catch  r,  is  fixed,  which  takes  into  the  ratchet-wheel  s,  and  propels  ono 
of  its  teeth  at  every  rovolution  of  the  shaft  c.  This  ratchet-wheel  tarns  on  axis  at  t ; 
to  the  ratchet  the  pulley  v  is  made  fnst,  to  which  the  cord  or  band  to  is  secured,  as 
also  to  the  pulley  x,  on  the  shaft  y.  '  On  the  shaft  y,  there  are  two  other  pulleys,  t,  *, 
having  the  cords  or  bands 

A,  A,  made  &st  to  them,  and  TXIh 

also  to  the  end  of  the  gange- 

Slates  B,  furnished  witii  gra- 
nated  steps,  against  which 
the  tables  h,  h,  are  drawing 
at  each  operation  of  the  ma- 
chine. In  proportion  as  these 
gauge-plates  are  raised,  the 
nearer  the  carriages  or  tables 
A  will  be  able  to  advance  to 
the  centre  of  the  machine, 
and  thus  permit  the  combs 
g,  g,  to  lay  bold  of,  and  comb, 
additional  lengths  of  the 
woolly  fibres.  ITie  gauge- 
plates  B,  nro  guided  up  by  the  Inrs  c,  which  pass  through  openings,  slots,  or  guides, 
made  in  the  framing  a,  as  shown  by  D. 

To  the  ratchet-wheel  s,  an  inclined  projection  F,  is  made  fast,  which  in  the  course 
of  the  rotation  of  the  ratchet-wheel,  comes  under  the  lever  r,  fixed  to  the  shaft  o,  that 
turns  in  bearings  h.  To  this  shaft  the  levers  i  and  i,  are  also  affixed ;  i  serving  to  throw 
out  the  click  or  catch  x,  from  the  ratchet-wheel,  by  which  the  parts  of  the  machine 
will  be  released,  and  restored  to  positions  ready  for  starting  again.  The  lever  f, 
serves  to  slide  the  drum  upon  the  driving  shaft  b,  out  of  gear,  by  means  of  the  forked 
handle  l,  when  the  machine  is  to  be  stopped,  whenever  it  has  finished  combing 
a  certain  quantity  of  wool.  The  combs  wnich  bold  the  wool  have  a  motion  upwards, 
in  order  to  take,  the  wool  out  of  the  way  of  the  combs  g,  g,  as  these  are  drawn  into 
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the  centra  of  the  machine ;  vUIe  the  holding  combe  deeoend  to  Uy  the  vool  among 
the  points  of  the  combs  g,  g.  For  obtaining  this  upward-and-doirnwaid  motion,  the 
combs  K,  M,  are  placed  between  the  frame  N,  and  retained  there  just  as  Uie  comb* 
g,  g,  are  npon  the  holders  t,  <.  The  framing  n,  is  made  fast  to  the  bar  or  spindle  o, 
which  moves  vertically  through  openings  in  the  cross-head  p,  and  the  cross-framing 
of  the  machine  q  ;  from  the  top  of  which  there  is  a  strap  passing  over  pnllejs  with  a 
suspended  weight  to  it ;  the  cioss-head  being  supported  by  the  two  gnide-rods  b,  fixed 
to  tne  cross-framing  q.  It  is  by  the  gmde-rods  B,  and  the  spindle  o,  that  the  frame 
N  is  made  to  move  up  and  down  ;  while  the  spin^  is  made  to  rise  by  the  studs/, 
as  the  wheels  c  and  d  come  successively  under  the  studs  «,  on  the  spindle  o- 

A  quantity  of  wool  is  to  be  placed  on  each  of  the  combs  g,  g,  and  x,  x,  the  machine 
being  in  the  position  shown  in  fig.  2125.  When  the  main-shaft  A,  is  set  in  motion,  it 
will  drive  by  its  pinion  the  toothed  wheel  e,  and  therefrom  the  remaining  ports  of  the 
machine.  The  first  efiect  of  the  movement  will  be  to  raise  the  combs  x,  x,  sufiSciently 
high  to  remove  the  wool  out  of  the  way  of  the  combs  g,  g,  which  will  be  drawn  towards 
the  centre  of  the  machine,  as  soon  as  they  are  released  by  the  studs/,  passing  the  pn>- 
jecUng  arms  q,  on  the  tables  A ;  but  the  distance  between  the  combs  g,  g,  and  the 
combs  X,  X,  will  depend  on  the  height  to  which  the  gauge-plates  b  have  been  raised. 
These  plates  are  raised  one  step  at  each  revolution  of  the  shaft  e ;  the  combs  g,  g,  will 
therefore  be  continually  approaching  more  nearly  to  the  combs  x,  x,  till  the  plates  B, 
are  so  much  raised  as  to  permit  the  tables  A  to  approach  the  plates  b,  below  the  lowest 
step  or  gmdnation,  when  the  mschine  will  continue  to  woric  Notwithstanding  the 
plates  B  oontinoing  to  rise,  there  being  only  parallel  surfaces  against  which  the 
tables  come,  the  combs  g,  g,  will  successively  come  to  the  same  position,  till  the 
inclined  projection  h,  on  the  ratchet-wheel  s,  comes  under  the  lever  f,  which  will  stop 
the  machme.  The  wool  which  has  been  combed,  is  then  to  be  removed,  and  a  fresh 
quantity  introduced.  It  should  be  remarked  that  the  combs  g,  g,  are  continnally 
moving  from  side  to  side  of  the  machine,  at  the  same  time  that  they  are  combing  out 
the  wool.  The  chief  object  of  the  invention  is  obviously  to  give  the  above  pecnliar 
motion  to  the  combs  g,  g,  and  x,  x,  which  may  be  applied  also  to  combing  go^hair. 

For  the  pnn>oaes  of  the  worsted  manufacture,  wool  should  be  rendered  indaatic  to  a 
eonsideiable  degree,  so  that  its  Abtes  may  form  long  lines,  capable  of  being  twisted 
into  straight  level  yam.  Mr.  Baylifie,  of  Kendal,  has  sought  to  accomplish  this 
object,  first,  by  introducing  into  the  dravnng  machine  a  ra^dly  revolving  wheel, 
in  contact  with  the  front  drawing  roller,  by  whose  friction  the  filaments  are 
heated,  and  at  the  same  time  deprived  of  their  coiling  elasticity;  secondly,  by 
employing  a  moveable  regulating  roller,  by  which  the  extant  of  surface  tm  the 
periphery  of  the  wheel  that  the  lengths  of  wool  is  to  act  upon,  may  be  increased  or 
aiminiabed  at  pleasure,  and,  consequently,  the  edbct  regulated  or  tempered  as  the 
quality  of  the  wool  may  require ;  diirdly,  the'emplo^rment  of  steam  in  a  rotatory 
drum  or  hollow  wheel,  in  place  of  the  wheel  first  described,  for  the  purpose  of  heating 
the  wool,  in  the  process  of  drawing,  in  order  to  facilitate  the  operation  o^  staightenii^ 
the  fibres. 

These  objects  ma^  be  effected  in 
several  ways;  that  is,  the  machinery 
may  be  Tarioualy  constructed,  and  still 
embrace  the  isiaciples  proposed.  Fig. 
3126,  shows  one  mode: — a,  is  the  frxe- 
tion  wheel ;  b,  the  front  drawing  roller, 
placed  in  the  drawing-frame  in  the 
same  way  as  nsnal ;  the  larger  wheel 
a,  constituting  the  lower  roller  of 
the  pair  of  front  drawing  rollers;  e 
and  d  are  the  pair  of  back  drawing 
rollers,  which  are  actuated  by  gear 
connected  t<>  the  front  rollers,  as  in 
the  ordinary  constniction  of  draw- 
ing machinea,  the  tnvt,  rollers  moving 
very  considerably  fisstar  than  the  back 
rollers,  and,  eonseqnently,  drawing  or  extending  the  fibres  of  the  slivw  of  wool, 
as  it  passes  through  between  them ;  «  is  a  guide-roller,  bearing  npon  the  periphery 
of  the  large  wheel ;  /  is  a  tension  roller,  which  preaans  the  fibres  of  the  wool  down 
upon  the  wheel  a. 

Saw,  supposing  the  back  rollers  o  and  (i,  to  be  tuned  with  a  giveii  velocity,  and 
the  front  roller  i  to  be  driven  ranch  faster,  the  effect  would  be,  that  the  fibres  c^wool 
constituting  the  sliver,  passing  through  the  machine,  would  be  considerably  extended 
between  b  and  d,  which  is  precisely  t^e  effect  aocomflished  in  the  otdinaty  drawing 
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frame;  but  t&a  wbeel  a,  introdnead into  the  machine  in  place  of  the  lower  ftont 
dioving  roller,  being  made  to  revolve  much  ia«ter  than  b,  the  alivor  rf  irDol  extended 
over  the  upper  part  of  its  periphery  from  6,  to  the  tension  roller/,  -will  bo  subjected  to 
Teiy  oonsiderable  friction  from  the  contact ;  and,  consequently,  the  natural  curl  of  the 
wool  -will  be  taken  out,  and  its  elasticity  destroyed,  which  will  enable  the  wool  to 
proceed  in  a  connected  roving  down  to  the  spindle  or  flyer  h,  where  it  becomes  twisted 
or  spnn  into  a  worsted  thread. 

In  order  to  increase  or  diminish  the  extent  to  which  the  fibres  of  wool  are  spread 
over  the  periphery  of  the  wheel  a,  a  regulating  roller  is  adapted  to  the  machine,  as 
shown  at  ^,  m  place  of  the  tension  roller/  This  regnlating  roller  g,  is  moonted  by 
its  pivots  in  bearings  on  the  circular  arms  h,  shown  by  dots.  These  drcukr  arms  torn 
loosely  upon  the  axle  of  the  wheel  a,  and  are  raised  or  depressed  by  a  rack  and  a 
winch,  not  shown  in  the  figure ;  the  rack  taking  into  teeth  on  the  periphery  of  the  cir^ 
cular  arms.  It  will  hence  be  perceived,  that  by  raising  the  circular  arms,  the  roller  Oi 
will  bo  carried  backward,  and  the  fibres  of  wool  pressed  upon  the  periphery  of  the 
wheel  to  a  greater  extent.  On  the  contrary,  the  depression  of  the  circular  arms  will 
draw  the  roller  g,  forward,  and  cause  the  wool  to  be  acted  upon  by  a  smaller  portion 
of  the  periphery  of  the  wheel  a,  and  consequently  subject  it  to  less  friction. 

When  it  is  desired  to  employ  steam  for  the  purpose  of  heating  wool,  the  wheel  a, 
is  formed  as  a  hollow  drum,  and  steam  from  a  boiler,  in  any  convenient  situation,  is 
conveyed  throng  the  hollow  axle  to  the  interior  of  the  drum,  which,  becoming  heated 
by  that  means,  commnnicates  haat  also  to  the  wool,  and  thereby  destroys  its  cnrl  and 
ebisticity. 

Breaking-frame.— Sere  the  slivers  are  planked,  or  spliced  together,  the  long  end  of 
one  to  the  short  end  of  another ;  after  which  they  are  drawn  out  and  extended  by  the 
xoUeiBof  the  breaking-frame.    A  sketch  of  this  machine  is  given  in;^.  2127.    Itcon- 


2127 


rists  of  four  pairs  of  roUen  A,  b,  c,  d.  The  first  pair  a,  receives  the  wool  from  the 
inclined  tnmgh  ■,  which  is  the  planking-table.  The  slivers  are  unrolled,  patted, 
and  hnng  loosely  over  a  pin,  in  reach  of  the  attendant,  who  takes  a  sliver,  and  lays 
it  fiat  in  the  tioagh,  and  the  end  is  presented  to  the  rollers  A,  which  being  in  motion, 
will  draw  the  wool  in ;  the  sliver  is  then  conducted  through  the  othe^  rollers,  as 
shown  in  the  figure :  when  the  sliver  has  passed  half  through,  the  end  of  another 
sliver  is  placed  upon  the  middle  of  the  first,  and  they  pass  through  together ;  when 
this  second  is  passed  half  thiongh,  the  end  of  a  third  is  applied  upon  the  middle  of  it, 
and  in  this  way  the  short  slivers  produced  by  the  combing  are  joined  into  one  regular 
and  even  sliver. 

The  lower  roller  c,  receives  its  motion  from  the  mill,  by  means  of  a  pulley  upon  the 
end  of  its  axis,  and  an  endless  strap.  The  roller  which  is  immediately  over  it,  is  borne 
down  by  a  heavy  weight,  suspended  from  hooks,  which  are  over  the  pivote  of  the 
upper  roller.  The  fourth  pair  of  rollers  d,  moves  with  the  same  velocity  as  c,  being 
turned  by  means  of  a  small  wheel  upon  the  end  of  the  axis  of  the  roller  c,  which 
turns  a  wheel  of  the  same  size  upon  the  axis  of  the  roller  D,  by  means  of  an  inter- 
mediate wheel  d,  which  makes  both  rollers  turn  the  same  way  round.  The  first  and 
second  pair  of  rollers,  a  and  b,  move  only  one-third  as  quick  as  c  and  n,  in  order  to 
draw  out  the  sliver  between  b  and  c,  to  three  times  the  length  it  was  when  put  on  the 
plaokilig-taUe.    1h»  slow  motioB  «^  the  rollers  a,  is  given  by  a  large  wheel  a,  fixed 
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upon  the  axis  of  the  toner  a,  «ad  tnned  by  the  intensediaU  oog-irheelis  b,  c,  and  d  i 
the  Utter  commuaicates  between  the  rollers  o  and  D.  The  piniooB  on  the  roUere  c  and 
D,  being  only  one-third  the  size  of  the  trheel  a,  c  and  D  turn  three  times  aa  fast  as  a, 
for  b,  c,  and  d  are  only  intermediate  wheels.  The  rollers  B  turn  at  the  same  rate  as 
A.  The  upper  roller  c  is  loaded  with  a  heavy  weight,  similar  to  the  rollers  A ;  bat  the 
other  rollers,  b  and  D,  are  no  farther  loaded  than  the  weight  of  the  rollers. 

The  two  pairs  of  rollers  A,  B,  and  c,  D,  are  mounted  in  separate  frames ;  and  that 
frame  which  contains  the  third  and  fourth  pairs  c,  D,  slides  upon  the  cast-iron  frame  F, 
which  supports  the  machine,  in  order  to  increase  or  diminish  the  distance  between  the 
tollers  B  and  c.  There  is  a  screw  /,  by  which  the  frame  of  the  rollers  is  morcd,  so 
as  to  adjust  the  machine  according  to  the  length  of  the  fibre  of  the  wocd.  The  space 
between  b  and  c  shoold  be  rather  more  than  the  length  of  the  fibres  of  the  wool. 
The  intermediate  wheels  b  and  e  ate  supported  npon  pieces  of  iron,  which  are  moveable 
on  centres;  the  centre  for  the  pieee  which  supports  the  wheel  b  is  conoeottic  with 
the  axis  of  the  roller  a  ;  and  the  supporting  piece  iior  the  wheel  c  is  fitted  on  the  centre 
of  the  wheel  d.  By  moving  these  pieces  the  intermediate  wheels  b  and  c  can  be 
always  kept  in  contact,  although  the  distance  between  the  rollers  is  varied  at  times. 
By  means  of  this  hrealdug-frame,  the  perpetual  slirar,  which  is  made  up  by  planking 
the  slirer  together,  is  equalised,  and  (fcawn  out  three  times  in  length,  and  deliTered 
into  the  can  a. 

DraXBing-frame. — Throe  of  these  cans  are  removed  to  the  drawing-frame,  which  is 
similar  to  the  breaking-frame,  except  that  there  is  no  planking-table  b.  There  are 
five  sets  of  rollers,  all  6xed  upon  one  common  frame  F,  the  breaking-frame,  which  wa 
have  described,  being  the  first.  As  fast  as  the  sliver  comes  through  one  set  of  rollrrs 
it  is  received  into  a  can,  and  then  three  of  these  cans  are  put  together  and  passed 
again  through  another  set  of  rollers.  In  the  whole  the  wool  most  pass  Uirough  the 
breaker  and  four  drawing-frames  before  the  roving  is  begun.  The  drangfat  beinc 
usually  four  times  at  each  operation  of  drawing,  and  three  times  in  the  breaking, 
the  whole  will  be  3x4x4x4x4-  7*18 ;  but  to  suit  different  sorts  of  wool  the  three 
last  drawing-£rames  are  capable  of  making  a  greater  draught,  even  to  firo  times, 
by  changibg  the  pinions;  accordingly  the  draught  will  be  3x4x5x5x6  —  1500 
times. 

The  size  of  the  sliver  is  diminished  by  these  repeated  drawings,  because  only  three 
slivers  are  pnh  together,  and  they  are  drawn  out  four  times  ;  so  that  in  the  whole  the 
■liver  is  reduced  to  a  fourth  or  a  ninth  of  its  original  bulk. 

The  breaking-frame  and  drawing-frame  which  are  used  when  the  eliven  are  pre- 
pared by  the  combing-machinos,  are  differently  constructed ;  they  have  no  planking- 
table,  but  receive  three  of  the  perpetual  slivere  of  the  combing-machine  from  as  many 
tin  cans,  and  draw  them  out  Horn  ten  to  twelve  times.  In  this  case  all  the  four  rollers 
contribute  to  the  operation  of  drawing :  thus  the  second  rollers  b  move  2)  times  as 
fast  as  the  rollers  a  ;  the  third  rollers  c  move  8  times  as  fast  as  a  ;  and  the  fonith 
toUen  E  more  lOj-  times  as  fiist  as  a.  In  this  case  the  motion  is  given  to  the  different 
rollers  by  means  of  bevelled  wheels,  and  a  horizontal  axis,  which  extends  across 
the  ends  of  all  the  four  toilets,  to  communicate  motion  itma.  one  pair  of  rollers  to 
another. 

There  are  three  of  these  systems  of  rollers,  which  are  all  mounted  on  the  same 
fisme  ;  and  the  first  one  through  which  the  wool  passes  is  called  the  '  breaking-fnune ' ; 
but  it  does  not  differ  from  the  others,  which' are  called  'diawing-fiames.'  "nio  slivers 
which  have  passed  through  one  system  of  rollers  are  collected  four  or  five  together, 
and  put  through  the  drawing-rollers.  In  all  the  slivers  psss  throng  three  drawings, 
and  the  whole  extension  is  seldom  less  than  1,000  times,  and  for  some  kinds  of  -mtA 
much  greater. 

After  the  drawing  of  the  slivers  is  finished,  a  pound  weight  is  taken,  and  is  mea- 
sured by  means  of  a  cylinder,  in  order  to  ascertain  if  the  drawing  has  been  properly 
conducted ;  if  the  sliver  does  not  prove  of  the  length  proposed,  according  to  the  sin 
of  worsted  which  is  intended  to  be  spun,  the  pinions  of  some  of  the  drawing-frames 
are  changed,  to  make  the  draught  more  or  less,  until  it  is  found  by  experiment  that 
one  pound  of  the  sliver  measures  the  required  length. 

Boving-frame. — This  is  provided  with  rollers,  the  same  as  the  drawing-frames :  it 
takes  in  one  or  two  slivers  together,  and  draws  them  oot  four  times.  By  this  exten- 
sion the  sliver  becomes  so  small  that  it  would  break  with  the  slightest  finoe,'  and  it  is 
therefore  necessary  to  give  some  twist ;  this  is  done  by  a  spindle  and  flyer.  See 
Jfoving,  under  Cottok  Smnrwa 

Bpinninp-framt. — This  is  so  much  like  the  roTing-frame  that  a  short  deecriptiini 
will  be  sufficient.  The  f^indles  are  more  delicate,  and  there  are  three  p^rs  of  rollers, 
instead  of  two ;  the  bobbins,  which  are  taken  off  from  tlie  spindles  of  the  roving- 
frame  when  they  arc  qnjto  full,  ore  stuck  upon  akewsn,  and  the  roving  vhich  ptoosedf 
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from  them  ia  eoodncted  between  the  rollers.  The  back  pair  turns  ronnd  ilovly ;  the 
middle  pair  tnrng  about  tvrice  for  once  of  the  back  rollers ;  and  the  front  pair  makes 
from  twelve  to  seventeen  turns  for  one  torn  of  the  back  roller,  according  to  the  degree 
of  extension  which  is  reqoired. 

The  spindles  must  revolve  very  qoicUy  in  the  spinning-frame,  in  order  to  give  the 
requisite  degree  of  twist  to  the  worsted.  The  hardest  twisted  worsted  is  called  *  tammy 
warp' ;  and  when  the  sixe  of  this  worsted  is  such  as  to  be  20  or  24  hanks  to  the  pound 
weight,  the  twist  is  about  10  turns  in  each  inch  of  length.  The  least  twist  is  given 
to  the  worsted  for  fine  hosiery,  which  is  from  18  to  24  hanks  to  the  pound.  The 
twist  is  from  S  to  6  turns  per  inch.  The  degree  of  twist  is  regulated  by  the  Dze  of 
the  whirls  or  pnlleys  npon  the  spindle,  9nd  bv  the  wheel-work  which  commnnicates 
the  motion  to  the  front  rollers  ttom  the  band-Vheel,  which  turns  the  spindles. 

It  is  needless  to  enter  more  minutely  into  the  description  of  the  spiiming  machinery, 
because  the  fluted  roller  construction,  invented  by  Sir  Bichard  Arkwright,  fbUy 
described  under  Cotton  SpnnnKO,  is  equally  applicable  to  worsted.  Tlie  differ- 
ence between  the  two  is  chiefly  in  the  distance  between  the  roUera,  wfai(^  in  the 
worsted-frame  is  capable  of  being  increased  or  diminished  at  pleasure,  according  to 
the  length  of  Uie  fibres  of  the  wool ;  and  the  draught  or  extension  of  the  roving  is 
far  greater  than  in  the  cotton. 

Heeling. — The  bobbins  of  the  spinning-frame  are  placed  in  a  row  upon  wires  before 
a  long  horizontal  reel,  and  the  threads  from  20  bobbins  are  wound  off  together.  The 
reel  is  exactly  a  yard  in  dicumference,  and  when  it  has  wound  off  80  turns  it  rings 
a  bell ;  the  motion  of  the  reel  is  tlien  stopped,  and  a  thread  is  passed  round  the  80 
tnms  of  folds  which  each  thread  has  made.  The  reeling  is  then  continned  till  another 
80  yards  is  wound  o£(  which  is  also  separated  by  interweaving  the  same  thread  ;  each 
of  these  separate  parcels  is  called  '  a  ley,'  and  when  7  such  leys  are  reeled  it  is  called  ' « 
hunk,'  which  contains  500  yards.  When  this  quantity  b  reeled  off,  the  ends  of  the 
binding  thread  are  tied  together,  to  bind  each  hank  fast,  and  one  of  the  rails  of  the 
reel  is  struck  to  loosen  the  hanks,  and  they  are  drawn  off  at  the  end  of  the  reel. 
These  hanks  are  next  hung  upon  a  hook,  and  twisted  np  hard  by  a  stick ;  then 
doubled,  and  the  two  parts  twisted  together  to  make  a  firm  bundle.  In  this  state  the 
hanks  are  weighed  by  a  small  index-machine,  which  denotes  what  number  of  the 
hanks  will  weigh  a  pound.  And  they  are  sorted  accoidingly  into  different  parcels. 
It  is  by  this  means  that  the  number  of  the  worsted  is  ascertained  as  the  denomination 
for  its  fineness :  thus  "So.  24  means  that  24  hanks  each  containing  S60  yards  will 
weigh  a  pound,  and  so  on. 

This  denomination  is  different  from  that  wed  for  cotton,  becanse  the  hank  of 
cotton  contains  840  yaids  instead  of  560 ;  bat  in  some  places  the  worsted  hank  is 
made  of  the  same  length  as  the  cotton. 

To  pack  up  the  worsted  for  market,  the  proper  number  of  banks  is  collected  to 
make  a  poimd,  according  to  the  number  which  has  been  ascertained ;  these  are  weighed 
as  a  proof  of  the  correctness  of  the  sorting,  then  tied  up  in  bundles  of  one  pound  each, 
and  fonr  of  those  bundles  ore  a^in  tied  toother.  Then  60  such  bundles  are  packed 
up  in  a  sheet,  making  a  bole  of  240  lbs.  ready  for  market. 

0/the  treatment  ofthort  vxxdfor  the  cloth  manufacture. — Short  wool  resembles  cotton 
not  a  little  in  the  structure  of  its  filaments,  and  is  cleaned  by  the  un'Uy,  as  cotton  is  by 
the  willow,  which  opens  up  the  matted  fieece  of  the  wool-staplor,  and  cleans  it  tcom 
accidental  impurities.  Sheep's  wool  for  working  into  coarse  goods  must  be  passed 
repeatedly  through  this  machine,  both  before  and  after  it  is  dyed ;  the  second  last 
time  for  the  purpose  of  blending  the  different  sorts  together,  and  the  last  for  imbning 
the  fibres  intimately  with  oil.  The  oiled  wool  is  next  subjected  toa  flrstcnrding  opera- 
tion called  scrilibling,  whereby  it  is  converted  into  a  broad  thin  fieece  or  lap,  as  cotton 
is  by  the  breaker-cards  of  a  cotton-mill.  The  woollen  lap  is  then  worked  by  the 
cards  proper,  which  deliver  it  in  a  narrow  band  or  sliver.  By  this  process  the  wool 
expands  greatly  in  all  its  dimensions ;  while  the  broken  or  short  filaments  get  entan- 
gled by  crossing  in  every  possible  direction,  which  prepares  them  for  the  fidling  opera- 
tion.   See  Carding,  under  Cotton  Spikkino. 

The  tlubbing  nuiehine,  or  bUlff,  reduces  the  separate  rolls  of  eardingi  into  a  con- 
tinuous slightfy-twisted  spongy  cord,  which  is  sometimes  called  a  roving.  Fig.  2128 
is  a  perspective  representation  of  the  slnbbing  machine  in  most  cottuion  use.  a,  a, 
is  the  wooden  tnaaa ;  within  which  is  the  moveable  carriage  D,  D,  which  runs  npon 
the  lower  side  rails  at  a,  a,  on  friction  wheels  at  1,  2,  to  moke  it  move  easily  back- 
wards and  forwards  from  one  end  of  the  frame  to  the  other.  The  carriage  contains 
a  series  of  steel  spindles,  marked  8,  3,  which  receive  rapid  rotation  from  a  long  tin 
drum  F,  by  means  of  a  series  of  cords  passing  round  the  pulley  or  whorl  of  each 
spindle.  This  drum,  6  inches  in  diameter,  is  covered  with  paper,  and  extends  across 
toe  whole  breadth  at  the  carriage.    The  spindles  are  set  nearly  upright  in  a  frame, 
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•nd  about  4  inches  apart ;  tbair  under  end*  beinff  pointed  oonicallj,  torn  in  braaa 
loeketa,  called  '  step*.'  and  are  retained  in  their  positioa  by  a  small  bras*  ecdlet,  vhich 
embraces  each  spindle  at  about  the  middle  of  its  length.  Tbe  nppa  half  of  each 
spindle  projects  above  the  top  of  the  frame.  'Che  dram  rsvolTca  horiaontally  befivs 
the  spindlai;  having  its  axis  a  little  belov  the  line  of  the  whorls;  and  reoeivee 
motioD,  by  a  pulley  at  one  of  its  ends,  from  au  endless  band  which  passes  round  a 
-wheel  a,  Uke  the  large  domestic  wheel  fotmerlj  ussd  in  spinning  wool  by  hand,  and 
of  similar  dimensiona.  This  whed  is  placed  upon  the  outside  of  the  main  frame  ot 
the  machine,  and  has  its  shafts  supported  b^  nprigfat  standards  upon  the  earriags  D. 
It  is  turned  by  the  spinner  placed  at  a,  with  his  right  hand  ap^ed  to  a  winch  b, 
which  gives  motion  to  the  drum,  and  thtieby  causes  the  sjnndlM  to  rerolre  with 
great  velxjcity. 

Each  spindle  receives  a  soft  cylinder  or  carding  of  wool,  whidi  comes  throogh 
beneath  a  wooden  roller  c,  c,  at  the  one  end  of  the  tamsw    This  is  th«  billjf  raUer,  so 


much  talked  of  iu  the  conbrovergies  between  the  opeiativae  and  masters  in  the  cotton- 
factories,  as  an  instrument  of  cruel  punishment  to  children,  though  no  such  machine 
has  been  used  in  cotton-mills  for  half  a  century  at  least.  These  wooden  rolls 
proceed  to  the  series  of  spindles,  standing  in  the  carriage,  in  nearly  a  horiaontal 
plane.  By  the  alternate  advance  and  retreat  of  the  carriage  upon  its  railway,  the 
spindles  are  made  to  approach  to,  and  recede  &om,  the  roller  c,  with  the  effect  of 
drawing  out  a  given  length  of  the  soft  cord,  with  any  desired  degree  of  twist,  in  the 
following  manner : — 

The  carding-rolls  are  laid  down  stitugfat,  side  by  side,  upon  the  endless  doth, 
strained  in  an  inclined  direction  between  two  rollers,  one  of  wbich  is  seen  at  B,  and 
the  other  lies  behind  c.  One  carding  is  allotted  to  a  spindle ;  the  total  number  of 
each  in  one  machine  being  from  60  to  1 00.  The  roller  c,  of  light  wood,  presses  gently 
with  its  weight  upon  the  cardings,  while  they  move  onwards  over  the  endless  cloth, 
with  the  running-out  of  the  spindle  carriage.  Immediately  in  front  of  the  said  roller, 
there  is  a  horizontal  wooden  rail  or  bar  o,  with  another  beneath  it,  placed  across  the 
frame.  The  carding  is  conducted  through  between  these  two  bars,  the  moveable 
upper  one  being  raised  to  let  any  aliquot  portion  of  the  roll  pass  freely.  'When  this 
bar  is  again  let  down,  it  pinches  the  spongy  carding  fiist ;  whence  this  mechanism  is 
colled  the  '  clasp.'  It  is  in  fact  the  dove,  originally  used  by  Hargreavcs  in  his  cotton- 
jenny.  The  moveable  upper  rail  o,  is  guided  between  sliders,  and  a  wire  7,  descends 
from  it  to  a  lever  c.  When  the  spindle  carriage  d,  d,  is  wheeled  close  home  to  the 
billy  roller,  a  wheel  6,  lifts  the  end  6  of  the  lever,  which,  by  the  wire  7,  raises  the 
upper  bar  or  rail  o,  so  as  to  open  the  clasp,  and  release  all  the  card-rolls.  Should  the 
carriage  be  now  drawn  a  little  way  from  the  clasp  bars,  it  would  tend  to  pull  a 
corresponding  length  of  the  cardings  forward  from  the  inclined  plane  b^  c  Thera 
is  a  small  catch,  which  lays  bold  of  the  upper  bar  of  the  clasp  o,  and  hinders  it  from 
ftUling  till  the  carriage  has  receded  to  a  certain  distance,  and  has  thereby  allowed 
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from  7  to  8  inches  of  the  caidings  to  be  taken  out  A  stop  upon  the  carnage  then 
comes  against  the  catch,  and  irithdisws  it ;  thns  allowing  the  npper  rail  to  &11  and 
pinch  the  carding,  while  the  carriage,  continoing  to  recede,  draws  ont  or  stretches 
that  portion  of  the  roll  which  is  between  the  clasp  and  the  spindle-points.  But  during 
this  time  the  wheel  has  been  turned  to  keep  the  spindles  revolving,  communicating 
the  proper  degree  of  twist  to  the  cardiogs  in  proportion  to  their  extension,  so  as  to 
prevent  them  from  breaking. 

It  might  bo  imagined  that  the  slnbbin^  cords  w^nild  be  apt  to  coil  ronnd  the  spin- 
dles ;  but  as  they  proceed  in  a  somewhat  inclined  direction  to  the  clasp,  they  receive 
merely  a  twisting  motion,  continually  slipping  over  the  points  of  the  spindles,  without 
getting  wound  upon  them.  Whenever  the  operative  or  slubber  has  g^ven  a  due 
degree  of  twist  to  the  rovings,  he  sets  about  winding  them  upon  the  spindles  into  a 
conical  shape,  for  which  purpose  he  presses  down  the  ialler-wire  8,  with  his  left  band, 
so  as  to  bear  it  down  from  the  points  of  the  spindles,  and  place  it  opposite  to  their 
middle  part.  He  next  makes  the  spindles  revolve,  while  he  pnshes  in  the  carriage 
slowly,  so  as  to  coil  the  slubbing  upon  the  spindle  into  a  conical  cop.  The  wire  8, 
regulates  the  winding-on  of  the  whole  series  of  slubbings  at  once,  and  receives  its 
proper  angle  of  depression  for  this  purpose  from  the  horizontal  rail  4,  which  turns 
upon  pivots  in  its  ends,  in  brasses  flxed  on  the  standards,  which  rise  from  the 
carriage's.  By  turning  this  rail  on  its  pivots,  the  wire  8  may  be  raised  or  lowered 
in  any  degree.  The  slubber  seizes  the  rail  4  in  his  leit  hand,  to  draw  the  carriage 
out ;  but  in  returning  it,  he  depresses  the  faller-wire,  at  the  same  time  that  he  pushes 
tiie  carriage  before  him. 

The  cardings  are  so  exceedingly  tender,  that  they  would  readily  draw  out,  or  even 
break,  if  they  were  dragged  with  friction  upon  the  endless  cloth  of  the  inclined  plane. 
To  save  this  injurious  traction,  a  contrivance  is  introduced  for  moving  the  apron.  A 
cord  is  applied  ronnd  the  groove  in  the  middle  part  of  the  upper  roller,  and  after 
passing  over  pulleys,  as  shown  in  the  figure,  it  has  a  heavy  weight  hung  at  the  one 
end,  and  a  light  weight  at  the  other,  to  keep  it  constantly  extended,  while  the  heavy 
weight  tends  to  turn  the  rollers  with  their  endless  cloth  round  in  such  a  direction  as 
to  bring  forward  the  rovings,  without  putting  any  strain  upon  them.  Every  time 
that  the  carriage  is  pushed  home,  the  larger  weight  gets  wound  up ;  and  when  the 
carriage  is  drawn  out,  the  greater  weight  turns  the  roller,  and  advances  the  endless 
apron,  so  as  to  deliver  the  carding  at  the  same  rate  as  the  carriage  runs  ont ;  but 
when  the  proper  quantity  is  delivered,  a  knot  in  the  rope  arrives  at  a  flxed  stop, 
which  does  not  permit  it  to  move  any  further;  while  at  the  same  instant  the  roller  6 
quits  the  lever  6,  and  allows  the  upper  rail  o,  of  the  clasp  to  fall,  and  pinch  the  carding 
^t;  the  wheel  b,  being  then  set  in  motion,  makes  the  spindles  revolve;  and  the 
carriage  being  simultaneously  drawn  out,  extends  the  slubbings  while  under  the 
influence  of  twisting.  In  winding  up  the  slabbings  the  operative  must  take  care  to 
posh  in  the  carriage,  and  to  turn  the  wheel  ronnd  at  such  rates  that  the  spindles  will 
not  take  up  faster  than  the  carriage  moves  on  its  railway,  or  he  would  injure  the 
slubbings.  The  machine  requires  Uie  attendance  of  a  child,  to  bring  the  cardings 
from  the  card-engine,  to  place  them  upon  the  sloping  feed-cloth,  and  to  join  the  ends 
of  the  fresh  ones  carefully  to  the  ends  of  the  others  newly-drawn  under  the  roller. 
Slubbings  intended  for  warp-yam  must  be  more  twisted  than  those  for  weft ;  but  each 
must  receive  a  degree  of  torsion  relative  to  the  quality  of  the  wool  and  of  the  cloth 
intended  to  be  made.  In  general,  however,  no  more  twist  should  be  given  to  the 
slubbings  than  is  indispensable  for  enabling  them  to  be  drawn  out  to  the  requisite 
slendemess  without  breaking.  This  twist  forms  no  part  of  the  twist  of  the  finished 
yarn,  for  the  slubbing  will  be  twisted  in  the  contrary  direction,  when  span  afterwards 
in  the  jenny  or  mule. 

It  may  here  be  remarked,  that  various  machines  have  been  constructed  of  late  years 
for  making  continuous  cord-ends,  and  slubbings,  in  imitation  of  the  carding  and 
roving  of  the  Cotton  Sfihniko  ;  to  which  article  therefore  the  reader  may  be  -  re- 
ferred. The  wool  slubbings  are  now  spun  into  yarn,  in  many  factories,  by  means 
of  the  mule.  Indeed,  in  France  the  finest  yam,  for  the  movtadine-de-iame  fabrics,  is 
beautifolly  spun  upon  the  self-actor  mnle  of  Sharp  and  Boberts.' 

Tmttri$tg. — VThen  the  cloth  is  retnmed  ^m  the  fulling-mill  it  is  stretched  upon 
the  tenter  firame,  and  left  in  the  open  air  till  dry. 

In  the  woollen  manufacture,  as  the  cloth  suffers,  by  the  operation  of  the  fulling- 
mill,  a  shrinkase  of  its  breadth  to  well-nigh  one-half,  it  most  at  flnt  be  woven  of 
nearly  double  its  intended  width  when  finished.  Superfine  six-quarter  broad  cloths 
must  thereforo  be  turned  ont  of  the  loom  twelve-quarters  wide. 

>  See  this  admirable  machine  fully  aeacribed  and  delineated  In  Dr.  Ute's  Cotkm  Mm%fad»n  af 
HTMt  Brilain,io\.a.  . 
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SurUng  1$  tlie  nauM  of  8  procew,  in  vhich  the  driad  cloth  ia  examined  minutely  in 
arery  part,  freed  from  knota  or  uneren  threads,  and  repaired  by  sowing  any  little 
rents,  or  inserting  sonnd  yams  in  the  place  of  defectire  ones. 

Teailmg. — The  object  of  tliis  operation  is  to  raise  up  the  loose  filaments  of  the 
woollen  yam  into  a  nap  upon  one  of  the  sar&cet  of  the  cloth,  by  scratching  it  either 
with  thistle-heads,  called '  teasels,'  or  with  teasling^ards  or  brushes,  made  of  wire.  The 
natural  teasels  are  the  balls  which  contain  the  soeds  of  the  plant  called  D^uacta  fiU' 
lonMm ;  the  scales  which  form  the  bolls,  project  on  all  sides  and  end  in  sharp  elastic 
points,  that  turn  downwards  like  hooks.  In  teasling  by  hand,  a  number  of  these  balls 
are  put  into  a  small  wooden  frame,  haring  crossed  luuidles,  eight  or  ten  inches  lon^ 
and  when  thus  filled,  form  an  implement  not  unlike  a  curry-comb,  which  is  used  by 
two  men,  who  seise  die  teasel-fiame  by  the  handles,  and  scrub  the  bee  of  the  doth, 
bung  in  a  vertical  position  from  two  horizontal  rails,  made  fast  to  the  ceiling  of  the 
wontahop.  First,  they  wet  the  cloth  and  work  three  times  orer,  by  stndus  in  the 
direction  of  the  warp,  and  next  <^  that  of  the  weft,  so  as  to  raise  all  the  loose 
fibres  from  the  felt,  and  to  prepare  it  for  shearing.  In  large  manufactories,  this 
dressing  operation  is  performed  by  a  machine  called  a  '  gi^-mill,'  which  originally 
oonsisted,  and  in  most  places  still  condsts  of  a  cylinder  bristled  all  orer  with  the 
thistle-heads,  and  made  to  rcToWe  rapidly  while  the  doth  is  drawn  orer  it  in  a 
Tariety  of  directions.  If  the  thistle  be  drawn  in  the  line  of  the  warp,  Uie  points 
act  more  efficaciously  upon  the  weft,  being  perpendicular  to  its  softer  spun  yams. 
Inrentors  who  hare  tried  to  gire  the  points  a  circular  or  oblique  action  between  the 
warp  and  the  weit,  proceed  apparently  upon  a  &lse  principle,  as  if  the  doth  were 
like  a  plate  of  metal,  whose  substance  could  be  pushed  in  any  direction.  Teasling 
really  consists  in  drawing  out  one  end  of  the  filaments,  and  tearing  the  body  of  them 
entangled  in  the  doth ;  and  it  should  ceiLse  and  pull  them  perpendicularly  to  thur 
length,  because  in  this  war  it  acts  upon  the  ends,  which  beinig  least  implicated,  may 
be  most  readily  disengaged. 

When  the  hooks  of  the  thistles  become  dogged  with  fiocks  of  wool,  they  must  be 
taken  out  of  the  frame  or  cylinder,  and  deaned  by  children  with  a  small  comb. 
Hoistore,  moreorer,  softens  their  points,  and  impairs  their  teasling  powers ;  an  effect 
which  needs  to  be  counterbalanced,  by  taking  them  out,  and  drying  them  from  time  to 
time.  Many  contrivances  hare,  therefore,  l^en  proposed,  in  which  metallic  teasels  at 
an  unchangeable  nature,  mounted  in  rotatory  machines,  driren  by  power,  hare  been 
substituted  for  the  regetaUe,  which  being  raquired  in  prodigious  qnantitiea,  beonne 
sometimes  excessirdr  scarce  and  dear  in  the  dothing  districts.  In  1818,  serecal 
schemes  of  that  kind  were  patented  in  France,  of  whi<£  those  of  H.  Amold-Meridc, 
and  of  MllL  Taurin  frires,  of  EllxBuf,  are  described  in  the  16th  rolnme  of  '  Brerets 
d'lnrention  Ezpiris.'  Mr.  Daniall,  aloth-mann£>cturer  in  Wilts,  renewed  this  inreo- 
tion  under  another  form,  by  making  his  rotatory  cards  with  two  kinds  of  metalliB 
wires,  of  unequal  lengths ;  the  one  set  long,  thin,  and  delicate,  representing  the  paints 
oT  the  thistle ;  the  other,  shorter,  stiffer,  and  blunter,  being  intended  to  stay  the  doth, 
and  to  hinder  the  former  fiom  entering  too  far  into  it.  But  none  of  these  jaocessea 
hare  succeeded  in  discarding  the  natural  teasd  £ram  the  most  eminent  mann&ctories. 

The  French  Qorernment  purchased  in  1807,  the  patent  of  Douglas,  au  English 
mechanist,  who  had,  in  1802,  imparted  into  France,  the  best  system  at  gig-mills  then 
used  in  the  west  of  England!.  A  working  set  of  his  machines  having  been  placed  in 
the  Coiuenatoire  de$  JrU,  for  public  inspection,  they  were  soon  introduced  into  most 
of  the  Ftonch  establishments,  so  as  genenlly  to  supersede  teasling  {Itdnagt)  by  hand. 
A  description  of  them  was  pnblidiedin  the  third  volume  of  the  'Brevets  alnvsntion.' 
The  following  is  an  ouUine  of  some  subsequent  improvements: — 

1.  As  it  was  imagined  that  the  seeeaw  action  of  the  hand-cperative  was  in  some 
respects  more  eSectmil  than  the  uniform  rotation  of  a  gig-mill,  tliia  was  attempted  to 
be  imitated  by  an  alternating  movement. 

3.  Others  conceived  that  the  seesaw  motion  was  not  eaaential,  but  that  it  was  advan- 
tageous to  make  the  teasels  or  cards  act  in  a  rectilinear  direction,  as  in  woiking  by 
hand ;  this  action  was  attempted  by  placing  the  two  ends  of  the  teasel-frame  in  grooves 
formed  like  the  letter  D,  so  that  the  teasd  should  act  on  the  doth  only  when  it  «ane 
into  the  rectilinear  part  Ifr.  Wells,  machine-maker,  of  Hancheeter,  oUained  a  patent, 
in  1832,  for  this  construction, 

3.  It  was  supposed  that  the  teasels  should  not  act  perpendicularly  to  the  weft,  but 
obliquehr  or  cmmlarly  upon  the  free  of  the  doth.  Hr.  Ferrabee,  of  Gloucester, 
patented  in  1830,  a  sdieme  of  this  kind,  in  whidi  the  teasels  are  mounted  upon  two 
endless  chains,  which  trftverse  from  the  middle  of  the  web  to  the  selvage  or  list,  one  to 
the  right,  and  another  to  the  left  hand,  while  the  doth  itself  passes  under  them  with 
such  a  relodty,  that  the  effect,  or  rauUant,  is  a  diagonal  action,  diriding  into  two 
equal  parts  the  rectangle  formed  by  the  weft  and  warp  yana.    Three  patent  machines 
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of  Hr.  George  OldUtnd — the  first  in  1830,  the  second  and  third  in  1832 — all  proceed 
upon  this  principle.  In  Uie  first,  the  teasels  are  moonted  npon  disks  made  to  turn  fiat 
upon  the  surface  of  the  cloth ;  in  the  second,  the  rotating  disks  are  pressed  by  cork- 
screw spiral  springs  against  the  doth,  vhich  is  support^  by  an  elastic  cushion,  also 
pressed  against  the  disks  by  cprings ;  and  in  the  tuird  machine,  the  revolying  disks 
have  a  laiger  diameter,  and  they  torn,  not  in  a  horizontal,  bnt  in  a  vertical  plane. 

4.  Others  fancied  that  it  would  be  beneficial  to  support  the  reverse  side  of  the  cloth 
by  flat  hard  8ur£9«e(,  while  acting  upon  its  &ce  wiui  cards  or  teasels.  Mr.  Joseph 
Cliseld  Daniell,  having  stretched  the  cloth  upon  smooth  level  stones,  teasels  them  by 
hand. 

6.  Hessrs.  Charlesworth  and  Hellor  obtained  a  patent,  in  1829,  for  supporting  the 
back  of  the  cloth  with  elastic  sorfaces,  while  the  part  was  exposed  to  the  teasling 
action. 

6.  Elasticity  has  also  been  imparted  to  the  teasels,  in  the  three  patent  inventions  of 
Mr.  Sevill,  Mr.  J.  C.  Daniell,  and  Mr.  R.  Atkinson. 

7.  It  has  been  thought  useful  to  separate  the  teasel-frames  upon  the  drum  of  the 
gig-mill,  by  simple  roUeis,  or  by  rollers  heated  with  steam,  in  order  to  obtain  the 
combined  efibct  of  calendering  and  teesling.  Mr.  J.  C.  Daniell,  Mr.  6.  Haden,  and 
Mr.  J,  Bayner,  have  obtained  patents  for  contrivances  of  this  kind. 

8.  Several  French  schemes  have  been  mounted  for  making  the  gig-drum  act  upon 
the  two  sides  of  the  cloth,  or  even  to  mount  two  drums  on  the  same  machine, 

Mr.  Jones,  of  Leeds,  contrived  a  very  excellent  method  of  stretching  the  cloth,  so 
as  to  prevent  the  formation  of  folds  or  wrinkles.  (See  Newton's  '  Journal,'  vel.  viii. 
2nd  series,  page  126).  Mr.  Collier,  of  Paris,  obtained  a  patent,  in  1830,  for  a  greatly 
improved  gig-mill,  upon  Douglas's  plan,  which  is  now  much  esteemed  by  the  fVench 
clothiers.  "The  following  figures  (Jigs.  2129,  2130)  and  description  exhibit  one  of  tiio 
latest  and  best  teasling  machines.  It  is  the  invention  of  M.  Dubois  &  Oo.,  of  Louviers, 
and  is  now  doing  excellent  work  in  that  celebrated  seat  of  the  cloth  manufacture. 

In  the  fulling  mill,  the  woollen  web  acquires  body  and  thickness,  at  the  expense  of 
its  other  dimensions  ;  for  being  thereby  reduced  about  one-third  in  length,  and  one- 
half  in  breadth,  its  snrface  is  diminished  to  one-third  of  its  size  as  it  comes  out  of  the 
loom ;  and  it  has,  of  course,  increased  Uireefold  in  thickness.  As  the  filaments  drawn 
forth  by  teasling,  are  of  very  unequal  lengths,  they  must  be  shorn  to  make  them  level, 
and  with  different  degrees  of  closeness,  according  to  the  quality  of  the  stufT,  and  the  ' 
appearance  it  is  desired  to  have.  Unt,  in  general,  a  single  operation  of  each  kind  is 
insufBcient ;  whence,  after  having  passed  the  cloth  once  through  the  gig-mill,  and  once 
through  the  shearing-machine  (tondeuae),  it  is  ready  to  receive  a  second  teasling, 
deeper  than  the  first,  and  then  to  sufier  a  second  shearing.  Thus,  by  the  alternate 
repetition  of  these  processes,  as  often  as  is  deemed  proper,  the  cloth  finally  acquires 
its  wisbed-for  appearance.  Both  of  these  operations  are  very  delicate,  especially  the 
first ;  and  if  they  be  ill  conducted,  the  cloth  is  weakened,  so  as  to  tear  or  wear  most 
readily.  On  the  other  hand,  if  they  be  skilfully  executed,  the  fabric  becomes  not  only 
more  sightly,  but  it  acquires  strength  and  durability,  because  its  £ue  is  changed  into 
a  species  of  fur,  which  protects  it  from  friction  and  humidity. 

iSgs.  2129,  2130,  represent  the  gig-mill  in  section,  and  in  front  elevation,  a,  B,  c,  n, 
a',  b*,  (/,  d',  being  the  strong  &ame  of  iron,  cast  in  one  piece,  having  its  feet  enlarged 
a  little  more  to  the  inside  than  to  the  outside  and  bolted  to  large  blocks  in  the  stone 
pavement.  The  two  nprights  are  bound  together  below  by  two  cross-beams  a'',  being 
fastened  with  screw-bolts  at  the  ears  a",  a'-';  and  at  top,  by  two  Wrought-iron 
stretcher-rods  d,  whose  ends  are  secured  by  screw-nuts  at  d,  i/.  The  drum  is  mounted 
npon  a  wrought-iron  shaft  f,  which  bears  at  its  right  end  {fig.  2130),  exterior  to  the 
freme,  the  usual  riggers,  or  iast-and-Ioose  pulley,  jf,  f,  which  give  motion  to  the 
machine  by  a  band  from  the  main  shaft  of  the  mifi.  On  its  right  end,  within  the  frame, 
the  shaft  f,  has  a  bevel-wheel  F*,  for  transmitting  movement  to  the  cloth,  as  will  be  . 
afterwards  explained.  Three  crown  wheels  o,  of  which  one  is  shown  in  the  section, 
fig.  2129,  are,  as  usual,  keyed  by  a  wedge  to  the  shaft  F.  Their  contour  is  a  sinuous 
band,  with  six  semi-^lin&cal  hollows,  separated  alternately  by  as  many  portions  of 
the  periphery.  One  of  these  three  wheels  is  placed  in  the  middle  of  the  shaft  r,  and 
the  other  two,  towards  its  extremities.  Their  size  may  be  judged  of,  from  inspection 
vifig.  2129.  After  having  set  them  so  that  all  their  spokes  or  radii  correspond  exactly, 
the  16  sides  h  are  made  fast  to  the  16  portions  of  the  periphery,  which  correspond  in 
the  three  wheels.  These  sides  are  made  of  sheet-iron,  curved  in  a  gutter  form, 
fig.  2129,  bnt  rounded  off  at  the  end,  fig.  2130,  and  each  of  them  is  fixed  to  the  three 
felloes  of  the  wheels  by  three  bolts  h.  The  elastic  part  of  the  plate  iron  allows  of  their 
being  sufficiently  well  adjusted,  so  that  their  fiat  portions  furthest  from  the  centre 
may  lie  pretty  truly  on  a  cylindrical  surface,  whose  axis  would  coincide  with  that  of 
the  shaft  f. 
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Betveen  the  16  sides  there  are  16  interrals,  which  correspond  to  the  16  hoUowings 
of  each  of  the  wheels.  Into  these  interrals  are  adjusted,  with  pK>per  precautions,  1 6 
frames  bearing  the  teasels  which  are  to  act  upon  the  olotb.  These  are  fitted  in  as 
follows : — Each  has  the  shape  of  a  rectangle,  of  a  length  equal  to  that  of  the  drum, 
but  their  breadth  only  large  enough  to  contain  two  thistle-heads  set  end  to  end,  thus 
making  two  rows  of  parallel  teasels  throughout  the  entire  length  (see  the  contour  in 
jig.  2129).  A  portion  of  the  flsme  is  reprewnted  in  jig.  2131.  The  lajge  side  i,  against 
which  the  tops  of  the  teasels  rest,  is  hollowed  out  in  a  semi-cylinder,  and  its  opposite 
side  is  cleft  throughout  its  whole  length,  to  receive  the  tails  of  the  teasels,  whidi  are 
seated  and  compressed  in  it.  There  are,  moreover,  cross-bars  t,  which  serve  to 
maintain  the  sides  of  the  ftame  I,  at  an  invariable  distance,  and  to  form  short 
compartments  for  keeping  the  thistles  compact.  The  ends  are  fortified  by  stronger 
ban  k,  k,  with  projecting  bolts  to  fasten  the  frames  between  the  ribs.  The  distance  of 
the  sides  of  the  fi«me  i,  i',  ought  to  be  such,  that  if  a  frame  be  laid  upon  the  drum, 
in  the  interval  of  two  ribs,  the  side  i  will  rest  upon  the  inclined  plane  of  one  of  the 
ribs,  and  the  side  i' upon  theincUned  plane  of  theother(seeJ^.  2129);  while  at  the  same 
time  the  bars  h,  of  the  two  ends  of  the  frame  rest  upon  the  flat  parts  of  the  ribs 
themselves.  This  point  being  secured,  it  is  obvioiu,  that  if  the  ends  of  the  bars  h  be 
stopped,  the  frame  will  be  made  fut.  Bat  they  need  not  be  fixed  in  a  permanent 
manner,  because  they  must  be  frequently  removed  and  replaced.  They  are  fastened  by 
the  clamp,  jigt.  2182,  2138,  which  is  shut  at  the  one  end,  and  furnished  at  the  other 
with  a  spring,  which  can  be  opened  or  shot  at  pleasure.  2  and  4,  in^,  2130  (near 
the  right  end  of  the  shaft  f),  shows  the  place  of  the  clamp,,^«.  2132,  2133.  The  bar 
of  the  right  hand  is  fint  set  in  the  clamp,  by  holding  up  its  other  end ;  the  frame 
is  then  let  down  into  the  left-hand  clamp. 

2131  ^  '"'nn/Tp'^    y 


2133 


•■liiuiigim  ID  {' 
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The  cloth  is  wound  upon  the  low6r  beam  q,  fig.  2129 ;  thence  it  passes  in  contact 
with  a  wooden  cylinder  T,  turning  upon  an  axis,  and  proceeds  to  the  upper  beam  F, 
on  to  which  it  is  wound ;  by  a  contisiy  movement,  the  cloth  returns  from  the  beam 
p  to  a,  over  the  cylinder  t  ;  and  may  thus  go  from  the  one  to  the  other  as  many  times 
as  shall  be  requisite.  In  these  successive  circuits  it  is  presented  to  the  action  of  the 
teasels,  under  certain  conditions.  In  order  to  be  properly  teasled,  it  must  have  an 
equal  tension  thion^ont  its  whole  breadth  during  its  traverse ;  it  most  be  brought 
into  more  or  less  dose  contact  with  the  dmm,  according  to  the  nature  of  the  doth, 
and  the  stage  of  the  operation ;  sometimes  being  a  tangent  to  the  surface,  and 
sometimes  embracing  a  greater  or  smaller  portion  of  its  contour,  it  must  travel  with  a 
determinate  speed,  dependent  upon  the  velocity  of  the  drum,  and  calculated  so  as  to 
produce  the  best  result :  the  maichine  itself  most  make  the  stuff  pass  alternately  from 
one  winding  beam  to  the  other. 

In^.  2130,  before  the  &ont  end  of  the  machine,  there  is  a  vertical  shaft  L,  as  high 
OS  the  framework,  which  revolves  with  great  fiunlit^,  in  the  bottO|n  step  I,  the  midme 
collet  {',  and  top  collet  I",  in  the  prolongation  of  the  stretcher  s.  Upon  this  upright 
shaft  are  mounted — 1,  a  bevel-wheel  l'  ;  2,  an  upper  bevel-pinion  M,  with  its  boss  h'  ; 
8,  a  lower  bevel-pinion  h,  with  its  boss  ii'.  Tiu  bevel-wheel  i!  is  keyed  upon  the 
shaft  I,  and  communicates  to  it  the  movement  of  rotation  which  it  receives  &om  the 
pinion  /,  with  which  it  is  in  gear ;  but  the  pinion  /,  which  is  mounted  upon  the  shaft 
p  of  the  dmm,  participates  in  the  rotation  which  this  shaft  receives  itara  the  prime 
mover,  by  means  of  the  fast  rigger-pulley  /'.  The  upper  pinion  x  is  independent 
upon  ihe  shaft  i, ;  that  is  to  say,  it  may  be  slidden  along  it,  up  and  down,  without 
being  driven  by  it ;  bnt  it  may  be  turned  in  an  indirect  manner  by  means  of  six  curved 
teeth,  projecting  from  its  bottom,  and  which  may  be  rendered  active  or  not  at  pleasure ; 
these  curved  teeth,  and  their  intervals,  correspond  to  similar  teeth  and  intervals  upon 
the  top  of  the  boss  h',  which  is  dependent,  by  feathered  indentations,  upon  the  rotation 
of  Ii,  though  it  can  slide  ireely  up  and  down  upon  it.  When  it  is  raised,  therefore,  it 
comes  into  gear  with  m.  The  pinion  »,  and  its  boss,  have  a  similar  mode  of  being 
thrown  into  and  out  of  gear  with  each  other.  The  bosses  m'  and  v!,  ought  always  to 
be  moved  simultaneously,  in  order  to  throw  one  of  them  into  gear,  and  the  other  out 
cf  gear.    The  shaft  i.  serves  to  put  the  cloth  in  motion,  by  means  of  the  bevel* 
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vheels  p"  and  a",  apon  the  ends  of  the  beams  p  and  q,  which  take  into  the  pinion* 
MandK. 

The  mechanism  destined  to  stretch  the  cloth  is  placed  at  the  other  end  of  the 
machine,  vhere  the  shafts  of  the  beams,  F,  Q,  are  proloofied  beyond  the  frame,  and 
bear  at  their  extremities  r'  and  q',  aimed  each  irith  a  brake.  The  beam  P  {/iff.  2129X 
turns  in  an  opposite  direction  to  the  dmm  ;  consequently  the  cloth  is  wound  upon  p, 
and  nnwound  from  q.  If,  at  the  same  time  as  this  is  going  on,  the  handle  h,  of  the 
brake-shaft,  be  turned  so  as  to  clasp  the  brake  of  the  pulley  o!  and  release  that  of  the 
pulley  p',  it  is  obrions  that  a  greater  or  smaller  renstance  will  be  occasioned  in  the 
beam  Q,  and  the  cloth  which  pulls  it  in  unwinding,  will  be  able  to  make  it  torn  only 
when  it  has  acquired  the  requisite  tension ;  hence  it  will  be  necessary,  in  order  to  in- 
crease or  diminish  the  tension,  to  turn  the  handle  a.'  a  little  more  or  a  little  less  in  the 
direction  which  clasps  the  brake  of  the  pulley  q'  ;  and  as  the  brake  acts  in  a  Terr 
equable  manner,  a  very  equable  tension  will  take  place  all  the  time  that  the  cloth 
takes  to  pass.  Besides,  snould  the  diminution  of  the  diameter  of  tiie  beam  «  render 
the  tension  less  efficacious  in  any  considerable  degree,  the  bake  would  need  to  be  un- 
clnmped  a  yery  little,  to  restore  the  primitive  tension. 

When  the  cloth  is  to  be  retnmed  &om  the  beam  p  to  the  beam  o,  *  must  be 
lowered,  to  put  the  shaft  i.  out  of  gear  above,  and  in  gear  below ;  then  the  cloth-beam 
q,  being  driven  by  that  vertical  shaft,  it  will  turn  in  the  same  Erection  as  the  dram, 
and  will  wind  the  cloth  round  its  snr&ce.  In  order  that  it  may  do  so,  with  a  suitable 
tension,  the  pulley  o'  must  be  left  free,  by  clasping  the  brake  of  the  pulley  p'  so  as  to 
oppose  an  adequate  rerastance. 

The  cloth  is  brought  into  more  or  leas  close  contact  with  the  drum  as  follows :  — 
There  is  for  this  purpose  a  wooden  roller  t,  against  which  it  presses  in  passing  from 
the  one  winding  beam  to  the  other,  and  which  may  have  its  position  changed  rela- 
tively to  the  drum.  It  is  obvious,  for  example,  that  in  departing  from  the  position 
represented  in  fy.  2129,  where  the  cloth  is  nearly  a  tangent  to  the  drum,  if  the  rt^er 
t'  be  raised,  the  cloth  will  cease  to  tonch  it ;  and  if  it  be  lowered,  the  cloth  will,  on 
the  contrary,  embrace  the  drum  over  a  greater  or  less  portion  of  its  periphery.  For 
it  to  prodoce  these  effects,  the  roller  is  borne  at  each  end,  by  iron  gudgeons,  npon  the 
heads  of  an  arched  rack  t^  {fg.  2129),  where  it  is  held  merely  by  pins.  These  racks 
have  the  same  curvature  as  the  circle  of  the  f^me,  against  which  they  ate  adjusted  by 
tw()  bolts;  and  by  means  of  slits,  which  these  bolts  traverse,  they  may  be  slidden  up- 
wards or  downwards,  and  consequently  raise  or  depress  the  roller  T.  Bat  to  gradnate 
the  movements,  and  to  render  them  equal  in  the  two  racks,  there  is  a  shaft  v,  sup- 
ported by  the  uprights  of  the  frame,  and  which  carries,  at  each  end,  {anions  i",  xf, 
which  work  into  the  two  racks  i',  t''  :  this  shaft  is  extended  in  £cont  of  the  frame, 
upon  the  side  of  the  head  of  the  machine  {fig.  21 30),  and  there  it  carries  a  ratohet- 
wheel  «,  with  a  handle  u'.  The  workman,  therefore,  reqi6ies  merely  to  lay  bold  of 
the  handle,  and  turn  it  in  the  direction  of  the  mtchet-wheel,  to  raise  the  racks,  and 
the  roller  t,  which  they  cany ;  or  to  lift  the  click  or  catch,  and  turn  the  handle  in 
the  opponte  direction,  when  he  wishes  to  lower  the  roller,  so  as  to  apply  the  doth  to 
a  larger  portion  of  the  drum. 

Cloth  Cboppiko. 

Of  machines  for  cropping  or  shearing  woollen  cloths,  those  of  Lewis  and  Davis  hav* 
been  very  generally  used. 

Fig.  2131  is  an  end  view,  and  jig.  2186  is  a  side  view,  of  Lewis's  machine  for 
shearing  cloth  from  -list  to  list  Fig.  2186  is  an  end  view  of  the  eairiage,  with  the 
rotatory  cutter  detached  from  the  finme  of  the  machine,  and  npon  a  lai^r  scale :  a  is 
a  cylinder  of  metal,  on  which  is  fixed  a  triangular  steel  irire ;  this  wire  is  previomly 
bent  round  the  cylinder  in  the  Anrn  «f  a  screw,  as  represented  at  a,  o,  in  fig.  21S4, 
and,  being  hardened,  is  intended  to  constitute  one  edge  of  the  shear  or  cntter. 

The  axis  of  the  cylindrical  cutter  a  turns  in  the  frame  b,  which,  having  proper 
adjusbnents,  is  mounted  on  pivots  c,  in  the  standard  of  the  travelling  carriage  d,  d; 
and  « is  the  fixed  or  ledger  blade,  attached  to  a  bar/,  which  constitutes  the  other  edge 
of  the  cutter;  that  is,  the  stationary  blade,  against  whidi  the  edges  of  the  rotatory 
cutter  act;  /  and  g  are  fiat  brings,  intended  to  keep  the  cloth  (shown  by  dots)  up 
against  the  cutting  edges.  Tlie  form  of  these  flat  springs  fg  is  shown  at  figt.  21S7 
and  2188,  as  consisting  of  plates  of  thin  metal  cut  into  narrow  slips  (fig.  2138),  or 
perforated  with  long  holes  (fig.  2187).  Their  object  is  to  support  the  cloth  wliich  is 
intended  to  pass  between  them,  aiid  operate  as  a  spring  bed,  bearing  the  surface  of  the 
doth  against  the  cutters,  so  that  its  pile  or  nap  may  be  cropped  off  or  shorn  as  the 
carriage  d  is  drawn  along  the  top  raik  of  the  standard  or  frame  of  the  madiine  k  h, 
by  means  of  cords. 
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The  piece  of  cloth  to  be  shore  is  wound  upon  the  beam  i,  and  ita  end  it;  then  con- 
ducted through  the  machine,  between  the  flat  springs  /and  g  (as  shown  in  fy,  2136), 
to  the  other  beam  (, 

and  is  then  made  fast ;         |  ^^  2131  -^^ 

the  sides  or  lists  of  the 
cloth  being  held  and 
stretched  by  small 
hooks,  called  'habit- 
ing hooks.'  The  cloth 
being  thus  placed  in 
the  machine,  and 
drawn  tight^  is  held 
distended  by  means  of 
ratchets  on  the  ends 
of  the  beams  k  and 
/,  and  palls.  In  com- 
mencing the  opera- 
tion of  shearing,  the 
carriage  a  must  be 
brought  back,  as  in 
fiff.  2136,  BO  that  the 
cutters  shall  be  close  to  the  list ;  the  frame  of  the  cutteis  is  raised  up  on  its  pivots 
as  it  recedes,  in  order  to  keep  the  cloth  from  iqury,  but  is  lowered  again  previoasly 


to  being  put  in  action.    A  band  or  winch  is  applied  to  the  rigger  or  pulley  «i,  which, 
by  means  of  an  endless  cord  passed  round  the  pulley  n,  at  the  rereree  end  of  the  axle 
of  m,    and  round    the    other 
pulleys  0  and  ^,  and  the  small       2137  2188 

pulley  {,  on   the  axle  of  the  ! ">rn  2185 

cylindrical   cutter,    gives   the 

cylindrical  cntter  a  very  rapid 

rotatory  motion ;  at  the  same 

time  a  worm,  or  endless  screw, 

on  the  axle  of  m  and  n,  taking 

into  the    teeth  of   the  large 

wheel  r,  causes  that  wheel  to 

revolve,  and  a  small  drum  *, 

upon  its  axle,  to  coil  up  the  ^ 

cord,  by  which  the  carriage  d, 

with  the  cutters  a  and  e,  and 

the  spring  bed  /  and  ff,  are 

alowly,  but  progressively,  made 

to  advance,  and  to  cany  the 

cutters   over  the  face  of  the 

doth,  firom  list  to  list;   the 

rapid  rotadoa  of  the  cutting 

cylinder  a,  producing  the  operation  of  cropping  or  shearing  the  pile. 

Upon  tho  cutting  cylinder,  between  the  spiral  blades,  it  is  proposed  to  place  strips 
of  plush,  to  answer  the  purpose  of  brushes,  to  raise  the  nap  or  pile  as  the  cylinder 
goes  around,  and  thereby  assist  in  bringing  the  points  of  tho  wool  up  to  the  cutters. 

Tho  same  contrivance  is  adapted  to  a  machine  for  shearing  the  cloth  lengthwise. 

Fig.  21 39,  is  a  geometrical  elevation  of  one  side  of  Mr.  Davis's  machine.  Fig,  2140, 
a  plan  or  horizontal  representation  of  the  same,  as  seen  at  top ;  and  Jig.  2141,  a  sec- 
tion taken  vertically  ncross  the  machine  near  the  middle,  for  the  purpose  of  display- 
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ing  the  working  parts  more  perfectly  than  in  the  two  preceding  flgores.  Tbtsa 
three  iigoies  represent  a,  complete  macliine  in  woiUng  condition,  the  eattan  being 
worked  by  a  rotatory  motion,  and  the  cloth  so  placed  in  the  carriage  as  to  be  eat 
from  list  to  list,  a,  a,  a,  is  a  ftame  or  standard,  of  wood  or  iron,  flim^  bolted 
together  by  cross  braces  at  the  ends  and  in  the  middlr.  In  the  upper  side-lails  of  the 
ttaodaid,  were  is  a  series  of  azlos  carryihg  anti-friction  wheels,  b,  b,  b,  npon  which 


the  side-rails  e,  c,  of  the  carriage  or  frame  that  bean  the  cloth  runs,  when  it  is  pass- 
ing nnder  the  cntters  in  the  operation  of  shearing.  The  side-rails  c,  e,  are  straight 
bars  of  iron,  formed  with  edges  v,  on  their  under  sides,  which  run  smoothly  in  the 
grooves  of  the  rollers  b,  b,  b.  These  side-rails  are  firmly  held  together  by  the  end 
stretchers  d,  d.  The  sliding  frame  has  attached  to  it  the  two  lower  rollers  «,  *,  apon 
which  the  cloth  intended  to  be  shorn  is  wound ;  the  two  upper  lateral  roUeis^.j'',  orer 
which  the  cloth  is  conducted  and  held  np ;  and  the  two  end  rollers  g,  g,  by  wUeh  the 
habiting  rails  A,  A,  are  drawn  light. 


In  preparing  to  shear  a  piece  of  doth,  the  whole  length  of  the  {nMe  is,  in  th«  first 
place,  tightly  rolled  upon  one  of  the  lower  rollers  t,  wmeh  must  be  soinething  longer 
than  the  brradth  of  the  doth  bom.  list  to  list  The  end  of  the  piece  is  then  miaed 
and  passed  over  the  top  of  the  lateral  rollers/,/,  whence  it  is  carried  down  to  tha 
other  roller  e,  and  its  end  or  fnrral  ia  made  fast  to  that  roller.  The  hooks  of  the 
habiting  rails  A,  h,  are  then  put  into  the  lists,  and  the  two  lower  rollers  e,  e,  with  the 
two  end  rollers  y,^,  are  then  tamed,  for  the  purpose  of  drawing  up  the  doth,  and 
straining  it  tight,  which  tension  is  preserved  by  ratchet-wheels  attached  to  the  ends 
of  the  respective  rollers,  with  palls  dropping  into  their  teeth.  The  frame  carrying 
the  cloth  is  now  slidden  along  upon  the  stop  standard  rails  by  hand,  so  that  the  list 
shall  be  brought  nearly  np  to  the  cutter  t,  i,  ready  to  eommenee  the  shearing  ope- 
ration ;  the  bed  is  then  raised,  which  brings  tlio  cloth  up  against  the  edges  of  the 
shears. 
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The  ooDstrnctiou  of  the  bed  urill  be  seen  by  reference  to  the  cioss-seetion  fig.  2141. 
It  consists  of  an  iron  or  other  metal  roller,  k,  Jc,  turned  to  n  truly  cylindrical  figure, 
and  covered  vith  cloth  or  leather,  to  afford  a  small  degree  of  elasticity.  This  roller 
ia  mounted  upon  pivots  in  a  frame,  I,  t,  and  is  supported  by  a  smaller  roller  m, 
similarly  mounted,  Trhich  roller  m,  is  intended  merely  to  prevent  any  bending  or 
depression  of  the  central  part  of  the  upper  roller  or  bed  k,  k,  so  that  the  cloth  may  be 
kept  in  close  contact  trith  the  whole  length  of  the  cutting  blades. 


2141 


In  order  to  allow  the  bed  k  to  rise  and  fall,  fur  the  purpose  of  bringing  the  cloth  up 
to  the  cutters  to  be  shorn,  or  lowering  it  away  from  cliem  after  the  operation,  the  frame 
/.  /,  is  made  to  slide  up  and  down  in  the  grooved  standard  n,  n,  the  moveable  part  en- 
closed within  the  standaid  being  shown  by  dots.  This  standard  n,  is  situated  about 
the  middle  of  the  machine,  crossing  it  immediately  under  the  cutters,  and  is  made 
fast  to  the  firamn  a,  by  bolts  and  screws.  There  is  a  lever,  o,  attached  to  the  lower 
cross-rsiil  of  the  standard,  which  turns  upon  a  fulcrum-pin,  the  extremity  of  the 
shorter  arm  of  which  lever  acts  under  the  centre  of  the  sliding-frame,  so  that  by  the 
lover  0,  the  sliding-frame,  with  the  bed,  may  be  raised  or  lowered,  and  when  so  raised, 
be  hold  up  by  a  spring-catchy. 

It  being  now  explained  by  what  means  the  bed  which  supports  the  cloth  is  con- 
structed, and  brought  up,  so  as  to  keep  the  cloth  in  close  contact  with  the  cutters, 
while  the  operation  of  shearing  is  going  on ;  it  is  necessary,  in  the  nest  place,  to 
describe  the  construction  of  the  cutters,  and  their  mode  of  working ;  for  which  par- 
pose,  in  addition  to  what  is  shown  in  the  first  three  figures,  the  cutters  are  also  repre- 
sented detached,  and  upon  a  larger  scale,  in/y.  2142. 

In  this  figure  is  exhibited  a  portion  of  the  cutters  in  the  same  situation  as  in  /iff, 
2186;  and  alongside  of  it  is  a  section  of  the  same,  taken  through  it  nt  right  angles 
to  the  former;  p,  is  a  metallic  bar  or  rib,  somewhat  of  a  wedge  form,  which  is 
festened  to  the  top  part  of  the  standard  a  a,  seen  best  in  Jig.  2135.  To  this  bar  a 
straight  blade  of  steel  ff,  is  attached 


by  screws,  the  edge  of  which  stands 

forward  even  with  the  centre  or  axis 

of  the  cylindrical  cutter  i,  and  forms 

the  ledger  blade,  or  lower  fixed  edge 

of  the  shears.     This  blade  remains 

stationary,  and   is  in  close  contact 

with  the  pile  or  nap  of  the  cloth,  when  the  bed  i,  is  raised,  in  the  manner  above 

described.  * 

The  cutter  or  upper  blade  of  the  shears,  is  formed  by  inserting  two  or  more  strips 
of  plate  steel,  r,  r,  in  twisted  directions,  into  grooves  in  the  metallic  cylinder  »,  i,  the 
edges  of  which  blades  r,  as  the  cylinder  t  revolves,  traverse  along  tlio  edge  of  the 
fixed  or  ledger-blade  ff,  and  by  their  obliquity  produce  a  cutting  action  like  shean ; 
the  edges  of  the  two  blades  taking  hold  of  the  piled  or  raised  nsp,  as  the  cloth 
passes  under  it,  shaves  off  the  saperfluons  ends  of  the  wool,  and  leaves  the  face 
smooth, 

Hot/itory  motion  is  given  to  the  cutting  cylinder  «,  by  means  of  a  band  leading 
from  tlio  wheels,  which  passes  round  the  pulley  fixed  on  the  eud  of  the  cylinder t, 
the  wheel  »  being  driven  by  a  band  hading  from  the  rotatory  part  of  the  steam* 
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engine,  or  aaj  oUier  flnt  moyer,  and  passed  round  the  rigger  t,  fixed  on  the  aile  <. 
Tension  is  given  to  this  band  by  a  tightening  pulley,  u,  monnted  on  an  atyustable 
diding-piece  v,  which  is  aecnred  to  the  standard  by  a  screw ;  and  this  trigger  is 
thrown  is  and  out  of  gear  by  a  clutch-box  and  lever,  which  sets  the  machine  going, 
or  stops  it 

In  order  to  give  a  drawing  stroke  to  the  cutter,  which  will  cause  the  piece  of  cloth 
to  be  shorn  off  with  better  efiect,  the  upper  cutter  has  a  slight  lateral  action,  pro- 
duced by  the  axle  of  the  cutting  cylinder  being  made  sufficiently  long  to  allow  of  its 
diding  laterally  about  an  inch  in  its  bearings ;  which  sliding  is  tSoSied  by  a  cam  «■, 
fixed  at  one  end.  This  cam  is  formed  by  an  oblique  groove,  cut  round  the  axle 
(see  tf,  fy.  2142),  and  a  tooth,  x,  fixed  to  the  &ame  or  standard  which  woAs  in  it,  as 
the  cylinder  revolves.  By  means  of  this  tooth,  the  cylinder  is  made  to  slide  laterally, 
a  distance  equal  to  the  obliquity  of  the  groove  to,  which  produces  the  drawing  stroke 
of  the  upper  shear.  In  order  that  the  rotation  of  the  shearing  cylinder  may  not  be 
obstructed  by  friction,  the  tooth  x,  is  made  of  two  pieces,  set  a  little  apart,  so  as  to 
aSSbri  a  small  degree  of  elasticity. 

The  manner  of  passing  the  cloth  progressively  under  Uie  cutters  is  as  follows : — 
On  the  axle  of  the  wheel  s,  and  immediately  behind  that  wheel,  there  is  a  small  rigger, 
&om  which  a  band  passes  to  a  wheel  y,  mounted  in  an  axle  turning  in  bearings  on  tho 
lower  side-rail  of  the  standard  a.  At  the  reverse  extremity  of  this  axle,  there  is  an- 
other small  rigger  1,  tiom  which  a  band  passes  to  a  wheel  2,  fixed  on  the  axle  3,  which 
crosses  near  the  middle  of  the  machine,  seen  in^.  2141.  Upon  this  axle  there  is  a 
sliding  pulley  4,  round  which  a  cord  is  passed  several  times,  whose  extremities  are 
made  fast  to  the  ends  of  the  sliding  carriage  d ;  when,  therefore,  this  pulley  is  locked 
to  the  axle,  which  is  done  by  a  clutch  box,  the  previously-described  movements  of  the 
machine  cause  the  pulley  4  to  revolve,  and  by  means  of  the  rope  passed  round  it,  to 
draw  the  frame,  with  the  cloth,  slowly  and  progressively  along  nnder  the  cutters. 

It  remains  only  to  point  out  the  contrivance  whereby  the  machinery  throws  itself 
out  of  gear,  and  stops  its  operations,  when  the  edge  of  the  cloth  or  list  arrivea  at  the 
cutters. 

At  the  end  of  one  of  the  habiting  rails,  h,  there  is  a  stop  affixed  by  a  nut  and  screw 
6,  which,  by  the  advance  of  the  carriage,  is  brought  up  and  made  to  press  against  a 
lever  6  ;  when  an  arm  from  this  lever  6,  acting  under  the  catch  7,  raises  the  catch  np^ 
and  allows  the  hand-lever  8,  which  is  pressed  upon  by  a  strong  sjpring,  to  throw  the 
dutch-box  10,  out  of  gear  with  the  wheel  8 ;  whereby  the  revolution  of  the  machine 
instantly  ceases.  The  lower  part  of  the  lever  6,  being  connected  by  a  joint  to  the  top 
of  the  lever y,  the  reoe^ng  of  the  lever  6,  draws  back  the  lower  catchy',  and  allows  the 
sliding  firame  I,  I,  within  the  bed  Ic,  to  descend.  By  now  turning  the  lower  rollers  «,  e, 
another  portion  of  the  cloth  is  brought  np  to  be  shorn;  and  when  it  is  ytopvrlj 
habited  and  strained,  by  the  means  above  described,  the  carriage  is  slidden  Wk,  and 
Uie  parts  being  all  thrown  into  gear,  the  operation  goes  on  as  before. 

lu,  Hirsf  s  improvements  in  manufacturing  wooUen  cloths,  for  which  a  patent  was 
obtained  in  February  1 830,  apply  to  that  part  of  the  process  where  a  permanent  lustre 
is  given  usually  by  what  is  called  roll-boUing;  that  is,  stewing  the  cloth,  when  tightly 
wound  upon  a  roller,  in  a  vessel  of  hot  water  or  steam.  As  there  are  many  disadran- 
tages  attendant  upon  the  operation  of  roll-boiling,  such  as  injuring  the  cloUis,  by  over- 
heating them,  which  weakens  the  fibre  of  the  wool,  and  abo  changes  some  colours,  he 
substituted,  in  place  of  it,  a  particular  mode  of  acting  upon  the  cloths,  by  occasional 
or  intermitted  immersion  in  hot  water,  and  also  in  cold  water ;  which  operations  may 
be  pOTformed  either  with  or  without  pressure  upon  the  cloth,  as  circumstances  may 
require. 

Tlie  apparatus  which  he  proposed  to  employ  for  carrying  on  his  improved  procees 
is  sliown  in  the  accompanying  drawings.  Fig.  2143,  is  a  front  view  of  the  apparatus, 
complete,  and  in  working  order ;  Jiff.  2144,  is  a  section,  taken  transversely  throng  the 
middle  of  the  machine,  in  the  direction  of  fy.  2146 ;  and^.  2145  is  an  end  view  of 
the  same,  a,  a,  a,  is  a  vessel  or  tank,  made  of  iron  or  wood,  or  any  Other  suitable 
material ;  sloping  at  the  back  and  front,  and  perpendicular  at  the  ends.  This  tank 
innst  be  sufficiently  large  to  admit  of  half  the  diameter  of  the  cylinder  or  drum,  i,  i,  b, 
being  immersed  into  it,  which  dmm  is  about  four  feet  in  diameter,  and  about  six  feet- 
long,  or  something  more  than  the  width  of  the  piece  pf  cloth  intended  to  be  operated 
upon.  This  cylinder  or  drum,  i,  b,  is  constructed  by  combining  segments  of  wood  cut 
radially  on  their  edges,  secured  by  screw-bolts  to  the  rims  of  the  iron  wheels,  having 
arms,  with  an  axle  passing  throngb  the  middle. 

The  cylinder  or  drum  being  thus  formed,  rendered  smooth  on  its  periphery,  and 
mounted  upon  its  axle  in  the  tank,  the  piece  of  cloth  is  wound  upon  it  as  tightly  as 
possible,  which  is  done  by  placing  it  in  a  heap  upon  a  stool,  as  at  c,fig.  2144,  passing 
Its  end  over  and  between  the  tension  rollers  a,  e,  and  then  securing  it  to  the  dmm ; 
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the  doth  is  progressively  drairn  £rom  the  heap,  between  the  tensioB-iollen,  which 
are  confined  by  a  pall  and  ratchet,  on  to  the  periphery  of  the  dmoi,  by  cansing  the 

V 
[ 


/     — 


y 


drum  to  reToIve  npon  its  axis,  until  the  whole  piece  of  cloth  is  tightly  wonnd  npon  the 
dmm ;  it  is  then  bonnd  lonnd  with  canvas  or  other  wrappeis,  to  keep  it  secnre. 


If  the  tank  has  not  been  preriously  charged  with  dean  and  pure  water,  it  is  now 
illl'ed  to  the  brim,  as  shown  at  fig.  2144,  and  opening  the  stopcock  of  the  pipe/,  which 
leads  &om  a  boiler,  the  steam  is  tulowed 
to  blowthrongh  the  pipe,  and  discharge 
itself  at  the  lower  end,  by  which  means 
the  temperatore  of  the  water  is  raised 
in  the  tank  to  abont  170°  Fahr.  Before 
the  temperature  of  the  water  has  got 
up,  the  dmm  is  set  in  slow  rotatory 
motion,  in  order  that  the  cloth  may 
be  nniformly  heated  thioughont;  the 
dmm  making  abont  one  rotation  per 
minnte.  The  cloth,  by  immersion  in 
the  hot  water,  and  passing  throngh  the 
cold  air,  in  succession,  for  the  space  of  - 
about  8  hours,  gets  a  smooth  soft  face, 
the  texture  not  being  rendered  harsh, 
or  otherwise  injored,  as  is  frequently 
the  case  by  toll-boiling. 

Uniform    rotatory    motion    to    the 
dmm  is  shown  in  Jig.  2148,  in  which 
an  endless  screw  or  worm  is  placed 
horizontaliy,  and  driven  by  a  steam-engine  or  any  other  first  mover  employed  in  the 
factory.    This  endless  screw  takes  into  the  teeth  of,  and  drives,  the  vertical  wheel  h, 
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npon  the  axle  of  vhich  the  coupling-box  i,i,U  fixed,  and,  consequently,  continoally 
leToWei  vith  it.  At  the  end  of  the  ehsft  of  the  dmm,  s  pair  of  sliding  dutches 
At,  At,  are  mounted,  which,  when  projected  forward,  as  shown  by  dots  in  fig.  2143,  pro- 
duce the  coupling  or  locking  of  the  drum-shaft  to  the  driving-wheel,  by  whidi  the 
dmm  is  put  in  motion ;  bat  on  withdrawing  the  clutches  k,  t,  m>m  the  coupling-box 
t,  t,  as  in  the  figure,  the  drum  immediately  stands  Etill. 

After  operating  npon  the  cloth  in  the  way  described,  by  passing  it  through  hot 
water  for  the  space  of  time  required,  the  hot  water  is  to  be  withdrawn  bya  cock  at  the 
bottom,  or  otherwise,  and  cold  water  introdnced  into  the  tank  in  its  stead ;  in  which 
cold  water  the  cloth  is  to  be  continued  turning,  in  the  manner  above  desoribed,  for  the 
space  of  24  hours,  which  will  perfectly  fix  toe  Instre  that  the  face  of  the  cloth  has 
acquired  by  its  immersion  in  the  hot  water,  and  leave  the  pile  or  nap,  to  the  touch,  in 
a  soft  silky  state. 

In  the  cold-water  operation  ho  sometimes  employs  a  heavy  pressing-roller  I,  which, 
being  mounted  in  slots  in  the  frame  or  standard,  revolves  with  the  large  drum,  rolling 
over  the  back  of  the  cloth  as  it  goes  round. ,  This  roller  may  be  made  to  act  npon  the 
cloth  with  any  required  pressure,  by  depressing  the  screws  tk,  «,  or  by  the  employ- 
ment of  weighted  levers,  if  that  should  he  thought  necessary. 

Pressing  is  the  last  finish  of  cloth  to  give  it  a  smooch  level  surface.  The  pece  is 
folded  backwards  and  forwards  in  yard-lengths,  so  as  to  form  a  thick  package  on  the 
board  of  a  screw  or  hydraulic  press.  Between  every  fold  sheets  of  glased  paper  are 
placed  to  prevent  the  contiguous  surfaces  of  the  cloth  from  coming  into  contact ;  and 
at  the  end  of  ever^  20  yards,  three  hot  iron  plates  are  inserted  between  the  folds,  the 
plates  being  laid  side  by  side,  so  as  to  occupy  the  whole  surface  of  the  folds.  Thin 
sheets  of  iron  not  heated  are  also  inserted  above  and  below  the  hot  plates  to  moderate 
the  heat.  When  the  packs  of  cloth  are  properly  folded,  and  piled  in  sufficient  number 
in  the  press,  they  are  subjected  to  a  severe  comprerisimi,  and  left  under  its  influence 
till  the  plates  get  cold.  The  doth  is  now  taken  out  and  folded  again,  so  that  the 
creases  of  the  former  folds  may  come  opposite  to  the  fiat  faces  of  the  paper,  and  be 
removed  by  a  second  pressure.  In  finishing  superfine  cloths,  however,  a  very  slight 
pressure  is  given  with  iron  plates  but  moderately  warmed.  The  satiny  lustr^  and 
smoothness  given  by  strong  compression  with  much  heat  is  objectionable,  as  it  renders 
the  surface  apt  to  become  spotted  and  disfigured  by  rain. 

Boss's  Patent  Improvements  t»  Wool-combing  Machinery,  liarck  13, 1851. — The  first 
improvements  described  have  relation  to  the  machine  for  forming  the  wxnl  into  sheets 
of  a  nearly  uniform  thickness,  technically  known  as  the  '  sheeter,'  and  consists  chiefly 
in  combing  with  the  onfinary  sheeting-drum  or  cylinder-rollers,  designated,  from 
their  resemblance  to  porcupine  quiUs,  '  porcupine  rollers ;'  these  rollen  having  their 
teeth  or  quills  set  in  rows,  and  the  rows  of  one  roller  gearing  or  taking  into  the  spaces 
between  the  rows  of  the  other. 


Fig.  2146  is  an  elevation  of  a  sheeting-machine  thus  constructed: — p  f  is  tfao 
general  frame-work  upon  which  the  several  working  parts  of  the  machine  are  mounted. 
A  is  the  main  or  sheeting-drum  or  cylinder,  whicli  is  studded  with  rows  of  comb  or 
'porcupine'  teeth  a,  a,  a,  the  length  and  fineness  of  which  are  varied  according  to 
the  length  of  the  stnple  uf  the  wool  or  ether  material  to  be  (grated  upon.  Instead  of 
the  rows  consisting  each  of  a  single  set  of  teeth,  two,  three,  or  more  sets  may  be 
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combined  togethw.  The  nnmlier  of  iriree  wbich  may  be  placed  on  one  line  should 
Tary  with  the  quality  of  the  wool  or  other*  material.  In  long-staple  machines,  the 
number  may  vary  from  fimr  to  ten  or  more,  and  in  short-staple  machines  from  five 
to  twenty  and  more  per  inch.  B,  B,  are  two  fluted  fised-rollers ;  c,  c,  two  porcnpine 
combing-ioUers,  by  which  the  wool  is  partly  combed  while  passing  tiam  the  leed- 
rollers  to  the  surface  of  the  sheeting^drom ;  an  end  elerntion  &l  the  porcupine 
combing-rollers  on  an  enlarged  scale  is  given  at  /iff.  2147.  The  teeth  c,  e,  are  set  in 
lows,  and  the  rows  of  one  roller  take  or  gear  into  the  spaces  between  the  rows  of  the 
other.  D  is  a  grooved  guide-roller  for  preventing  the  wool  or  other  material  escaping 
the  combining  action.  The  wool  or  other  material  is  laid  by  the  attendant  evenly  upon 
the  upper  surface  of  an  endless  web  o,  which  works  over  the  under  feed-rollers,  and 
a  plam  roller  h,  whidi  is  mounted  in  bearings  on  the  tiont  of  the  machine.  The 
feed-rollers  gradually  supply  the  wool  thus  spread  upon  the  endless  web  to  the  two 
poKcupine  combing-rollers,  where  it  is  partly  combed  and  separated,  and  being  so 
prepared,  it  is  laid  hold  of  by  the  teeth  of  tbe  sheeting-drum,  by  which  it  is  still 
further  drawn  out  on  account  of  the  greater  relocHy  with  which  the  surfitce  of  the 
sheeting-drum  travels.  When  a  sufficient  quantity  of  the  wool  or  other  material  has 
been  thus  collected  on  the  surface  of  the  drum,  h  is  removed  by  the  attendant  passing 
a  hooked  rod  across  the  snr&ce  of  the  drum,  and  raising  up  one  end  of  the  sheet, 
when  the  whole  may  be  easily  stripped  off  and  removed,  being  dien  in  a  flt  state  for 
being  sapplied  to  the  comb-filling  machine,  next  to  be  deeeribed. 


2148 


'srzzrz® 


A  modification  of  this  sheeting-machine  is  irepreaented  in  Jig*.  2148,  2149,  which 
differs  trom  it  in  this,  that  it  is  fM  firom  both  ewu.  In  this  modification  a  double  set 
of  feeding  rollers  is  employed,  so  that  the  machine  nay  be  fed  fiom  both  ends. 


Tliese  rollers  are  grooved  and  i;car  into  porcupine  combing  rollers,  similar  to  those 
before  described,  which  are  followed  by  brush-cylinders  or  grooved  guide  rollers,    a 


Digitized  by 


Google 


1180 


WOOLLEN  MAlTUrACTURB 


is  the  sheeting  dram  as  1>«fbre ;  b,  b,  the  flated  feed-ioUers ;  c,  c,'  the  porenpins 
combing-iollen,  which  gear  into  the  flutM  ones ;  o,  D,  are  the  grooved  gnide-rollers  ; 
Wt  r,  are  brush-cylindeis,  which  may  in  the  case  of  long  work  be  dispensed  -with  ;  o,  o, 
are  the  endless  webs  upon  which  the  wool  is  laid.  The  £nnung  and  gearing  by 
which  the  several  ports  are  put  in  motion  are  omitted  in  the  drawings,  for  the  purpoos 
of  clearly  exhibiting  the  more  important  working  parts  of  the  machine.  The  arrange- 
ment of  sheeting  machines  ^ust  described,  so  far  as  regards  the  employment 
of  a  fluted  feed-roller  in  conjunction  with  a  porcupine  combing-roller,  and  grooved 
guide-roller,  is  more  especially  applicable  to  sheeting  fine  short  wool,  but  may  also 
be  applied  with  advantage  to  wool  or  other  material  of  a  longer  staple.  In  the  case 
of  fine  short  wool,  the  sheet  may  be  drawn  oflf  by  means  of  rollers,  in  the  manner 
represented  in  Jig.  2149.  B,  B,  are  the  drawing  or  straightening  rollers,  and  i  the 
receiving  roller.  During  the  operation  of  drawing  the  wool  and  winding  it  on  the 
receiving  roller,  the  sheeting  cylinder  must  have  a  motion  imparted  to  it  in  the 
reverse  direction. 

The  next  head  of  Mr.  Ross's  specification  embraces  several  improvements  in  comb- 
filling  machines,  which  have  for  their  common  object  the  partial  combing  of  the  wool 
while  it  is  in  the  coarse  of  being  filled  into  the  combs.  We  select  for  exempUficatian 
what  the  patentee  legaidsas  the  beet  of  these  arransements :  fig.  2150  is  a  side 
elevation  of  a  comb  filling  machine  as  thus  improved.  A,  A,  is  a  skeleton  dmm. 
which  is  composed  of  two  rings  a  a,  affixed  to  the  arms  b,  b,  which  last  are  mounted 
upon  the  mam  shaft  of  the  machine,  which  has  its  bearings  upon  the  general  fram ; 
F,  r ;  b',  b'  are  the  porcupine  combing  rollers,  and  c',  <?  OTushes  by  which  the  por 
cupine  combing  rollers  are  cleansed  from  the  wool  that  collects  upon  them,  and  by 


which  the  wool  is  again  delivered  to  the  combs  «,  < ;  d,  s,  are  the  feed-rollers,  and  F 
an  endless  web  which  runs  over  the  lower  feed-roller  and  the  plain  roller  o,  which  is 
situated  at  the  front  of  the  machine ;  h,  r,  are  the  driving  pulleys,  by  which  the 
power  is  applied  to  the  machine,  and  i,  i,  i,  the  wheel  gearing  by  which  motion  is 
communicated  to  the  different  parts.  The  wool  which  has  undergone  the  process  of 
sheeting  in  the  machine  first  described  is  spread  upon  the  endless  web  s,  and  ic 
passing  between  the  feed-rollers,  and  between  or  under  or  over  the  porcupine  combing 
rollers,  is  taken  hold  of  by  the  combs  e,  e,  as  they  revolve,  and,  bising  drawn  under 
the  first  porcupine  roller  b'  and  the  brush  c*,  the  continued  revolution  of  the  drum 
and  combs  causes  the  wool  to  be  brought  into  contact  with  the  other  porcnpine 
combing  roller  b*  and  brush  c''.  As  the  combs  get  filled,  the  woo!  is  thus  continnously 
being  brought  under  the  action  of  the  porcupine* combing  rollers  and  brushes;  and 
each  new  portion  of  the  wool  taken  up  is  instantly  combed  out.  For  some  purposes 
the  combing  will  be  found  carried  so  far  by  this  operation  that  tho  wool  will  require 
no  further  preparation  previous  to  being  formed  into  slivers  in,  the  machine  just 
described,  and  which  is  calculated  for  filling  the  combs  and  combing  the  wool  or 
other  fibrous  material,  when  the  staple  is  some  considerable  length  (say  &om  4  to  16 
inches),  there  are  two  porcupine  comb  roUen  with  their  brushes  employed ;  but  the 
patentee  did  not  confine  himself  to  that  number,  as  in  some  coses  a  single  porcupine 
combing  roller  and  brush  will  be  found  sufficient  for  tJie  purpose  of  fiicilitating  th» 
l>rocpsB  of  combing  and  filling  the  combe  ;  three  or  more  rollers  and  brash  cylindeis 
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may  be  used  with  advaotage ;  snch  as  irhere  the  staple  is  short,  or  vhere  the  fibious 
material  operated  upon  is  yery  close,  aud  separated  with  difficulty. 

Hr.  Boss  next  describes  some  improvements  in  the  combing  machine  of  his  inven- 
tion patented  in  1841,  and  now  extensively  used.  The  following  general  descriptioq 
will  mdicate  with  sufficient  distinctness  19  those  familiar  with  the  machine,  the  nature 
of  the  improvements : — 

'  First,  I  give  to  the  saddle  combs  in  the  said  machine  a  compound  to-and-fio 
and  up-and-down  movement,  whereby  tliey  recede  from  and  advance  towards  the 
comb  gates,  and  simultaneously  therewitli  alternatehr  rise  and  fall,  so  that  each  time 
the  comb  gates  pass  the  saddle  combs,  tliey  do  so  in  a  different  plane,  and  thus  the 
position  of  the  combs  in  relation  to  each  other,  as  well  as  to  the  hold  they  take  of  the 
wool  or  other  material,  is  constantly  being  changed.  Secondly,  I  employ  a  &n  to 
lash  the  wool  in  the  comb  gate  or  flying  comb  up  against  the  saddle  comb,  which 
renders  it  impossible  for  the  wool  to  pass  by  the  saddle  comb  without  being  acted 
upon  by  it.  Thirdly,  1  attach  the  springs  by  which  the  gates  are  actuated  to  the 
lower  arms  of  the  combing  gates,  instead  of  their  being  placed  ^^arallel  to  the  upright 
shaft  of  the  machine  as  formerly)  whereby  a  considerable  gain  in  space  and  com- 
pactness is  efiected ;  and  fourthly,  I  use  breaks  to  prevent  the  sudden  jerk  which  is 
caused  when  the  wool  in  the  cemb  gate  leaves  its  hd.d  of  the  saddle  comb  or  incline 
plane,  and  also  to  counteract  -  the  sudden  recoil  of  the  springs  by  which  the  comb 
gates  are  pressed  in  when  these  springs  are  released  from  the  grip  or  pressure  of  the 
incline  plane.'  

Mr.  Boss  conclndes  with  a  description  of  an-improved  method  of  heating  the  combs 
which  has  for  its  object '  the  economising  of  fuel,  the  better  heating  of  the  combs,  and 
the  prevention  of  mistakes  in  removing  the  combs  before  they  have  been  a  sufficient 
time  exposed  to  the  heat,' 

The  body  of  the  heating  box  or  stove  is  divided  by  a  partition  into  two  portions, 
which  communicate  together  at  the  back  or  further  end  of  the  stove,  so  that  the  flams 
nnd  heated  vapours,  after  having  circulated  under  and.  along  the  sides  of  the 
two  lower  comb  cliambers,  ascend  into  the  upper  portion  of  the  stove,  where  they 
have  to  traverse  along  the  sides  and  over  the  top  of  the  two  upper  chambers, 
ultimately  escaping  into  the  chimney  through  a  pipe.  The  length  of  the  heating  box, 
or  the  chambers,  should  b»  about  double  the  length  of  the  eombs.  The  cold 
combs  are  inserted  at  one  end,  and  on  -being  put  -  into  -  their  places  push  the  more 
heated  combs  towards  the  other  end  of  the  chambers,  irom  which  they  are  removed. 
See  Alpaca  ;  Mohaib.  ... 

Few  of  our  manufactures  have  been  more  stationary  than  that  of  woollen  goods. 
Our  ancestors  appear  to  have  given  much  attention  to  the  weaving  of  woollen  cloth,  and 
to  have  produced  a  fabric  of  much  excellence.  All  that  the  modems  have  done  is  to 
quicken  the  process  of  production  by  the  application  of  steam-power  to  the  machinery 
employed,  and  they  have  introduced,  in  consequence  of  this  application,  a  few  new 
and  ingenious  machines.  The  sophistication  of  many  woollen  fiibries,  especially 
carpets,  with  the  fibre  <^  jnte,  is  destructive  of  one  branch  of  our  woollen  manu- 
facture. 


•  .    Exports. 

Britith  Mmu/aeiuret,  I878J 

Sheep  and  lambs'  wool,  ^bitish 

Other  sorts,  ipchiding  foreign  dressed  in  the  United 

Kingdom,  and  flocks  and  rsgwool      

Woollen  and  wonted  yam : 

Woollen  (carded) 

Worsted  (combed) - 


7,034,788 

4,677,983 

«9e,704 
34,047,803 


Yalne 
620,848 

182,909 

101,608 
6,291,886 


Woollen  atd  WirtUffltaniifactmt*. 

lbs. 

Broad  cloths,  coatings,  duffehs,  &&,  plain,  all  wool         .      12,960,423 

Do.  do.  wool  mixed  with  other  materials'      9,033,214 

Narrow  cloths,  coatings,  dufiels,  &&',  plain,  allwool       .        6,316,355 

Do.  do.  wool  mixed  with  othermaterials  *      8,424,841 

Worsted  stuff),  aU  wool         .■      .        .-  .'      .'    22,761,815 

„  wool  mixed  with  other  material      .        .    260,182,877 

Blankets  and  blanketing       .  ■      .        .  -      .        . '      .        6,202,382 

FUmnek       .       .       .       ••.•.•.•.•.•     8,^44,931 


Talne 

£ 

3,098,736 

1,603,993 

946,664 

1,066,252 

1,632,783 

12,744,699 

629,677 

460,187 
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Onpeto,  not  being  rngi lbs. 

9,921,100 

1,697.883 

Woollen  ahawU No. 

477,598 

179.672 

„       ngB,  wnpgtn,  tec Na 

496,498 

188.612 

„      hoMery 

*.. 

288,821 

„      nuall  wuei,  Ice. 

••> 

1,128,609 

„      yam,  ice 

... 

484,648 

Fortlffn  and  (Monial  Produce. 

Tahio 

Om. 

£ 

Wool:— 

Alpaos,  TienSa,  and  llama 

MS 

27 

Sheep  and  lambs' 

128.246.063 

8,889,898 

Other  kinds  and  flocka 

347,363 

17,902 

Woollen  yam 

34,777 

6.066 

„          for  -weaving 

31,664 

4.241 

•  •• 

2.136 

Woollen  mannfactoiea : — 

Cloths  and  stuffl  (pieces) 

68,064 

223,096 

Unennmented 

••• 

86.753 

IxFORn. 
Sheep  or  Lamb^  Wool,  1878. 

TllOB 

Fiom  Russia,  northern  ports 2,721,698  142,492 

„          „      sonthern  porta 8,446,866  466,603 

„    Denmark 3,110.361  128,633 

„    Germany 8,294,628  666,784 

„    Holland 646,097  44,161 

„    Belginm 1,694,761  93,977 

„    France 1,667,166  110,622 

„    Portogal 2,464,436  141,268 

„    Italy 262,432  14,168 

„    Austrian  Territories 1,624,591  76,826^ 

„    Turkey 8,234,401  388,347 

„    Egypt 4,588,333  211,048 

„    Morocco 816,966  48,681 

„    United  States  of  America 3,506,887  100,261 

„    Fern 2,307,919  130,463 

„    Chili •  688,266  30,810 

„    Uruguay 3^42,742  117,784 

„    Argentine  Bepublic 10,783,762  412,168 

„    Gibraltar 928,880  44,181 

„    British  Possessions  in  South  Africa  43,067,187  3,868,260 

„    British  India:  Bombay  and  Sdnds       .        .        .  19,368,868  878,386 

„    Australia      .        .                 186,664,946  '      11,861,054 

„    British  KoTth  America 399,884  18,668 

„    Falkland  Islands .        .  .      .  .      .  .      .  .               .  .  .2461898  16,337 

„    Other  coontries    .        .        .        .        .        .        .  636,891  30,156 

Total 813,496,743  18,983,876 

Other  kinds  and  vool  flocks 712,121  18,818 

Woollen  yam  for  £uicy  purposes 325,269  68,194 

„              weaving 13,169,662  1,496,463 

Unenumeiated ,  ...  28,467 

Woollen  mann&oturea: 

Cloth  and  stuff  (pieces).        .        .        .        .        .,  346,408  1,438,166 

Unenuraerated       .        .        .        .  [     .        .       .  ,  .  •••  .        .    3,418,606 
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Table  showing  Quantity  of  Wool  eoruumed  in  Vnittd  Kingdom,  1868-71. 


Frodnctfon  of  English  tooI 
Ezpoit  of               „ 

Betained  foi  home  consumptioD  . 

Imports  rotAined  for  home  con- 

sumption : — 
Fceeign  and  colonial  . 
Alpaca  and  mohaie     . 

Total     .. 

Export  of  foreign  and  colonial 
wool   fi>r  12   months  ending 
August  31       .... 

18«S 

18«» 

18T«  . 

wn 

Ibt. 
166,640,736 
9,806,180 

UN. 

166,691,096 
11,686,238 

Ibt. 

149,616,679 

10,613,482 

lla. 

144,986.712 

10,626,866 

166,748,666 

130,714,423 
7,606,666 

143,904,868 

164,323,794 
7,970,413 

138,903,197 

146,968.091 
8,083,749 

134,360,846 

196,814,906 
11,249,464 

293,963,634 

816,199,066 

292,966,037 

342,424,716 

94,801,847 

110,106,168 

121,171,030 

117,478,482 

From  the  following  Table  some  idea  may  be  gathered  as  to  the  dii&renoe  in  vei^t 
of  English  irool : — 

Pfodti^ioit  of  British  Wool  in  1872. 


OonntlM 


Bedford,  West  and  North  Bidings,  York. 

Berksliire,  Bucks,  Oambridge . 

Chester,  Essex,  Monmouth     . 

ComwiUl,  Huntingdon,  Kent,  Northamp- 
ton, Leicester 

Cumberland,  Dorset,  Norfolk,  Salop, 
Westmoreland 

Devon,  Qloucester,  Nottingham 

Durham.  Bntland 

Hants,  Hereford,  Hertford,  Lancaster, 
Oxford.  Stafford 

Derby,  Warwick,  Worcester   . 

East  Biding,  York 

Lincoln  

Middlesex,  Suffolk 

Northumberland 

Somerset 

Surrey,  Sussex,  Wilts,  Isle  of  Man, 
Channel  Islands 

Wales 

Scotland 

Ireland 


31,403,600 
Deduction  for  slaughter  between  1871 
and  1872 10,660,677 


Net  clip  of  wool,  1872 


No.  of  itaeep 

and  lambs 

in  1871 


1,608,326 
832,109 
628,776 

3,389,008 

2,463,961 

1,609,640 

283,734 

1,081,701 
793,681 
482,160 

1,488,827 
460,001 
863,172 
639,216 


1,891,617 
2,706,416 
6,882,747 
4,228,721 


Weight  per  fleece 
la  1871 


7* 
6 


A;- 
4;' 
6: 


H 


Lbs. 


9,808,469 
6,138,181 
2,986,686 

16,878,066 

18,496,730 

11,322,367 

1,489,604 

11,690,206 
4,668,001 
3,867,200 

13,027,236 
2,300,006 
6,768,911 
4,684,309 

6,913,947 
12,865,471 
86,134,422 
28,429,606 


187,674,397 
31,961,731 


166,722,666 


There  is  some  rariation  everr  year  in  the  weight  per  fleece,  according  to  the  season. 
Probably  the  clip  of  1872  is  slightly  abore  the  aventge  in  weight  though  not  in  number. 
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Importt  of  JPartiffn  and  Colonial  Sheep  and  Lambi  Wool,  Mpaea,  ^. 
(OOCi  omitted). 


1 

■|g' 

c 

a 

|| 

a- 

z 

111 

il 

t 
11». 

(A 

1 

ow  8 

il 

►^ 

1^ 

?■§!  tS 

lbs. 

lt». 

lbs. 

lbs. 

Ibe. 

lbs. 

lbs. 

lbs. 

Us. 

lbs. 

Iba. 

1796 

3,484 

,  , 

3,339 

14 

.. 

81 

.. 

,, 

,, 

SO 

1796 

1800 

8,608 

6,063 

421 

1,926 

.. 

197 

^         180(1 

1801 

7,301 

6,396 

196 

81 

1,181 

., 

668 

S         1801 

180<> 

6,767 

,. 

5,444 

715 

8 

400 

'[ 

191 

t         18«^ 

1811 

4,730 

2,681 

SO 

2,014 

.. 

.. 

104 

t.         1811 

1812 

6,979 

1,666 

6,246 

is 

SS 

4        1812 

1814 

15,479 

"ss 

6,723 

3,681 

687 

4,413 

43 

is     1814 

1815 

13,634 

73 

'23 

6,930 

3,243 

298 

3,013 

41 

"9 

,, 

4 

_S     1816 
lo     1816 

181G 

7,510 

14 

10 

2,969 

2,833 

229 

1,211 

20« 

43 

12 

1817 

14,0.51 

12 

6,282 

4.924 

14 

2.628 

23 

149 

"l 

SO 

1-2     18171 

1818 

24.713 

"87 

14 

8,761 

8,674 

772 

6,838 

30« 

209 

2 

1 

g^    1818i 

1819 

13,736 

71 

18 

4,999 

4.163 

4.19 

3,111 

876 

24 

,. 

16 

■;i 

1819 

1820 

9,776 

99 

H 

3.636 

6,221 

76 

732 

69 

1 

8 

30 

■*.l 

18W 

18-.>1 

16.622 

175 

12 

6,969 

8,645 

67 

712 

8 

,. 

18 

IS 

4 

1831 

1824 

22,.'.04 

383 

25 

5,021 

15,433 

261 

1,429 

S 

1 

7 

3 

183t 

182.-. 

43.817 

324 

28 

8.206 

28,931 

1,992 

3.910 

331 

80 

IS 

^"■2 

1825 

1826 

15,989 

1,106 

4 

1,619 

10,599 

697 

1,307 

206 

6 

128 

SIS 

II 

ISK 

1831 

31,652 

2,493 

48 

3,476 

23,046 

264 

2.294 

12 

16 

4 

1 

18S1 

1846 

61,240 

4.997 

33'i 

2,818 

32,028 

5,415 

13,250 

1,07S 

633 

1,086 

2.607 

18361 

1841 

60,180 

12,399 

1,080 

1,088 

21,124 

4,132 

3,562 

6,106 

69 

3.009 

4,621 

i 

1841 

1844 

65.070 

17,602 

2,197 

919 

22,119 

5,402 

8.447 

2,186 

29 

2,766 

3,410 

1844 

184S 

75,652 

24,177 

3,513 

1,074 

18,681 

8,709 

8.686 

2,934 

835 

3,975 

2366 

^ 

1846 

184G 

65,255 

21,789 

2,958 

1,020 

16.233 

4,766 

6,624 

314 

901 

4,671 

6,077 

1846 

1851 

83,311 

41,810 

5,81 7 

383 

8,261 

5,896 

8,323 

853 

694 

4,650 

6330 

1851 

1S5« 

119,124 

62,052 

14.305 

55 

8,640 

2,563 

11,378 

2,508 

15,386 

6,289 

6,887 

1856 

1857 

133,005 

49,210 

14.288 

397 

5,965 

10,303 

13,000 

3,768 

3,782 

19J71 

7.251 

6.614 

1867 

1858 

130,629 

61,105 

16,598 

111 

11,009 

6,647 

10,188 

5.286 

963 

17,334 

4373 

6,473 

1868 

1859 

135,786 

63,700 

14,209 

154 

12,411 

10,978 

16,577 

3,485 

14,863 

6,846 

5,00« 

18» 

1800 

151,218 

,59.166 

16,574 

1,000 

9,954 

8,730 

18,561 

2.875 

1,091 

20,214 

7.S45 

s,7ie 

18C0 

18l>I 

150,058 

68,506 

18,676 

631 

3,351 

12,019 

8,US 

6,625 

1.096 

19,161 

6,257 

6,441 

IMl 

1862 

175,991 

71,339 

18,931 

396 

8,717 

18,187 

17,209 

6,0.)fl 

192 

17,959 

9,8.57 

7,1m  letn 

1863 

180,812 

77,173 

20,167 

2.56 

8,801 

13,483 

12.893 

10.457 

678 

20,670 

9,397 

63S7 

18«l 

18641211,210 

99,037 

19,881 

712 

9,628 

16,400 

17,609 

11,303 

891 

20,425 

8,921 

7<4«1 

18W 

!  8651217,609 

109,734 

29,220 

116 

7,138 

15,050 

13,420 

10,383 

46 

17,106 

7.202 

8,1 9« 

IM 

1866  243,751 

113,773 

29,249 

123 

11,402 

10,908 

15.160 

11.747 

1,258 

26,680 

10.443 

8,010 

1861 

1867236,351 

133,108 

36,127 

494 

4,185 

8,066 

9,317 

11,084 

656 

16,235 

11,953 

6,U7 

180 

1868.259,811 

155.745 

35,994 

663 

6,812 

8,273 

8.069 

8,368 

827 

17,602 

9,58« 

838» 

UtB 

1869i262,847 

158,478 

34,308 

274 

7,309 

7,423 

10,368 

8,027 

59 

18,797 

10,120 

7,786 

18« 

Tba  llnal  OOO'i  an  omitted  In  tUi  tabic,  and  moat  be  added  to  the  sum  giicn :  thna,  the  total 
quantity  of  irool,  He,,  Imported  In  1888  was  3«2,84T,000  lbs. 


In^)orU  of  Wool  in  1674. 


Sheep  and  lambs' 
Alpaca,  vicuna,  and  llama 
Qoaiil  hair  or  vool  . 
Woollen  yarn  . 
„       lags  . 


Wootten  Man^^facture  : 
Of  goats'  wool,  mixed  or  not  with  other  materials     . 
Of  wool  other  than  goats',  <a  of  wool  mixed  with  cotton, ' 

doth,  and  stuffi 

Unennmeiatsd.        .     ' 


Lbt. 


338,800,481 

4,186,381 

8,013,706 

18,114,1^0 

67,361,920 


Fleoes 
205,222 


Taloe 


£ 

20,489,055 

'657,586 

1,046,178 

l-,4g2,71S 

647.279 

48,404 

1,033,581 
2,940,684 
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ExforU  of  Wool  i»  1874. 


Sbeep  <»  Iambs' 

Woollen  and  woBsted  yam     .... 

Woollen  and  Wonted  Mimttfaetttns  : 

Woollen  clotlis,  &c. 

Worsted  stnffi,  &c,  all  wool  .... 

„  wool  mixed  with  other  materials 

Blanketing 

Flannels 

Carets,  not  bang  rngs 

Hosiery  of  wool,  &c 

Small 


Total  of  woollen  and  worsted  mannfactures 


Tardi 


1,047,S8S 


34,999,603 


40,177,001 

22,720,919 

238,438,689 

7,226,102 

8,764,697 

9,133,604 


Lbs. 


37,983,903 
8,822,948 

65,0«5,9S2 
8,701,200 
8,044,017 

Ifi,066,473 


Talne 


918,679 
6kM8,96t 

3,499,409 

1,474,628 

10,412,865 

860,899 

484,464 

1,474,831 
289,777 

1,183,669 


22,794,977 


won*  is  the  Indian  name  for  Steel.  The  Indian  woota  is  pr^iared  in  very 
rude  furnaces,  in  a  most  primitive  manner,  fron  hsematite  and  magnetic  iron  ore ; 
charcoal  being  the  fuel  employed.    See  Stxkl. 

IVOSarvooS  (JrUmena  Jiemtkia).  An  intensely  bitter  herb,  naed  medlci* 
nally ;  and  it  is  said  to  be  sometimes  en^qyed  as  a  substitate  for  hope,  in  brewing 
inferior  kinds  of  beer. 

WOBSTSn.  Tarns  made  of  long  wool  drawn  oat  into  long  filaments  by  pas«ng 
it,  when  oiled,  through  heated  combs,  as  described  nnder  Woollen  MANCFAirruRE. 
Numerous  madunen  Have  been  introdnced  for  combing  wool,  and  may  now  be  said  to 
hare  entirely  superseded  tlie  old  &shion  of  hand-combing. 


the  name  giren  by  KnhlmaTm  to  the  yellow  dyeing-matter  of 
madder.    See  Maddbk.    The  name  has  also  been  applied  to  an  animal  product. 

XAWTBOBSBOIA.  Several  species  of  this  genus  of  IMiacea  are  known  in 
Australia  as  '  grass  trees.'    They  yield  'Botany-Bay  resin '  and  '  Black-boy  gum.' 

XTliOIlUMM  ■NUramidine.  By  acting  on  starch  with  fuming  nitric  acid,  a 
transparent  jelly  is  formed,  and  on  adding  water,  zyhudine  is  precipitated  as  a  white 
grnnmar  snbstance. 

This  name  has  been  given  to  some  pre^rations  of  collodion  which  have  been  pre> 
pared  by  acting  on  some  variety  of  woody  fibre  with  nitric  acid,  until  it  became  sus- 
ceptible of  solution  in  sulphuric  ether.  Many  phbtogmidiers  are  of  opinion  that 
ooUodion  thus  prepared  is  in  many  respects  superior  to  that  obtained  by  dissolving 
gun-cott(m  in  euier.  Our  own  experience  does  not  enable  us  t«  pmoooaee  on  this, 
but  we  have  heard  some  very  intelligent  operators  ei^ress  a  vary  opxiosite  opinion. 
Ohemically  tiie  collodions  wiU  be  the  same,  but  it  is  possible  that  there  may  be  a 
physical  difibienoe,  and  few,  except  those  who  have  had  much  experience  in  the 
diangee  produced  by  light  on  chemical  compounds,  can  form  any  correct  idea  of  the 
difibrences  in  actinic  power  of  prodaeine  change  in  bodies  physically  different,  though 
ehemicaUy  the  same.  Xylci'dine,  or  rauer  sawdust  treated  with  a  mixture  i^  nitric 
acid  and  sulphuric  acid,  until  nnideTed  explosive,  has  been  proposed  for  nse  in  blasting 
rocks.  Another  modified  form  of  the  same  kind  (rf  blasting  powder  has  been  made 
by  saturating  deal  sawdust  with  nitrate  of  potash,  and  then  mixing  the  preparation 
with  some  sul^ar  and  yellow  pmssiate  of  potash.  I^either  of  these  explosive  powders 
has,  however,  come  into  use.  They  ate  dangoKms,  as  being  liable  to  (^ostaseous 
eombostion.    See  CoLLODtoH;  Gcw-Cotiow. 

ZTIrfMh  A  hydrocarbon  found  in  cool-naphtha  and  io  the  oils  which  cepazate 
when  erode  wood-spirit  is  mixed  with  water. 


VoL.m. 


40 


Digitized  by 


Google 


1186  TTTBIA 


W.    (Fit,  Fr. ;  Gam,  Ger.)    Wool,  cotton,  or  Sax,  spnn  into  tliread. 

BT.    Soe  Bbbb,  and  FBiucsirrATiox. 

LKTIFZOXAIh  Mix  3  parUbjwei^tof  fine  floor  of  pale  bariej-malt, 
'TntJi  1  put  of  'wheat-flour ;  stir  50  lbs.  of  this  mixture  gradually  into  100  quarts 
of  cold  water,  with  a  wooden  spatula,  till  it  forms  a  smooth  pap.  Pnt  this  pap  into 
a  copper  over  a  slow  fire :  stir  it  well  till  the  tempeiatare  rise  to  fiilly  155°  to  160" 
Fahr.,  when  a  partial  formation  of  sugar  will  take  place,  but  this  sweetening  must  not 
be  pushed  too  far ;  turn  out  the  thinned  paste  into  a  flat  cooler,  and  stir  it  from  time 
to  time.  As  soon  as  the  wort  has  fallen  to  59°  Fahr.,  transfer  it  to  a  tab,  and  add  for 
every  50  quarts  of  it  I  quart  of  good  fresh  beer  yewt,  which  will  fhrow  the  woit 
into  brisk  fermentation  in  the  course  of  12  hours.  This  'preparation  will  be  good 
yeast,  fit  for  bakers'  and  brewers'  usee,  and  will  continue  fresh  and  active  for  tliree 
days.    It  should  be  occasionally  stirred. 

The  Oerman  yeast  imported  into  this  country  in  laz^  quantities,  and  employed  by 
our  bakers  in  leaking  cakes,  and  other  fancy  bread,  is  made  by  putting  the  Unterheft 
(see  Bkeb,  Bavarian)  into  thick  sacks  of  linen  or  hempen  yam,  letting  the  liquid 
part,  or  beer,  drain  away ;  placing  the  drained  sacks  between  boards,  and  exposing 
them  to  a  gradually  increasing  pressure,  till  a  mass  of  a  Uiin  che^  consisten^.  is 
obtained.  This  cake  is  broken  into  small  pieces,  which  are  wrapped  in  separate  linen 
cloths ;  these  parcels  being  afterwards  enclosed  in  waxed  cloth,  for  exportation.  The 
yeast-cake  may  also  be  rammed  hard  into  a  |ntched  cask,  which  is  to  be  dosed  air- 
tight. In  this  state,  if  kept  cool,  it  may  be  preserred  actire  for  a  considerable  time. 
When  this  is  to  be  used  for  beer,  the  proportion  reqmred  should  be  mixed  with  a 
quantity  of  worts  at  60°  Fahr.,  and  the  mixture  left  for  a  little  to  work,  and  send  up 
a  lirely  froth ;  when  it  is  quite  ready  for  adding  to  the  cooled  worts  in  the  fermenting 
back. 

TBAST«  VATnr.  Boil  6  ounces  of  hops  in  3  gallons  of  water  3  hours ;  strain 
it  off)  and  let  it  stand  10  minutes ;  then  add  half  a  pedc  of  ground  malt,  stir  it  well  up 
and  cover  it  over;  return  the  hops,  and  pnt  the  same  quantity  of  water  to  them  again, 
boiling  them  the  same  time  as  before,  straining  it  offto  the  first  mash  :  stir  it  up,  and 
let  it  remain  4  honm,  then  strain  it  off,  and  set  it  to  work  at  90°,  with  3  pints  of 
patent  yeast ;  let  it  stand  about  20  hours ;  take  the  scum  off  the  top,  and  strain  it 
through  a  hair-sieTe;  it  will  be  then  fit  for  use.  One  pint  is  sufficient  to  make  a 
bushel  of  bread. 

Driei  Ytast  Imported  in  1873. 

Cwta.  Tsloc 

From  Germany         .        .        .      28,060  £79,669 

„     Holland.        .         .         .     114,445  281,469 

„    Belgium.        .                .        4,711  13,182 

„    Other  countries       .        .             10  27 


Total.  .    147,226  374,347 

Dried  yeast /mportoi  in  1874:  153,808  cwts. ;  value  396,0671. 

TaXi&OW  COWaS  Oma.    See  Copper  PrnrrBS. 

•mOM^ir  STBB.  (TknturM  jaunet,  Fr. ;  CMbfiriat,  Qer.)  Jiuutto,  dget>t. 
broom  {Bmiiia  tinctoria),  fiutie,  ftutet,  Pertian  or  FrtJiek  btrria,  guereUron  bark, 
taw-u>ort,  (SerrattUa  tinctoria),  turmerie,  weld,  and  mUow-Uatet,  are  the  principal 
yellow  dyes  of  the  vegetable  kingdom;  ckroTnate  of  lead,  iron  oxide,  nitrie  add  (for 
silk),  sulphide  of  antimony,  and  tulphide  of  arsenic,  are  those  of  the  minend  kingdrau 
Under  these  articles,  as  also  under  CALioo-PBiKTnro,  Dnno,  and  Hosdaxts,  ample 
instructions  will  be  found  for  communicating  this  colour  to  textile  and  other  fibrous 
substances.  Alumina  and  oxide  of  tin  are  the  most  apjnovad  bases  of  the  above  vege- 
table dyes.  A  nankin  dye  may  be  given  with  bMah,  espedally  to  cotton  oiled  prepa- 
ratory to  the  Turkey-red  process.    See  Maddbb. 

TXXtXOW,  MJMVB,  is  a  poisonous  yellow  pigment.  See  Absbmic  and  Otanrnsxz. 

TtWKMMVr  BtaTAX.    See  IfrNn's  Mbtal. 

TaW«  Taxtts  baceata,  the  common  yew,  yields  a  durable  timber,  and  was  ths 
favourite  wood  for  the  old  long-bows. 

TTTBIA  is  a  rare  earth,  extracted  from  the  minerals  gaddinite  and  ytttotantalitei 
It  is  an  oxide  of  the  metal  yttrium. 
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See  Cobalt. 
Indian  corn  or  maize  is  obtained  iirom  an  American  grass,  the  Zea  may). 
It  is  nov  largely  cultivated  in  the  East  Indies  and  in  Nortliem  Africa,  and  is  grown 
to  some  extent  m  the  south  of  Europe.  'Popped  com'  is  prepared  by  heating  the 
grains  on  a  hot  metal  plate,  when  they  open  and  expose  their  starchy  contents ;  sweet- 
ened and  coloured,  they  form  a  sweetmeat  luiown  as  '  combsill.' 

XBSOAXT.    (Zidoaire,  Fr. ;  Zittwer.  Ger.)    The  root  of  a  cncurbitaceons  plant 
imported  iixim  Ceylon,  Malabar,  and  Cochin-China,  employed  sometimes  medicinally, 
'  It  occurs  in  wrinkled  pieces,  extemallyash-coIoured,internaUy  brownish-red;  possessed 
of  a  fragrant  odour,  and  of  a  pungent,  aromatic,  bitterish  taste. 

ZBO&ZT>B>  A  group  of  minerals  consisting  of  hydrous  silicates  of  alumina  and 
other  bases.  They  gelatinise  with  acids,  and  intumesce  when  heated,  whence  their 
name  (C^«,  teo,  to  boil).  They  are  found  in  the  cavities  of  aniygdaloidnl  rodis,  and  a 
few  also  occur  in  mineral  veins.    None  of  them  is  of  any  use  in  the  arts. 

ZSVC  (Atomic  weight,  32'5 ;  syvibol,  Zn)  is  a  metal  of  a  bluish-white  colour,  of 
considerable  lustre  when  broken,  bat  easily  tarnished  by  the  air ;  its  fracture  is  hackly, 
>md  folLtted  with  small  facets,  irregularly  set.  It  has  little  cohesion,  and  breaks  in 
thin  plates  before  the  hammer,  unless  it  has  been  previously  subjected  to  a  process  of 
laminaUon,  at  the  temperature  of  from  220°  to  300°  Fanr.,  by  which  it  becomes 
malleable  and  ductile.  On  this  singular  property  a  patent  was  taken  out  by  Messm. 
Hobson  nnd  Sylvester,  of  She£Beld,  many  years  ago,  for  manufacturing  sheet  zinc  for 
covering  the  roofs  of  houses,  and  sheathitig  ships  ;  but  the  low  price  of  copper  at  that 
time,  and  its  superior  tenacity,  rendered  their  patent  ineffective.  The  specific  gravity 
of  zinc  varies  from  6-9  to  7°2,  according  to  the  degree  of  condensation  to  which  it  has 
been  subjected.  It  melts  under  a' red  heat,  at  773^  Fahr.  When  strongly  heated 
with  contact  of  air,  the  metal  takes  fire,  and  burns  with  a  brilliant  bluish-white  light, 
while  a  few  flocculi  of  a  woolly-looking  white  matter  (nil  album)  rise  out  of  the  cru- 
cible and  float  in  the  air.  The  resnlt  of  this  combustion  is  a  white  powder,  formerly 
called  '  6ower8,'  but  now  oxide  of  zinc. 

The  principal  ores  of  zinc  are,  tho  sulphide  called  blende,  the  carbonate  called  cala- 
mine, and  the  silicates  of  zina 

1.  Blende  crystallises  in  rhombic  dodecahedrons ;  its  fracture  is  highly  conchoidal ; 
lustre,  adamantine;  colours,  black,  brown,  red,  yellow,  and  green;  transparent  or 
translucent ;  spec.  grav.  4.  It  is  a  simple  sulphide  of  the  metal  (ZnS) ;  and,  therefore, 
consists  in  its  pure  state,  of  32'5  of  zinc  and  16  of  sulphur.  It  dissolves  in  nitric  acid, 
with  disengagement  of  sulphuretted  hydrogen  gas.  It  occurs  in  beds  and  Teins,  ac- 
companied chiefly  by  galena,  iron  pyrites,  copper  pyrites,  and  heavy  spar.  There  is 
a  radiated  variety  found  at  Przibram,  remarluible  for  containing  a  large  proportion  of 
cadmium.  Blende  is  found  in  great  quantities  in  Derbyshire  and  Cuinberland,  as  also 
in  Cornwall  and  many  other  localities.     It  is  frequently  termed  '  black  jack.' 

2.  CaUtmine  is  a  mineral  occurring  usually  in  concretionary  forms  and  compact 
masses,  yellowish-white  when  pure,  but  frequently  brown  through  the  presence  of  iron. 
It  crystallises  in  rhombohedra,  and  has  a  spec.  grav.  of  about  4-4.  It  is  a  normal 
carbonate  of  zioc  (ZnO.CO^=ZaOO')  containing,  when  pure,  about  62  per  cent,  of 
zinc.  It  is  an  abundant  ore  in  Derbyshire,  Cumberland,  Belgium,  Sardinia,  Silesi.t, 
&C.  The  carbonate  is  termed  by  some  writers  Smithsonito,  a  name  applied  by  others 
to  the  hydrous  silicate.    See  Calakiite. 

3.  Smithsonite  or  Electric  caiamine  is  an  ore  occurring  in  compact  masses,  and  in 
mammillated,  botiyoidal,  and  fibroos  forms.  It  is  found  in  Carinthia,  Hungary, 
Belgium,  New  Jersey,  &c  It  is  a  hydrous  silicate,  containing  2ZnO.SiO* -i- HO 
(^'S10*-h  BH>).    Many  writers  term  this  ore  calamine. 

4.  Wittemite.  An  anhydrons  silicate  of  zinc,  containing  2ZnO.SiO<  (Sb'UO*).  It 
is  found  at  Vieille  Montagne,  near  Aix-la-Chapelle,  and  at  Franklin  and  Stirling,  in 
New  Jersey. 

5.  Zinciie,  Spartalile,  or  Red  iitio  ore  ocooia  at  Mine  Hill  and  Sterling  Hill  in  New 
Jersey,  where  it  is  associated  with  fninklinite.  It  is  an  oxide  of  zinc  (ZnO)  containing 
alittle  oxide  of  manganese.  An  artiflcial  oxide  of  zinc  is  sometimes  found  crystallised 
among  blast-farnace  products. 

The  zinc  ores  of  England,  like  those  of  France,  Belgium,  and  Silesia,  occur  in  two 
geolnsical  positions.  The  first  is  in  the  carboniferous  or  mounbtin  limestone.  The 
blende  and  the  calamine  most  usually  accompany  the  voius  of  galena  which  traverse 
that  limestone ;  thongh  there  are  many  lead  mines  that  yield  no  calamine ;  and,  on  tlM 
Alher  hand,  there  are  veins  of  calamine  alone,  as  at  Matlock. 

4o2 


Digitized  by 


Google 


1188  zmc 

In  almost  eveiy  part  of  England  vhero  metallifaroiu  limaRtone  a|ipean,  then  am 
ezpIotatioDS  for  lead  and  zinc  ores.  The  nagfahouriiood  of  Alston-moor,  in  Cum- 
berland, of  Castleton  and  Matlock,  in  Derbjshbe,  and  the  small  metallifaroiu  belt 
of  Flintshire,  are  peculiarly  marked  for  their  mineral  riches.  On  the  north  side 
of  the  last  connty,  calamine  is  worked  in  a  rich  mine  of  galena  at  Holylrell,  ^here  it 
presents  the  singolar  appearance  of  occurring  only  in  the  ramifications  that  the  lead- 
vein  makes  from  east  to  west,  and  nerer  in  those  from  north  to  south  ;  while  the 
blende,  abundantly  present  in  this  mine,  is  found  indiflbrently  in  all  direetionB. 

The  second  locahty  of  calamine  is  in  the  magnesian  limestone  formatian.  The 
calamine  is  disseminated  through  it  in  small  contemporaneous  veins,  which,  running 
in  all  directions,  form  the  appearance  of  a  network.  Theee  rans  bare  commonly  a 
thickness  of  only  a  few  inches  ;  but  in  certain  cases  they  extend  to  4  feet,  in  conse- 
quence of  the  union  of  several  small  ones  into  a  single  maas.  There  were  formerly 
explorations  for  calamine  in  the  magnesian  limestone,  situated  chiefly  on  the  flanks  <^ 
the  Mendip  Hills,  a  chain  which  extends  in  the  nordi-west  and  south-east  direction, 
from  the  (^al  of  Bristol  to  Frome.  Calamine  was  chiefly  worked  in  the  parishes  of 
Phipham  and  Soborongh,  as  also  near  Bickfbrd  and  Broadfield-Doron,  by  means  of  a 
great  number  of  small  shafts.  The  miners  paid  for  the  privilege  of  working  a  tax  of 
1/.  sterling  per  annum,  to  the  Lords  of  the  Treasury ;  and  they  sold  the  ores,  mixed 
with  a  considerable  quantity  of  carbonate  of  lime,  at  Phipham,  after  wadiing  it 
slightly  in  a  sieve.  Very  little  is  at  present  worked  in  this  district.  Calamine  is 
now  laiigely  imported  into  this  conntry  from  Spain  and  the  United  States  of  Amerietu 

HKraixuBQi  or  Zmc. 

Roasting  of  Oru. — Blende,  or  sulphide  of  rine  is,  previona  to  its  treatment  tat 
metal,  carefully  roasted  in  a  reverberatoiy  furnace,  over  the  bottom  of  which  it  is 
spread  in  a  layer  of  about  4  inches  in  thidkness.^  A  strong  heat  is  necessary  for  this 
purpose,  and  during  the  operation  the  charge  is  'flnquently  stirred  with  a  strong  iron 
rake,  with  a  view  (rf  exposing  fresh  sur&ces  to  the  gases  of  the  furnace.  The  appa- 
ratus most  commonly  employed  in  this  country  iix  roasting  sulphide  of  sine  oonsists 
of  a  reverberatory  furnace  about  86  feet  in  length  and  9  feet  in  width,  provided  with 
a  fireplace  of  the  usual  construction.  The  sole  or  hearth  of  this  apparatus  is  divided 
into  three  distinct  beds,  of  which  that  nearest  the  fire-bridge  is  4  inches  lower  than 
that  which  is  next  it,  which  is  again  4  inches  lower  than  that  nearest  the  chimney. 
In  addition  to  the  heat  derived  from  the  fireplace,  the  gases  escaping  tram  the  re- 
ducing furnaces  are  usually  introduced  immediately  before  the  bridge,  and  a  consider- 
able economy  of  fiiel  is  thereby  effected. 

'When  the  furnace  has  been  sufficiently  heated,  a  charge  of  IS  ewts.  <rf  raw  blende 
is  introduced  into  the  division  nearest  the  chimney,  and  equally  spread  over  the 
bottom,  care  being  taken  to  stir  it  from  time  to  time  by  means  of  an  iron  rake,  as 
before  described.  After  the  expiration  of  about  eipht  houiB  this  charge  is  worked  <m 
to  the  floor  of  the  compartment  forming  the  middle  of  the  f^imace,  and  a  nerw 
charge  is  introduced  into  the  division  next  the  chimney.  Abotit  eight  hoars  after 
this  charging  the  ore  on  the  middle  bed  is  worked  on  to  the  first,  whilst  that  on  the 
hearth  next  the  chimney  is  equally  ^read  on  the  middle  one  and  a  new  charge  intro- 
duced into  the  division  next  the  stack.  After  the  expiration  of  another  poiod  of 
eight  hours  the  charge  on  the  first  hearth  is  drawn,  the  ore  on  the  middle  inA  tUid 
hearths  moved  forward,  and  a  fourth  charge  introduced  as  before.  In  this  way  the 
operation  is  continuous,  and  each  furnace  will  efiect  tiie  calcination  of  about  36  cwts. 
of  ordinary  blende  in  the  course  of  24  hours. 

Calamine  is  usually  prepared  for  smelting  by  calcination  in  a  furnace  resemUing 
an  ordinary  lime-kiln,  the  heat  being  often  snpplied  by  means  of  four  flnrplacea 
arranged  externally,  and  so  placed  that  the  heated  gases  may  be  drawn  into  it,  and 
regularly  distributed  through  the  interstices  existing  between  the  roMMSi  of  t/ct.  Oala- 
mine  sncjected  to  this  treatment  commonly  loses  about  one-third  of  its  weight,  and  is 
at  the  same  time  rendered  so  friable  as  easily  to  admit  of  being  reduced  to  fine  powder 
by  an  ordinary  edge-mill. 

Bdgian  Process. — When  this  method  of  treating  sine  ore  is  employed,  the  faraace 
represented  in^.  2161  is  commonly  used. 

Fig.  2161  represents,  on  the  left  hand,  a  front  elevation  of  the  furnace,  and  on 
the  right  a  sectional  elevation  through  the  ash-pit  and  fireplace,  f  is  the  firaplaee, 
whilst  A  is  the  cavity  into  which  are  introduced  the  retorts  destined  for  the  distillation 
of  the  metal.  The  products  of  combustion  escape  by  the  openings  o  into  a  flue,  hy 
which  they  are  conducted  into  the  caldner  for  the  purpose  ot  economising  the  w«at* 
heat  These  ftimaces  are  either  arranged  in  conples,  hack  to  back,  or  in  |nn*er 
fooTi  for  the  purpose  of  rendering  the  structure  more  solid,  and  eeonomiang  heab 
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In  the  arched  chamber  a  are  placed  48  cylindrical  retorts,  3  feet  6  inches  in 
length  front  h  U>  d,  and  7  inches  internal  diameter.  These  are  made  of  refiractory 
fire  clay,  veil  baked  and  supported  behind  by  ledges  of  masonry  a,  b,  fig.  21S2, 
whilst  in  front,  at  o  d,  they  rest  on  fire-clay  saddles  let  into  an  iron  framing.  Short 
conical  fire-clay  pipes,  10  inches  in  length  from  d  to  c,  are  fixed  in  the  mouths  of 
these  retorts  by  means  of  moistened  clay,  and  project  for  a  short  distance  beyond 
the  nxouth  of  the  furnace.  To  these  are  adapted  thin  wrought-iron  cones  18  inches 
in  length  from  «  to/,  tapering  off  to  the  smaller  extremity  to  an  orifice  of  about  three 
quarters  of  an  inch  in  diameter.  The  inclined  position  of  the  retorts,  the  method 
of  adjusting;  the  pipes,  and  the  general  arrangement  of  the  apparatus  are  shovrn  in 
fg.  2152,  in  vhicb  r,  r,  r,  r,  represent  the  nozzles  of  thin  wrought  iron.    When  a  now 


furnace  is  first  lighted  the  retorts  are  introduced  without  being  previously  baked,  but 
care  must  be  taken  that  they  be  perfectly  dry  and  seasoned,  and  for  this  reason  it 
is  necessary  to  keep  a  large  stock  constantly  on  hand,  in  a  storehouse  artificially 
heated  by  means  of  some  of  the  flues  of  the  establishment.  The  heat  is  gradually 
increased  during  three  or  four  ddys,  at  the  end  of  which  period  charges  of  ore  are 
introduced,  the  day  cones  are  luted  in  their  places,  and  the  fiimace  is  brought  into  fuU 
working  order.  The  charge  of  a  furnace  consists  of  1,680  lbs.  of  roasted  blende,  or 
calcined  calamine,  and  810  lbs.  of  coal-dust.  The  ore  and  coal-dust,  after  being  finely 
divided  and  intimately  mixed,  is  slightly  damped  and  subsequently  introduced  into  the 
retorts  by  means  of  a  semi-cylindrical  scoop,  by  the  aid  of  which  an  experienced  work- 
man will  effect  the  ebarging  without  spilling  the  smallest  quantity  of  the  mixtnre. 

In  this  country  the  retorts  in  the  lower  tier  are  usually  not  charged,  as  they  are 
extremely  liable  to  be  broken,  and  are  therefore  only  employed  to  moderate  the  heat 
of  the  furnace.  On  the  Continent,  however,  the  fireplace  is  frequently  covered  by  a 
hollow  arch,  and  in  that  case  every  retort  reqairea  a  charge  of  ore. 

The  mixture  introduced  into  the  retorts  varies,  to  a  certain  extent,  with  their 
podtioB  in  the  fumaoe,  for  ia  spite  of  every  precaution  to  prevent  inequality  of 
temperature,  it  is  found  impossible  to  heat  the  whole  of  them  alike,  and  those  next 
the  fire,  therefore,  from  being  the  most  strongly  heated,  are  liable  to  work  off  first. 
As  soon  as  the  retorts  have  been  charged  the  clay  cones  are  luted  into  their  places, 
and  carbonic  oxide  gas,  which  bums  with  a  blue  flame  at  the  mouth  of  the  cones, 
quickly  makes  its  appearance.  The  quantity  of  this  gas  gradually  diminishes,  and  as 
soon  as  the  flame  assumes  a  greenish-white  hue,  and  white  fames  are  observed  to  be 
evolved,  the  sheet-iron  eones  are  put  on,  and  the  furnace  at  once  enters  into  steady 
action.  From  time  to  time,  as  the  iron  cones  become  choked  with  oxide,  they  are 
taken  off  and  gently  tapped  against  some  hard  substance,  so  as  to  remove  it,  and 
then  replaced.  The  oxide  thus  collected  is  added  to  the  mixture  prepared  for 
the  next  charge.  After  the  expiration  of  about  six  hours  from  the  time  of  charging 
the  wrought-iron  tubes  are  successively  remoTed,  and  the  metallic  zinc  scraped  from 
the  day-pipes  into  an  iron  ladle.    This,  when  fiUl,  is  skimmed,  and  the  oxide  added 
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to  that  obtained  &om  the  nozzles,  vhilst  the  pnre  metal  is  cast  into  ingots,  vaghing 
about  28  lbs.  each.  At  the  expiration  of  trelre  hours  from  the  time  of  charging,  tiu  snc 
is  again  tapped,  and  the  residue  remaining  jn  the  retorts  withdrawn.  The  retorts  an 
immediately  recharged,  and  the  operation  of  redaction  is  condncted  as  above  described. 

The  residues  obtained  from  the  retorts,  after  the  first  working,  are  passed  through 
a  crushing-mill,  mixed  with  a  further  quantity  of  small  coal,  and  again  treated  for  the 
metal  they  contain.  The  earthen  adapters  or  cones,  when  unfit  for  further  serTie4 
are  crushed  and  treated  as  zinc  ores. 

In  order  to  work  these  furnaces  with  economy,  it  is  of  the  greatest  importance  that 
they  should  be  constantly  supplied  with  a  full  number  of  retorts,  since  the  amount  of 
fuel  consumed,  and  the  general  expenses  incurred  for  each  fhmaoe,  will  be  the  same  if 
the  apparatus  has  its  full  complements  of  retorts,  or  if  one  half  of  them  are  brokea 
and  consequently  disabled. 

It  is  therefore  necessary,  in  all  dnc-smellang  establishments,  to  keep  a  large  stock 
of  well-seaaoned  retorts,  which,  before  being  introduced  into  the  furnace,  to  mi^e  good 
any  deficiency  caused  by  breakage,  are  heated  to  full  redness  in  a  kiln  provided  fur 
that  purpose.  The  Belgian  process  of  zinc  smelting  is  that  which  is  at  present  most 
employed  in  this  countir.  The  principal  localities  in  which  zinc  ores  are  treated  are 
Swansea,  Wigan,  LlaneUy,  and  Wrexham. 
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S»Uivm  ProeeM. — In  the  zinc  works  of  Silesia  the  furnaces  employed  dif&r  con- 
siderably from  those  used  in  the  Belgian  process. 

Pig.  2153,  represents  an  elevation,  and  fig.  2164,  a  vertical  section  of  the  Silesian 
fiimace.  The  distillation  is  effected  in  a  sort  of  mnfk  of  baked  clay,  H,  Jigs.  2155 
and  2156 ;  these  are  tadi  about  3  feet  3  inches  in 
length,  and  20  inches  in  height.  The  ficont  of  this 
muffle  is  pierced  with  two  apertures.  The  lover  open- 
ing, d,  serves  tp  remove  the  residues  remaining  in  the 
retorts  after  each  operation,  and  is  dosed  during  the 
process  of  distillation  by  a  small  door  of  baked  day, 
firmly  luted  in  its  place.  In  the  upper  opening  is 
introduced  a  hollow  clay  arm,  bent  at  right  angles, 

a,  b,  e,  and  which  remains  open  at  c.    An  opening  at 

b,  permits  of  charging  the  retort  by  means  of  a  proper 
scoop,  and  this,  during  the  operation,  is  doced  by  a 
luted  day-plug.  Frcm  six  to  ten  of  these  mufSes  or 
retorts  are  arranged  in  rows,  on  either  side  of  a  fur- 
nace provided  with  suitable  apertures  for  their  intro- 
duction.   They  are  securely  luted  in  their  places,  and  the  openings  dosed  by  sheet- 
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Iron  doors,  by  -which  the  too  rapid  cooling  of  the  pipe  a,  b,  e,  is  preTented.  The  fuel 
employed  is  coal,  which  is  bunlt  on  the  grate  o,  situated  in  the  centre  of  the  farnace. 
The  retorts  are  charged  with  a  miztore  of  calamine  and  small  coal,  or  more  frequently 
coke^nst,  since,  when  coal  is  employed,  the  products  of  distillation  are  found  to  be 
liable  to  choke  the  pipe  a,  b,  c. 

The  2dno  escapes  by  the  opening  e,  of  the  adapter,  and  is  received  into  the  cavities 
o,  of  the  furnace. 

The  furnace  shown  in  figs.  2167,  21S8,  21S9,  is  for  lemelting  the  metallic  zinc. 

Fig.  2167,  is  a  tcont  view ;  fig.  2168,  is  a  trans- 
verse section ;  fig.  2169,  a  view  from  above :  a,  is 
the  fire-door ;  b,  the  grate ;  c,  the  fire-bridge  ;  d, 
the  flue ;  e,  the  chimney ;  /,  /,  /,  cast-iron  melting- 
pots,  which  contain  each  about  10  cwts.  of  metal. 
The  heAt  is  moderated  by  the  successive  addition 
of  pieces  of  cold  zinc.  The  inside  of  the  pots 
is  sometimes  coated  with  loam,  to  prevent  the  iron 
being  attacked  by  the  zinc. 
In  some  eitablishmente,  and  particularly  those 

2160 


at  Stolberg  in  Prussia,  the  retorts  have  the  form  represented  by  d,  fig.  2160,  c  is  an 
adapter  also  of  fire-clay ;  B  a  cone  of  wrought  iron,  and  A  a  small  vessel  of  the  same 
material  for  the  collection  of  the  oxide,  and  furnished  in  the  bottom  with  an  aperture 
for  the  escape  of  the  gases  generated. 


These  are  arranged  on  either  side  of  a  grate  as  represented,  fig.  2161  ;  an  internal 
opening  serving  for  two  retorts,  and  of  which  there  are  usually  twelve  in  each 
ftoiace.  B  is  the  fire-door;  r  grate;  o  chamber  in  masonry  of  furnace;  h  dia- 
phragm of  fire-brick  supporting  adapter,  in  the  depressed  part  of  which  the  metallic 
zinc  is  collected  and  subsequently  removed  by  a  scraper,  as  in  the  case  of  the 
cone  of  the  Belgian  retort  The  wrotight-iron  vessel  a,  is  supported  by  a  chain  or 
wire  J. 

Pig.  2162  represents  a  longitudinal  elevation  of  the  roasting  Aimace  employed. 
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Old  Engliah  Process. — The  English  furnaces  formerly  used  for  smelting  zinc  ores 
were  sometimes  quadrangular,  sometimes  round ;  the  latter  form  being  preferable. 
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They  wera  mouotad  with  ban  6  to  8  oniciUas  or  poU  Ujg*.  2163,  3164),  axthad  orer 
with  a  cupoU  a,  placed  under  a  conical  chimney  b,  which  served  ta  gire  a  atrong 
dntoght,  and  to  car^  aS  the  sauilu.  In  this  oose  there  were  as  many  doors,  e,  c  e, 
ni  there  were  pots  in  the  furnace ;  and  an  equal  number  of  vents  d,  d,  i,  ia  the 

cupola,  through  which  the  imoiu  mig^it 
escape,  and  the  pots  be  setw  In  the 
surrounding  wall  there  wore  holes  for 
taking  out  the  pota  when  tb^  became 
unserviceable ;  after  the  pots  wbe  set, 
thase  holes  were  bricked  up.  The  pots 
ware  heated  to  ignition  in  a  reverbeca- 
tory  Aimace  before  being  set,  and  were 
pat  in  by  means  of  iron  tongs  supported 
upon  two  wheels,  as  is  the  case  with 
glass-house  pots.  In  fys.  2163,  2164,  e, 
is  the  grate ;  /,  the  door  for  fu^ ;  g,  the 
aih-pit  The  pots,  k,  h,  k,  have  a  hole 
in  the  centre  of  their  bottom,  which  is 
closed  with  a  wooden  ping,  when  they 
are  set  charged  with  «»l*"''"».  mixed 
with  ooal;  which  ooal  pzevents  the 
mixture  from  fidling  throng  the  orifice, 
when  the  heat  tisea  and  consumaa  the 
plojg.  The  sole  of  the  hearth  t,  t,  upon 
which  the  croeibles  stand,  is  per&rated 
under  each  of  them,  so  tiiat  they  can  be 
reached  from  below ;  to  the  bottom 
orifice  of  the  pots,  when  the  distillatioa 
begins,  a  long  sheet-iron  pipe,  i,  is 
joined,  which  di^  at  its  end  into  a  vessel,  {,  fbr  receiving  hi  drops  the  condensed 
vapours  of  the  sine.  The  pot  is  duused  from  above,  tuough  an  oiilloe  in  the  lid, 
which  is  left  open  after  the  firing  until  the  bluish  oolooi  of  the  fiames  indicates  Uie 
volatilisation  of  the  metal,  inuBsdiately  whereupon  the  whole  is  covered  with  a  fire- 
tile,  m.  The  iron  tubas  are  liable  to  become  obetmeted  daring  the  distillatJon,  and 
must  therefore  be  ocieasionally  cleared  by  means  of  an  iron  bar.  When  the  operation 
is  terminated  the  pipes  must  be  removed,  and  the  carfaonaoeooe  and  other  residual 
matters  extraeted  from  the  pots.  In  tlijs  figure,  1,  2,  is  the  level  of  the  umer  floor ; 
8,  4,  level  of  the  lower  oeuing  of  the  lower  floor.  Fig.  3164  is  a  grooitd  plan  on 
the  level  of  I,  2 ;  only  one  half  being  here  shown. — J.  A.  P. 

The  general  consumption  of  Spelter  throughout  the  world  is  about  67,000  tona  per 
annum ;  of  which  about  44,000  tons  are  made  to  take  the  shape  of  roUed  sheets,  and 
these  are  estimated  to  be  applied  as  follows,  each  quantity  being  somewhat  below  the 
truth  :— 

TOBIL 

Booflng  and  architectural  purposes  38,000 

Ship-sbeathing 3,506 

Lining  packing-oases 2,600 

Domestic  utensils 13,000 

Ornaments 1,600 

MiBceUaneous I,M0 


44,000 


Five-and-tweutv  years  ago  the  quanti^  used  (br  rooflng  did  not  exceed  5,000  tons  ; 
none  was  employed  for  ship-shealhing  or  liniag  packing-cases  ;  and  stamped  ornaments 
in  line  Aat»  only  from  1852. 

From  the  low  temperature  at  which  one  fuses,  and  firom  the  sharpness  of  im- 
pressions possessed  by  eaaUnn  in  this  nwtal,  it  is  much  employed  on  the  Oontineiit  for 
the  production  of  statues  and  statuettes.  The  uses  of  this  metal  in  the  preparation  of 
alloys  has  already  been  noticed  under  the  heiui  of  AixoTS.  It  is  also  employed  like 
tin  lor  coating  iron,  producing  what  is  known  as  '  galvanised  iron.'  (See  OAi.vi.insKD 
Ikon.)  The  dirin/ectant  liguor  of  Sir  W.  Burnett  is  chloride  of  sine,  and  the  oxide 
of  this  metal  is  much  employed  as  a  pigment  in  place  of  white  lead.  (See  BmufEir's 
FimD,  and  Zmc  Wkitb.) 
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ImforU  of  Zine  in  the  Year  1 878  ami  tiret  previous  Tears  {as  per  Board  of  Trade 

Belumt). 


Yean 

CrndeZliic 

Zinc  niftiiataotims 

QnantttiM 

Talne 

Qnantltlei 

■   Value 

1870 
1871 
1872 
1878 

Tons 
19,921 
20,968 
14,874 
20,038 

866,461 
481,309 
302,829 
478,628 

Tons 

9,360 

8,792 

12,417 

12,470 

£ 
220,394 
207,855 
340,827 
367,935 

Crude,  in  cakes 
Manufactures . 


Zifu  Imported  i»  1874. 

Qmmttiln  Vkfau 

.      22,216  tons  ^£492,874 

.     262,607  cwts.  872,176 


BrUitk  Zinc  or  Spelter  Exported »» the  Year  1878  and  four  previmu  Yean  {as  per 
Board  of  Trade  Beturtu). 


Tears 

Qnanttties 

Valua 

Tam 

£ 

1869 

10,146 

207,840 

1870 

7,345 

141,281 

1871 

6,452 

115.281 

1872 

6,047 

101,812 

1873 

3,439 

85,739 

ZIlfOIJf0  OV  JMOM.  Iron  may  be  conveniently  coated,  in  the  humid  way,  by 
a  solution  of  sulphate  of  zinc,  or  one  of  the  double  salts  of  chloride  of  zinc  and  sal- 
ammoniac,  as  now  used  in  soldering  and  welding.  To  secure  success,  the  zinc 
solution  should  be  weak,  and  only  a  weak  galyanie  current  should  be  used,  otherwise 
the  zinc  precipitated  will  again  separate  from  the  iron  in  scales.  With  proper  pre- 
cautions, the  depofiit  may  be  made  as  thick  as  strong  paper.  The  article  must  he  well 
(leansed  before  undergoing  the  operation.    See  Oai,takisei)  Ibok. 

XXMO  PBnrrZVCI.  If  this  art  be  not  calculated  to  supersede  wood  engraving, 
it  can  be  applied  with  great  advantage  for  certain  purposes  in  the  etching  style,  for 
maps,  plans,  drawings  of  machines,  &c.  A  zinc  plate  is  covered  with  an  etching 
ground,  the  drawing  etched  in  the  usual  manner  with  the  needle,  and  bitten  in.  The 
etching  ground  is  now  removed,  the  deep  lines  cleaned  with  acid,  and  then  the  whole 
plate,  m  a  warm  state,  covered  with  an  easily  fusible  metal,  with  which,  of  course, 
the  lines  of  the  drawing  are  filled  up.  When  the  metal  thus  laid  on  is  cold  and  firm, 
the  whole  plate  is  planed  until  the  zinc  apcears  again,  and  only  the  lines  of  the 
drawing  remain  filled  with  the  fusible  laer&i,  which  is  easily  distinguished  by  its 
white  colour  from  the  gray  of  the  zinc  The  whole  plate  is  now  etched  several 
times ;  the  former  lines  of  the  drawing,  filled  with  easily  fusible  negative  metal,  are 
not  affected  by  the  acid,  while  the  pure  zinc  is  eaten  away.  In  this  manner  a  drawing 
for  printing  in  the  copper-phite  press  can  be  converted  into  one  in  relief  for  use  in 
ordinary  printing  press. 

SnrO  ^PBtTB.  Under  this  name  oxide  of  zinc  is  now  largely  used  .as  a  sub- 
stitute for  white  lead.  For  this  purpose  it  is  prepared  by  heating  metallic  zinc  in 
earthenware  retorts,  and  bringing  the  zinc-vapour  into  contact  with  a  current  of  air, 
whereby  it  becomes  oxidised.  Instead  of  using  metallic  zinc,  the  reduction  of  the  ore 
and  oxidation  of  the  metal  may  be  performed  at  one  operation.  Thus,  at  the  Kew 
Jersey  Works  and  the  Lehigh  Zinc  Works  a  mixture  of  ore  and  charcoal  is  treated  in 
muffle-furnaces,  and  the  oxide  obtained  is  blown  into  chambers,  in  which  it  is  collected 
in  large  muslin  bags.  In  some  Continental  works  the  metallic  zinc  is  exposed  to  the 
action  of  superheated  steam,  when  oxide  of  zinc  is  formedi  whilst  hydrogen  is  liberated, 
the  gas  being  applied  in  some  cases  to  illuminating  purposes. 

XXBOOir*    See  Etaci»th  and  Gbms. 

zntOOVZA  is  a  rare  earth,  extracted  from  the  mineral  zircon,  which  is  a  silicate 
of  zirconta.    Zircouia  itself  is  an  oxide  of  zirconium.    It  has  lately  been  proposed  to 
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employ  zirconla,  instead  of  lime  or  magnecis,  iu  the  preparation  of  cyltndera  for  tlie 
ozyhydrogen  light 

XUtUOJilUM  may  be  prepared  in  an  amorphons  form  by  pnssiag  the  Taponr  of 
chloride  of  zirconiam  over  heated  sodium,  or  by  heating  the  double  fluoride  of  orcaniiira 
and  potassium  with  an  alkaline  metal,  and  treating  the  product  with  dilute  nitric  add. 
Thus  prepared,  it  appears  as  a  dull  brown  powder,  combustible  in  the  sir  at  a  tem- 
perature below  redness. 

M.  Troost  wished  to  determine  whether  zitconium,  already  found  in  this  amorphoiis 
state  by  Eerzelius,  was  a  metal  simihir  to  magnesium,  or  aluminium,  or  a,  metalloid 
not  nnlilce  carbon,  boron,  or  silicon.  He  obtained  crystallised  zirconium  by  heating 
the  fluoride  of  zirconium  and  potassium  with  excess  of  aluminium,  and  removing  the 
aluminium  by  solution  from  the  insoluble  residue.  The  zirconium  thus  obtained 
appears  in  hard  brittle  cryst<>lline  laminse,  of  specific  gravity  4*15. 

Zirconium  in  its  chemical  properties  approaches  near  to  silicium,  and  perhaps  eren 
nearer  to  titanium.  Crystalline  zirconium  withstands  tlio  action  of  oxygen  at  a  red 
beat,  becomes  slightly  oxidised  at  a  whits  heat,  and  burns  only  when  sutgected  to  the 
ozyhydrogen-flame.  It  burns  in  chlorine,  however,  at  a  dull  heat.  Cold  acids  haTs 
no  acUon  upon  it,  and  warm  acids  affect  it  bnt  slightly.  Its  true  solvent  is  hydro- 
flnoric  acid.  Like  silicium,  rirconium  preaenta  three  different  physical  conditions,  viz. 
the  amorphous,  graphitoid,  and  crystallised.  Zirconium  forms  only  one  oxide,  kaowa 
iMtirconia. 

VBULHUkm  It  has  recently  been  suggested  to  employ  Canada  Grass  {Ziztmia 
aqiMtka)  aa  a  paper-making  material.  This  plant  grows  abundantly  on  the  shores 
of  I^es  Erie,  Ontario,  and  St.  Clare,  and  is  known  to  the  Indians  as  Tuacarora.  The 
fibre  is  said  to  be  easily  bleached  and  eomparatiTely  free  from  silica,  while  it  yields 
a  paper  of  good  colour  and  texture,  well  adapted  to  the  printer's  use.  It  is  asserted 
that  a  supply  of  100,000  tons  per  annum  may  be  readily  obtained  from  Canada. 

■mVTCS.  Several  species  of  this  genus  of  the  Buckthorn  order  (Rhamnueaf) 
yield  edible  fruits.    Z.  Jujuba,  and  some  others,  furnish  the  fruit  known  aantjwbc. 

WOWUUTM.  A  selenide  of  lead  and  copper,  from  Zoige  and  Tilkerode  in  the 
Hartz. 

ZOSTBBA.  The  Grass-wrack  (Zoilera  marina)  is  a  marine  plant  common  os 
the  coast  of  Britain.  It  is  collected  and  dried  for  use  as  a  substitute  for  hay  in 
packing. 
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ENCYGL0P£DIA8    AND   DICTIONARIES. 


SHAItP'S  POST  OFFICE  QAZETTEEB  OF  THE  UNITED  EINO- 

DOM :  being  a  C!omplete  Dictionary  of  all  Cities,  Towns,  Villages,  Hamlets, 
Unions,  Begistiais'  Districts,  Territorial  Dirisions,  &c.  and  of  Qentlemen's  Seats, 
Eailway  Stations,  Natural  Features,  and  Objects  of  Note,  in  Great  Britain  and 
Ireland ;  inclnding  several  Thousands  of  EMn  Names  of  Places,  supplied  by 
permission  of  the  Postal  Authorities  :  the  whole  adapted  to  the  Postal,  Railway, 
and  Telegraph  Systems,  and  to  the  Sheets  of  the  Ordnance  Survey.  The  Postal 
information,  furnished  by  permission,  by  E.  F.  Pitt,  of  the  General  Post  Office. 
2  vols,  medium  8vo.  price  42<. 

M'CULLOCH'S  DICTIONABT  OF  COMMEBGE  AND  COMMERCIAL 

NAVIGATION.  New  Edition,  revised  and  corrected  throughout;  with  Supple- 
ments containing  Notices  or  Abstracts  of  the  New  Tariffs  for  the  United 
States  and  Spain,  and  of  our  New  Bankruptcy,  Naturalisation,  and  Neatrality 
Laws.  Edited  by  Hxtqh  Q.  Beid.  With  Eleven  Maps  and  Thirty  Ohabts. 
In  One  Volume,  medium  8vo.  prioe  S3«. 

UEE'S  DICTIONABY  OF  ABT8,  MANUFACTUBE8,  AND  MINES. 

Seventh  Edition.revised  throughout  and  in  part  rewritten  by  Kobbrt  Hunt,  F.R.S. 
Keeper  of  Mining  Becords ;  assisted  by  numerous  Contributors  eminent  in  Science 
and  familiar  with  Manufactures.  With  above  2,600  Engravings  on  Wood,  In 
Three  Volumes,  medium  8vo.  price  £6.  5s. 

BBANDE'S    DICTIONABT    OF    SCIENCE,    LITERATUBE,   AND 

ART;  Comprising  the  Definitions  and  Derivations  of  the  Scientific  Terms 
in  general  use,  together  with  the  History  and  Description  of  the  Scientific 
Principles  of  nearly  every  Branch  of  Human  Knowledge.  Fourth  Edition,  recon- 
structed by  the  late  Author  and  the  Bev.  Q.  W.  COX,  M.A.  assisted  by  Con- 
tributors of  eminent  Scientific  and  Literary  Acquirements.  In  Three  Voliunes, 
medium  8vo.  price  63«. 

CATES  AND  WOODWABD'S  ENCTCLOPJiDIA  OF  CHBONOLOaT, 

BISTOBICAL  AND  BIOOBAPHICAL :  Comprising  the  Dates  of  all  the  Great 
Events  of  History,  including  Treaties,  Alliances,  Wars,  Battles,  &c. ;  Incidents 
in  the  lives  of  Eminent  Men,  and  their  Works,  Scientific  and  Geographical 
Discoveries,  Mechanical  Inventions,  and  Social,  Domestic,  and  Economical  Im- 
provements.   Medium  8vo.  pp.  1,496  (double  columns,  brevier),  price  tZt.  doth, 

GWILrS  ENCYCLOPJffllA   OF   ABCHITECTUBE. 

Illustrated  with  more  than  1,100  Engravings  on  Wood,  revised)  with  Alterations 
and  considerable  Additions,  by  Wtatt  Pafwobte,  Fellow  of  the  Boyal  Institute 
of  British  Architects.  Additionally  Illustrated  with  nearly  400  Engravings  on 
Wood  by  O.  Jewitt;  and  moie  than  100  other  Woodcuts.  In  One  Volume, 
medium  8vo.  price  62t.  6d. 

CATES'S   NEW   DICTIONABT   OF   GENEBAL   BIOGBAPHT; 

Containing  Concise  Memoirs  and  Notices  of  the  most  Eminent  Persons  of  all 
Countries,  from  the  Earliest  Ages  to  the  Present  Time.  With  a  Classified  and 
Chronological  Index  of  the  Principal  Names.  In  OneVolnme,  medium  8vo. 
price  21s. 

A  DICTIONABT  OF  CHEMISTBT  AND  THE  ALLIED  BBANCHES 

OF  OTHEE  SCIENCES,  founded  on  that  of  the  late  Dr.  Ure.     By  Hekbt 
Watts,  B.A.  F.B.S.  F.C.S.  assisted  by  Eminent  Scientific  and  Practical  Chemists. 
In  Six  VoLUMXs,  medium  8vo.  price  £8.  Us.  6d. 
SUPPLEMENTABY  VOLUME  of  Becent  Chemical  Discoveries,  price  42s. 

COPLAND'S   DICTIONABT   OF   PBACTICAL   MEDICINE, 

Abridged  from  the  larger  work  by  the  Author,  assisted  by  J.  C.  Cofiahd, 
M.B.C.S.  and  throughout  brought  down  to  the  present  state  of  Medical  Science, 
In  One  Volume,  medium  8vo.  price  36«. 
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OONTAIHINa  irmVEaSALLT  BBQTTIRBD  IKFOBIUlTIOK.  QST  A  FOKTABLB 
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THE    TREASURY   OF    KNOWLEDGE  AND    LIBRARY 
OF    REFERENCE: 

A  Oopioa*  Popid&r  EnCTclopodia  of  General  Knowledge.  Berised  Edition,  OoReeted 
and  Enlarged.    Price  tt.  cloth  lettered ;  or  10«.  eslt 

THE    BIOGRAPHICAL   TREASURY: 

An  Alpbabetical  Bictioauj  of  tlie  LiTe«  of  aQ  Eminrait  Men.  Becossttncted  tad 
partly  Rgwritteu,  irith  abont  1,000  Additional  Kemoirs  and  Hotieei,  b^ 
W.  li.  B.  Catis.    Frioe  6«.  cloth  letteied ;  or  10«.  calf. 

THE   SCIENTIFIC  AND   LITERARY  TREASURY: 

Or,  Popular  Cyclopaedia  of  Seienoe,  Literatnie,  and  Art.  Bevised  and  in  gnat 
part  Hewritten,  with  apwurds  of  1,000  New  Articles,  by  J^jon  Y*.tb  Jobisox, 
Oorr.  H.Z.8.    Price  ««.  clotJi  lettered;  or  lOt.  calt 

THE    HISTORICAL   TREASURY: 

Comprising  a  General  Introductory  Ontline  of  UniTersal  History,  Andmt  and 
Modem,  and  a  Series  of  Separate  Histories  of  every  Nation.  CatefaUy  Beriaed 
and  bpought  down  to  the  Present  Date,  by  the  Rev.  G.  W.  Cox,  M.A.  Price  tt. 
«lorii  lettered ;  or  lOt.  calf. 

THE    TREASURY   OF   GEOGRAPHY: 

Physical,  Historical,  Descriptive,  and  Political.  Comprising  an  Acoonnt  of  era; 
Country  in  the  World.  Completed  by  W.  HnoBiiS,  F.B.G.S.  Beriaed  and 
Corrected  throughout;  with  7  Maps  and  18  Plates.  Price  6<.  doth  lettend; 
or  lOa.  calf. 

THE    TREASURY   OF    NATURAL    HISTORY: 

Or,  Popular  Dictionaiy  of  Beasts,  Birds,  Fishes,  Beptiles,  Insects,  and  Cnepini; 
Things.  Bevised  and  supplemented  by  E.  W.  H.  Houdsworth,  F.L.&  "BZS. 
With  above  900  Woodcuts.    Pike  6«.  cloth  lettered ;  or  10a.  calf. 


THE    TREASURY    OF    BOTANY: 

Or,  Pofiular  Dictionary  of  Trees,  Shrubs,  Plants,  Flowers,  and  all  VeoetaUe  Otowtha, 
with  which  is  incorporated  a  Glossary  of  Botanical  Terms.  Edited  by  J.  LnrouiT. 
F.IL8.  and  T.  Moobx,  F.L  a  With  300  Woodenta  and  20  Steel  Plates.  In  Two 
Pabts,  price  12«.  doth  lettored ;  or  20«.  calf. 

THE    TREASURY    OF    BIBLE    KNOWLEDGE: 

Or,  Dictionary  of  tho  Books,  Persons,  Places,  Events,  and  otiier  Hatters  of  vhicl: 
mention  is  made  in  Holy  Scripture.  By  the  Bev.  John  Atrk,  H.A.  With  slioat 
300  Woodcuts,  15  Plates,  and  6  Maps.    Price  6«.  cloth  lettered  or  lOf.  calf. 
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